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PREFACE

THE FIRST EDITION.

An Encyclopaedia of any of the Fine Arts has, from its nature, considerable

advantage over one which relates to the sciences generally. In the latter, the

continual additions made to the common stock of knowledge frequently effect

such a complete revolution in their bases and superstructure, that the esta-

blished doctrines of centuries may be swept away by the discoveries of a

single day. The arts, on the other hand, are founded upon principles unsus-

ceptible of change. Fashion may, indeed — nay, often does—change the

prevailing taste of the day, but first principles remain the same ; and as, in a

cycle, the planets, after a period of wandering in the heavens, return to the

places wiiich they occupied ages before, so, in the arts, after seasons ol

extravaganza and bizzareria, a recurrence to sound taste is equally certain.

It is unfortunate for the productions of the arts that the majority of those

who are constituted their judges are little qualified for the task, either by

education or habits ; but on this, as it has been the complaint of every age,

it is perhaps useless to dwell. This much may be said, that before any one

can with propriety assume the name of architect, he must proceed regularly

through some such course as is prescribed in this work. The main object of

its author has been to impart to the student all the knoAvledge indispensable

for the exercise of his profession ; but should the perusal of this encyclopjedia

serve to form, guide, or correct the taste even of the mere amateur, the

author will not consider that he has laboured in vain.

An encyclopaedia is necessarily a limited arena for the exhibition of an

author's power ; for although every subject in the department of which it

treats must be noticed, none can be discussed so extensively as in a separate

work. An attempt to produce a Complete Body of Aj'chitecture the author

believes to be entirely original. In his celebrated work, 1!Art de Bdtir,

llondelet has embodied all that relates to the construction of buildings.

Durand, too (^Leqons et Precis d'Architecture^, has published some admirable

rules on composition and on the graphic portion of the art. Lebrun {Theone

d'Architecture') has trea+^ed on the philosophy of the eauilibriiun, if it may be
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BO called, of the orders. The Encyclopedie Methodique contains, under

varioua heads, some invaluable detached essays, many of which, however,

suffer from want of the illustrative plates which were originally projected as

an appendage to them. All these, with others in the French language,

might," indeed, be formed into a valuable text-book for the architect ; but no

such attempt has hitherto been made. Neither in Germany nor in Italy has

any complete work of the kind appeared. In the English, as in other

languages, there are doubtless several valuable treatises on different branches

of the art, though not to the same extent as in French. In 1756, Ware
(London, folio) published what he called A Complete Body of Architecture.

This, though in many respects an useful work, is far behind the wants of the

present day. It is confined exclusively to Eoman and Italian architecture

;

but it does not embrace the history even of these branches, nor does it contain

a word on the sciences connected with construction. The details, therefore,

not being suflSciently carried out, and many essential branches being entirely

omitted, the work is not so generally useful as its name would imply. From
these authorities, and many others, besides his own resources, the author of

this encyclopaedia has endeavoured to compress within the limits of one

closely-printed volume all the elementary knowledge indispensable to the

student and amateur ; and he even ventures to indulge the belief that it will

be found to contain information which the experienced professor may have

overlooked.

Though, in form, the whole work pretends to originality, this pretension is

not advanced for the whole of its substance. Not merely all that has long been

known, but even the progressive discoveries and improvements of modern
times, are usually founded on facts which themselves have little claims to

novelty. As a fine art, architecture, though in its applications and changes

inexhaustible, is in respect of first principles confined Avithin certain limits;

but the analysis of those principles and their relation to certain types have

afforded some views of the subject which, it is believed, will be new even to

those who have passed their lives in the study of the art.

In those sciences on which the constructive power of the art is based, the

author apprehended he would be entitled to more credit by the use of

weightier authorities than his own. Accordingly, in the Second Book, he

has adopted the algebra of Eiiler ; and in other parts, the works of writers of

established reputation. The use of Rossignol's geometry may indeed be dis-

approved by rigid mathematicians ; but, considering the variety of attainments

indispensable to the architectural student, the author was induced to shorten

and smooth his path as much as possible, by refraining from burdening his

memory with more mathematical knowledge than was absokitely requisite for

las particular art. On this account, also, the instruction in algebra is not

carried beyond the solution of cubic equations; up to that point it was

necessary to prepare the learner for a due comprehension of the succeeding

inquiries into tlie method of equilibrating arches and investigating the pres-

sures of their different parts.
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lu all matters of importance, in which the works of previous writers have

been used, the sources have been indicated, so that reference to the originals

may be made. Upon the celebrated work of Eondelet above mentioned, on

many learned articles in the Encyclopedie Methodique, and on the works o<

Durand and other esteemed authors, large contributions have been levied;

but these citations, it will be observed, appear for the first time in an

EngUsh dress. In that part of the work which treats of the doctrine of arches,

the chief materials, it will be seen, have been borrowed from Eondelet, whose

views the author has adopted in preference to those he himself gave to the

world many years ago, in a work which passed through several editions.

Again, in the section on shadows, the author has not used his oAvn treatise

on Sciography. In the one case, he is not ashamed to confess his inferiority

in so important a branch of the architect's studies; and in the other, he

trusts that matured experience has enabled him to treat the subject in a form

likely to be more extensively useful than that of treading in his former steps.

The sciences of which an architect should be cognisant are enumerated by

Vitruvius at some length in the opening chapter of his first book. They are,

jjerhaps, a little too much swelled, though the Koman in some measure

qualifies the extent to which he would have them carried. *' For," he ob-

serves, " in such a variety of matters " (the different arts and sciences) " it

cannot be supposed that the same person can aixive at excellence in each."

And again :
" That architect is sufficiently educated Avhose general knowledge

enables him to give his opinion on any branch when required to do so. Those

unto whom nature hath been so bountiful that they are at once geometricians,

astronomers, musicians, and skilled in many other arts, go beyond what is

required by the architect, and may be properly called mathematicians in the

extended sense of that word." Pythius, the architect of the temple of INIinerva

at Priene, differed, however, from the Augustan architect, inasmuch as he

considered it absolutely requisite for an architect to have as accurate a know-
ledge of all the arts and sciences as is I'arely acqmred even by a professor devoted

exclusively to one.

In a work whose object is to compress within a comparatively restricted

space so vast a body of information as is implied in an account of what is

known of historical, theoretical, and practical architecture, it is of the highest

importance to preserve a distinct and precise arrangement of the subjects, so

that they may be presented to the reader in consistent order and imity.

Without order and method, indeed, the work, though filled with a large and

valuable stock of information, would be but an useless mass of knowledge.

In treating the subjects in detail, the alphabet has not been made to perform

the function of an index, except in the glossary of the technical terms, which

partly serves at the same time the purpose of a dictionary, and that of an

index to the principal subjects noticed in the work. The following is a

synoptical view of its contents, exhibiting its different parts, and the mode in

whi(!h they arise from and are dependent on each other.

[-4 List of the Conteiita teas here inserted.'\
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Perfection is not attainable in human labour, and the errors and defects of

this work will, doubtless, in due time be pointed out ; but as the subject has

occupied the author's mind during a considerable practice, he is inclined to

think that these will not be very abundant. He can truly say that he has

bestowed upon it all the care and energy in his power ; and he alone is

responsible for its errors or defects—the only assistance he has to acknowledge

being from his son, Mr. John Sebastian Gwilt, by whom the illustrative

drawings were executed. No apology is offered for its appearance, inasmuch

as the want of such a book has been felt by every architect at the beginning

of his career. Not less is wanted a similar work on Civil Engineering, which

the author has pleasure in stating is about to be shortly supplied by his

friend, Mr. Edward Cresy. \_This worJ: has since been puhlished.']

Without deprecating the anger of the critic, or fearing what may be urged

against his work, the author now leaves it to its fate. His attempt has been

for the best, and he says with sincerity,

" Si quid novisti rectius istis

Candidus imperii ; si non his utere mecuin."

J. (J.

September 30. 1842.

ADVERTISEMENT.

GWILT'S ENCYCLOPiEDIA, first published in 1842, has now passed

through eight impressions, those of 1867 and 1876 having received extensive

revision and many important additions at the hands of Mr. Wyatt Papworth.

In this, the ninth impression, besides many requisite amendments and addi-

tions throughout the pages, the chapters entitled Matkuials ust:D in Build-

ing and Use of Materials, which constitute a main portion of the work,

have been largely revised, parts rewritten and added to in important particu-

lars, especially in regard to the details of Fireproof and Sanitary construction,

in order to record the results of later theories and the numerous inventions

introduced since the previous revision. The section Specifications has been

recompiled and enlarged. Several sections of the chapter on Public and
Private Buildings have been withdrawn, and some re-inserted in other por-

tions of the work : a few added revised. The Lives of eminent Architects

have been brought down to date ; as are also the Publications, which have

been partly re-arranged in additional classes ; while the Glossary of Tei^ms

has been amended where desirable. The Index has been carefully revised

to include all new matter.

Paternoster Eow : June 1888.
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ENCYCLOPEDIA

OF

AECHITEGTURB

BOOK I.

HISTORY OF ARCHITECTURE.

CHAP. I.

ON THE ORIGIN OF ARCHITECTUEE.

Sect. I.

WANTS OF MAN, AND FIRST EUH.DINGS.

1. Pr-OTETTiON from the inclemency of the seasons was the ancestor of architecture. Of
little account at its birth, it rose into light and life with the civilisation of mankind ; and. \

proportionately as security, peace, and good order were established, it became, not less than |

its sisters, painting and sculpture, one method of transmitting to posterity the degree of

importance to which a nation had attained, and the moral value of tjiat nation amongst the

kingdoms of the earth. If the art, however, be considered strictly in respect of its actual

utility, its principles are restricted within very narrow limits ; for the mere art, or rattier

science, of construction, has no title to a place among tlie fine arts. Such is in various

degrees to be found among people of savage and uncivilised habits ; and until it is brought

into a system founded upon certain laws of proportion, and upon rules based on a refined

analysis of what is suitable in the highest degree to the end proposed, it can pretend to no

rank of a high class. It is only when a nation has arrived at a certain degree of opulence 1

and luxury that architecture can be said to exist in it. Hence it is that architecture, in its
'

origin, took the varied forms which have impressed it with such singular differences in

different countries; differences which, though modified as each country advanced in civilisa-

tion, were, in each, so stamped, that the type was permanent, being refined only in a higher

degree in their most important examples.

2. The ages that have elapsed, and the distance by which we are separated from the

nations among whom the art was first practised, deprive us of the means of examining the

shades of difTercnce resulting from climate, productions of the soil, the precise spots upon

"

which the earliest societies of man were fixed, with their origin, number, mode of life, and

social institutions ; all of which influenced them in the selection of one form in preference to

another. We may, however, easily trace in the architecture of nations, the types of three

distinct states of life, which are clearly discoverable at the present time ; though in some
cases the types may be thought doubtful.
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SErr. II.

OIUCIV ANn PROCltHSS Ol' BUILDING.

3. Tlie oiiginal classes into which mankind were divided weri', we may safely assume,

tliose of liunters, of slieplie\-ds, and of those occuiiied in agriculture; and tlie buildings for

protection which each would recjuire, must have been cliaracterised by their several occu-

pations. The hunter and fisher found all the accommodation they required in the clefts

_ — and caverns of rocks ; and the indolence
— ^ ^^^ —

=

—;;;r:_ which those states of life induced, made
^^~_ them insensible or inditferent to greater

^ '"-""nwrmn comfort than such naturally-formed lia-

-^^ '' bitations aH'orded. We are certain that

j;^^- thus lived such tribes. Jeremiah (chap.

^3i xlix. 16.), speaking of the judgment
^^ upon Edom, says, " () thou that dwellest

" in the clefts of the rock, that boldest the

j

height of the hill ;" a text which of late

has received ample illustration from tra-

il' '
I ] Jl vellers, and es})ecially from the labours of
"^

y Messrs. Leon de Laborde and Linant, in

, ( the sjjlendid engravings of the ruins of

^' I'etra C.^//. 1.). To the shepherd, the

^ I

inhabitant of th(! jilains wandering from

one spot to another, as pasture became

inadequate to the support of his flocks,

another sjiecies of dwelling was more ap-

jHopriate ; one which he could remove

with him in his wanderings : this was the

tent, the tyjje of the architecture of

China, whose jieople were, like all the

Tartar races, mnmides or sceiiites, that is,

shei)herds or dwellers in tents. Where a

portion of the race fixed its alwdc for

i-i;, 1 H f t rA ^ the i)urj)oses of agriculture, a very dif-

ferent speciLS of d^^tlhng WIS ntccssarj Solidity was recpiired as well for the personal

comfort of the husbandman as for i)reserving, from one season to another, the fruits of the

earth, upon which he and his family were to exist. Hence, doubtless, the hut, which most

authors have assumed to be the tyjie of Grecian architecture.

4. Authors, says the writer in the Encijc. Mct/iodlqve, in their search after the origin of

architecture, have generally confined their views to a single type, without considering the

modification which wculd bo necessary for a mixture of two or more of the states of mankind ;

for it is evident that any two or three of them may co-exist, a ])oint upon which more will

be said in speaking of Egy|)tian architecture. Hence have arisen the most discordant and

contradictory systems, formed without siiflicient acciuaintance with the customs of dilferont

people, their origin, and first state of existence.

5. The earliest habitations which were constructed after the dispersion of mankind from

the plains of Sennaar (for there, certainly, as we shall hereafter see, even without the evidence

of Scripture, was a great multitude gathered together), were, of course, proportioned to

the means which the spot afforded, and to the nature cf the climate to which they were to be

adapted. Reeds, canes, the branches, bark, and leaves of trees, clay, and similar materials

would be first used. The first houses of the EgyjJtians and of the people of Palestine were

of reeds and canes interwoven. At the present day the same materials serve to form the

houses of the Peruviaas. According to Pliny (1. vii. ), the first houses of the Greeks were
only of clay ; for it was a considerable time before that nation was accjuainted with the

process of hardening it into bricks. The Abyssinians still build with clay and reeds.

Wood, however, offers such facilities of construction, that still, as of old, where it abounds,

its adoption prevails. At first, the natural order seems to be that which Vitruvius

describes in the first chanter of his second book. " The first attempt," says our author,
" was the mere erection of a few spars, united together with twigs, and covered with mud.
Others built their walls of dried lumps of turf, connected these walls together by means of

timbers laid across horizontally, and covered the erections with reeds and boughs, for the

)iurpose of sheltering themselves from the inclemency of the seasons. Finding, however,

that flat coverings of this sort would not effectually shelter them in the winter season, they

made their roofs of two inclined |)lanes, meeting each other in a ridge at tlie summit, the

whole of which they covered with clay, and thus carried off the rain." 'Ihe same author
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afteiwanis ohsurves. " The woods about I'oiitus furnish such abundance of tiuibtT, that

tliev build in the foliowinjr niaruier. 'I'wo trees are laid level on the earth, right and left,

at such distance from each other as will suit the length of the trees which are to cross and
connect them. On
the extreme ends

of these two trees

lie laid two other

tn.es, transverse-

Iv : the space

V hich the house
w ill enclose is tlius

ni irked out. 'J'he

four sides being
so set out, towers

I re raised, whose
« ills consist ot

flies laid hori/on-

t illy, but kept per-

pendicularly over

(. ich other, tlie al-

tL mate layers yok-

ing' the angles.

1 lie level iiiter-

stULS, which the thickness of the trees .»lteinatel\ le i\e, is Idled in « ith ehijis and mud.
On a similar principle they form their roofs, except that gradually reducing the length of

the trees which traverse from side to side, tliey assume a iiyrainidal form. Tliey are

covered with boughs, and thus, after a rude fashion of vaulting, their quadrilateral roofs are

formed." The northern parts of Germany, Poland, and Russia still exhibit traces of this

method of building, which is also found in Florida, Louisiana, and elsewhere, in various

(ilaccs See fin. 2.

6. We shall not, in this place, pursue the discussion on the timber hut, which lias

certainly, with great ajipearance of jiroliability, lieen so often said to contain within it tli«

types of Grecian architecture, but shall, under that head, enlarge further on the subject.

Skct. 111.

nifl'f.llknt sorts of dwellings arising from different occupations.

7. The construction of the early habitations of mankind required little skill and as little

knowledge. A very restricted number of tools and machines was required. The metiiod

of felling timber, which uncivilised nations still use, namely, by fire, might have served all

piir|)oses at first. The next step would be the shaping of hard and iiifrangli)le stones into

cutting tools, as is still the practice in some jiarts of the continent of .America. These, as

the metals became known, would be sui)i)laiited by tools formed of them. Among the

IVnivians, at their invasion by the Si)aniards, the only tools in use were the hatchet and

the adze ; and we may fairly assume that similar tools were the only ones known at a

period of high antiquity. The saw, nails, the hammer, and other instruments of carpentry

were unknown. The Greeks, who, as Jacob Bryant says, knew nothing of their own
historv, ascribe the invention of the instruments necessary for working materials to Da?dalus;

but onlv a few of these were known even in the time of Homer, ^^'ho confines himself to

the hatchet with two edges, the plane, the auger, and the rule. He i)articularises neither

the sipiare, compasses, nor saw. Neither the Greek word irpioov (a saw), nor its equivalent,

is to be found in his works. D.xdalus is considered, however, by Goguet as a fabulous person

altogether, the word meaning, according to him, nothing more than a skilful workman, a

meaning which, he observes, did not escape the notice of Pausanias. The surmise is borre

out by the non-mention of so celebrated a character, if he had ever existed, by Homer, and,

afterward"., by Herodotus. The industry and perseverance of man, liowever, in the enct,

overcame the difficulties of construction. For wood, which was the earliest material, at

length were substituted bricks, stone, marble, and the like; and edifices were reared of

unparalleled magnificence and solidity. It seems likely, that bricks would liave been in

use for a considerable period before stone was employed in building. They were, probably,

after moulding, merely subjected to the sun's rays to acquire hardness. These were the

materials whereof the Tower of Babel was constructed. These also, at a very remote

period, were used by the Egyptians. Tiles seem to have been of as high an antiquity as

bricks, and to have l)een used, as in the present day, for covering roofs.

8 The period at which wrought stone was originally used for architectural purposes L«

B 2
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quite unknown, as is that in wliich cement of any kind was first employcQ as tlie medium
of uniting masonry. Tliey were both, doubtless, the invention of that race which we have

mentioned as cultivators of land, to whom is due the introduction of architecture, properly

so called. To them solid and durable edifices were necessary as soon as they had fi.\ed

upon a spot for the settlement of themselves and their families.

9. Chald;ea, Egypt, riioenicia, and China are the first countries on record in which

architecture, worthy the name, made its ap|)earance. They had certainly attained eon-

sideral)le proficiency in the art at a very early period ; though it is doubtful, as respects

the three first, whether their reputation is not founded rather on the enormous masses of

their works, than on beauty and sublimity of form. Strabo mentions many magnificent

M-orks which he attributes to Semiramis; and observes that, besides those in Babylonia,

there were monuments of Babylonian industry throughout Asia. He mentions Ai)(J)oi (high

altars), and strong walls and battlements to various cities, as also subterranean passages of

communication, aqueducts for the conveyance of water under ground, and passages of great

length, upwards, by stairs. Bridges are also mentioned by him (lib. xvi.). Moses has pre-

served the names of three cities in Chalda?a which were founded by Nimrod ( Gen. x. 10.).

Ashur, we are told, built Nineveh: and {Gen. xix, 4.) as early as the age of Jacob and

Abraham, towns had been established in Palestine. Tlie Chinese attribute to Fold the

encircling of cities and towns with walls: and in respect of Egypt, there is no question

that in Homer's time the celebrated city of 1'hebes had been long in existence. 'i'he

works in India are of very early date ; and we shall hereafter offer some remarks, M'hen

S])eaking of the extraordinary monument of Stonehenge, tending to prove, as Jacob Bryant

supposes, that the earliest buildings of both nations, as well as those of Phoenicia and other

countries, were erected by colonies of some great original nation. If the Peruvians and

INIexicans, without the aid of carriages and horses, without scafTolding, cranes, and other

machines used in building, without even the use of iron, were enabled to raise monuments
which are still the wonder of travellers, it would seem that the mechanical arts were not

indispensable to the progress of architecture ; but it is much more likely that these were
luiderstood at an exceedingly remote period in Asia, and in so high a degj'ee as to have lent

their aid in the erection of some of the stupendous works to which we have alluded.

10. The art of working stone, which implies the use of iron and a knowledge of the

method of tempering it, was attributed to Athothis, the successor of Menes. It seems,

however, possible that the ancients were in possession of some secret for preparing bronze

tools which were cajiable of acting upon stone. Be that as it may, no country could have

been called upon earlier than Egypt to adopt stone as a uiaterial, for the climate does not

favour the growth of timber ; hence stone, marble, and granite were thus forced into use ;

and we know that, besides the facility of transport by means of canals, as early as the time

of Jose])h waggons were in use. (Gen. xlv. 19.) We shall hereafter investigate the hy])o-

thesis of the architecture of Greece being founded upon ty])es of timber buildings, merely
observing here, by the way, that many of the columns and entablatures of lOgyjjt had
existence long before the earliest temples of Greece, and therefore that, without recurrence

to timber construction, prototypes for Grecian architecture are to be foiuid in the venerable

remains of Egypt, where it is quite certain wood was not generally eiuployed as a material,

and where the subterranean architecture of the country offers a much more probable origin

of the style.

CHAP. II.

ARCIIITECTUItE OF VARIOUS COUNTltlKS.

Sect. I.

DRUlnlCAL AND CELTIC A IICHITECTU K E.

11. If rudeness, want of finish, and the absence of all appearance ot art, be criteria for

judgment on the age of monuments of antiquity, the wonderful remains of Al)ury and
Stonehenge must be considered the most ancient that have preserved their form so" as to
indicate the original jjlan on which they were constructed. The late Mr. Godfrey IIi<'gins,

a gentleman of the highest intellectual attainments, in his work on the Celtic Druids (pub-
livhed 1829), has shown, as we think satisfactorily, that the Druids of the British Isles were
a colony of the first race of people, learned, enlightened, and descendants of the persons who.
escaped the deluge on the borders of the Caspian Sea; that they were the earliest occu-
piers of Greece, Italy, France, and Britain, and arrived in those places by a route nenrly
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tlonn- the forty-fifth parallel of north latitude ; that, in a similar manner, colonies advanced

from the same great nation hy a southern line through Asia, peopling Syria and Africa, and

arriving at last by sea through the Pillars of Hercules at Britain ; that the languages of

the western world were the same, and that one system of letters— viz. that of the Irish

nniids pervaded the whole, was common to the British Isles and Gaul, to the inhabitants

of Italy, Greece, Syria, Arabia, Persia, and Hindostan ; and that one of the two alphabets

(of the same system) in which the Irish MSS. are written— viz. the Beth-luis-nion—came

by Gaul through Britain to Ireland ; and that the other— the Bobeloth— came through the

Straits of Gibraltar. Jacob Bryant tliinks that the works called Cyclopean were executed

at a remote age by colonies of some great original nation ; the only difference between his

ojjinion and tliat of Mr. Higgins being, that the latter calls them Druids, or Celts, from the

time of the dispersion above alluded to.

12. Tlie unliewn stones, whose antiquity and purport is the subject of this section, are

fjiind in Hindostan, where they are denominated " jjandoo koolies," and are attributed to a

fabulous being named Pandoo and his sons. With a similarity of character attesting their

common origin, we find them in India, on the shores of the Levant and Mediterranean, in

Belgium, Denmark, Sweden and Norway, in France, and on the shores of Britain from the

Straits of Dover to the Land's End in Cornwall, as well as in many of the interior parts of

the country. They are classed as follows: — 1. The Mngle stone, pillar, or obelisk.

2. Circles of stones of ditlerent numoer and arrangement. 3. Sacrificial stones. 4. Crom-

lechs and cairns. 5. Logan stones. G. Tolmen or colossal stones.

13. (1.) Single Stones. — Passanes abjuiid in Scripture in which the practice of erecting

single stones is recorded. The reader on tiiisj point may refer to Gen. xxviii. 18., Jurh/es, ix.

C, 1 Sam vii. 12., 2 Sam. xx. 8., Joshua, xxiv. 27. Tlie single stone might be an emblem
of the generative power of Nature, and thence an object of idolatry. That mentioned in

the first scriptural reference, which Jacob set up in his journey to visit Laban, his uncle, and

wliicli he had used for his pillow, seems, whether from the vision he had while sleeping upon

it, or from some otlier cause, to have become to him an oliject of singular veneration ; for

lie set it up, and poured oil upon it, and called it" Bethel" (the house of God). It is

curious to observe that some (nllars in Cornwall, assumed to have been erected by the Phoe-

nicians, still retain the api)ellation Bethel. At first, these stones were of no larger dimen-

sion than a man could remove, as in the instance just cited, and that of the Gilgal of

Joshua (/(«//. iv. 20.) ; but tiiat which was set up under an oak at Sliechem (ibid. xxiv. 26.),

was a great stone. And here we may notice aiiotlier singular coincitlenee, that of the Botliel

in Cornwall being set up in a place which, from its iiroximiy to an oak which was near the

spot, was called r?othel-ac ; the last syllable being the Saxon for an oak. It appears from

the Scriptures that tliese single stones were raised on various occasions; sometimes, as

in the case of Jacob's Bethel and of Samuel's Ebenezer, to commemorate instances of

divine interposition; sometimes to record a covenant, as in the case of Jacob and Laban
{Gen. xxxi. 48.) ; sometimes, like the Greek stekc, as sepulchral stones, as in the case of

Rachel's grave (Gen. xxxvi. 20.), 1700 years B.C., according to the usual reckoning. They
were occasionally, also, set up to the memory of individuals, as in the instance of Absalom's

pillar and others. The pillars and altars of the patriarchs appear to have been erected in

honour of the only true God, Jehovah ; but wherever the Canaanites appeared, they seem
to have been the objects of idolatrous worship, and to have been dedicated to Baal or the

sun, or the other false deities whose altars Moses ordered the Israelites to destroy. The
similarity of pillars of single stones almost at the ojiposite sides of the earth, leaves no doubt

in our mind of their being the work of a people of one common origin widely scattered ;

and the hypotheses of Bryant and Higgins sufficiently account for their appearance in

places so remote from each other. In consequence, says the latter writer, of some cause, no

matter what, the Hive, after the dispersion, casted and sent forth its swarms. One of the

largest descended, according to Genesis (x. 2.), from Gomer, went north, and then west,

pressed by succeeding swarms, till it arrived at the shores of the Atlantic Ocean, and ulti-

mately colonised Britain. Another branch, observes the same author, proceeded through

Sarmatia southward to the Euxine (Cimmerian Bosphorus) ; another to Italy, founding

the states of the Umbrii and the Cimmerii, at Cuma, near Naples. Till the time of the

Romans these different lines of march, like so many sheepwalks, were without any walled

cities. Some of the original tribe found their way into Greece, and between the Carpathian

mountains and the Alps into Gaul, scattering a few stragglers as they passed into the

beautiful valleys of the latter, where traces of them in Druidical monuments and language

are occasionally found. Wherever they settled, if the conjecture is correct, they employed
themselves in recovering the lost arts of their ancestors.

14. To the Canaanites of Tyre and Sidon may be chiefly attributed the introduction of

these primeval works into Britain. The Tyrians, inhabiting a sinall slip of barren land,

vrere essentially and necessarily a commercial peojile, and became the most expert and

idvonturous sailors of antiquity. It has been supposed that the constancy of the needle to

the pole, " that path which no fowl knoweth, and which the vulture's eye hath not seen."
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n-:is known to tht '1\ rians ; jind, indeed, it seoms sc.ircely possible that, t)y tlie liel|> of the

stars alone, tliey should liave been able to maintain a commerce for tin on the shores of

• 5ritain, whose western coast furnished that metal in abundance, and whose islands (the

Scilly) were known by the title of Cassiterides, or tin

islands. In th.is jjart of Britain there seems iiiKjuestion-

ible evidence that they settled a colony, and were the

irchitects of Stonehenge, Abury, and other similar works

HI tne British islands. In these they might have been

assisted by that part of the swarm which reached our

shores through Gaul ; or it is possible that the works in

(|iiestion may be those of the latter only, of whom traces

exist in Britany at the monument of Carnac, whereof

it is computed 4000 stones still remain. From among
tiie number of pillars of this kind still to be seen in

England, we give (./?.'/ ^•) that standing at Kudstone, in

the east riding of Yorksliire. It is described by Drake,

111 his Eborucum, as " coarse rag stone or millstone grit,

uul its weight is comiuited at between 40 and 50 tons.

In form (the sides being slightly concave) it ap])roaches

to an ellipse on the plan, the breadth being 5 ft. 10 In.,

and the thickness 2 ft. 3 in., in its general dimensions.

Its height is 24 ft. ; and, according to a brief account

V L. 5 p iiAR AT nunsroNB comuiunicated to the late IMr. Fegge, in the year 1769

( 4t chcBologia, vol. v. p 95 ), its dcjith underground e<pials its height above, as appeared from

an experiment made by the late Sir William Strickland."

1.5. (2.) Circles of Stme The Israelites were in the habit of arranging stones to repre-

sent the twelve tribes of Israel ( Exoil. xxiv. 4.), and for another ])ur|)ose. (Dent, xxvii. 2. )

And in a circular form we fiiul them set up by Joshua's order on the ])assage of the Israelites

through Jordan to Gilgal ('j;'::); a wortl in which the radical Gal or Gil (signifying a

wheel) is doubled to denote the continued re|)etition of the action. In this last case, Joshua
made the arrangement a type of the Lord rolling away their rejiroach from them.

16. Though traces of this species of monument are found in various jjarts of the world,

e\en in America, we shall confine our observations to those of Abury and Stonehenge,

merely referring, by way of enumeration, to the ])laces where they are to l)e found. Thus
we mention Rolbrich in Oxfordshire, the Iliirlers in Cornwall, Long .^leg and her daughters

ill Cumberland, remains in Derbyshire, Devonshire, Dorsetshire, at Stanton Drew in

Somersetshire, and in Westmoreland. They are common in Wales, and are found in the

Western Isles. There are examples in Iceland, Norway, Sweden, Denmark, and various

parts of Germany. Clarke, in his descrijition of the hill of Kushunlu Tepe in the Troad,
observes, that all the way up, the traces of former works may be noticed, and tliat, on the

summit, there is a small oblong area, six yards long and two broad, exhibiting vestiges of the

highest antiquity ; the stones forming the inclosure being as rude as those of Tiryns in

Argolis, and encircled by a grove of oaks covering the to)) of this conical mountain. The
entrance is from the south. lIi)on the east and west, outside of the trees, are stones ranging
like what we in England call Druidical circles. Three circles of stones are known ii;

America, one of which stands upon a high rock on the banks of the river Winiii])igoii.

The stu])endous monument of Carnac in Britany, of which we have above made mention,
is not of a circular form ; the stones there being arranged in eleven straight lines, from
."iO to 33 ft. apart, some of which are of enormous size. They are said to have formerly
cx.ciuied three leaj^ues along ihe co.st A (iescrp'ion of this monument is given in
vol xxii. of the Arcluvuliyia ; and in Gailhabaud, Jlonuiiie/is, 4io, Paris, lb>42-5'J.

17. Abury, or Avebury, in Wiltshire, of which we give a view in a restored state
{fig. A.), is a specimen of this species of building, in which the climax of magnificence
was attained. Stukely, who examined the ruins when in much better )neservatioii than at
present, says, "that the whole figure represented a snake transmitted through a circle ;

"

and that, "to make their representation more natural, they artfully carried it over a variety
of elevations and depressions, which, with the curvature of the avenues, produces sufficiently
the desired effect. To make it still more elegant and picture-like, the head of the snake is

carried up the southern jiromontory of Ilackpen Hill, towards the village of West Kennet
;

nay, the very name of the hill is derived from this circumstance ;
" for (ic<tii, he observes, sig-

nifies a serpent in the Chaldaic language. Dr. S. then goes on to state, "that the dnicantin
was a name, amongst the first-learned nations, for the very ancient sort of temples of which
they could give no account, nor well explain their meaning upon it." The fi'nire of the
serpent extended two miles in length ; and but a very faint idea can now be formed of what
it was in its original state. Two doulile circles, one to the north and the other to the
south of the centre, were placed within the large circle, which formed the principal body of
the serpent, and from which branched out the head to Ilackpen Hill, in the direction of
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i'l.'i'm/t^

West KeiUK't, as one avenue ; and the other, the tail, in the direction of Beekliampton.
Dr. Stukely makes the number of stones, 652 in all, as under : —

StOIU-S.

The great circle . . 100

Outer circle north ofthe centre 30
Inner ditto . . .12
Outer circle, south . . 30
Inner ditto . . .12
Cove and altar stone, north circle 4

Central pillar and altar, soutli

circle . .2
Kennet avenue . . 200
lieckhampton avenue . 200
Outer circle of Hackpen . -J"

Inner ditto . . .18

Stones.
Long stone. Cove jambs . 3
A stone he calls the ring stone . 1

Closing stone of the tail . I

Total . 662

Of these, only seventy-six stones remained in the Kennet avenue in 1722. The large

circle was enclosed by a trencli or vallum upwards of 50 ft. in deptli and between CO and

I

70 ft. in width, leaving entrances

tsri i ^£o ' open where the avenues intersected

g3 ^^^
;
^^ ^^ y it. The colossal mound, called

\ W ' '

€63
'Sj

e

f Q

I I

<f \ %

%'

" Silhury hill," close to the Bath
road, was probably connected in

f^
"

i

" ^ /' '^ some way with the circle we have
"C

\

%' A described, from the circumstance of

the Roman road to Bath, made long

afterwards, being diverted to avoid

it. Dr. Owen thinks that the Abury
circle was one of three primary cir-

cles in Great Britain, and that Sil-

bury hill was the pile of Cyvrangon
(heaping) characterised in the 'i4th

Welsh triad; but the conjecture

affords us no assistance in determin-
ing the people by whom the monu-
ment was raised. If it be in its

arrangement intended to represent

a serpent, it becomes immediately

^^ *5j £33
I

csa ^^ ^^ connected with ojihiolatry, or ser-

^^
;

<^ -._ pent worship, a sin which beset the
/-'' ^^ 1^ I ^^ ^^ "••, Israelites, and which woidd stamp

!

^^ "\ it as proceeding from the central

K N stamen of the hypothesis on which
Fit;. .5. piAN or sr(>.vEHKN..E. Mr. H iggins sets out. See Observ-

ations on Dracontia, by the Rev. John Bathurst Deane, Archaul. vol. xxv.
" .^oliam Pitanen a Iseva parte relinquit,
F.ictaque de saxi) longi sinnilacra Draconis,"

—

Ovid, Met. vii. 357.

which is a picturesque description of Abury.
18. Stonehenge, on Salisbuiy Plain, about seven miles from Salisbury and two miles

^^
&

% •^W
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to tiie west of Ambresbury, is certainly more artificial in its structure than Abury, and its

construction may therefore be safely referred to a later date. Fig. 5. is a restored plan of

this wonder of the west, as it may well be CMJled. Tlie larjrer circle is 105 feet in diameter,

and between it and the interior smaller circle is a space of about 9 feet. Within this smaller

circle, which is half the height (8 feet) of the exterior one, was a portion of an ellipsis

formed bv 5 groups of stones, to which Dr. Stiikely has given the name of trilithons,

liecause formed l)y two vertical and one horizontal stone: the former are from 17 to 18:^

feet liigh, the middle trilithon being the highest. Within this ellipsis is another of single

stones, half the lieight of the trilithons. The outer circle was crowned with a course of

stones similar to an architrave or epistylium, the stones whereof were let into or joggled

with one another by means of egg-shaped tenons formed out of the vertical blocks. 'I'he

ellipsis was connected in a similar manner. Within the inner elliptical enclosure was a

block 16 ft. long, 4 ft. broad, and 20 in. thick. This has usually been ca'led the altar

stone. Round the larger circle, at the distance of 100 ft., a vallum was formed about 52 ft.

in width, so that the external dimension of the work was a diameter of 420 ft. The vallum
surrounding these sacred places seems to have been borrowed Iiy the Canaanites in imitation

of the enclosure with which Moses surrounded Mount Sinai, in order to prevent the multi-

tude from approaching too near the sacred mysteries. The number of stones composin ""

this monument is variously given. In the subjoined account we follow Dr. Stiikely:—
Stones.

Great circle.vertical stones . 30
Hpistylia ;i()

Inner circle 40
Vertical stones of outer ellipsis 10
Kpist) lia to them h
Inner ellipsis .

Altar .... 11)

1

•Stones within vallum .

A l;irt;e table stone
Distant jiillar . . . .

Another stone, supposed to have been
opposite the entrance

Total . . . .

Stones,
•i

Ji

1

1

UO

Northwards frdm Stonelienge, at the distance of a few hundred yards, is a large single stone,

which, at the period of its being placed there, has been by some thought to have marked
a meridian line from the centre of the circle.

19. Fi(/. 6. is a view of the present state of this interesting ruin from the west. Mr.

^/^ _IL-.<^^^

Cunnington, in a letter to Mr. Higgins, gives the follow uig account of the stones which

remain of the monument: — " The stones on the outside of the work, those com|)rising the

outward circle as well as the large (five) trilithons, arc all of that species of stone culled

' sarseii' found in the neighbourhood; whereas the inner circle of small upright stones,

and tho.se of the interior oval, are composed of granite, hornstone, &c., most ])robably pro-

cured from some part of Devonshire or Cornwall, as I know not where such stones could

be jirocured at a nearer distance."

20. Authors have in Stonelienge discovered an instrument of astronomy, and among them
IMaurice, whose view as to its founders coincides with those of the writers already cited, and
with our own. We give no opinion on this point, but shall conclude the section liy ])lacing

before the reader the substance of M. Bailly's notion thereon, recommending him to consult,

in that respect, autliorities better than we profess to l)e, and here expressing our own belief

that the priests of ancient Britain were priests of Haal ; and that the monuments, the

subjects of this section, were in existence long before the Greek.s, as a nation, were known,
albeit they did derive the word Druid from Spus (an oak), and said that they thcmselv.'s

were avToxSoui^ (sprung from the earth).

21. M. Bailly says, on the origin of the sciences in Asia, that a nation possessed of

profound wisdom, of elevated genius, and of an anti(iuity far superior to the l^gyjitians or

Indians, immediately after the ilood inhabited the country to the north of India, between
the latitudes of 40 and ,50 , or about 50 ncjrth. He contends that some of the most
celebrated observatories and inventions relating to astronomy, from their iieculiar character,

could have taken place only in those httitude>. and that arts and improvements gradually
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travelled thence to the equator. The people to wliom liis clescriptlon is most applicable is

the northern progeny of I5rahniins, settled near the Iinaiis and in Northern Tiiibet. We
add, that ^Ir. Hastings informed iMaurice of an immemorial tradition that prevailed at

Benares, wiiiih was itself, in modern times, the grand seat of Indian learning,—that all

thi> learning of India came from a country situate in 40° of N. latitude. Maurice remarks.

"This is the latitude of Samarcand, the metropolis of Tartary ; and, by this circumstance,

the position of M. Bailly should seem to be confirmed. This is the country where, according

to the testimony of Josephus and other historians cited by the learned Abbe J'ezron, are to

be found the first Celtne, by whom all the tem])Ies and caves of India were made. Higgms
()i)serves on this, that the worship of the JNIithraitic bidl existed in India, Persia, Greece,

Italy, and Britain, and that the religion of the Druids, Magi, and Brahmins was the same.

22. (3.) Sacrificial Stones. — These have been confounded with the cromlech, but the

diderence between them is wide, 'iliey are simple stones, either encircled by a shallow

trench (vallum) and bank (agger), or by a few stones. Upon these almost all authors

foncur in believing that human immolation was practised ; indeed, the name blod, or

hlood-stones, which they bear in the north of Eurojie, seems to point to their infernal use.

We do not think it necessary to pursue further inquiry into them, as they present no

remarkable nor interesting features.

23. (4.) Cromlechs anil Cairits. — The former of these seem to stand in the same relation

to the large circles that the modern cell does to the conventual church of the Catholics.

They consist of two or more sides, or vertical stones, and sometimes a back stone, the whole
being covered with one not usually placed exactly horizontal, but rather in an inclining

position. We here {Ji(/. 7.) give

representation of one, thyt

has received the name of Kit's

Cotty House, which lies on the

road between Maidstone and
Rocli(>ster, about a mile north-

—s^ eastward front Aylesford ch.urch,

ir; and is thus described in the

Bfaicties of England mid Wales.

It " is composed of four huge
stones unwrought, three of them
standing on end but inclined in-

wards, and supporting the fourth,

which lies trans\ersely over

fhtin, so as lo 1«. i\e an ojjcn recess btntath The dunensions and computed weightsof these

stones are as follows: — height of that on the south side 8 ft., breadth "A ft., thickness 2 ft.,

weight 8 tons; height of that on the north side 7 ft., breadth 7i ft., thickness 2 ft.,

weight 8:^ tons. The middle stone is very irregular ; its medium length as well as breadth

may be about 5 ft., its thickness about 1 ft. 2 in., and its weight about 2 tons. The u])per

stone or impost is also extremely irregular; its greatest length is nearly 12ft., and its

breadth about 9j ft.; its thickness is 2 ft., and its weight about 10^ tons : the width of the

recess at bottom is 9 ft., and at top ~i^ ft. ; from the ground to the ujjper side of the covering

stone is 9 ft. These stones are of the kind called Kentish rag. INIany years ago there was
a single stone of a similar kind and size to those forming the cromlech, about 70 yards to

the north-west: this, which is thought to have once stood upright, like a pillar, has been

broken into pieces and carried away." Another cromlech stood in the neighbourhood,

which lias been thrown down. The nonsense that has been gravely written upon this

and similar monuments is scarcely worth mention. It will hardly be believed that there

existed peojde who thought it was the sepulchral monument of king Catigern, from similarity

of name, and others who consider it the grave of the Saxon chief, Horsa, from its ])roximity

to Horsted. Cromlechs are found in situations remote indeed, a sjjecimen being seated on
the Malabar coast ; and in the British isles they are so numerous, that we do not think

it necessary to give a list of them.

24. The cairn or cam which we have in this section coujiled with the cromlech, perhaps

impro])erly, is a conical heap of Icose stones. Whether its etymology be that of Rowland,
from the words i:"';"ip (kern-ncd), a coped heap, we shall, from too little skill in Hebrew,
not venture to decide ; so we do not feel quite sure that, as has been asserted, they were raised

over the bodies of deceased heroes and chieftains. Our notion rather inclines to their

liaving been a species of altar, though the hea]) of stones to which Jacob gave the name of

Galeed, if it were of this species, was rather a memorial of the agreement between him
and Taban. It can scarcely be called an architectural work ; but we should have considered

our notice of the earlier monuments of antiquity incomplete without naming the cairn.

25. (5.) Logan or Rocking Stones. — These were large blocks poised so nicely on the

points of rocks, that a small force applied to them produced oscillation. The weight of tiie

celebrated one in Cornwall, which is granite, has l)een computed at upwards of 90 tons.
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Tlie use of these stones has been conjeetureil to be that of testing the innocence of persons

aeeiised of crime, tlie rocking of the stone being certain, unless wedged up by the judge of

the tribunal, in cases wliere he knew the guilt of the criminal: but we think that such a

purpose is highly improbable.

26 (6 ) Tnimen or ' Cnlo'i^iil Slones — The Tolmen, or hole of stone, is a stone of

considerable magnitude, so disposed upon

'^T^'W^.

S^-Hw,

rocks as to leave an oi)ening between

them, through which an object could be

passed. It is the general o])inion in Corn-

wall that invalids were cured of their

_ diseases by being passed through tiie

^ ojjening al)ove mentioned. " The most

stupendous monument of this kind," (see

fit/. 8. ) says Horlase, " is in the tenement

of INIen, in the parish of Constantine, in

Cornwall ; it is one great oval pebble,

placed on the points of two natural rocks,

so that a man may creep uniler the great

one, between the supporters, through a

(jissdo-eot ibout till ee feet wide, bv as much high. The longest diameter of this stone is

;i;5 ft., being in a direction due north and south. Its height, measured perpendicularly over

the opening is, 14 ft. 6 in., and the breadth, in the widest part, 18 ft. 6 in., extending from

east to west. I measured one half of the circumference, and found it, according to my
coiTi])utation, 48 ^ ft., so that this stone is 97 ft. in circumference, lengthwise, and about

60 ft. in girt, measured at the initldle ; and, by the best information, it contains about

750 tons." We close this section by the expression of our belief that the extraordinary

monuments whereof we have been speaking are of an age as remote as, if not more so

than, the pyramids of Egyiit, and that they were the works of a colony of the great

nation tliat was at the earliest period settled in central Asia, either through the swarm
that passeil north-west over Germany, or south-west through Phoenicia ; for, on either

route, but rather, ]ierhaj)s, the latter, traces of gigantic works remain, to attest the wonderful

powers of the people of whom they are the remains.

II.

I'KI-^SGIC OU CYCLOPEAN ARCIIITECTII KE.

2/. I'elasgic or Cycloiiean architecture, (for that as well as the architecture of I'lirenicia,

seems to have been the work of branches of an original similarly thinking nation) ))re-

seiits for the notice of the reader, little more than massive walls composed of huge jjieces of

rock, scarcely more than ])lled together without the connecting medium of cement of any
species. The method of its construction, consiilered as masonry, to the eye of the architect

is quite sufiicient to connect it with what we have in the iireceding section called Druidical

or Celtic architecture. It is next to impossible to believe that all these sjiecies were not

executed by the same peojile. The nature and prlnci|)les of Kgyjjtian art were the same,
but the specimens of it which remain bear marks of being of later date, the pyramids onlv

excepted. The Greek fables about the Cyclopeans have been sufficiently exposed by Jacol)

I5ryant, who has shown that the Greeks knew nothing about their own early history.

Herodotus (lib. v. cap 57. ei sfo ) alludes to them under tlie name of Cadmiaiis, saying they
were particularly famous for their architecture, which he says they introduced into Greece;
and wherever they came, erected noble structures remarkable for their height and beaiitv.

These were dedicated to the Sun under the names of Elorus and Pelorus. Hence every

thing great and stupendous was called Pelorian ; and, transferring the ideas of the works to

the founders, they made them a race of giants. Homer says of Polyphemus,

—

AvSfi yi iriTo^xyui, aXXcc piM uKr.iyrt.

Virgil, too, describes him " Ipse arduus, alta pulsat sidera." Famous as lighthouse builders,

wherein a round casement in the upper story aflbrded light to the mariner, the Greeks
turned this into a single eye in the forehead of the race, and thus made them a set of mon-
sters. Of the race were Trophonlus and his brother Againedes, who, according to Pau-
sanias (lib. ix.) contrived the teini)le at Deljihi and the Treas.iry constructed to L'rius. So
'reat was the fame for building of the CycloiJcans that, when the Sybil in Virgil shows
yEiieas the place of torment in the shades below, the poet separates it from the regions of

bliss by a Cyclopean wall :
—

" Cjcloiium educla caminis
Mania couspicio." /7,'/i. lib. vi. v.fiiiO
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28. Tlie Willis of the citv of Rlyccne are of the class cleiioiniiialcl Cyclopean, tlius de-

nouiiced for ruin by Hercules in Seneca : —
" Quid nioror ? mains inihi

P>ellum Myceiiis restat, ut Cyciopea
liversa maiiibus nicenia iiostris coiicidant." Hercules Futeiis, act. -4. v. D! 6.

29. 'llie s^ate of tlie citv ami the chief tower were particularly ascribed to them( Pausanias,

lib. ii. ) Argos had also the reputation of being Cyclo])ean. F)Ut, to return to Mycene,

iMuipides, we should observe, speaks of its walls as being built after the Phoenician rule

aiul method : —
Jliyrtilrs Fiire/is, v.'JJ4.

30. Fiq. 9 Is a repres(;ntation of a portion of the postern gate of the walls of IMyccni',

for the ])uri)ose of exhibiting to the reader the cha-

racter of the masonry einjiloyeil in it.

;U. The walls of Tiryns, jirobably more ancient

than those we have just named, are celebrated by
Homer in the words Ttpvvda rdx^oecrcrau, and are said

by ApoUodorus and Strabo to have been built by
worki"en whom Pra'tus brought from I.ycia. The
words of Strabo are, Ttpvvdi upi.i.riT7]pty XRVoo-'^G"-^ SoKei

UputTos, Kat TfiX'cai Sia Kuic^wnooi/- ovs itria fxiv eivai,

icaAfiadai Se raarepox^'pc-^, Tpe(pui.i.iVOVS (K rrjs t^x^V^,
I'rattus iippiars to Ixive used Tiri/its us a harbour, and
to have walled it l>i/ the assistuvce of the Ci/c/ops, who
were seve7i in number, und culled Gastroclieirs (belly-

iianded), lirmcf by their labour. " These seven Cy-
clops," says Jacob Bryant, " were, I make no doid)t,

seven Cyclopean towers built by the people." I'urtlier

on, he adds, " 'Ihese towers were erected likewise

for Purait, or Purathcia, where the rites of fire were
performed : but Purait, or Puraitus, tlie Greeks

,„„. „ -« changed to Prajtus ; and gave out that the towers

weix^built for I'ra-tus, whom they made a king of that country." The same author says

that the Cyclopeans worshii)ped the sun under the symbol of a .serpent
; thus again

^_ -. oonnecting them with the builders of Ahury.

F-q. 10. is a view of portions of the walls of

Tiryns, taken from the Rev. T S. Hughes's
Travels in AV. aiiia. Later works are named
on ]>. 14.

;}2. Mr. Hamilton {Archdologiu') divides

the specimens of Cyclopean buildings into

four leras. In the first he includes Tiryns

and iMycene, where the blocks composing

the masonry are of various sizes, having or

having had smaller stones in their inter-

stices. Second, as at Julis and Delphi,

masonry without courses, formed of irre-

,^ gular polygonal stones, whose sides fit to

f each other. Third, that in which the stones

E are laid in courses of the same height, but

une(]ual in length of stones; of this s])ecies

a\e s]iecimens in Boeotia, Argolis, and the

Photian cities. Fourth and last, that in

which the stones are of various heights, and

always rectangular, whereof examples are

found in Attica. It may be here mentioned

that, in the Etrurian ])art of Italy we find

examples of Cyclo|;ean works of the class,

which Mr. Hamilton -places in the second

a?ra ; as at Norba in Latium, Cora, Signia,

and Alatrium; in the three last whereof the walls resemble those of Tiryns, Argos, and

Mycene; also at Fiesole, Arezzo, and other i)lace^.

.S3. We shall now return to some further particulars in relation to Tiryns and IMycene,

from which a more distinct notion of these fortresses will l)e obtained ; but further investi-

pation of those in Italy will hereafter be necessary, under the section on Etruscan architecture,

'i'he Acropolis of Tiryns, a litth; to the south-east (jf Argos, is on a mount rising about fifty
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fet-t above the level of the plain, the foundations of its inclosure being still perfect and

traceable, as in the annexed figure i^jiff. 11.)- The ancient city is thought to have sur-

.-.,,-^^

TBS Aicaoeons or Txara&

rounded the fortress, and that formerlv the city was nearer the sea than at present Bryant,

with his usual ingenuity, has found in its general form a type of the long ship of Danaus,

wliieh, we confess, our imagination is not lively enough to detect. On the east of the

fortress are quarries, which furnish stors similar to that whereof it is built. It had entrances

from the east and the west, and one at the south-eastern angle. Tliat on the east, lettereti .^.

is prettv fairly preserved, and is approached by an inclined access, B, 15 fL wide, along

the eastern and southern sides of the tower, C, which is 20 ft. square and 40 ft. higli,

p:.ssing, at the end of the last named side, under a gateway, composed of very large blocks

of stone, tliat which forms the architrave being 10 fL long, and over which, from the frag-

ments lying on the spot, it is conjectured that a triangular stone was placed ; but thereon

is no appearance of sculpture. D is the present entrance. The general thickness of the

walls is 25 ft., and they are formed by three parallel ranks of stones 5 ft. thick, thus leaving

r,3 two ranges of galleries each 5 ft. wide and 12 ft. high. Tlie sides of the

^^ galleries are formed by two courses of stone, and the roof by two other

Jl^^ horizontal courses, sailing over so as to meet at their summit, and some-

^1 what resembling a pointed arch. {See fig. 10.) That part of the gallery,

^fiff. 12., now uncovered, is about 90 ft. long, and has six openings or

1 recesses towards the east, one whereof seems to have afforded a communi-
i cation with some exterior building, of whose foundation traces are still

i in existence. The interval between these openings varies from 10 ft. 6 in.

^ to 9 ft. 8 in. ; the openings them-selvcs lieing from 5 ft. 6 in. to -i ft. 10 in.

,v. wide. It is probable that these galleries extended all round the citadel,

though now only accessible where the walls are least perfect, at the southern part of

the inclosure. There are no remains of the south-eastern portal. It appears to have lieei:

connected with the eastern gate by an avenue enclosed between the outer and inner curtain,

of which avenue tl:e use is not known. Similar avenues have been foui\d at Argos and
oclier ancient cities in Greece. The northern point of the hill is least elevated, and smaller

stones have been employed in its wall. The exterior walls are built of rough stones, some
of which are 9 ft. 4 in. in length and 4 ft. thick, their common size being somewhat less

AVlien entire, the wall must have been 60 ft. high, and on the eastern side has been entirely

destroyed Tlie whole length of the citadel is about 660 ft., and the breadth about 180 ft.,

the walls being straight without regard to inequality of level in the rock.

.'54. The .\cropolis of Mycene was probably constructed in an age nearly the same as

that of Tiryns. Pausanias mentions a gate on which two lions were sculptured, to which
the name of the Gate of the Lions has been given (Jiz- 13.) lliese are still in their

original position. It is situate at the end of a recess about 50 ft. long, commanded l>y pro-

jections of the walls, which are here fonned of huge blocks of square stones, many placttl

on each other without breaking joint, which circumstance gives it a very inartificial appear-
ance. The epistylium of the gate is a single stone 15ft. long and 4 ft. 4 in. high. 'J'o

the south of the gate above mentioned the wall is much ruined. In one part something
like a tower is discernible, whose walls, being perpendicular while the curtain inclines a
little inward from its base, a projection remained at the top by which an archer couM defend
the wall below. The blocks of the superstructure are of great size, those of the suit-

structure much smaller. Tlie gates excepted, the whole citadel is built of rough masses of
rock, nicely adjusted and fitted to each other, though the smaller stones with which ih'



Chap. II. TELASGIC OR CYCLOPEAN. 13

interstices wctC filleil have mostly disappearecl. The soiitliern rain]);irt<; of tlic citadel and

all the other walls follow the natural irregularity of the precipice on which tliey stand. At
its eastern point it is attached hy

a narrow isthmus to the mountain.

It is a long irregular triangle,

standing nearly east and west-

The walls are mostly of well-

jointed polygonal stones, although

the rough construction occasionally

appears. The general thickness of

the walls is 21 ft., in some places

25 ; their present height, in tiie

most perfect part, is 4:5 ft. There

are, in some places, very sliglit

projections from the walls, resem-

bling towers, whereof the most

perfect one is at the south-east

angle, itr l)readth being 33 ft. and

Its height 4:5 ft. Tiie size of the

block wliereon the lions are scnl))-

tured is 1 1 ft. broad at the base,

ft. high, and about 2 ft. thick,

of a triangular form suited to the

»et(.ss mule for its rcci-ption Ilus block, m its ijipc i\ uiee, resembles the green basalt of

;i5. In this (dace we think it projier to notice a buililing at Mycene, which has been

called by some the Treasury of Atreus, or the tomb of his son Agamenuion mentioned by

i'ausaiiias. This building at first misled some authors into

a belief that the use of the arch was known in Greece at a

very early period ; but examination of it shows that it was
formed by horizontal courses, jjrojecting beyond each other as

they rose, and not l)y radiating joints or beds, and that the sur-

face was afterwards formed so as to give the whole the ap-

pearance of a pointed dome, by cutting away the lower angles

(Ji(/. 14.). It is jirobahly the most ancient of buildings in

Greece ; and it is a curious circumstance that at New Grange, near Urogheda, in Ire-

land, tliere is a monument >vhose form, construction, and plan of access resemble it .so

ur AXABUS.

strongly that it is im ssible to consider their similarity the result of accident. A repr

sentation of this may be seen in the work by I\Ir. llig-

gins which we have so often quoted, and will, we think,

\ satisfy the reader of the great probability of the hypothesis

hereinbefore assumed having all the ajjpearance of truth.

By the subjoined plan (Ji;/. 15.) it will be seen that a

space 20 ft. wide, between the two walls, conducts us to

tlie entrance, which is 9 ft. 6 in. at the base, 7 ft. 10 in. at

the top, and about 19 ft. high. The entrance passage is

18 ft. long and leads to the main chaml)er, which, in ils

general form, has some resemblance to a i)ee-hive, whose
diameter is about 48 ft. and height about 49. (Jig. 16 )

The blocks are placed in courses as above shown, 34 courses

being at present visible. They are laid with the greatest

precision, without cement, and are unequal in size. Their

KiK. IS. PLAN oi- THKAsiKv OK ATRKus. avcragc liciglit uiay be taken at 2 ft., though to a spectator

on tlie tloor, from the effect of the perspective, they appear to diminish very much towards

the vertex. This momunent has a second chamber, to which you enter on the right from the

larger one just described. This is about 27 ft by 20, and 19 ft. high ; but its walls, from the

obstruction of the earth, are not visible. The doorway to it is 9^ ft. high, 4 ft. 7 in. wide
at the base, and 4 ft. 3 in. at the top. Similar to the larger or principal doorway, it has a

triangular opening over its lintel. The stones which fitted into these triangidar openings

were of enormous dimensions, for the height of that over the principal entrance is 1 2 ft.,

and its breadth 7 ft. 8 in. The vault has been either lined with metal or ornamented with

some sort of decorations, inasmuch as a^ number of bronze nails are found fixed in the stones

up to the summit. The lintel of the door consists of two pieces of stone, the largest whereof
is 27 ft. long, 17 ft. wide, and 3 ft. 9 in. thick, calculated, therefore, at 133 tons weight ; a

mass which can be compared with none ever used in building, except those at Balbec and

in Kgypt. The other lintel is of the same height, and probably (its ends are hidden) of
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tlie same loiin;tli as tlie (irst. It?; hrcailtli, i-.ov/over, is only one foot. Its exterior has two
faiallol mouldings, which are continued down the jambs of the doorwa)'.

:m^piii^, ,.

'if). I he stont em]
rotLs and the conti 'uous Alount I uhori consist It is tlie hardest and compactest hieccia

which (ireece |)rodiKes, rescmhliiig the

inti(]ne marble called ISreccia Tracaji-

nina antica, sometimes found among the

1 uins of Rome. Near the gate lie some
masses of rosso antico decorated with

j,uilloclie-like and zigzag ornaments,

nid a columnar base of a IVrsian cha-

racter. Some have su|)i)oseii that these

belonged to the decorations of the door-

way ; but we are of a dilVereiit oiiinion,

lj%e inasmuch as thev destroy its grand cha-
~^""

jacter. We think if this were the toml)

jj of Againeinnon, they were much more

^ likely to have been a part of the shrine

_ . ,"T ill which the body or ashes were dc-
'"^'^ posited.

^^ \ •'5". It is conjectured that the trea

kt„ti^ sury of INIinyas, king of Orchomeiios,

whereof I'ansanias s])eaks, bore a re-

semblance to the building we have just

described ; and it is very probable that

the subterranean chambers of Greece,

Italy, and Sicily were very similarly

constructed. F'kj. 17. rejiresents the

entrance to the building fro n the out-

The architecture of the early

races of which we have been speaking

will be further noticed in investigating

nth<T moniin cnts. See the pii!)lica-

tions hy Fergusson, Uwh' Stone Mnriiiviertts in (ill Countries, 8vo., 187-' ; and Sch'iemann,

Ju sianhes, &"c., at Mycetia; and Ti'i/ns, 8vo., 1878.
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Sfxt. III.

BABYLONIAN A KCHITECTU RE.

38 Tlie name prefixed to this section must not induce the reader to suppose we sliall

be able to aH'ord lilm much instruction on tliis interesting subject. The materials are

scanty; the monuments, though once stupendous, still more so. " If ever," sayy Keith, in

his Ei'iiknce of the Truth of the Christian Kdigioii, " there was a city that seeiued to bid

deliance to any predictions of its fall, that city was Babylon. It was for a longtime the

most famous city in the Old World. Its walls, which were reckoned among the wonders of

the world, ajipeared rather like the bulwarks of nature than the workmanship of man."

The city of Babylon is thus described by ancient writers. It was situated in a plain of

vast extent, and divided into two parts by the river Euphrates, which was of considerable

width at the sjjot. The two divisions of the city were connected by a massive bridge nf

masonry strongly connected with iron and lead ; and the embankments to jirevent inroads

of the river were formed of the same durable materials as the walls of the city. Herodotus

says that the city itself was a perfect stjuare enclosed by a wall 480 furlongs in circum-

ference, which would make it eight times the size of London. It is said to have had num-
bers of houses three or four stories in height, and to have been regularly divided into

streets running parallel with each other, and cross ones opening to the river. It was sur-

rounded by a wide and deej) trench, from the earth whereof, when excavated, square bricks

were formed and baked in a furnace. With these, cemented togetlier through tiic mcdiiun

of heated bitumen intermixed with reeds to bind together the viscid mass, the sides of the

trenches were lined, and with the same materials the vast walls above mentioned were con-

structed. At certain intervals watch-towers were placed, and the city was entered by
100 gates of brass. In the centre of each of the i)rincipal divisions of the city a stupen-

dous public monument was erected. In one (Major Kennel thinks that on the eastern side)

stood the temple of IJelus ; in t'.ie other, within a large strongly fortified enclosure, the royal

palace. 'I'he former was a square pile, each side being two furlongs in extent. The
tower erected on its centre was a furlong in breadth and the same in height, thus making
it higher than the largest of the pyramids, sujiposing the furlong to contain only 500 feet.

On this tower as a base were raised, in regular succession, seven other lofty towers, and the

whole, according to Diodorus, crowned with a bronze statue of the god IJehis 40 feet high.

h See Jiy. 18., in which the dotted lines show the

I I

present remains, according to Sir K. K. Porter's
pJ 1 , accoiuU in his Travels. The palace, serving also

! I
as a temple, stood on an area l^mile square,

I ^ —^ and was surrounded by circular walls, which,

r^ ~\ according to Diodorus, were decorated with

N. ~~j sculptured animals resembling life, painted in

[—

^

,. n ,
-Z::^^ their natural colours, on the bricks of which thev

I

.'' li__ 1 were depicted, and af/erirords burnt in. Snch
--

,

'^'-^ ^
I

was the city of Babylon in its uieridian sjjlendour,

I

..-'
P J that city whose founder (if it were not Nimrod,

i.-,j,. IB. inaiPLH uh HEI.U3. - sometimes called Belus,) is unknown. Great as

it was, it was enlarged by Semiramis. and still furtlier enlarged and fortified by Nebuchad-
nezzar. We shall now jiresent, from the account of Mr. Rich, a gentleman who visited the

spot early in this century, a sketch of what the city is now. The first grand mass o(

ruins marked A (./?.'/• 19. ), which the above gentleman descrd)es, he says extends 1100
yards in length and 800 in its greatest breadth, in figure nearly resembling a quadrant

;

its height is irregular, but the most elevated part may be about 50 or GO ft. above the level of

the plain, and it has been dug into for the purjjose of procuring bricks. This mound Mr. U.

distinguishes by the name of Amran. On the north is a valley 550 yards long, and then the

second grand heap of ruins, whose shape is nearly a square of 700 yards long and broad ;

its south-west angle being connected with the north-west angle of the mounds of Amran
by a high ridge nearly 100 yards in breadth. This is the place where Beauchamp made
his observations, and is highly interesting from every vestige of it being composed of build-

ings far superior to thosv» whereof there are traces in the eastern quarter. I'lie bricks are

of the finest description, and, notwithstanding this spot being the principal magazine of them
and constantly used for a supply, are still in abundance. The operation of extracting the

bricks has caused much confusion, and increased the difKculty of deciphering the use of

this mound. In some places the solid mass has been bored into, and the superincum-

bent strata falling in, fre<juently bury workmen in the rubbish. In all these excaviitions

walls of burnt brick laid in lime mortar of a good quality are to be seen ; and among the

ruins are to be found fragments of alabaster vessels, fine earthenware, marble, and great

juantities of varnished tiles, whose glazing and colouring are surprisingly fresh. " In a
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'fllI%>?)mTl^TO'^

liollfiw," observes Mr. Rich, " near the soutliorn part, I found a sepulchral urn of earthen-

ware, wliich liad hfen broken in digging, and

near it lay some human bones, wliich pul-

verised with the touch." Not more than 200

^V yards from the northern extremity of tliis

"%^ mound, is a ravint. near 100 yards long, hol-

lowed out by those who dig for bricks, on one

of whose sides a few yards of wall remain, the

face whereof is clear and perfect, and appears

to have been the front of some building. The
opposite side is so confused a mass of rubbish,

that it looks as if the ravine had been worked
through a solid building. Under the founda-

tions at the southern end was discovered a sub-

terranean passage floored and walled with large

bricks in bitiunen, and covered over with pieces

of sandstone a yard thick and several yards

long, on which the pressure is so great as to

have pushed out the side walls. What wan
seen was near seven feet in height, its course

being to the south. 'I'he ujijier part of tlic

passage is cemented with bitumen, oilier parts of

the ravine with mortar, and the bricks have all

writing on them. At the northern end of the

ravine an excavation was made, and a statue

of a lion of colossal dimensions, standing on a

pedestal of coarse granite and rude workman-
ship, was discovered. This was about the spot

marked E on the plan. A little to the west

of the ravine at I? is a remarkable ruin called

the Kasr or Palace, which, being uncovered,

and partly detached from the rubbish, is visible

from a considerable distance. It is " so sur-

prisingly fresh," says the author, " that it was only after a minute inspection I was satisfied

of its being in reality a I5al)ylonian remain." It consists of several walls and ])iers, in some
places ornamented with niches, and in others strengthened by pilasters of burnt brick in

lime cement of great tenacity. The tops of the walls have been broken down, and they

may have been much higher. Contiguous to this ruin is a heap of rubbish, whose sides

are curiously streaked i)y the alternation of its materials, probably unburnt bricks, of which

a small tjuantity were fmind in the neighbourhood, without however any reeds in their in-

terstices. A little to the N. N. E. of it is the famous tree which the natives call Atlieli.

They say it existed in ancient IJabylon, and was preserved by God that it might aflbrd a

convenient place to Ali for tying up his horse after the battle Ilellah !" " It is an ever-

green," says j\lr. R., " something resembling the lignum vit;e, and of a kind, I believe, not

common in this part of the country, though I am told there is a tree of the description at

liassora." The valley which separates the mounds just described frt)m the river is white

with nitre, and does not now appear to have had any buildings u))on it except a small cir-

cular heap at D. The whole embankment is abrupt, and shivered by the action of the

water. At the narrowest part E, cemented into the burnt brick wall, there were a number
of urns filled with human bones which had not undergone the action of fire. From a con-

siderable quantity of burnt bricks and cither fragments of building in tiie water the river

ajipears to have encroached here.

.S!). A mile to the north of the Kasr, and 950 yards from the bank of the river, is the last

ruin of this series, which Pietro della \ alle, in 1G16, described as the tower of Belus, in

wliich he is followed by Rennell. The natives call it, according to the vulgar Arab pro-

nunciation of those parts, Mujelibe, which means overturned. They sometimes also ajiply

the same term to the mounds of the Kasr. This is marked F on the plan. " It is of an

oblong shape, irregular in its height and the measurement of its sides, which face the car-

dinal points as follows: tlie northern side 200 yards in length, the southern 219, the eastern

182, and the western 136. The elevation of the south-east or higiiest angle, 141 feet.

The western face, which is the least elevated, is the most interesting on account of the ap-
pearance of building it presents. Near the suunnit of it ap])ears a low wall, with inter-

ruptions, built of unburnt bricks mixed up with chopped straw or iccds and cemented with
clay mortar of great thickness." The south-west angle seems to have had a turret, the others

are less perfect. The ruin is much worn into furrows, from the action of the weather,

penetrating considerably into the mound in some places. The summit is covered with
heaps of rubbish, among which fragments of burnt brick are found, and here and there
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wh<)Ie brick', with iii«;criptions on tliom. Interspersed are inminier:il)le fragments of pottery,

lirick, hitimicii, pebbles, vitrified brick or scoria, and even shells, bits of glass, and mother

__ ^^^^ of pearl. The north-

^ _ em face of the jNIiijo-

~ ^^^ - libe (/?v. 20.
") contains

="^
,- ,^ -

,_ ^,
a niche of the height

H- -
- of a man. at the back

« '. ,"'-; whereof a low aper-
-, 'oA, ^ ture leads to a small

- .-j---_-3s?'---^'.' -'..-r<'< "_r cavity, whence a pas-
~"y-y°" .s;ige branches ofl' to

-^ the right till it is lost

- - - - in the rubbish. It is

Fig. v'o. M.Kiiii-iiN fAcK OK rHK Mi,jKi.mE. callucl by tlic natlvcs

the serdaub or cellar, and Mr. Rich was informed that four years previous to his survey, a

<|uantity of marble was taken out froin it, and a coffin of mulberry wood, in which was con-

tained a human body enclosed in a tight wrapper, and apparently partially covered with

bitumen, which crumbled into dust on exposure to the air. About this sjiot Mr. 11. also ex-

cavated and found a coffin containing a skeleton in high preservation, whose antiquity was
|)laced beyond dispute by the attachment of a i)rass bird to the outside of the coffin, and in-

side an ornament of the same material, which had seemingly been suspended to some part of

the skeleton. On the western side of the river there is not the slightest vestige of ruins ex-

cepting opposite the mass of .\mran, where there arc two small moinids of earth in existence.

40. 'I'he most stupendous and surjirising mass of the ruins of ancient Babylon is situati

in the desert, about six miles to the south-west of Ilellah. It is too distant to l)e shown
on the i)lock plan above given. By the Arabs it is called Birs Nemroud ; by the Jews,

_ Nebuchadnezzar's Prison. Mr. Rich was
the first traveller who gave any accoun
of this ruin, of which Ji;/. 21. is a repre-

SLUtation; and the description foUowinj^

UL shall ))resent in Mr. Rich's own words.
" I he Birs Nemroud is a mound of an ob-

long figure, the total circinnference ot

which is 762 yards. At the eastern side

It is cloven Ijy a deep furrow, and is not

inoie than fifty or sixty feet high ; but at

the western it rises in a conical figure to

the elevation of ( 9S ft., and on its summit
IS I solid ])ile of l)rick ;?7 ft. high by 28 in

1)1 L with, diminishing in thickness to the

t top, which is broken and irregular, and

lent by a large fissure extending through a

^ thud of its height. It is perforated by small

scpi ire holes disposed in rhomboids. The
iuiL burnt bricks of which it is built have

instriptions on them; and so admirable is

^"- ^' Bi M I

tliL cement, wliich apjjcars to be limemortar,

th.tt, though the l.ijeis aie so close togethti that it is difficult to discern what substance is be-

tween them, it is nearly im])ossible to extract one of the l)ricks whole. 'I'he other jiarts of the

summit of the hill are occupied by immense fragments of brickwork, of no determinate figure,

tumbled together and converted into solid vitrified masses, as ifthey had undergone the action

of the fiercest fire or been blown up with gvinpowder, the layers of the bricks being perfectly

discernible,—a curious fact, and one fof which I am utterly incapable of accounting. These,

incredible as it may seem, are actually the ruins spoken of by Pere Emanuel (See J).-In

i'/7/e, siir r Euphrdte et le Ti(/re), who takes no sort of notice of the prodigious mound on

which they are elevated." The mound is a majestic ruin, and of a peo])lc whose powers

were not lost, if the hypothesis brought before the reader in the jirevious section on Celtic

and Dniidical architecture be founded on the basis of truth, but shown afterwards, on

their separation from the parent stock, in Abury, Stonehenge, Carnac, and many other

places. Ruins to a considerable extent exist round the Birs Nemroud ; but for our pur-

pose it is not necessary to particularise them. The chance (for more the hajipiest conjec-

ture would not warrant) of conclusively enabling the reader to come to a certain and definite

notion of the venerable city, whereof it is our object to give him a faint idea, is far too

indefinite to detain him and exhaust his patience. One circumstance, however, we must
not omit ; and again wo shall use the words of the traveller to whom we are under so

many obligations. They are, — " To these ruins I must add one, which, though lot in the

iwnie tiirection, bears such strong characteristics of a Babvlonian origin, that it would be

^-^^^^^.
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iinpi'oper to oinlt a (lescii|)tion of it in tiiis place. I mectn Akerkoiif, or, as it is inoie

g(Mierally calleil, Niinrod's Tower ; for the inhal)itants of these jiarts are as fond of attri-

buting every vestige of anti(|uity to Nimrod as those of Egypt are to Pharaoh. It is

situate ten miles to the north-west of ISagdad, and is a thick mass of unhiirnt brickwork,

of an irregular sliajie, rising out of a base of ridjbish ; there is a layer of reeds l)etweei'

every fifth or sixth (for the number is not regulated) layer of bricks. It is perforated with

small square holes, as the brickwork at the Birs Nemroud ; and al)out halfway up on the

east side is an aperture like a window ; the layers of cement are very thin, which, consider-

ing it is mere mud, is an extraordinary circumstance. The height of the whole is I 26 ft. ;

diameter of the largest part, 100 ft. ; circumference of the foot of the brickwork above the

rubbish, 300 ft. ; tiie remains of the tower contain 100,000 cubic feet. ( Mde frex's Travels,

p. 298.) To the east of it is a dependent mound, resembling those at the Birs and A!
Hheimar."

41. The in(|uiry (following Mr. Rich) now to be pursued is that of identifying some of

the remains which have been described with the description which has been left of them.

And, first, of the circuit of tlie city. The greatest circumference of the city, according to

the authors of antiquity, was 480 stadia (sup])osed about'500 ft. each), the least .'560. Stral)o,

who was on the spot when the walls were sufficiently perfect to,judge of their extent, states

their circuit at ,S85 stadia. It seems ])roi)able that within the walls there was a quantity of

arable and pasture ground, to enable the po])ulation to resist a siege ; and that, unlike modern
cities, the buildings were distributed in groups over the area inclosed ; for Xenophon re|)orts

that when Cyrus took Babylon (which event ha])i3ened at night) the inhabitants of the o|)po-

site quarter of the town were not aware of it till the third jiart of the day ; that is, three hours

after sunrise. The accounts of the height of the walls all agree in the dimension of .50 cubits,

which was their reduced height from 3.50 ft. by Darius Hystas]>es, in order to render the

town less defensi!)le. The embankment of the river with walls, according to Diodorus
100 stadia in length, indicates very advanced engineering skill; but the most wonderful
structure of the city was the tower, jiyramid, or sepulchre of Belus, whose base, according
to Strai)o, was a stadium on each side. It stood in an enclosure of two miles and a half,

and contained the temple in which divine honours were paid to the tutelary deity of Baby-
lon. The main interest attached to the tower of Belus arises from a belief of its identitx

with the tower which we learn from Scripture {Gen. xi. ) the descendants of Noah, witii

Belus at their head, constructed in the plains of Shinar. The two masses of ruins in which
tins tower must be sought, seem to be the Birs Nemroud, whose four sides are 'J'286 En-
glish feet in length ; aiul tiie Mujelibe, whose circumference is 21 1 1 ft. Now, taking tlie

stadium at 500 ft., the tower of Belus, according to the accounts, would be 2000 ft. in cir-

cumference ; so that both the ruins agree, as nearly as possible, in the re(|uisite dimensions,
considering our uncertainty respecting the exact length of the stadium. i\Ir. Rich evidently

inclines to the opinion that the Birs Nemroud is the ruin of this celebrated temple, thougli

lie allows " a very strong objection may be brought against the Birs Nemroud in the dis-

tance of its ])osition from the extensive remains on the eastern bank of the lCu])hrates,

which for its accomnn)dation would oblige us to extend the measurement of each side of

the square to nine miles, or adopt a plan which would totally exclude the .AIuJelibL', all the

ruins above it, and most of those below : even in the former case, the Mujelibe and the

Birs would be at oi)posite extremities of the town close to the walls, while we have everv
reason to believe that the tower of Belus occujjied a central situation."

42, The citadel or jialace was siu'rounded by a wall whose total length was 60 stadia,

within Avhich was another of 40 stadia, whose inner face was ornamented with |)ainting,

—

a practice (says Mr. Rich) among the Persians to this day. Within the last-named wall

Wis a third, on which hunting subjects were ]):iinted. Tiie old palace was on the opposite
side of the river, the outer wall whereof was no larger than the inner wall of the new one.

Above the |)alace or citadel were, according to Strabo, the hanging gardens, for which, in

some resjiects, a site near the MujelibJ would sufficiently answer, were it not that tl e

s'celetons found there '-embarrass almost any theory that may be formed on this extra-

ordinary ])ile."

4.3. As yet, no traces have been found of the tunnel under the Eujibrates, nor of the

()l)elisk which Diodorus says was erected by Semiramis ; it is not, however, impossible that

(he diligence and jierseverance of future travellers may In'ing them to light Blch believes

tiiat the number of buildings within the city bore no pri)])ortion to the extent of the walls,

—a circumstance which has already been passingly noticed. He moreover thinks that the

houses were, in general, small ; and further, that the assertion of Herodotus, that it

abounded in houses of two or three stories, argues that the majority consisted of onlv one.

He well observes, " The peculiar climate of this district must have caused a similarity of

habits and accommodation in all ages ; and if, upon this ))rincii)le, wa take the present
iUshion of building as some examjile of tlr.> mode heretofore i)ractised in Babylon, the
bouses that had more than one story must have consisted of the ground floor, or itssc-cour,

occupied by stables, magazines, and serdaubs or cellars, sunk a little below the ground, for



ClIAP. II. PERSEPOLITAN AND PERSIAN. 19

the comfort of the inhabitants dining the heat ; above this a g.ilk'iv with the longing

rooms opening into it ; and over all the flat terrace fir tlie peojile to sleep on during the

summer." In these observations we fully concur witli the author, believing that climate

and habits influence the arts of all nations.

44. At Nineveh the extraordinary discoveries of Botta and Laj'nrd have made us familiar

with at least the decorations and arrangement of Assyrian architecture. The city, founded,

as supposed, by Ninus or Assur about 2,200 k.c, fell bef )re the rising wealth of Babylon.

Here from the palace of Kouyunjik, Ravi-linson establishes the identity of the king

who built it with the Sennacherib of Scripture. Its date would therefore be about 7 13 b.'j.

'J he sculptures at this ])lace so much resemble those at Perse])olis, and the arrow-headed

characters also are so similar to them, as well as those of Babylon, that we may fairly con-

jecture similarity of habits and taste. Indeed, as the Persian empire grew out of the

ruins of tlie Assyrian empire; and Persepolis, as a capital, succeeded to the capitals of

Assyria, we may. witliout much f^nr of being wrong, judge by its architecture of that of its

predecessors. Greater almost at its birth tlian ever afterwards, in this part of Asia the art

seems all at once to have risen, ;!S respects nbsulute grandeur, to the higliest state of which

it was there susceptible; and, d. generating successively under ihe hands of other people,

we may reckon by tlie periods of its decay the epochs of its duration.

45. No trace of the arch has been found in the ruins either at the Kasr or in the passages

at the jMujelibe. Massy pieis, buttresses, and pilasters supplied the place of the colimin.

The timber emjiloycd was that of the date tree, i)osts of which were used in their domestic

architecture, round which, says Strabo, they twist reeds and apply a coat of paint to them,

'i'hickness of wall was obtained by casing rubble work with fine brick, of which two sorts

were made. The one was merely dried in the sun, the other burned in a kiln. The latter

was IS in. square and 3 in. thick, witli varieties for different situati )ns in the walls. Tiiey

are of various colours The sun-drit d is considerably larger tlian the kiln-dried. There

is reason for believing that lime cement was more generally used than bitumen or clay ;

indeed, Niebuhr says that the bricks laid in bitumen were easily separated, but that where

mortar had been employed, no force could detach them from each other without breaking

them in pieces.

Sect. IV.

PERSEPOI ITAN AND PERSIAN ARCHITECTURE.

48. Persepolis was the ancient capital of Persia )>roper. Tlie ruins now remaining
are siluattd (lat. about 30° N., long, about 53° E ) in the great plain of INIerdasht

or Istakhr, one of the most fertile in ilie world, being watered in all directions by rivulets

and artificial drains, which ullim;itely unite in the Bundemir, the ancient Araxes. The
site would, like IMempliis, have scarcely lett a vestige by which it could have been identi-

fied, but for the celebrated ruins called CUe] -'Minar
(
Jig. 22.), i.e. Forty Pillars, by the

natives, which are believed to be the remains of that palace of tlie masters of Asia

.j.-.c-^>.^l^^=33^~^^-'

to which Alexander set tire in a moment of madness and debauch. The description which
follows is obtained from De Bruvn, who examined the ruins in 1704, with some reference

also to Niebuhr and Sir R. K. Porter. I\Ions. Texicr, one of the latest travellers, has
Hevottd many plates to these antiquities, in his large work. Annenie, Sfc. 1842; see also

Vaux, Nineveh anil Persepulis, Sfc, 1855; and Fergusson, Palaces of Nineveh and Persepolis

Nettorerl, 8vo., 1851.

47. The ruins are s'tuated at the foot and to tlie west of the mountain KuHrag met.

On three sides the walls are nmaining, the moun'ain to the east forming the other side,

C2
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From north to south tlie extent is (JOO paces ( I'125 ft. ), and 390 (802 ft. ) from west to

past to the nuMintain on tlie south side, liaving no stairs on that sitle ; average height ahoiit

18 ft. 7 in. On the north side it is '1 10 paces (926 ft.) from east to west, and the wall is

21 ft. high in some i)laces. At tiie north-west corner of the wall, ahout 80 paces in extent

westward, are some rocks before the i)rinci))al staircase. On mounting the steps there is

found a large platform 400 paces in extent towards the mountain. Along the wall on three

^TT, sides a p;.vement ex-
^ tends for a width of

8 ft. The i)rincipal

staircase A (Jic/- 2,'5.
)

is not ])laced in the

middle of the west

side, but nearer to

the north. It has a

double flight, the dis-

tance between the

flights at the bot-

tom being -42 ft., and
the width of them is

25 ft. 7 in. The stejjs

are 4 in. high, anti

14 in. wide. Fifty-

five of them remain
on the north side,

and fifty-three on
the south ; and it is

probable that some
are buried by the

ruins. The half

S])aces at the top o(

the first flight are

5\ ft. 4 in. wide. The upper flights are separated from the lower by a wall which runs
through at the u))per landing. The upjier flights are in forty-eight steps, and are cut out
of single blocks of the rock. The uiijjer landing is seventy-five feet between the flights.

48. Forty-two feet from the landing, at R, are two large portals and two columns
(originally four). The bottom of the first is covered with two blocks of stone, which fill

two thirds of the space ; the other third having l)een destroyed by time. 'l"he second jior-

tal is more covered by the earth than the first, by five feet. 'I'hey arc 22 ft. 4 in. deej),

and 13 ft. 4. in. wide. On the interior side-faces of their piers, and nearly the whole
length of them, are large figures of bulls, cut in bas-relief. Tlie heads of these animals are
entirely destroyed ; and their bre.ists and fore feet project from the \ncrs : the two of the
first portal face to the staircase, and those of the other face towards the mountain. On the
upper part of the piers there are some arrow-headed characters, too small to be made out

from below. The remains of the first ])ortal are

39 ft. high, and of the second 28 ft. The base

of the ))iers is 5 ft. 2 in. high, and j)rojects in-

wards ; and the bases ilpon which the figures

^ stand are 1 ft. 2 in. high. We may here ob-

1^ serve that the figures on the further portal have
the body and legs of a bidl, an enormous ])air

of wings (Ji(/. 24.
)
projecting from tiie shoulders,

and the heads looking to the east show the faces

1=2 of men. On the head is a cylindrical diadem,
:'-S on both sides of which horns are clearlv repre-

5§ sented winding from the brows ui)wards to the

;# front of the crown ; the whole being surmounted
^3 with a sort of coronet, formed of a range of

•= leaves like the lotus, and bound with a fillet

- carved like roses. The two columns (at Sir R.

K. Porter's visit only one remained) are the

most ])erfcct among the ruins, and are 54 ft.

high. At the distance of fifty-two feet south.

eastward from the second portico is a water-

trough ctit out of a single stone 20 ft. long and
17 ft. 5 in. broad, and standing 3 ft. high from

the ground. From hence to the northern wall of the platform is covered with fragments |

and the remains of one column not channelled as the others arc ; this is 12 ft. 4 in. high.

T PEltSKPUMS.



Chav. I I. PERSEPOLITAN AND PERSIAN. 21

49. At one liiindred and seventy-two feet from tlie portals, soutliward, is anculicr slaii-

ease of two Higlits (lettered C), one west and the other east. On the to]) of tlie ram|j of

the steps are some foliages, and a lion tearing to pieces a bull, in l)as-relief, and larger than

nature. This staircase is half buried. The western flight has twenty-eight steps, and the

otiior, where the ground is higher, has only eighteen. These stejis are 17 ft. long, .T in.

high, and 14^ in. wide. The wall of the landing is sculptured with three rows of figures,

one ai)()ve the other, and extending ninety-eiglit feet. The faces of these inner terrace walls

are all decorated witli bas-reliefs, of

P5|^r.^:'^""» which Ji(/. 25. is a specimen. On ar-

riving at the top of this staircase, was
found another large platform, paved
u itli large blocks of stone ; and at the

distance of twenty-two feet two inches

from the parapet of the landing, are the

most northern columns (lettered D),
originally twelve in number, whereol

in Sir K. K. Porter's time only one

remained. At seventy-one feet south-

ward from these stood thirty-six columns more, at intervals of twenty-two feet two inches

from each other, whereof only five now remain; the bases, however, of all the others are in

tlieir places, though most of them are much damaged. This group of ctlumns is lettered

E. To the east and west of the last-named group are two other groups of twelve each

marked F and G, whereof five still remain in the eastern one, and four in the western one.

The columns of the central group are (ifty-five feet higii ; and those of the other three

groups are sixty feet in height. To the south of the three groups of columns is situate the

most raised building on these ruins. On the east, towards the mountain, a large mass of

ruins is visible (lettered 11), consisting of jiortals, ])as.s;iges, windows, cvc. The first are

decorated with figures on the interior ; and the whole plot on which they stand is 9.5 paces

fromeast to west, and about 1'25 paces from north to south. 'I'he centre part of the plot is

covered with fragments of columr.s and other .stones; and in the interior part there seems

to have been a group of seventy-six columns, wliereof none are represented by Sir R. K.

I'orter, nor are they shown in either of Le IJruyn's views. The highest building as to

level, marked I, is 118 ft. distant from the columns lettered G. Some foundations are

visible in front of this building, to which there is not the slightest trace of a staircase. At

fifty-three feet from the fa<,-ade of it to the right is a staircase of double (light, marked K,

whe:e again bassi relievi are to be found, near which are the remains of some jiortals

which Ee Hruyn thinks were destroyed by an earthquake. The next ruin (L) is 54i ft. in

extent, and has portals similar to those in other parts of tlie place. To its north, M
exhiliits uniform features, with windows, and what travellers have agreed to call niches,

which are nothing more than square-headed recesses. Sculpture here again abounds,

wliereof we do not think a descri])tioii necessary, as in Jif/. '25. a sjiecimen of it has been

given, sufMcieiit to indicate its character. l?eliind this edifice is another, in some respects

similar, except that it is thirty-eight feet longer. It is marked N on the plan. One
hundred feet to the south of this last set of ruins (lettered O), Sir R. K. Porter seems

to have found traces of columns, which, if we read Ee Rruyn rightly, he does not mention.

In this, the last-named traveller found a staircase leading to subterranean ai)artments, as he

thought, but nothing of interest was discovered. The general dimensions of the building

(V) extend about 160 ft. from north to south, and 1 90 ft. from east to west. It ex-

hibits ten portals in ruins, besides other remains; and there are traces of thirty-six

columns, in six ranks of six each. The sjiot is covered with fragments, under which have

been traced coineyances for water. To the west of the last-named building was another

entirely in ruins : to the east of it are visible the remains of a fine staircase, much resembling

that first descril)ed, and which, therefore, we do not think it necessary to particularise,

more than we do the numberless fragments scattered over the whole area, which was equal

to nearly thirty English acres ! The ruins at Q are of portals. At R and S are tombs

cut ill the rock, of curious form, but evidently, from their character, the work of those who
constructed the enormous pile of building of which we have already inserted a repre-

sentation. IJetween the leading forms of the portals of these ruins, or jiorticoes, as Ee

Bruyn calls them, and those of the structures of Egypt, there is a very striking resemblance.

On comparison of the two, it is impossible not to be struck with the large crowning hol-

lowed member, which seems to have been common to the edifices on the banks of the Nile

and those on the plain of .Alerdaslit. In both, this member, forming, as it were, an en-

tablature, is ornamented with vertical ribs or leaves, and the large fillet above the hollow

appears e([ually in each. In the walls of the Persepolitan remains, there is jierhaps less real

massiveness than in those which were the works of the Egyiitiaiis ; but the similarity of

ap|)earance between them points to the conjecture that, though neither miglit have bfcii

borroueil from the other, tliev arc not inanv removes from one common parent. The an-
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nexfl (Ii i^rim (^fg 26 ) \m11 ^i\e tlie iciki some Tiotion of the st\ k oftlit iicliittctuic of

Peisepolis. Tlie diagram (f;/. 27.) exhibits a specimen of a column and cajjital. Fi(/. 28.

is a capital from one of the tombs. The walls forming the revetemciit of

tlie great esplanade are wonderfully ])erfect ; and a))|)ear still capaldc of re-

sisting e(|ually the attacks of time and barbarism. 'I'he surface of the platform,

generally, is une(|ual, and was of different levels : the whole seems to liave

been hewn from the mountain, from whence
the marble has been extracted for con-

structing the ediKces : hence the pave-

ments ap])ear masses of marble, than which

nothing more durable or beautiful can be

conceived. No cement appears to have

been used, but the stones seem to have

lieen coimected l)y cramps, whose removal,

however, has neither deranged the courses

from which they have been removed, nor

affected tlieir nice fitting to each other ;

I'w. 27!~coI.lJM.^ they are, indeed, so well wrought that the
AND cAniAi,.

jyii^fg (,.j„ scarcely be i)erceived.

50. No ])erson can look at the style of composition and details of Perscjiolis williout a

convk-tion of some intimate connection between the architects of Persia and those of ICgypt.

The princi))les of both are identical ; and without incpiiring into

the exact date of the monument, whose descrijjtion we have Just

left, there is sufficient to convince us that the theory started in

respect of the Cyclopean architectute, of the arts travelling in

every direction from some central Asiatic jioint, is fully borne out

;

and that the Egv])-

-T

t

liK. '^8.

turn style had its

origin in Asia. A\ l

are (]uite aware th it

conjectures, bearing

a semblance of pio-

baliiiity, have as-

signed the erection

of this stu])en(lous

palace to Kgy])tian

captives, at a com-
paratively late j)L-

riod, after the con-

ijuest of Egypt by t'K- "H- ^AK^u k.s.a.v.

ABKi)«iN A,.i.i. ciiAiiALihUi,. Cauibyses; but we think they are answered bv the similarity of

arrow-headed characters used therein to those of ancient Babylon, whereof an exainpk is

here given (/?9. 29. ) from one of the jiortals of I'ersepolis. A few miles to the south of

Persepolls, tl e hill of Nakshi Rusian {ffj. 30.) presents a number of scui|iiured tomb.«.
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tlie liiglust siippo'-cd to be coeval with I'crscpolis, and formed for the sepulture of

the early kings of Persia; and the lower to have belonged to ihe I'artliiaii Sassanide

tivnasties.

5Itt. The eiiriy Persians were doubtless indelited to the still earlier Assyrians for the

principles on whicli ilieir art v\as liase''. J'ersepolis lies eastward of Nineveh ; its remains

afford a more int 'mate actjuaintance with the details and con-.truction en.pl. lyed. In Ix tli

places we Kiid the same ari;ingemeni of b;:ssi rilievi againsttlie walls—entrances decorated

vvitli gigantic "in<.H'd animals, liearint: lu in.in heads— similarity in ornament and costume
— processions like those at Nimroiid and Khor-abad. The cuneiform cliaracier (see

//,'/. '29.) is no-v a known language; and from an inscription foun i on the tliird terrace,

the structure is a-signed to the lime of Darius. Susa, the ancient Siiiislian, tlie wii.tir

residence of Cyrus, was explori'd by Mr. Loftus in 1851 ; and in 188f) by Mons. Dieulafoy,

who lias brought to the museum at tlie Louvie some fine examples of colourei' tile wall

woiks of the time of Darius, B.C. 521-485. Tiie |)lan much resembled that at Persepolis,

ai il both may have been disigned i)y the same architect.

M II. Tlie present architecture of Persia much resembles that of other IM.ihometan coun-

tries. The city of Ispahan, in its jjrosperity, is said to have been surrounded by a wall

twenty miles in circuit. The houses are generally mean in external appearance: they

comnioidy consist of a large square court, surrounded with rooms of varying dimensions for

dilferent uses, tlie sides of the area being planted with flowers, and refreshed by fountains.

Distinct from this is a smaller court, round which are distributed the apartments belonging

to the females of the family ; and almost every dwelling has a garden attached to it. The
interior apartments of tiie richer classes are splendidly finislifd, though simply furnished.

Those inhabiteii by the governor, public officers, and opulent merchants, may almost vie

with palaces. Nearly all are constructed with sun-dried bricks, the public etiifices oidy

being built with burnt bricks; the roofs, mostly flat, have terraces, whereon the inhabitants

sleep during several months of the year. According to Chardin, tliere wen; in his time within

tiie walls 1 fO mos(]ues, 48 colleges, 1802 caiavanseras, 278 baths, 12 cemeteries, and :i8,000

houses. But the city has since fallen into great ruin. The Skuk MeUlan, however {^fiffs. ;51.

fig. 31
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and 32.), or royal square, is still one of the largest and finest in the world. It is 440

paces in length, and 160 in breadth. On its south side stands the royal mosque, erected by

Shah Abbas, in the sixteenth century, and constructed of stone, covered with highly varnished

bricks and tiles, whereon are inscribed sentences of the Koran. On anotiier side of the

Meidan is a Mahometan college called the i\Jedresse Shah Sultan Hossein. The entrance is

through a lofty portico decorated with twisted columns of Tabriz marble, leading through

two brazen gates, whose extremities are of silver, and tiieir whole sur ace sculptured and

embossed with flowers, and verses from the Koran. Advancing into the court, on the rigiit

side isa mostjue, whose dome is covered with lacquered tiles, and adorned externally with

ornaments of ))ure gold. This, and the minarets that flank it, are n )w falling into decay.

The oilier sides of the square are occupied, one, by a lofty and beautiful portico, and the

remaining two by small square cells for students, twelve in each front, disposed in two stories.

In the city are few hospitals ; one stands, however, beside the caravanserai of Shah Abbas,

wiio erected both at the same time, that the revenue of the latter might support the proper

officers of tiie hospital. That the reader may have a proper idea of one of these inns of the
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East, iftlicv may bo so callod, we havo licve given the i)laii of that just ahovt- iianied { Ji;/.

33.). The i)alaces of the kings

are enclosed in a fort of lofty

walls, about three iniles in cir-

cuit ; in general the front room
or hall is very o])en, and the

roof sui)])orted by carved and

gilded coliiinns. The windows

glazed with curiously stained

glass of a variety of colours ;

each has a fountain in front.

The palace of Cheliel Sitoon

or forty pillars, is ])laced in thf

middle of an immense square

intersected by canals, and

planted with trees. Towards
the garden is an oi)en saloon

whose ceiling is borne by

eighteen columns, inlaid with

mirrors, and appearing at a dis-

tance to consist entirely of

"•lass. The base of each is of

snnniJnmrpa

FiR. 3.1

maible, sculptured into four lions, so placed that the shafts stand on them. iNlirrors are

distributed on the walls in great profusion, and the ceiling is ornamented with gilt flowers.

An arched recess leads from the apartment just described into a sj)acious and sjdendid hall,

whose roof is formed into a variety of domes, decorated with painting and gilding. 'I'he

walls are jjartly of white marble, and partly covered with mirrors, and are moreover deco-

rated with six large paintings, whose subjects are the battles and royal fetes of Shah Ismael

and Shah Abbas the Great. Though of considerable age, the colours are fresh, and the

gilding still brilliant. Adjoining the palace is the harem, erected but a few years ago.

The bazaars are much celebrated ; they consist of large wide passages, arched, and lighte;!

from above, with buildings or stores on each side. One of these was formerly 600 geo-

metrical ])aces in length, very broad and lofty. From these being adjacent to each otheF,

a person might traverse the Avhole city sheltered from the weather. In Isjiahan, we must

not forget to notice that some line bridges exist, which cross the river Zenderond.

Sect. V.

JRWISH ANn I'MCENICIAN A It CHITECTU HE.

52. "We are scarcely justified in giving a section, though short, to the architecture of the

.lews, since the only buildings recorded as of tliat nation are the Temple of Jerusalem con-

structed by Solomon, and the house of the forest of Lebanon. The shepherd tribes of

Israel, indeed, do not seem to have recjuired such dwellings or temples as would lead them,

when they settled in cities, to the adoption of any style very diHerent from that of their

neighbours. Whatever monuments are mentioned by them a])))ear to have been rude, and

have been already noticed in the section on Druidical and Celtic architecture. When
Solomon ascended the throne, anxious to fulfil the wish his father had long entertained o.'

erecting a fixed temple for the reception of the ark, he was not only obliged to send to

Tyre for workmen, but for an architect also. Upon this temple a dissertation has been

written by a Spaniard of the name of V'illalpanda, wherein he, with consummate simplicity,

urges that the orders, instead of being the invention of the Greeks, were the invention of God
limself, and that Callimachus most shamefully put forth pretensions to the formation of tlie

f^orinthian capital which, he says, had been used centuries before in the temple at Jerusalem.

The following account of the temjjle is from the sixth chapter of the First Book of Kings.

Its plan was a parallelogram (taking the cubit at 1 -824 ft., being the length generally

assigned to it) of about lOOAft. by 3G^ft., being as nearly as may be two thirds of the

size of the church of St. Martin's in the Fields. In front was a pronaos, or portico,

stretching through the whole front (SSts ft.) of the temple, and its depth was half its extent.

The cell, or main body of the temple, was 54j ft. deep, and the sanctuary beyond 36^
feet, the height of it being equal to its length and breadth. The height of the middle
l)art, or cell, was 54f ft. ; and that of the iiortico the same as the sanctuary, that is,

36,^ ft.,— judging from the height of the columns. In the interior, the body of the temple
was surrounded by three tiers of chambers, to which there was an ascent by stairs; and the
central part was open to the sky. The ends of the beams of the floors rested on corbls of
stone, and were not inserted into the walls, which were lined with cedar carved into
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clierubinis and palm trees, gilt. In tlie sanctuary two iigiires of clierubs were placed,

whose wings touched each other in the centre, and extended outwards to the walls. TliesR

were 10 cubits high. In the front of the portico were two ])illars of brass, which were cast

by Hiram, " a widow's son of the tribe of Naiihtali," whose " father was a nian of Tyre"

and who " came to king Solomon and wrought all his work." 'I'hese two jjillars of

^ ? brass (1 Ktiii/s, vii. 14, 15.) were each IS cubits higii, and their circumference was

I'i cubits; hence their diameter was .S-82 cubits. The chapiters, or cajiitals, were

5 cubits high ; and one of them was decorated with lilies upon a net-work ground,

and the other with pomegranates. From the representation (^fi(). 34.) here given,

tiie reader must be struck with their resemblance to the columns of Egypt with

their lotus leaves, and sometimes net-work. In short, the whole description would
almost as well ap))ly to a temple of Egyjit as to one at Jerusalem. And this tends,

though slightly it is true, to siiow that the Phanician workmen who were em])loyed

on the temple worked in the same style as those of Egypt.

.5:5. The house of the forest of Lebanon was larger than tlie temple, having been 100

cubits in length, by 50 in breadth ; it also had a jiortico, and from the description seems to

have been similar in style.

54. riuutiicidn Architt'clure. — That part of the great nation of Asia which settleil on the

coasts of Palestine, called in scripture Canaanites, or merchants, were afterwar(is by the

Greeks called Phoenicians. Sidon was originally their cajiital, and Tyre, which after-

wards became greater than the parent itself, was at first only a colony. From what we
have said in a previous section on the walls of Mycene, it may be fairly presumed that their

architecture ])artook of the Cyclopean style ; but that it was much more highly decorated

is extremely probable from the wealth of a people whose merchants were princes, and whose
traffickers were the honourable of the earth. Besides the verses of Euripides, which ])oint

to the style of Phdenician architecture, we have the authority of Eucian for asserting tiiat

it was I'-gyptian in character. Unfortunately all is surmise ; no moninnents of Phanician

iircliitectiue exist, and we therefore think it useless to dwell longer on the subject.

Sect. VI.

INDIAN ARCHITECT LIRE.

55. Whence the countries of India derived their architecture is a question that has occupied

abler pens than that which we wield, and a long period has not passed away since the im-

pression on our own mind was, that the monuments of India were not so old as those of

I'/gvpt. Upon maturer reflection, we are not sure that impression was false ; but if the arts of

a country do not change, if the manners and habits of the people have not varied, the adinis-

sion of the want of high antiquity of the monuments actually in existence

will not settle the point. The capitals and columns about I'ersejjolis have

a remarkable similarity to some of the Hindoo exanqiles, and seem to

indicate a common origin ; indeed, it is our o])inion, and one which we
have not adojjted without considerable hesitation, that though the existing

buildings of India be comparatively modern, they are in a style older than

that of the time of their erection. Sir William Jones, whose opinion seems
to have been that the Indian temples and edifices are not of the highest

anticjuity, says (3rd Discoiuse), " that they prove an early connection be-

tween India and Africa. The pyramids of Egy])t, the colossal statues de-

scribed by Pausanias and others, the Sphinx and the Hermes Canis (which
last bears a great resemblance to the Varahavatar, or the incarnation of

Vishnu in the form of a boar), indicate the style and mythology of the

same indefatigable workmen who formed the vast excavations of Canarah,
the various temjjles and images of Buddha, and the idols which are con-

tinually dug u]) at Gaya or in its vicinity. The letters on many of these

momnnents appear, as I have before intimated, partly of Indian and partly

of Abyssi.iian or Ethiopic origin ; and all these indubitable facts may in-

duce no ill-grounded opinion that Ethiopia and Hindustan were peopled

FiKSO. A COLUMN Of or colonised by the same extraordinary race." In a previous page {Jig. 27.),
jiiK iMiRA suiiBA.

thc rcadcr wlll find a Persepolitan column and capital; we place before

him, in fig. 35., an example from the Indra Subba which much resembles it in detail, and

nt the Nerta Chabei at Chillambaram are very similar examjiles. Between the styles of

Peisepolis and Egypt a resemblance will be hereafter traced, and to such an extent, that

there seems no reasonable doubt of a common origin. The monuments of India may
be divided into two classes, the excavated and coiiktructed ; the former being that wherein a

building has been hollowed, or, as it were, qiuirried out of the rock; the latter, that built

of separate and ditllrent sorts of materials, upon a regidar plan, as may be seen in those

buildings improperly called pagodas, which ornament the enclosmes t)f the sacred edifices, of
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wliicli tlu'v .no comiioii.nt parts. The class first named seems to Iiave interested travellers

more than tlie last, from the apparent clilficiiity of execution ; but on tiiis account wj are n.jt

so sure tiiat they oua;lit to create more astonishment tiian tiie constructed temple, excejit that,

according to Daniel {.Isiul. Hcs. vol. i. ), they are lioUowed in hard and compact granite.

.'>G. 'I'he monuments which helong to the lirst class are of t«'o sorts ; those actually iiollowed

out of rooks, and those presenting forms o( ujipdrantly constructed buildings, but which are.

in fact, rocks shajjed by human hands into architectural forms. Of the tirst sort are the

caves of Klei)lianta and Ellora ; of the last, the seven large pagodas of Mavali])owram. It

will immediately occur to the reader tliat the shaping of rocks into forms im])lies art, if

the forms be imposing or well arranged : so, if the hollowing a rock into well-arranged and

well formed chambers be conducted in a way indicating an ac(|uaintance with architectural

oHect, we are not to assume that a want of taste must be consecjuent on the iirst sort merely

because it cannot be called constructive architecture. And here we must ol)serve, that we
think the writer in the Knri/c/opedie Mi't/uxliqtte (art. Arch. Indienne) fails in his reasoning;

our notion being simply this, that as far as respects these monuments, if they are worthy to

bo ranked as works of art, the means liy which they were produced have nothing to do with

the <juestion. It must, however, be admitted, that what the architect understands by or-

donnance, or tlie comjiosition of a building, and the (jroper arrangement of its several

parts, ijoints which so much engaged the attention of the Greeks and Uomans, will not be

found in Indian architecture as far as our acquaintance with it extends. Conjectures

infinite might be placed before the reader on the anti(]uity of this species of art, but they

would be valueless, no certain data, of which we are aware, existing to lead him in the right

road ; and we must, therefore, be content with enumerating some of the principal works
in tliis style. The caves at Ellora consist of several apartments ; the jjlan of that called

the Indra Subba (yzV/. 36.) is here given, to show the species of plan which these places

I'xliibit; iuu\ fiff. 37. is a view of a portion of the interior of tlie same. The grouj) of temples
which compose these excavations aie as follow : —
Temple of Diaganiiatlia.

Kxternal witlth of the exc.iiation
Length (interior)

Width (ditto)

Height . - . .

Height of the pillars

Temple of Parocona.
Length internally
Width .

-
Height ....

Temple of Ad\ — N:'tha.
Length - . . -

Height - - - -

Temple of Djrnonasla.
Width ....
Height ....

Temple of I)ii

Length
Width
Height

ma — Leyma.

ft. in. Temple of Indra.
57 Length .

M Width
•-'() Height -

la Height of coin

Another Temple.
Length

.t.i Width
•>> Height
»

Temple of Mahade
Length .

-i.'i Width
'J U Height

11 n Temple of Raniieh

11 Length -

Height -

h:-< (1 Temple of Ka'la(;a

M i; Length
IG III Height



Chai'. II. INDIAN. 27

TIic most cclcl)iated excavated temple is tliat of Elejilianta {Jig. .OS.), near Bombay,
of whose interior composition
the reader may obtain a faint

idea from the subjoined re-

l)resentation {Ji(j. ;59.). It is

l:]0 ft. long, lit) ft. wide, and
14M"t. high. The ceiling is

flat, and is ajjparently sn))-

])orted by four ranks of co-

lumns, about 9 ft. high, and
of a balustral form. Tliese

stand on i)tdestals, al)out

one third of the height of the

coliuims themselves. A great

portion of the walls is co-

vered with colossal human figures, forty to fifty in number, in high relief, and distin-

guished by a variety of symbols, jirobably re])resenting the attributes o\' the deities

iliat were worshipped, or the actions of the heroes whom they represented. At vhe end
of the cavern there is a dark recess, about 20 ft. square, entered by four doors, each
flanked by gigantic figures.

"
'I'hese stupendous works,'" says Robertson, '"are of such hii;li

antiquity, that, as the natives cannot, either from history or tradition, give any information

concernuig the time in which they were executed, they universally ascribe the formation of

them to the power of superior beings. From the extent and grandeur of these sub-

terraneous mansions, which intelligent travellers comjiare to the most celebrated monu-
ments of human power and art in any part of the earth, it is manifest that they could not
have been formed in that stage of social life where men continue divided into small tribes,

unaccustomed to the efforts of persevering industry." Excavations similar to tliose we
have named are found at Canarah, in the Island of Salsette, near Bombay. In these there

are four stories of galleries, leading in all to three hundred apartments. 'J'he front is

formed by cutting away one olde of the rock. The lirincijjal teinple, iS4 ft. long, and 40 ft.

broad, is entered by a portico of columns. The roof is of tne form of a vault, 40 ft. from
the ground to its crown, and has the appearance of being supjiorted by thirty ])illars,

octagonal in plan, whose capitals and bases are formed of elephants, tigers, and horses.

The walls contain cavities for lamps, and are covered with sculptures of human figures of

both sexes, elephants, horses, and lions. An altar, 27 ft. high and 20 fl. in diameter,

stands at the further end, and over it is a dome shaped out of the rock. Though the

sculptures in these caves are low in rank com])ared with the «orks of Greek and Ktrurian
artists, yet they are certainly in a style superior to the works of the Egyiitians; and we
infer from them a favourable ojiinion of the state of the arts in India at the ])eriod of their

formation. " It is worthy of notice," observes the historian we have just quoted, "that
although several of the figures in the caverns at Elephanta be so diflerent from those

now exhibited in the jjagodas as objects of veneration, that some learned Europeans
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ha\c imagined tliey roproseut the rites of ;i religion more ancient than that now esta-

blished in llindostan ; yet by the Hindoos themselves

the caverns are considered as hallowed ])laces of their

own worship, and they still resort thither to perform

their devotions, and hononr the figures there, in the

same manner witli those in their own pagodas." ]\lr.

Hunter, who in the year 1784 visited the jjlace, con-

siders the figures tiiere as representing deities who
are still objects of worship among the Hindoos. One
circumstance justifying this ojjinion is, that several

of the most conspicuous personages in the groups at

Elephanta are decorated with the zeninir, the sacred

string or cord peculiar to the order of Brahmins, an

authentic evitlence of the distiuL-tion of casts having

been established in India at the time when these

works were finished.

58. The structure of the earliest Indian tem-

''^i^^M^\ l)les was extremely simple. Pyramidal, and of large

xj dimensions, they had no light but that which the

^; door afforded ; and, indeed, the gloom of the cavern

3 seems to have led them to consider the solemn dark-

:J ness of such a mansion sacred. There are ruins of

1
1 this sort at Deogur and at a spot near Tanjore, in

1; the Carnatic. In proportion, however, to the \n\>-

1 gress of the country in o]nilence and refinement, their

: sacred buildings jjccame iiighly ornamented, and nuist

I be considered as monuments exhibiting a high de-

I gree of civilisation of the people by whom they were

i erected. Very highly finished ])agodas, of great an-

1 tiipiity, are found in different parts of Hindostan, ami
• ))artienlarly in its southern districts, where they were
~ not sul)jected to the destructive fury of Mahometan

zeal. To assist the reader in forming a notion of the
F.it. 40.

Style of the architecture whereof we are treating, we here place before him a diagram (^fiy. 40.

)

of part of the pagoda at Chillambaram, near Porto Novo, on the Coro-

mandel coast ; one which is, on accoimt of its anti(juity, lield in great

veneration. Themontunent would be jierhaps more projierly described

as a cluster of i)agodas, enclosed in a rectangidar s])ace KJ.'i'J ft. in

length, and 9:56 ft. in width, whose walls are .'50 ft. in height, and

7 ft. in thickness, each side being provided with a highly deco-

rated frustum of a ])yramld over an entrance gateway. The large

enclosure is subdivided into four subordinate ones, whereof the cen-

tral one, surrounded by a colonnade and steps, contains a ])iscina

or basin for purification. That on the southern side forms a cloister

enclosing three contiguous temples called Chabei, lighted only by
their doors and by lamps. 'I'lie court on the west is also claustral,

having in the middle an open portico, consisting of one hundred
columns, whose roof is formed by large blocks of stone. 'I'he last

is a square court with a temi)le and piscina, to which is given the

name of the Stream of Eternal Joy. To the temple is attached
a portico of thirty-six columns, in four parallvl ranks, whose cen-
tral intercolumniation is twice the width of those at the sides, aiul

r'^JL i|j|i in the centre, on a platform, is the statue of the Bull Nundu. It

is lighted artificially with lamps, which are kei)t constantly burn-
ing, and is much decorated with sculpture, 'i'lie central inclosnre,

on its eastern side, has a temple raised on a jilatform, in length 224
ft., and in width 64 ft., having a portico in front, consisting of a vast

number of columns ;50 ft. high ; at the end of it a K<iuare vestibule
is constructed with four portals, one whereof in the middle leads to
the sanctuary, named Ncrla Chnhti, or Temple of Joy and Eternity,
the altar being at the end of it. The temple is much decorated with
sculpture, representing tlie divinities of India. The pilaster ///. 4 1

.

is placed at the sides of the door of the Ax;<a Chahei, and is extremely
curious; but the most singular object about the building is a chain of

' granite carved out of the rock, attached to the jjilasters, and supported
at four other points in the face of the rock so as to form festoons.

The links are about 3ft. long, and the whole length of the chain is I 16 ft. The pyramids

KiR. II.
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above mentioned, wliich stand over tlic entrances of tbe outer enclosure, rise from rectangular

bases, and consist of several

floors. Tiie passage througli

them is level with the ground.

59. A very beautiful ex-

am])le of the Indian pagoda
exists at Tanjore, which we
ijere insert {Jip. 42.).

60. One of tlie largest tem-
])les known is tliat on the small

island Seringham,near Trichi-

nopoly, on the Coromandel
coast. It is situate about a mile

from the western extremity of

the island, and is thus described

by Sonnerat. It is composed
of seven s(]uare enclosures, one

within the other, the walls

These enclosures are ,350 ft. distant from one an-

other, and each has four large gates with a high

touer; which are placed, one in the middle of

eith side of the enclosure, and oijjiosite to the four

caidinal points. The outward wall is near four

mdes in circumference, and its gateway to the south

IS ornamented with j)illars, several of which are

simple stones, ?,?> ft. long, and nearly 5 ft. in

diimeter ; and those which form the roof are still

lii^er. In the inmost inclosiwes are the cha-

])l1s. About half a mile to the east of Sering-

li im, and nearer to the river Caveri than the

C oleroon, is another large pagoda, called Jembi-

kisma, but this lias only one enclosure. The
extreme veneration in which Seringham is held

aiises from a belief that it contains that identical

image of the god Vishnu which used to be wor-

shipped by Brahma.
61. We shall conclude this section with some

observations on Choultry (or Inn) at iMadurah

{fiq. 4,3.). Its effect is quite theatrical, and its

peifect symmetry gives it theapi)earance of a work

ot great art, and of greater skill in comjjosition

^ th 111 most other Indian works. Yet an examination

[
^

1 1

\J^ JK'^i
of the details, and particularly of the system of

— ^ ^>~-Ti|
pQr]jgii;„g over, destroys the charm which a first

glance at it creates. In it, the ornaments which

in Grecian architecture are so well a])plied and

balanced, seem more the work of chance than of

FiR. i.^. cHoui.TUY AT MADURAH. cousideratioii. We here insert an external view

of the temple at this place {fg. 44.). The essential differences between Indian and Egyp-
tian architecture, in connection

with the sculpture applied to

them, have been well given

in the Enct/clopedie Mcthodiqiie,

and we shall here subjoin them.

In Egypt, the principal forms

of the building and its parts

pre])onderate, inasmuch as the

hieroglyphics with which they

are covered never interfere

with the general forms, nor in-

ure the ettect of the whole ; in

India, the i)ri]Kipal form is

lost in the ornaments which

divide and decompose it. In

Egypt, that which is essential

])redominates ; in India, you
are lost in the multitude of



IIISIOUY OF ARCHITECTURE. Book I.

iiccis'orii's. In tlif Eiiv))tian aichiiectiirc, eviMi tlie smallest edifices nre grand; in that of

India, tlie infinire siil)divi>.ion into parts gives an air of liitleness to the largest buildings.

In Egypt, solidity is carried to tlie extreme ; in Indi-i, tliere is not the sligiitest ajipear-

ance of it. l*nl)lications on Indian and Eastern Archi ecture, wiitten i)y the late James
Eergusson and others, aie mentioned in the Catalogue of Books.

Skct. \'II.

egyi'tian akciiitectlihe.

G-2. We propose to consider the architecture of Egyjit — Eirst, in respect of the jrliysical,

political, and moral causes wliicii affected it. Seconilly, in resjiect of its analysis and deve-

lo]>inent. 'I'hirdly, and lastly, in respect of the taste, style, and character which it exhibits.

63. I. In our introduction, we have alluded to the three states of life which even in

the present day distinguisli different nations of the earth — luuiters, she])iierds, and agri-

culturists; in the second class whereof are included those whose subsistence is on the pro-

duce of the waters, which was most prob.ably the princijial food of the earliest iniiabitants

of Egypt. Seated on the banks of a river whose name almost implies fertility, they would
have been able to live on the supply it afforded for a long period before it was necessary to

resort to the labours of agricidture. In such a state of existence nothing ajjpears more jiro-

bable than that they should iiave availed themselves of the most obvious shelter which nature

afforded against the extremes of heat and cold, namely, the cavern ; which, consisting of tufo

and a sjiecies of white soft stone, was easily enlarged or formed to meet their wants. Certain

it is, that at a very early period the lCgy])tians were extremely skilful in working stone, an

art which at a later time they carried to a perfection which has never been sur))assed. As
the Tyrians, Sidonians, and other inhabitants of I'alestine were, owing to the material

which their cedar forests afforded, dexterous in joinery, so the Egyjitians received an im-

pulse in the style of tlieir works from an abimdance of the stone of all sorts which their

ipiarries jiroduced. Subterranean apartments, it will be said, are found in other countries ;

l)ut they will mostly, India excepted, be found to be the remains of abandoned (juarrries,

exhibiting no traces of architecture, nor ])laces for duelling. Egy])t, on the contrary, from
time immemorial, was accustomed to hollow out rocks for habitation. I'iiny (lib. xxxvi.

c. 13.) tells us, that the gi'eat Labyrinth consisted of immense excavations of this sort.

Such were the subterranean chambers of Hiban el IVIelook, those wiiich have in the
present day received the naine of the Labyrinth, and many others, which were not likelv to

have been tombs. When the finished and later monuments of a jieojile resemble their first

essays, it is easy to recognise the influential causes from which they result. Thus, in

EgyjJtian architecture, every thing ]ioints to its origin. Its simplicity, not to say monotonv,
its extreme solidity, almost heaviness, form its ])rinci))al characters. Then the want of
pi-ofile and paucity of members, the small projection of its mouldings, the absence of a])er-

tiires, the encn-mous diameter of the columns employed, much resembling the jiillars left in

(j'larries for sujijiort, the pyramidal form of the doors, the omission of roofs and iiediments,

the ignorance of the arch (which we believe to have been unknown, though we are aware;

that a late traveller of great intelligence is of a different opinion),— all enable us to recur to

the type with which we have set out. If we jnirsue this investigation, we do not discover
timber as an element in Egyjitian com]iositions, whilst in Grecian architecture, the tv]ies

certainly do point to that material. It is not necessary to in(]iiire whether the ])eo))le liad

or had not tents or houses in which timber was used for beams or for su])]K)rt, since the
character of their architecture is s])ecially influenced by the exclusive use of stone as a
material ; and however the form of some of their coliunns may not seem to bear out the
liy])othesis (such, for instance, as are shaped into bundles of reeds with imitations of
]ilants in the ca|)itals), all the iipjier parts are constructed without reference to anv other
than stone construction. It is, moreover, well known that Egyjit was extremelv bare of
wood, and esjrecially of such as was suited for building.

64. The climate of Egyj't was, doubtless, one great cause of the sidrterranean stvle, as it

must be in the original architecture of every nation. Materials so well adajited to the
Construction it induced, furnishing supports incapable of being crushed, and siu'i-le blocks
of stone wliich dis))ensed with all carjientry in roofs or coverings, a purity of air and even-
ness of temjjerature which admitted the greatest sim])licity of construction from the absence
of all necessity to provide against the inclemency of seasons, and which jrermitted the in-

scription of hieroglyphics even on soft stone without the fear of their disa))pearance, all

these concurred in forming the character of their stujiendous edifices, and stimulated them
in the development of the art.

65. The monarchical government, certainly the most favourable to the construction of
great monuments, appears to have existed in Egypt from time immemorial. The most



Chap. II. EGYPTIAN. 31

important edifices witli which history or their ruins have made us acquainted, were raised

under monarchies ; and we scarcely need cite any other tlian tlie ruins of Persepolis, of

which an account is given in a previous section, to prove the assertion : tliese, in point of

extent, exceed all that Egypt or Greece produced. Indeed, the latter nation sought beauty

of form rather than immense edifices; and Rome, until its citizens equalled kings in their

wealth, had no monuments worthy to be remembered by the historian, or transmitted as

models to the artist.

66. Not the least important of the causes that combined in the erection of their monu-
ments was the extraordinary population of Egypt : and though we may not ))erhaps entirely

rely on tlie wonderful number of twenty thousand cities, which old historians have said

were seated within its boundaries, it is past question that the coiuitry was favourable to the

rearing and maintenance of an immense population. As in China at the present day, there

appears in Egypt to have been a redimdant population, which was doubtless employed in

the ijublic works of the country, in which the workman received no other remuneration
than his food.

67. The Egyptian monarchs appear to have gratified their ambition as much in the pro-

vision for their own reception after this life as during tlieir continuance in it. ]f we except the

Memnonium, and what is called the I^abyrinth at IVIem])his, temples and tombs are all that

remain of their architectural works. Diodorus says, that the kings of Egyi)t S])ent tliose

enormous sums on their seinilchres which other kings expend on i)alaces. 'J'hey considereil

that the frailty of the body during life ought not to be ])rovided with more than necessary pro-

tection from the seasons, and that the palace was nothing more than an inn, which at their

death tlie successor would in his turn inhabit, but that the tomb was their eternal dwell-

ing, and sacred to themselves alone. Hence they spared no expense in erecting indestruc-

tible edifices for their reception after death. Against the violation of the tomb it seems
to have been a great object with them to jjrovide, and doubts have existed on the minds erf

some whether the body was, after all, deposited in the pyramids, which have been thought
to be enormous cenotaphs, and that the body was in some subterraneous and neighbouring
spot. Other writers pretend that the pyramids were not tombs, assigning to them certain

mystic or astronomical destinations. There are, however, too many circumstances contra-

dictory of such an assumption to allow us to give it the least credit ; and there is little im-
propriety in calling them sepulchral monuments, whether or not the bodies of the monarchs
were ever deposited in them. The religion of Egypt, though not so fruitful, i)erha))s, as

that of Greece in the production of a great number of temples, did not fail to engender an
abundant supply. The priesthood was powerful and the rites unchangeai)le : a mysterious
authority jirevailed in its ceremonies and outwartl forms. The temples of the country are
impressed with mystery, on which the religion was based. Here, indeed, Secresy was deified

in the person of Harijocratcs ; and, according to Plutarch ( De hide), the sphinx, which deco-

rated the entrances of their temples, signified that mystery and emblem were engrafted on
tlieir theology. Numerous doors closed the succession of apartments in the temjiles, leaving
the holy place itself to be seen only at a great distance. This was of little extent, con-
taining merely a living idol, or the representation of one. The larger portion of the
temjile was laid out for the reception of the priests, and disjjosed in galleries, porticoes, and
vestibules. With few and uninijiortant variations, the greatest similarity and uniformitv is

observable in their temples, in jilan, in elevation, and in general form, as well as in the
details of their ornaments. In no country was the connection between religion and
architecture closer than in Egypt, and as the concejUions and execution in architecture are
dependent on the other arts, we will here briefly examine the influence which the religion

of the country had u]ion them.

68. Painting and sculpture are not only intimately connected with architecture through the
embellishments they are ca])al)le of afifbrding to it, but are handmaids at her service in what
depends upon taste, upon the princiiiles of beauty, upon the laws of proportion, iijion tlie])re-

servation of character, and in various other resjiects. Nature, in one sense, is the model ujion

wiiich architecture is founded ; not as a subject of imitation, but as presenting for Imitation,

princiiiles of the harmony, proportion, efif'ect, and beauty, for which the arts generally are
indebted to r.ature. We think it was Madame de Stael who said that architecture was
frozen music. Now, though in architecture, as in the other arts, there is no sensible imi-
tation of nature, yet by n study of her mode of operating, it may be teiniiered and modified
so as to give it the power of language and the sublimity of poetry. In respect of the con-
nection of the art with sculpture, little need be said : in a material light, architecture is but
a sculptured production, and its beauty in every country is in an exact ratio witli the skill

which is exhibited in the use of the chisel. Pacts, however, which are worth more than
arguments, prove that as is the state of architecture in a country, so is that of the other arts.

Two things prevented the arts of imitation being carried beyond a certain point in thecountrv
under our consideration; the first was political, the other religious. The first essays o*
art are subjects of veneration in all societies ; and when, as in Egyjit, all change was for-

bidden, aiid a coust;u>t and Inviolable respect was entertained for that which had existed be-
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fore, "'lion all its institutions tended to preserve social order as establis!ied,and to rjiscoura<re

j.'iid fill hi. i ;ill innovation, the duration oi' a style was doomed to become eternal. Religion,

however, alone, was ca])ahle of eflijcting tlie same object, and of restraining within certain

bounds the imitative faculty, by the preservation of types and primitive conventional signs

for the liierogly|)hic language, which, from the sacred purposes for which it was employed,
soon ac<|uired an authority from which no individual would dare to deviate by an improve-
ment of tiie forms under wiiich it had apjjcared. Plato observes, that no change took
plat'c in painting among the ]'2gy))tians ; but that it was tlie'same, neither better nor worse,

than it had been ages before his time. 'S.kottoov 5' evpijaeis avrodi ra ixupioarov iros y^ypafj.-

fjLiva, r) TeTVTTCc/j.fi'a {ovx cus eTroj enrfii/ fivpiorrrov, aW' ovtous) raiv vvv S€57]/j.wvpyT]/j.ei'wv ovre

TJ KaAAiora, ovt' ai(T^iai, rrjv avTrjv 5e rex^V oi.irfipyaafJ.eua. — De Lec/ibiLS, lib. ii.

69. Uniformity of plan cliaracterises all their works ; they never deviated from the right

line and square. " Les Egy])tiens," observes INI. Caylus," ne nous ont laisse aucun monu-
ment public dont I'tlevation ait etL' circulaire." The uniformity of their elevations is still

more striking. Neither division of parts, contrast, nor ettect is visible. All this necessarily

resulted from the political and religious institutions whereof we have been speaking.

70. II. In analysing the architecture of Egy])t, three ]5oints otter themselves for consider-

ation, — construction, form, and decoration. In constuuction, if solidity be a merit, no
nation has equalled them. Notwithstanding the continued effect of time ujion the edilices

(if the country, they still seem calculated for a duration ecjually long as that of the globe
Itself. The materials em|)loyed upon them were well adapted to insure a defiance of all

that age could ettect against them. Tiie most abundant material is what the ancients

called the I'hebaic granite. Large quarries of it were seated near the Nile in U])])er

]'>gy|)t, between the Krst cataract and the town of Assouan, now Syene. The whole of the

country to the east, the islands, and the bed of the Nile itself, are of this red granite,

whereof were formed the obelisks, colossal statues, and columns of their temjjles. Blocks
of dimensions surprisingly large were obtained from these quarries. IJasalt, marble, free-

stone, and alabaster were foiuul hevond all limit comjiared with the purj)oses for which they

were wanted.

71. We have already observed, that Egypt was deficient in timber, and especially that sort

proper for building. There are some forests of ))alm trees on the Lybian side, near

Dendera (Tentyra) ; but the soil is little suited to the growth of timber. Next in (piantity

to the palm is the acacia; the olive is rare. With the exception of the palm tree, there is

none suited for architectural use. The oak is not to be found ; and that, as well as the fir

which the present inhabitants use, is imported from Arabia. Diodorus says, that the early

inhabitants used canes and reeds interwoven and jilastered with mud for their huts ; but he
confines this practice to the country away from towns, in which, from fragments that have
been found, we may infer that l)rick was the material in inost common use.

72. IJricks dried in the sun were employed even on large monmnents ; but it is probable

that these were originally faced either with stone or granite. The ])yramids descril)ed by
Pococke, called Ktoube el Meuschich, are comjioscd of bricks, some of which are l:5iin. long,

6t ill. wide, and 4 in. tliick ; others 15 in. long, 7 in. wide, and 4 A in. thick. They are not

united t)y cement, but in some instinces cements of a bituminous natuie were emploved
and in others a mortar composed of lime or plaster and sand, of which it would seem that

this second was exneidinglv powerful a^^ well as durable.

7.3. The Egyptians arrived at the highest degree of skill in quarrying and working

st:)ne, as well as in afterwards giving it th.e most perfect polish. In their masonry they

placed no reliance on the use of cramps, but rather on the nice adjustment of the stones

to one an.ither, on the avoidance of all false l)earings, and the nice balance of all over-

hanging weight. Of their mechanical skill the reader will form some idea by reference

to volume iii. p. 32S. of Wilkinson's Manners mid Customs of the Ancient Eyrjjitiiuis, from

a representation in a grotto at El Hersheh. A colossus on a sledge is therein pulled along

bv 172 men, but none of the mechanical powers seem to be called in to their assistance.

'• The obelisks," says iNIr. Wilkinson, " transported from the quarries of Syene to Thebes

and Ileliopolis, vary in size from 70 to 93 ft. in length. They are of one single stone ; and

the largest in Egypt, which is that at the great temjjle at Carnac, I calculate to weigh

about 297 tons. This was brought about 138 miles from the quarry to where it now
stands ; and those taken to Heliopolis passed over a space of 800 miles." Two colossi

(one of them is the vocal Memnon), each of a single block 47 ft. in height, and contain-

ing 11,500 cubic feet, are carved from stone not known within several days' journey of the

place ; and at the INIemnonium is a colossal statue, which, when entire, weighed 887

tons. We consider, however, the raising of the obelisks a far greater test of mechanical

skill than the transport of these prodigious weights ; but into the mode they adopted we
have no insight from any representations yet discovered. We can .scarcely suppose that

in the handling of the weights whereof we have spoken, they were unassisted hv the me-
chanical ])owers, although, as we have observed, no rei)resentations to warrant the 'onjecture

have been broujrht to lii;ht.
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SECTION OF PYRAMID OF CHEOPS.

74. In tlie construction of the pyramii's it is manifest they would sorve as tfu-ir own
scafTolcis. The ohiest niunuriients of Egypt are tlie

pyramids at Geezeh, to the north of Memphis, of

which we give a view (Ji^. 46.), with a section of

the largest of them huilt ly Siipliis I., the Cheo])s

of the Greeks (./?^. 45.). Sir G. Wilkinson supposes
them to have heen erected 2120 years b.c, Lepsiiis

3426 B c. ; hut the former admits tliat, prpvious to

tlie reign of Osirtasen, 1740 B c, little certainty

exists as to dates. 'Iluse pyrainids (fig. 46.)
known hy the names of Cheops, Chephtren, and
IMycerinus, are extraordinary for tiieir rize and the

consiquent labour besowed upon them; hut as

works of the art they are of no further iinportance

than being a link in the chain of its history. They
are constructed of stone from the neighbouring mountains, and are in steps, of which in

^ ^ the largest there are two hun-
dred and three, varying in height

from 3 ft. to about 4 and even 5
ft., decreasing in height as they
rise towards the summit. Their
width diminishes in the same
proportion, so that a line drawn
from the base to the summit
touclies the edge of eacii step. So
great a difference exists in the

measures given in the descriptions

l)y the several travellers, that we
Ti-.w. I'vitAMiiis OF GEEZF.H. here subjoin those given of tlio

pyraiTiid of Cheops, whilst believing that the careful admeasurements taken by Air. I'erring

Hie those to be relied upon :

—

lit.Authors.
Length
ojliasc.

^? "^ Hew
steps. "

Hrrodotus - 800 Gr. ft. - 8.52 ICn

Strabo nn:i ~ . GCIi -

Diodorus TOO - - 639 -

Sandys 300 paces
riellonius 3-.>t —
Greaves (W iMlg. ft. 207 109 -

I,e Hruyn 7'0 — - oriri

I'rospcr Alpinus - 790 — - (j(ji; -

Jti/hois
I.rvgth

oft>ase. S^-^ ^«^*'-

Tlievenot . 727 Kng. ft. 208 r^M Kng. ft.

Nu'buhr . 7.'>7 — - 41.9 —
Chazelles - 7ol _ - 49S _
Mail let . . 208
Pococke . . 212
Hclon . . 250
French Engineers . - 477 —
Perring - 767 - - 203 480 —

Mr Perring, a recent traveller, in respect of the proportions of the great pyramid, has en-

deavoured to prove that the unit of Egyptian measurement is an ell equal to 1"713 English

feet, and that it is expressed a certain number of times without remainder in a correct

measurement of the pyramids of Geezeh. Thus, he says, the perpendicular height of tlie

great pyramid is exactly 280 of such ells, the base 448 ; and that I base : perpendicular

height ;i slant height ; iiase. Upon the top thereof is a platform 32 ft. square, consisting

of nine large stones, each about a ton in weight, though inferior in that respect to others in

the edifice, which vary from 5 ft. to 30 ft. in length, and from 3 ft. to 4 ft. in height. From
tliis platform Dr. Clarke saw the pyrainids of Sakkaraht.j the south, and on the east of them
smaller monuments of the same kind nearer to tlie Nile. lie remarked, iiioreover, an appear-

ance of ruins which might be traced the whole way from the pyramids of Gizeh to those ol

Siccaia, as it the «holc had once constituted one great city. The stones of the platform are

soft 1 I httk hardtr and more compact than what in England is called clunch. The
j^jT^-—

T

1 ^ i-\^^5i!>j!^
pyramids are built with common mortar ex-

—-Lj^-^f :>?K^ ternally, but no appearance of mortar can

xE?^E57?^ be discerned in the more perfect parts of
" the masonry. The faces of the pyramid

are directed to the four cardinal points.

The entrance is in the north front, and
the passage to the central chamber is

shown on the preceding section. That
in the jiyramid of Cliephcren (fig. 47.)
is thus described by Belzoni:— flie first

passage is built of granite, the rest are cut

out of the natuial sandstone rock which
rises above the level of the basis of tiie

4 ft. high, and 3 ft. 6 in. wide ; descending at an

NTKANCE TO TH

This passage is 104 ft. Ion
angle of 26 degrees: at the bottom is a portcullis, beyond which is a horizontal passage

D
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of the same lieiglit as the liist, ami at the distaiice of 22 ft. it desceiHls in a diirereiit

(liiectioii. leaciiiig to some passages below. Hence it re-ascends towards the centre of tiie

pyramid by a gallery 84 ft. long, 6 ft. high, and .'^ ft. 6 in. wide, leading to a chamber also

cut out of 'the .solid rock. 'J'he chamber is 46' ft. in length, 16 feet wide, and 23 ft. 6. in. in

height, and contained a sarcopliagus of granite 8 ft. long, .'5 ft. 6. in. wide, and 2 ft. 3 in.

deep in the inside. Returning from tlie chamber to the bottom of the gallery a passage de-

scends at an angle of 2fi degrees to the extent of 48 ft. 6 in., when it takes a horizontal direc-

tion for a length of .5.5 ft. ; it then again ascends at the same angle and proceeds to the

base of tlie pyramid, where another entrance is formed from the outside. About the

middle of the horizontal passage there is a descent into another chamber, which is 32 ft.

long, 10 ft. wide, and 8 ft. 6 in. high. The dimensions of this pyramid, as given by

Perring, are a hase of 707 ft. and a height of 4.54 ft. Those of the pyramid of Mycerinus

are a base of 354 ft., and a height of 218 ft. The ))> ramids of Sakkarah, which are as tnaiiy

as twt-nty in nimiher, vai y in form, dimensions, and construction. They extend five miles to

the north and south of the village of Sakk;irah. Some of them are rounded at the top,

anil resemble liillocks cased with stone. One pyramid is constructed with steps like that of

('heops ; there are six steps, each 25 ft. high, and 1 1 ft. wide. The height of one in the

group is 150 ft. ; another, built also in steps, is supposed to be as high as that of Cheo])s.

The stones u.sed are much decayed, and more crumbling than those of Gizeh ; hence they

are considered older. One is formed of uubumt bricks, containing shells, grave!, and

chopped straw, and is in a very mouldering slate. Aliout 300 paces from the second pyrainid

stands tiie giganiic S|)hinx {fig. 48), wiiose length from

tlie fore-part to the tail has been found to be 150 ft. ; the

paws extend 50 ft. BeUoni c'eared away the sand, and

found a temple held between tlie legs and another in one

of its paws. It was excavated by Captain Caviglia in

1816; also in 1869 to the level on which the paws rest.

Ti e journals of 1886-7 describe the new works by
I'rof. IMasjiero in excavaiiig and securing them fro:n

being refilled by the sand.

74a. The antiquity of the E^ypti.m temples maybe
comparatively determined from their size ; the larger

^— ones being posterior to the smaller. Since the insight

ol>tained into the meaning of the hieroglyphics, much
^^P information has been gained as to tiieir history.

Solidity reigns tlirough the whole of them. The walls

by which thev are enclosed are sometimes 26 ft. tliick,

and those of the entrance gate of a temple of Thebes are as much as 5^ ft. thick at their

base, and are composed of block- of enormous size. The masonry employed is that called

by the Greeks emplectum {(fxirXiKTov), all filling in of an inferior or rul)ble work being
discarded. Tiiey are masses of nicely squared and fitted stones, and are built externally

with a slope like the walls of a modern fortification. The columns are absolutely necessary

for the support of the ceilings, which consist of 1 irge blocks of stone, and are therefore of

few (.(iameters in height. Sometimes they are in a single piece, as at Thebes and Teniyra.
The: stones of which the ceilings are comijosed ar^ usually, according to Pococke, 14 ft,

long, and 5\ ft. in breadth, but some run much larger.

75. Before adverting to the form and disposition of the Egyptian temple, we think it here

necessary to notice the recent discovery of an arch in a tomb at Sakkarah, said to be of the

time of I'samineticus II., and of one also at Thebes in the remains of a crude brick

pyramid. (See Wdlthison's Cnstoms of the Ancient Egyptians, vol. iii. p. 263. 321.) That
exhibited in the tomb of Saccara, from the vignette given, is clearly nothing but a lining of

the rock, and is, if truly represented in the plate, incapable of bearing weight, which is the

office of an arch. That, however, at Thebes, to which Mr. W. a.ssigns the date of 1500
B.C., with every respect for his great information on the subject, and with much deference

to his judgment, not having ourselves seen it, we cannot easily believe to be of such anti-

quity. Its appearance is so truly lloman, that we must be permitted to doubt the truth of

his conjecture. We are, moreover, fortified in the opinion we entertain by the principles

on which the style of Egyptian architecture is founded, which are totally at variance with
the use of the arch. We have ventured to transfer this {Jig. 4<». ) to our pages, that the
reader may form a judgment on the subject, as well as ourselves. We will only add, that

the reasons assigned by Rlr. W. for the Egyptians not preferring such a mode of con-
struction as the arch, because of the difficulty of repairing it when injured, and the con-
se(juences attending the decay of a single block, are not of any weight with us, because,
practically, there is an easy mode of accomj)lishing such rc])air. And, again, the argu-
ment that the superincumbent weight ajiplied to an arch in such a case as that liefore



CHAF. H. EGYPTIAN. 35

'^^

lis will not hold good, inasmuch as the balance on the back of each course would almost pre-

^— serve the opening without any arch at all.

__ 76. The fokm and disposition of the

Egyptian teini)le seem to have been
founded on immutable rides The only
points wherein they differ from one an-

other are in the number of their subdivi-

sions and their extent, as the city for

which they served was more or less rich.

Unlike the temples of the Greeks and
Romans, whose parts were governed l>y

the adoption of one of the orders, and
whose whole, taken in at a single glancf,

could be measured from any one of iis
1 !'. 40. ARLH AT THt'.BKS. , ,

"^

parts, those of l'"gypt were an assemblage
<if porticoes, courts, vestibules, galleries, apartments, communicating witli each other, and
surrounded with walls. Strabo, in his I 7th book, thus describes the temples in question.
" .At the entrance of the consecrated spot the ground is paved to tlie width of 100 ft.

(irXiQpov^ or less, and in length three or four times its width, and in some places even more.
This IS called the court (Spofnos, course) ; thus Callimachus uses tiie words —

'0 ^^ouoi /£g5f ovTCi AvouCiho;.

Tliroughout tlie whole length beyond this on each side of the width are placed sphinxes of

iione, 20 cubiis or more distant from one another, one row being on the right, and the other

(in the left. Beyond the sphinxes is a great vestibule {npowvAou), then a further one, and
beyond this another. The iUMnl)er, however, of the spiiinxes, as of the vestll)ules, is not

airtays the same, but varies according to the length and bieadili of the course. Heyond
the vestiljules (irpoTruAaia) is the temple (vecor), having

a verv large jiorch {irpoyaos), which is worthy to be

recorded. The chapel {arjKos) is small, and without

a statue; or, if there be one, it is not of human form,

but that of some beast. The porch on each side has

a wing (7rT6pa); these consist of two walls as high as

the temple itself, distant from each other at the bottom
a little more than the width of the foundations of the

temple, then they incline towards each other, rising to

the height of 50 or 60 cubits. 'J'hese walls are

sculptured with large figures, similar to those which

are to be seen in the works of the Etruscans and

ancient Greeks." This account is not at all exagger-

ated, as we shall immediately show by the introduction

in this place of the plan, section, and elevation of the

celebrated temple at ApoUinopolis INIagna, between

Thebes and the first cataract, which, though, as we
learn from the deciphering in these days, the hiero-

glyphics upon it are not of the time of the Pharaohs,

seems admirably calculated to give the reader almost

all the information necessary for understanding the

subject. This will, moreover, so much more fully

explain it than words, that we shall not neeil to do more
than a'terwards come to some recital of the details.

77. This edifice, seated near Edfoo, about twenty

miles south of Thebes, is one of the largest in Egypt,

and is comparatively in good preservation Its form is

rectangular, and its general dimensions 450ft. by 140ft.

{Jig. 50.) In the centre of one of the short sides is the

entrance, which consists of two buildings, each 100 ft.

long, and 32 ft. in width ; both pyramidal in form, and

King in the same direction, but separated by a passage

•20 ft. in width, with a doorway at each extremity. This passage conducts us to a qua-

drangle 140 ft. long, and 120 it. wide, flanked by twelve columns on each side, and eight

more on the entrance side, all standing a few feet within the walls, and thus fornung a co-

lonnade round three sides covered by a flat roof. A view of a portion of it is given in Jig. 54.

At the further end of the quadrangle (which rises by corded steps) ojjposite to the en-

trance, is a portico extending t\]e whole breadth of the quadrangle, and 45 ft. in

depth. It has three ranks of columns, containing six in each rank, is covered by a flat

roof, and is enclosed by walls on three sides, the fourth, or that opposite the entrance,

D 2

Fir. 50. ' TEMPLE AT J
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I)ein<» open. Tliis is, liowever, closed breast high by a species of pedestals half inserted

ill the coluiniis, and in the central intercoliimniation a doorway is constructed with piers,

over which are a lintel and cornice cut through. From this portico a doorway leads

to an inner vestibule, in which are three ranks of four columns each, smaller than those

first described, but distributed in the same way. Beyond this, in Cousin's plan, are

sundry apartments, with staircases and passages, whereof the smaller central one was

FiR. 51

doubtless the cell. F^q. 51. is a longitudinal section. Fiij. 52. is the elevation. We

F,g. .54

mens of ICgyptian architecture, tl'.at though, as we have hinted, this is of the latter, it

will convey a pretty correct kno«-

'f^^^' \s^ ^'— ledge of all. The general ajipear-
- - ance of the temjile is given \\\ fig.

5:5., and a view of the interior in

fitj. .54. The plan of the Egvptia;,

temple is always uniform, symme-
trical, and rectangular. Its most
brilliant feature is the great num-
ber of columns employed, in wliicli

is dis])layed a prodigality luia))-

))roached by any otlier nation. This,

however, was induced by the ne-

cessity for employing blocks of stone
for the ceilings or roofs. The
greatest irregularity occurring in any
of the ])lans known, is in that at tlie

island of Phihe (see./iy. ,55. ), and it

is very evident that the cause was the shape ot the ground on which it is placed. The in-

^ \ \ > I tercolumniations were very small,

,^.-\-^ ""n^ ^v \ \\ I ,' r"/^ rarely exceeding a diameter, or one
diameter and a half of the column.
We know of no si)ecimens of pe-

ripteral tem])les similar to those of
(Ireeco, that is, those in wliich

the cell is surrounded by columns.
In the elevations of those of Fgyjit,

-^ the s|)irit and character of tiieir

architecture is more particularly
developed. But they are monotonous. The repetition of the same forms is carried to
the utmost pitch of tolerance. The pyramidal form prevails in all the combinations, whether
in walls, doors, general masses, or details. In considering the princiiial i)arts of the eleva-
tions, the first feature that jiresents itself is the column, which we will notice without its
attendant base and capital. If it were possible to establish a svstem relative to their inven-
tion and subse(]uent perfection, we might easily arrange them in distinct classes, principally as
respects their decoration

; but as far »s regards general form, the Egyptian column may be
reduced to t^yo varieties, the circular and polygonal. The first are of two sort.s. Some
ire found quite plain or smooth, but ornamented with hieroglvphics (see fig. 56.)'. Some

'^'
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arc composed with ranges of horizontal circles, and look like an .isseniblage of bundles

of rods tied together at intervals. The only difTerence among thos'i

columns which are circular and plain is in their having hierogly-

pliics, or not. Of the second sort there are many varieties, of which
we here present three specimens {fy. 57.). They have the appear-

ance of being bound together by hooi)s, like barrels. These are usually

ill three rows witli four or five divisions in each ; but these arrange-

ments seem to have been subject to no certain laws. The species ol

cclumns in question is certainly curious, and appears based upon the

imitation of stems of trees bound together, so as out of a number to

form one strong post. It seems scarcely possible that tliey could

liave had their origin in mere whim or caprice. Many polygonal

columns are to be found in Egypt. Some S(|uare specimens are to
*'"••'"'• t'jiuw'^s. be seen in the grottos at Thebes cut out of the rock itself. Simi-

lar examples occur at tlie entrance of the sanctuary of a tenijjle in the saine city. Hexa-
gonal ones are described by Norden, and I'ocookfc mentions one of a

form triangular on the plan. We do not at present rememi)er any

fluted s])ecimen, except in the tombs of IJeni- Hassan, of which a

rojjresentation will be given in the section on Grecian architecture.

Their character is shortness and tliickness. They vary from three to

eleven feet in diameter, the last dimension being the largest diameter
ig. ji. ^"^^'^

^1^,^^ fococke oijserved, as in height the tallest was forty feet. Such
were some of those he measured at Carnak and I^uxor, but this he gives only as an ap-

proximation from the circumstance of so much of them being buried in the earth.

78. Piliisters, properly so called, are not found in Egyjitian architectin-e. The base of

the column, when it ajjpears, is extremely sini])le in its form. Among the representations

in Denon's work is one in which the base is in the shajjc of an inverted ogee. It l)elong«

to a column of one of the buildings at Tentyra.

7f). In tlieir capitals, the Egyptians exhibited great variety of form. They may, how-
ever, be reduced to three species,— the s(]uare, the vase-formed, and the

swelled. The first {Jig. 58.) is nothing more than a simple abacus, merely

aced on the to)) of the shaft of the column, to which it is not joined by the

intervention of any moulding. This abacus is, however, sometimes higli

enough to admit of a head being sculptured thereon, as in the annexed

)ck. It does not appear, as in Grecian architecture, that in that of Egypt
dlderently jiroportioned and formed columns had different capitals assigned

to tliem. The notion of imparting expression to architecture iiy a choice of

forms of ditftfrent nature, and more or less complicated according to the

cliaracter of an order, was unknown in Egy])t. It was an architectural

language which the people knew not. The vase-shaped cajjital (_//^. 59.

)

Pig. OS. cAPirAi..
ig variously modified : sometimes it occurs quite plain ; in other cases it is

difTerer.tly decorated, of which we here give two examples. It certainly has all the ajjpear-

ance of having afforded tiie first hint for tlie

hell of the Corinthian capital. The third

or swelled capital is also found in many
varieties ; but if the form be not founded
on that of the bud of a tree, we scarcelv

know wherein its original type is to be

sought. Two examples of it are here appended.

80. The entablature, for such (however unlike it be to the same thing in the architecture

^^_^pi, of Greece) we suppose we must call the massive

loading placed on the walls and columns of

mcient Egypt, is very little subdivided. The

\{,i^ upper jiart of it, which we may call the cornice,

|)rojects considerably, having a large concave

member, in some cases consisting of ornaments
lepresenting a series of reeds jjarallel to each

1 'K '"• KNTABi.ATuBE. otlicr from top to bottom ; in other cases in

in<)\ips of tin-ee or six in a grouj), the mtervals between them being sculptured with winged

"lobes, as on the portico of the temple at Tentyra, given in fig. 60. Scul])tures of

animals, winged globes, and scarabiei, are the almost constant decorations placed on what

may be called the architrave of the Egyptian temple. Of the winged globe, usually

found on the centre of it, as also of the great concave cornice, X'7- 61. is a representation.

We close our observations on the cor-

nices of the Egyptian temple by rcquest-

S^^^^^^^^^ '"o tlic reader, if he have the smallest

Kig. 61. «i.N,,tu oioHB. doubt on the common origin of the archi-

ii^iT^rsaiM^
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tecturos of Kgy|)t. aiui I'crscpoli.s, to refer to f;/. 26., where lie will find a precisely

similar use of the great cavetto which crowned the buildings of both countries. The
writer who, in the Description Ahri'r/te des Mouiimans de la H<nite Egi/pt, has foinid that
this great curve is borrowed from the bending leaves of the palm tree, has mistaken the
elements of decoration for substantial constructive art, and has forgotten that the first object
follows long after tlie latter. But we doubt if he really meant what bis words imjjort. The
ceilings of Kgypt are invariably monotonous. The non-use of the arch, whereon we have
touched in a preceding page, and the blocks of stone which the country afforded, allowed
little scope for display of varied form. In the colonnades of the country, architraves of stone
rest on the columns (see Jig. 54.), on which transversely are placed those which actually
form the ceilings, just like the floor boards of a modern economical English building. On
them are often found some of the most interesting rejjresentations that are in existence :

"•e allude to those of the zodiacal constellations disposed circularly about the centre of the
ap.irtments in wiiiih they are placed. Ihougli notlnng has been deduced from these Vi

satisfy us on the date of their continent buildings, they are not the less wortiiy of further

investigation, which, however, it is not our province livre to pnrviu^
SI. 'J'he gates and portals of the Egyptian temples were either placed, as at Carrak

and Luxor {,fi(/s. G'i. and 6:5.), in

masses of masonry, or between
columns, as already' noticed, in-

clined upwards, having generally

a reed moulding round them, and

the whole crowned with a large

cavetto. They were plentifully co-

vered will'. hieroglyi)hics ; fre-

(|uently fronted by a pair of obe-

lisks; and on their sides were |)laced

staircases of verv simple construc-

tion, leading to platforms on their

summits. It is now difficult to

account for the extraordinary la-

bour bestowed on these masses of

masonry. More than pictorial ef-

fect must have been the motive.

The reader will, by turning back

t) fi(/.
5'-2

, be e(|ually surju-ised

with ourselves when he contem-

plates, in the gateway at the Tem-
ple of Apollinopolis iNlagna, such

The masses in these are always py-

ramidal, an I bear great resemblance to the

gates of inidern fortifications. Sometimes

tliey are extremely simple, and do not rise so

;h as the adjacent buildings which flank

tliem. Their thickness is enormous, some
of them extending to the extraordinary de])tli

of fifty feet.

82. Windows were not frequently used.

When they occur they are long small paral-

lelograms, rarely ornamented, but s])layed

inside. INIany of" the apartments were with-

out windows at all.

83. W^e have, in a previous page, alluded to

the Pyramids ; to which we here add, that,

whatever might have been their ])urpose, it is

certain that the form adopted in them — one

that, among other people, was devoted to the ]nirposes of sepulture—was of all architectural

forms that calculated to ensure durability, and was, moreover, well suited to the views of a

nation which took extraordinary means to preserve the body after life, and expended large

sums on their tombs.

84. Ornament or Decoration may be considered under two heads, — that which con-

sists in objects foreign to the forms of the edifices themselves, such as statues, obelisks,

&c. ; and that which is actually affixed to them, such as the carving on the friezes, bas-

reliefs, &c.

85. The former of these are remarkable for the size and beauty of the materials whereof

they are composed. First for notice are their statues of colossal dimensions, which are mostly,

if not always, in a sitting attitude. The two here gnen (fff. 64.) are from the Memnonium.

Fig. 63,
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Thev are generally isolnted, and placed on simple jjedestals. The nse of Caryatides, as

they are called, perha])s improperly, in

Egyptian architecture, if we may judge
from remains, does not appear to have
been very frecjuent. In the tomb of

Osymandyas, we find, according to Dio-
dorus, that there was a peristylium, 40()

feet square, supported by animals 1 o

cubits high, each in one stone, instead

of columns. The same author (vol. i.

f. ~>6. ed. Wesseling), sjjeaking of Psam-
meticus, says, " flaviiig now obtained

the whole kingdom, he built a ))ro-

pyhcum, on tlie east side of the temple,
lo the God at Memphis ; which temple he encircled with a wall ; and in this propyla-um,
instead of columns, substituted colossal statues 12 cubits in height." Statues of sphinxes
in allies or avenues were used for ornamenting the dromos of their temples. Of this species
of ornament the ruins of Thebes present a magnificent example. They were placed on
plinths facing one another, and about ten feet apart. Examples of lions also occur. The
form of the Egyptian obelisks is too well known to need a description here. They have been
alleged to be monuments consecrated to the sun. From the situation they often occupy, it

is clear they were used neither as gnomons nor solar quadrants.

86. Amongst the ornaments affixed to their

buildings, or leather forming a part of them,
the most frequent are hieroglyphics and bas-reliefs.

The custom of cutting the former upon almost
every building was, as we now find, for the pur-
jiose of record ; but it is nevertheless to be consi-

dered as ornamental in efi'ect. The figures that

are sculjitured on the walls of the temples are

mostly in low relief, and are destitute of propor-

tion ; and, when in groups, are devoid of senti-

ment. Painting was another mode of decoration.

The grottoes of the Thebaid, and other subter-

ranean apartments, abound with pictures, not

only of liieroglyi)hics, but of other subjects. But
the taste of all these, either in drawing, colour-

ing, or composition, is not better than that of their

sculpture. (See an examjjle in fy. 65.^ Yet in

both these arts, from the precision with which
they are cut and the uniformity of line and pro-

portion they exhibit, a certain effect is produced
which is not altogether displeasing.

87. The nymi)ha?a lotus, or water lily, seems to have been the type of much of the orna-

ment used for the purpose of decoration. The leaf of the palm tree was another object of

imitation, and is constantly found in the capitals of their columns. The use of the palm
leaf in this situation may have been derived from a popular notion mentioned by Plutarch,

( Si/mposiac. lib. vi. cap. 4. ), that the palm tree rose under any weight that was placed upon
it, and even in proportion to the degree of depression it experienced. This supposed pe-

culiarity is also mentioned by Aulus Gellius (lib. ili. cap. C. ). The reed of the Nile,

w\i\i its head, enters into some combinations of ornament, and moreover fashioned into

bundles, seems to have lieen the type of some of the species of their columns. In their

entablatures and elsewhere, animals of all sorts occasionally find a place as ornaments, even
down to fishes, whicli occur in a fVieze at Assouan ; and, as we have before observed, there

are tew buildings of importance in which the winged globe does not appear as an orna-

ment.
88. Some observations on the taste, style, and character of Egyptian architecture, will

conclude this section. If the type was, as we imagine, derived from the early subterranean

edifices of the people, whose customs allowed of no change or improvement, we cannot be

surprised at the great monotony that exists in all their niomnnents. The absence of variety

in their ])rofiles, by means of projecting and re-entering parts, of the use of the arch, of the

inclined roof, and of all deviation froiri those shades of different developments, whicli

impart character to a work of art, generated the monotony, the subject of our complaint.

It cannot be denied that in those arts which have nature for their model, the artists of Egy))t

never sought excellence in true representation. Now architecture is so allied to the other

arts, that the principles by which they were guided in these latter were carried through ii^
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tlic foriner. It was impossible that tlic abstruct imitation of nature, wbicb constitutes

Hhnost the essence of architecture, which is founded upon the most relined observations of

the impressions of different objects on our senses, which indicates numbevless experiments

and successive trials, and which tlierefore requires the independence oF the artist, could l)c

developed in a country where the restrictions of religion and the s])irit of routine became
the dominant genius of all the arts. In positive imitation, whose existence and princi))]es

liave been already traced from grottoes and hollowed subterranean ai)artments, the types of

Egyptian architecture were unsusceptible of variety, and very remote from that which

characterises invention. The monotony thence resulting was attended l)y anotlier effect,—
that of endeavoiuing to correct it by a profusion of hierogly])hics. As to tiie other orna-

ments employed, they seem to have flowed from caprice, both in selection and employment,

resting on no fixed principles of necessity or fitness, nor subject to any laws but those of

chance. Tlie original forms, indeed, of Egyptian architecture, unfounded, like those of

Greece, on a construction with timber, would not suggest the use of ornament. Nothing
seemed fixed, nothing determined by natural types. We must, however, except some of

their columns, which do appear to have been formed with some regard to imitation.

iS9. In the architecture of Egypt we find great want of proportion, or that suitable ratio

which the different parts of a body should bear to each other and to the whole. In all or-

ganised beings, their parts so correspond, that, if the size of a single part be known, tiie

whole is known. Nature has thus formed them for the sake of dependence on and aid to

each other. In works of art, the nearer we approach a similar formation, the more refined

and elegant will be its productions. Solidity is abused in the works of the Egyjjtians ; the

means employed always seem greater than were necessary. This discovers another cause

of their monotony. Tiie masses of material which the country produced measured their

efforts and conceptions, and their, invention was exhausted by a very restricted number of

combinations. Their monuments are doubtless admirable for their grandeur and solidity ;

but the preponderance of the latter, when carried beyond certain bounds, becomes cluinsi-

n,.ss; art then disappears, and character becomes caricature. Though we think it useful

thus to analyse Egyptian art, it must not be sup))osed that we are insensible to its imposing,

and often picturesijue, effect. It can never be revived, and our observations upon it must
be understood as in comparison with Greek ait, which has proved so susceptible of inodi-

fication that it is not likely to be abandoned in any part of the world where civilisation

has appeared.

90. Though the private dwellings of the Egyptians were not comparable with their jjuIi-

lic edifices, they were not altogether devoid of splendour. Examples of them from sculp-
tures may be seen in Sir G \> ilkiiisou's work <il)ove quoted. In t. e towns tney ofcoul^e

varied in size and plan. The streets were narrow and laid out with regul.rity ; and the

mixture, as frequently met with in eastern towns, of large houses with low hovels, ajijiears

to have been avoided. In Thebes, the number of stories were, according to Uiodorus, in

some cases as much as four and five. Houses of small size were usually connected together,

rarely exceeding two stories. They were regular in plan, the rooms usually occujiying three
sides of a court-yard, separated by a wall from the street ; or on each side of a long passage
from a similar entrance court. The court was sometimes common to several iiouses. Large
mansions were detached, having often dijf'eient entrances on their several sides, with portals

very similar in form to those of their tem])les. These portals were about 12 or 15 ft. high,

and on each side was a smaller door. Entering through the porcli, the passage was into an
Dlien court wherein was a receiving room for visitors, and this was sujiported by columns,
and closed in the lower part by intercolumnal panels. On the opposite side of the court
was another door, by which the receiving room was entered from the interior. Three doors
led from this court to another of larger dimensions, ornamented with trees, communicating
on the right and left with the interior parts of the building, and having a back entrance. The
arrangement of the interior was tlie same on each side of the court; six or more chambers,
whose doors faced each other, opened on a corridor sujjported by columns on the right and
left of the area, which was shaded by a double row of trees. A sitting room was placed
at the ui)per end of one of these areas, o])posite the door leading to the great court ;

and over this and the chambers were the apartments of the upper story. On each side of
the sitting-room was a door opening on to the street. Of course there were houses on
other plans, which are given by Wilkinson ; but the above conveys a sufficient idea of
their general distribution. On the tops of the houses were terraces, serving as well for

repose as exercise. The walls and ceilings were richly painted, and the latter were formed
into compartments with appropriate borders. Some of their villas were on a verv laiee
scale, and were laid out with spacious gardens, watered by canals communicating with tlie

Nile.

91. We close this section with a list of the principal ancient remains in Egypt (for which
we are indebted to the Handbook, ISiS, by Sir Gardiner Wilkinson), wliose situations are

marked on the accompanying map (/!(/. 66. ). At HeliopoVis, modern name Matarefah
(No. 1.), a little to the north of Cairo, the obelisk of O^irtasen I., aiiil the remains of walls
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and houses. Near C;iiio, on the vist

bank, the pyramids {fifl.
4fi. ) of Geezeh

( No 2.\ Sakkarah and D.ishoor. At
Mitrahenny, on the east l)ank ( No. 3.),

a colossus of Hamests II.; the mounds
of Memphis, fragments of statues, and

reniriins of buildings. Ahout thirty-

eijiht miles above Cairo, are the mounds

of Aphroditopolis (No. 4.); a"'! "'i U.e

opposite bank a false pyramid. At
.•eventy-three miles on the west bank is

Benisomf (No. o. "), where a road leads

to the Fyoom ; a l.rick pyrduiid at Illa-

hoon (No. 6.), another at Hawaridi

and traces of the Labyrinth ; an obelisk

of Osiitascn I. at Biggij; ; with ruins

near Lake Moeris, and at Kasr el Kha-
roon ( No. 8.). Mounds at Aboo Giigeli

(No. 9.), from whence a road to Oxy-
riiinchus {Behnesa) (No. 10.), wheie

are mounds but no ruins. At Gebel el

'J'ayr is an underground church. Eight

miles below Minieh (No. 11.) is Acoris

(Ttfnieh), on the east l)ank, where is a

Gieejc Ptolemaic inscription on the cliff,

tombs in the rock with inscriptions on

the doois, hieroglyphic tablets, &c. On
the cast bank, SL-ven miles above Minieh,

Koin Ahmar, where are mounds of an

old town ; at a short distance beyond

is Metahara with sepulchral grottoes.

Nine miles further up are the grottoes

(fg. 90.) ot Beni Hassan (No 12.);

and about a mile and a half furtiier on

a rock-cut temple of Bubastis or Diana,

At Antinoe {Shcykh Abddeh), some

traces of tlie town, tlieatre, streets, baths,

hippodrome, &c., erectid by Hadrian.

At El Bersheh or El Duyr, a grotto,

w herein is a colossus on a sU dge. Her-

mopolis magna, on the west bank ( Osh-

moim(ij/n){'^<i 1 ,3. ), only tombs. Not far

aw^iy is Gebel Toonii with miumny pits

and statues in high relief. At Saeed or

Upper Egypt (No. 14.), the mountains

recede to the eastward, leaving the river;

a little beyond the \illage of Tel el

Amarna, are catacombs, and to the

north of which are the remains of a

small town, and to the south the ruins

of the city, having houses built of crude

brick, from which a more correct idea of

the ground plans can be (jbtained than

any in the valley of the Nile. To ilie

east are grottoes with sculptures; and

on the summit of the hills an ala-

baster quarry. At El Ilareib (No.

15.', the ruins of an old town. At

Jsi,oot (Lycopolis) (No. 16.), are

ton.bs. At Gcnv (Antaopolis), a few

stones of the temple close to the river.

At Shylih Heretike, small caves; and

a statue of a man clad in the Roman
toga at the base of the mountain cut

out of the rock. West of Soohag (No.

17.), is the old town of Atliribis, where

is a ruined temple, with extensive
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mounds, and rock-cut tombs. Opposite is Ekhmctn (Panopolis) (No. 18.), Grtck inscrip-

tion of Temple of Pan, and remains

of otlu-r stone buildings. Exten-
sive mounds at Meiishveyiih (No.

19 ) (Ptolemais Herniii); twelve

miles south from Girgeli, is Abydns
(^Arubat el Mutfoon), where are two
temples and many tombs. Jioiv

(Diospolis parva), a few mounds
Deiulerah (No. 20.) (Tentyra) has

ii= C' Ti HPLK AT TiNTiBA two teuiples {fgs. 61. and68.), in-

scriptionf, zodiac, &c. At Koft (Coptos), on east side, ruins of the old town, a pillar, and of

temples ; and at the vilhige of El Kula,

to liie north, a small Uoman Egyptian

temple. Kiios (No. 21.) (Apollinopolis

parva), no ruins. At Thebes or Keiith

\ Uiovpolis magna), on the east biuik,

ire Carnak an 1 I.uxor (No. 22.) {fiijs.

62. and 63.) ; on the west, tomi's of the

kings, private tombs, several temples,

colossi of the plain, &c. At Ermetit

(No. 23.) (Hermonthis), a temple and

e:irly Christian church. At TVj/j/ees and

.-Isfocn ( No. 24. ) mounds of old towns.

Esneli (Latopolis) ( No. 25 )
possesses

a line portico (Jig. 69.) cleared out in

1812, zodiac, and quay. On the east

i)auk, four miles beyond, is El K<ib

GR. ixTF.niou o:f tkmi'm: AT TK.MviiA. (Eileithyias), ruins of a very ancient

the temples lately ilestroyed; i;rottoes in the mountain; and a short distance

. up il.e valley three small lem-
town

'^ll

F>. f.9.

JjJi

O AT ISNEir.

jtles. Edfoo ( No. 26. ) ( Apol-
linopolis magna), has two tem-
pks, one cleared 1864 {figs.

50. to .54). At Gebel SilMleh,

west and cast banks, are the

sandstone quarries. At Ktmi-

Oinbo (No. 27.) (Ombos) are

two temjilis, and a stone gate-

way in a crude brick wall on

the cast side of the inclosurc,

.showing an earlier temple. At Assnnan ( No. 28.) (Syene), ruins of a small Roman temple,

columns, and gi-anite quarries, in one of vvhich is a i)roken obelisk. Island of Elephanta,

opposite to Assonan, is a part of the Nilometer, with Greek inscriptions relating to the rise

of the Nile; a quay. :aiil n granite gateway. At Phihe (No. 29.) temples (fg. 55.), and
ruins. On the Inland of Biggeh, opposite Pliilpe. a small ruined tem))le, tablets, &c.

92. In Nubia, temples at" Z)a/;or/ ( No. 30. ) ( Paremhole), and at Kahbsheh (No. 31.)

(Talmis). ap])arei)tly thrown down before it was completed. To the north of the last at

JJayt el Welli/ a small but interesting rock-cut temple, of the time of Uameses II. A
temple at Dendoor (No. 32. V, and one rock-cut, of the lime of Raineses II., at Gerf
//o.s«f/yn (Tutzis), un west bank. .At Jf'aJi/ S 'buou/t (No. 33. ), a temide of tlie same

Fig.,". Il.MPLB Al IP.sASinoOl,. !• ]-.<!. TEMI'LK AT IP.SAMDOOL.

l)eriod, with an avenue of sphinxes, the adytum rock -cut, the rest built. At Ainada
(.
No 34. ), a temple of Thothmes III.; and nearly opjxisite, on the east bank, is Dayr. the

capital of Nubia, where is a rock-cut temple, of the date of Ramcscs H. At Aboo Simbel
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or Ipsambool (No. 35.) two fine temples {fiys. 70. and 71.) cut in the rock, of the time

of Ramt'scs II., and tho finest out of tlie Thebi's. Above tlie lust named place there are

no buildings of importance mentioned by our author.

Sect. VIII.

CIIINtSE AUCHITECTUKE.

93. In the first chapter, thL' re ider will remember, we have said that in the tent is tc be

found the type of this architecture; and one wliich, M. de Faiivv justly observed, cannot

he mistaken. We are not aware of the utility of a very minute investigation of its style,

which in this country is of no importance, the decoration of JIarden^ with imitations of its

productions being no Linger attempted; but as the olijeit of this work would not be fully

attained without sout? account of it, we propose to consider it, firstly, with respect to its

principles, character, rind tasie ; secondly, with respect to its builduigs, their parts, and ihe

method of construction adopted in them.

94. (1.) To judge of the arts of a peojjle, we ought to be acquainted with the people

themselves, the constitution of their minds, their power, tlieir habits, and the connection of

the arts with their wants and pleasures. As one man ditters from another, so do these differ

anion"- nations. The desire of imjjrovijig on wiiat has been done before us, no less distin-

"uishes nations tlian individuals from each other. Whatever may be the cause, this faculty

does not seem to be possessed by the Chinese. Unlike their Indian neighbours, amongst

whom appears an exuberance of invention, the arts of imitation in China have been bound

in the chains of mechanical skill. Their painters are rather naturalists than artists; and an

European, en"-aged on the foregroinid of a landscape, tells us that the criticism by a native

artist on his work was confined to the observatioti that he had oiriitted some fibres and sink-

in<rs in some of the leaves of tlie foliage employed in it. The political and moral subjection

of the people seetns to have doomed them to remain in that confined circle wherein long

habit and repugnance to change have enclosed them.

95. In speaking of the principles of Chinese architecture, the word is used in application

to those primitive causes which gave birtli to it, and which, in every species of architecture,

are the eleinents of its character and the taste it exhibits. The imitation of the tent, as we

liave before observed, is the true origin of their buildings ; and this agrees with our know-

ledge of the primitive state of the Chinese, who, like all the Tartar tribes, were nomadic.

On this is founded the singular construction of their dwellings, wliich wotdd stand were

the walls destroyed ; inasmuch as, independent of tliem, their roofs rest upon timber framing,

just as though they had surrounded tents with enclosures of masonry. Indeed, from the

accounts of travellers, a Chinese city looks like a large permanent encampment, as well in

respect of its roofs as its extent. If, again, we recur to their concave sloped sides, we can

arrive at no other conclusion ; and though the carjientry of which they are raised has for

a"-es been subjected to these forms, when we consider the natural march of human invention,

especially in cases of necessity, we cannot believe that, in a country where the primitive

construction was of timber, the coverings of dwellings would at once have been so simple

and so light. Their framing seems as though prepared merely for a canvas covering.

.\gain, we have, if more were wanting, another proof, in the posts employed for the su])port

of their roofs. On them we find resting nothing analogous to the architecture for receiving

and supporting the upper timbers of the carpentry ; on the contrary, the roof projects over

and beyond tlie posts or columns, whose upper extremities are hidden by the eaves; thus

superseding the use of a capital. A canvas covering requires but a slender support : hence

lightness is a leading feature in the edifices of China. The system of carpentry (if such it

can be called) thus induced, will be noticed under the second head ; but we must here

observe, that lightness is not at all incompatible with essential solidity of construction ; and

whilst other materials than those wliich formed tents liave been substituted for them, the

fonns of the original type have been preserved, making this lightness the more singular,

inasmuch as the slightest analogy between those of the original and the copy is imper-

ce])tible. This change of material jMevents in the copy the appearance of solidity, and

seems a defect in the style, unless we recur to the type.

96. A characteristic quality of Chinese architecture is gaiety of effect. Their coloured

roofs, compared by their poets to the rainbow, — their porticoes, diapered with variegated

tints, the varnish lavished on their buildings,— the keeping of this species of decoration

with the light forms of the buildings, — all these unite in producing, to eyes accustomed to

contemplate them, a species of pleasure wlilcli they would with difficulty relinquish ; and it

seems reasonable that the architecture of Europe must appear cold and monotonous to men
^•hose pleasure in the arts is more dependent on their senses than on their judgment.

97. Taste in art is a quality of vague signification, except amongst those whose lives are
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passed in its practice ; neither is this the place to say, upon that subject, more than that, in

the application of ornament or decoration to architecture, it must depend on the method of

construction. 'ITiis is not found in that whereof we are writing. ^Vith the Chinese, the

art of ornamenting a building is an application of capricious finery and patchwork, in which

gTotes<jue representations of subjects connected with their mythology olten prevail : yet, in

this respect, tliey exhibit a fertility of invention, and produce beautifiil abstract combinations

quite in character with the general forms. Indeed, the parts of their arcliitecture are in

harmony with each other. All is based upon natural principles, and is so adapted to thv

few ajid simple wants of a nation whose enormous population alone seems to render it inde-

pendent of every other people, that no period can be assigned to the fiiture duration of ai;

architecture which, we apprehend, has existed amongst them from the earliest date of theii

tiwelling in cities.

9S. (2.) Timber is the chief mattrial in use among the Chinese; that of wliich the

coimtrv produces, the principal is the nan-juo, which, according to some, is a species ofcedar;

o'hers have placed it among t!:e firs. It is a straight thick tree, and imprort-s with age.

De Pauw savs ihat it fi;ri;islies sticks from twelve to thirteen feet high, of useful wood ;

but Chambers limits it to a suiiUer size. Respecting its htauty and duration, all iravellt-rs

agree- Diivis (^DescripHon of the Empire of China') S-.ys that the noK-mo is a kind I'f

cedar, which re-ists insects atid lime, and appears to be exclusively usod for imjieri -1 dwell-

ings and temp'es. It was an article of impeachment ag-ainst the minister of Klen-loong.

that he had presumed to use this wood in the construction of his private palace. According

t.' Du Halds. the iron-wood, the ly-mo. is ai tall as the oaks of Europe, but is less in its

iruuk. and cifFers from it in colour, which is darker, and in weight. The author does i:ot

trll us whether it is employed for columns. The tse-lau, also c.illcd mo-irdna, or king of

woods, resembles what we call rosewood ; but its use is confined cliefly to artidts of fur-

niture. The tchr»t-tse. or bamboo, grows to a g eat height in China. Though boilow. -t.

is verv hard, and capalile of bearing great weight. It is employed for scafi'oUting and sheds

of all kinds ; and the trame-work of their matted houses for theatrical exhibitions is carried

up with bamboos in a few hours. It is in universal use. ITie missionaries inform us that

BRICK has been in use with the nation from the earliest period, and of both species,— burnt

and merely dried in the sun. Chambers describes tlie walls of the houses built of this

material as generally eighteen inches thick. He says, the workmen bring up the foundations

for three or four courses in solid work ; after which, as the walls rise, the bricks are used in

the alternate courses as headers and stretchers on the two faces of them ; so that the headers

meet, and thus occupy the whole thickness, leaving a void space between the stretchers :

they then carry up another course of stretchers, breaking the vertical joints. Stone and
MARBLE are little employed ; not on account of their scarcitv', for they are abundant, nor on
the score of economy, for they are acijuainted with tlie method of working them, as is proved
fi-om their iLse in public builJings and tombs. Neither can it arise from the difficulty or

want of acquaintance with the means of transport ; for we find in their gardens immense
blocks introduced for the purposes of ornament ; and in their marble staircases, the steps
whatever the length, are always in a single piece. The fear of earthquakes, moreover, does
not appear to have l>een a motive for their rejection. Tliat is rather to he found in the

climate, which, especially in the southern parts, would, from the great heat and moisture,

tend to render their houses unwholesome. In the scaffolding they use for the erection of

their buildings, security and simplicity are the principal features ; not, however, unmixed
with skill. It consists of long poles, so inclined as to make tlie ascent easy, and is executed
without any transverse bearuig pieces.

99. nie police of architecture among the Chinese is, to an European, a singular feature

in its practice ; and we cannot refrain from presenting to the reader the curious restricticii.-

imposed upon every class in their several dwellings. Police, indeed, may be said to govern
the arts of China. Its laws detail the magnitude and arrangement permitted for the /ow, or

palace of a prince of the first, second, or third degree; for a noble of the imperial familv, for

a grandee of the empire, for the president of a tribunal, for a mandarin,— for, indeed, all

classes. They extend, also, to the regulation of the public buildings of capitals, and other
cities, according to their rank in the empire. Tlie richest citizen, unless bearing some office

in the state. Is compelled to restrict the extent of his house to his exact grade in tlie country :

and whatever form and comfort he may choose to give to the interior, the exterior of his

dwelling towards the street must be in every respect consistent with these laws. Accordir."
to the primitive laws on this subject, the number of courts, the height of the level of the
ground tloor, the length of the buildings, and the height of the roofs, were in a progressive
ratio from the mere bourgeois to the emperor : and the limits of each were exactlv defined.

The ordinary buildings are only a single story high : the climate seems to discountenance
many stories. Tliough Pekin is in the fortieth degree of north latitude, the police obliges
the shopkeepers and manufacturers to sleep in the open air under their penthouses in the
hottest part of the summer.

100. The Uuu is a building of several stories. Of tliii sort are almost all the small palaces
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built bv tlie emperors in their pleasure gardens. The taste for this class of building at one

period prevailed to suL-li an extent that houses were constructed from 1.50 ft. to 'i(X) ft. in

lieight, flanked by towers extending to 300 ft. Though the emperors have, generally, aban-

doned these enormous buildings, they are still occasionally erected. Most houses of the

country are so slightly built as to be incapable of bearing more than one story. Indeed,

the necessity for making the most of an area by doubling and tripling its capacity, which

exists in the capitals of Europe, does not operate in China.

101. The houses of the Chinese are uniform in their appearance. We here annex the

plan and elevation of one (fffs. T2. and 73.) ; from which it will be seen

that a large portion of the area is occupied by courts, passages, and gar-

dens. Sir W. Chambers describes those of the merchants at Canton as

being, generally, a long rectangle on the plan, two stories high, and tlie

apartments divided on tlie ground floor by a wide passage, which extends

through the whole length. On tlie side towards the street the shops

are placed, bevond which a quadrangular open vestibule leads to the

private apartments, which are distributed on the right and left of tlie

passage. There is a salon, usually about 18 ft. or 20 ft. long, and 20 ft.

1 ^^ ide, open towards the vestibule, or with a screen of canework to protect

It from the sun and rain. At tlie back are doors extending from the

floor about half way to the ceiling ; the superior part being of trellis

work, covered with painted gauze, which gives light to the bedroom.

1 lie partition walls are not carried higher than the ground story, and

ire lined with mats to the height of three feet, above which a painted

piper is used. The pavement is of differently coloured stone, or marble

squares. The doors are generally rectangular, of wood, and varnished

or painted with figures. Sometimes the communication between apart-

ments is in the form of an entire circle, which some have coni])ared to

the aperture of a bird-cage. I'he

windows are rectangular, and filled

in with framework in patterns of

squares, parallelograms, polygons, and

circles, variously inscribed in or in-

tersecting each other. The railwork

to the galleries is similarly orna-

mented. The compartments of the

windows are generally filled in with
^""•^fc^s:^;"^'"'-^' a transparent oyster shell instead of

\ I •soft glass. -The ui)per floor, which oc-

FiM. T'i. "ii'>i ND PI A.v. cupies the whole breadth of the

house, is divided into several large apartments, which are, occasionally, by means of tem-

porary jKirtitions, converted into rooms for visitors, apart from the family. The sleejiing

rooms for the peojjle connected with the business are over the shops. The roof stands on

wooden colniniis ; and its extremities, projecting beyond the walls, are usually decorated

with the rejiresentation of a dragon.

102. In the system of carpentry practised by the Chinese, the columns and beams look

more like the bars of a light cage than the supports and ties of a solid piece of

framing, or like a collection of bamboos fastened to one another. The accom-

panying diagram {Jig- 74. ) will convey our meaning to the reader. Their

"IT'J

'
' '" '"' columns vary in their forms and in their proportions from eight to twelve

*^ °L|y
"^" * diameters in height, and are without capitals. They are generally of wood,

standing on marble or stone bases, and are occasionally polygonal as well

as circular. Some are placed on moulded bases.

103. The palaces are constructed on nearly the same plan. Nothing, say

the missionaries of Pekin, gives a more impressive idea of a palace and tlie

greatness of its inhabitant, whether we consider its extent, symmetry, eleva-

tion, and uniformity, or whether we regard it for the sjjlendour and magnifi-

cence of its parts, than the palace of the emperor at Pekin. The whole, they

say, jiroduced an effect upon them for which they were not jirepared. It

occupies an area of upwards of 3600 ft. from east to west, and above 3000 ft.

cRLsspiEcu. from north to south, without including the three fore-courts. INIr. Barrow,

in his Account of Lord M'lcartneif s Embassy, describes it as a vast enclosure of a rectangular

form, surrounded by double walls, having between them ranges of offices, covered by roofs

sloping towards the interior. The included area is occupied by buildings not more than

two stories high, and forming several quadrangular courts of various sines, in the centres of

which are buildings standing on granite platforms, 5 ft. or 6 ft. high. These are sur-

rounded by columns of wood, which support a projecting roof turned up at the angles.

(>ne of these buildings, serving as a hall of audience, stands like the rest on a platform, a;id
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its ))r()ioc'tiiig roof is siipiiorted by a double row of wooden columns, tlie intervals between

wiiicli, in each row, are filled with brickwork to the height of 4 ft. ; the ))art above the

wall being filled in with lattice work, covered with transparent paper. The courts are

intersected by canals s))anned by several marble bridges. The gateways of the quadrangles

are adorned with marble columns on pedestals, decorated with dragons. The courts

contain sculptured lions 7 ft. or 8 ft. high ; and at the angles of the building, surrounding

each area, are square towers, two stories high, crowned with galleries. The reader will

find a delineation of this extraordinary building in Cousin's work, Dii Genie de UArchitec-

ture, 4to, Paris, 1822, pi. 2ff. The peristylia of the interior buildings of the palace are

built upon a platform of white marble, above which they are raised but a few steps; but

this, platform is reached by three flights of marjjle ste])s, decorated with vases and other

ornaments.

104. It is said that there are 10,000 miao, or idol temples in Pekin and its environs.

Some of these are of considerable size, others are more distinguished for their beauty ; there

IS, however, no sufficient account of them, and we shall therefore proceed to those of Canton,

which have been described by Chambers. He says that in this city there are a great num-
i)er of temples, to which Europeaiis usually ap])ly the name of pagoda. Some of these are

small, and consist of a single chamber ; others stand in a court surrounded by corridors, at

the extremity of which the ting, or idols, are placed. The most extensive of these pagodas
is at Ho-nang, in the southern suburb of Conan. Its interior area is of the length of 590 ft.,

its width 250 ft. This area is surrounded by cells for 200 bonzes, having no light but what
is obtained from the doors. The entrance to the quadrangle is by a vestibule in the middle
of one of the short sides ; and at the angles are buildings 30 ft. square, in which the principal

bonzes reside. In the middle of each of the long sides is a rectangular are<i, surroimded by
cells, one containing the kitchens and refectories, nnd the other, hospitals for animals, and a

burying ground. The great quadrangle contains three pagodas or pavilions, each S.S ft.

square on the jilan. They consist each of two stories, the lowest whereof is surrounded bv
a peristyle of twenty-four columns. The basement to each is 6 ft. high, to which there is a

flight of steps on each side, and the three basements are connected by a broad wall for the

purpose of communication between them, with steps descending into the court. The roofs

i)f the peristylia are concave on the exterior ; and the angles, which are curved iqiwards, are

decorated with animals. The sides of the upper story are formed with wooden posts, filled

in with open framework. Hound the foot on the exterior is a balcony with a rail in front.

The roof resembles that of the ))eristyle, and has its angles similarly ornamented. Tiie

buildings are all covered with green varnished tiles.

105. The Chinese towers, which also ICuropeans call pagodas, are very common in the

;ountrv. The most celebrated, whereof a iliagram is presented here (Jig. 75.), is thus
described by P. Le Comte. Its

form on the ))lan is octagonal,

and 40 ft. in diameter ; so that

each side is full ifi.i ft. It is sur-

rounded by a wall at a distance

of 15 ft., bearing, at a moderate

height, a roof covered with var-

nished tiles, which seems to rise

out of the body of the tower,

forming a gallery below. The
tower consists of nine stories,

each ornamented with a cornice

of ." ft. at the level of the win-
dows, and each with a roof si-

milar to that of the gallery, ex-

cept that they do not project so

much, not being siqjported by a

second wall. They grow smaller as the stories rise. The wall of the ground story is 12 ft.

thick, and 8^ ft. high, and is cased with porcelain, whose lustre the rain and dust have much
injured in the course of three centuries. The staircase within is small and inconvenient, the

risers being extremely high. Each floor is formed by transverse beams, covered with planks

forming a chamber, whose ceiling is decorated with painting. The walls are hollowed for

numberless niches, containing idols in bas-relief. The whole work is gilt, and seems of

marble or wrought stone ; but the author thinks it of brick, which the Chinese are ex-

tremely skilful in moulding with ornaments thereon. The first story is the highest, but the

i'est are equal in height. " I counted," says M. Le Comte, " 190 steps, of ten full inches

each, which make 158 ft. If to this we add the height of the basement, and that of the

ninth storv, wherein there are no steps, and the covering, we shall find that the whole
exceeds a height of 200 ft. The roof is not the least of the beauties which this tower boasts.

It consists of a thick mast, whose foot stands on the eighth floor, and rises thirty feet from

FiK. 75.
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tlie oiitsicie of the l)uililliig. It appears enveloped in a large spiral hand of iron, clear l>y

several feet from the pole, on whose opex is a gilt globe of extraordinary dimensions.

106. The word tower has ))een vaguely applied to all these buildings ; but in China

(here are differences in their apjilication, which are classed under three heads :— 1. Tat, or

platforms for astronomical or meteorological o'lservations, or for enjoying the air and land-

scape. 2 f/oM, such as that just described in detail, being edifices of several stories, isolated

and circular, si|uareand polygonal on the plan, built of different materials in diH'erent places.

S. Ta, which are sepidchral towers ; these are usually massive, of strange but simple forms.

107. The Pay-l ou, or triumphal arches of the Chinese, are to be foimd in every city.

They are erected to celebrate particular events. Those at Ning-po are «iih a central and

two smaller side openings, and are ornamented with polygonal stone ccilumns, supporting

an entablature of three or four fascia;. These are usually without mouldings, the last but

one excepted, which is a species of fritze filled witli insLriptions. They are crowned

with roofs of the usual foim, having broad projections, whose angles are turned upwards.

I'he apertures are sometimes square, and sometimt-s circular headed.

108. Cliina abounds in bridges; but Du Halde and the missionaries have made more of

them in tlieir accounts than tliey appear to deserve. What they have described as a bridge

of ninetv-oiie arches between Soo-chow and Hang-chow, wa^ passed by Lord Macartney, and

found t-1 be nothing more than a long causeway. Its highest arch, Iiowcvlt, was supposed to

be bitween 20 ft. and SO ,t. hiiili ; the length about half amile. Sir Genrgj Staunton (vol. ii.

p. 177.) observed a bridge which appeared to be skilfully constructed. They were acquainted

with the use of the arch composed of wedge-shaped vou?soirs, perhaps before it was known
in Europe. Their great 2caU is a remarkal)le monument. In most paits it consists of an

eiirthen mound retained on each side I)y walls of brick and masonry, with a terraced plat-

foim and a jiinpct of l)iicks Its licij,ht is 20 ft iiuluding a parapet of 5 ft. The
thickness at the base is 25 ft.,

ind it diminishes to 15 ft. at tiic

platforin. Towers, at intervals of

about 200 paces, are 40 ft. square

it the base, and 30 ft. at tlie top;

their height is about 37 ft. ; some
ot them, however, are 48 ft. high,

•tud consist of two stores. (See

f\g. 76.) In other i)artsthe wall

13 little better than an earthen

parapet with a ditch; in some
[daces only rude stones heaped

u]). It extends a length of 1500

miles, and is conducted over mountains, valleys, and rivers. Mr. W. SiiTi|)son, in the Papers
of the lust, (if Brit. Architect^, I87:)-74. carefully describes the important series of the

I\Img tombs, dating 1495-162S. Many works have been published of late on Chinese

and Japanese architecture and ornainent.

Y
V-S

GUI Al ^^ MI OF CHINA

Sect. IX.

SIKXICAN AlUllirKCrCKE.

109. 'I'he architecture of the peojjle who had jjossession of America before its discovery

t)v Columbus has a considerable claim upon our attention. When a people appears to have

had no means of modelling their ideas through study of the existing monuments of older

nations, nor of preserving any traces of the style of building practised by the race from

which they originated, tiieir works may be expected to possess some novelty in tlie mode o\

combination or in the nature of the objects combined ; and, in this point of view, American

architecture is not without interest. It is, moreover, instructive in pointing out the bent

of the human mind when unbiassed by example in the art.

1 10. North America was found by the Spaniards advanced in agriculture and civilisation,

and more e.5pecially so in the valleys of jMexico and Oaxaca. These provinces seem to have

been traversed by different migratory tribes, who left behind them traces of cultivation. It

is not cur intention here to discuss the mode of the original peopling of America ; but we

muKt, in passing, observe that the vicinity of the continents of Asia and America is such as

to induce us to remind the reader that one of the swarms, which we mentioned in the

section on Druidical and Celtic Architecture, might have moved in a direction which ulti-

mately brought them to that which, in modern times, has received the name of the New
World. The Totdtecs appeared in 648, making roads, building cities, and con.structing

great pyrainids, which are yet admired. They knew the use of hieroglyphical paintings,
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founded nictnls, and wore able to cut the hardest stone. (IIumlxMf, \ew Spain. ) 1 lie Aztecs
appeared in 1 \9C>, ami seem to have had a similar origin and language. Their works, though
they attest the infancy of art, bear a striking resemblance to several monuments of the most
civilised people. The rigid adherence of the people to tlie forms, opinions, and customs
which habit had rendered familiar to them, is common to all nations under a religious

and military despotism.

111. The edilices erected by the ^Mexicans for religious purposes were solid masses of

earth of a pyramidal shape, jKirtly faced with stone. They were called Teocallis (House;
of God). That of ancient Mexico, 318 ft. at the base and 121 ft. in height, consisted

of five stories ; and, when seen at a distance, so truncated was tbe pyramid that the monu-
ment appeared an enorinous cube, with small altars covered by wooden cupolas on the top.

Tiie place where these cupolas terminated was elevated 177 fit. above the base of the

edifice or the pavement of the

enclosure. Hence we may ob-

serve that the Teocalli was very

similar in form to the ancient ino-

lunneut of Babylon, called the

Mausoleimi of Belus. The pyra-

mids of Teotiluiacan {Jig. 77.),

which still remain in the iNIexican

Valley, have their faces within 52
minutes of a degree of the cardi-

nal points of the compass. Their
{, piRAMiDs OF rKoriHUACAN iutcrior Is clay, mixed with small

stones. Ihis kernel is covered with a thick wal! of porous amygdaloid. Traces are

perceived of a bed of lime, which externally covers the stone.

112. The great pyramid of Cholula {Jig. 78.), the largest and most sacred temple in

^-^ Mexico, appears, at a distance,

"/l^-^^r .- __ ^ ' - ^ - ,_^ ^^ like a natural conical hill, wooded.

and crowned with a small church;

on apiiroaching it, its pyramidal

form becomes distinct, as well as

the four stories whereof it consists,

though they are covered with

vegetation. Humboldt compares

it to a square whose base is four

times that of the Place Vendome
at I'aris covered with bricks to a heiglit twice that of the Louvre. The height of it is 177 ft.

.

and the length of a side of the base r42:5 ft.. There is a fiight of 1 20 steps to the platform.

Subjoined is a comparative statement of the Egyptian and Mexican pyran.ids ; —

The Cholula pyramid is constructed with unburnt bricks and clay, in alternate iayer.i.

As in other Teocallix, there are cavities of considerable size, intended for sepulchres. In

cutting through one side of it to form the present road from Puebla to Mexico, a square

chamber was discovered, built of stones, and supported by beams of cyjiress wood. Two
skeletons were found in it and a number of curiously painted and varnished vases. Hum-
boldt, on an examination of the ruins, observed an arrangement of the bricks for the purpose

of diminishing the pressure on the roof, by the sailiiig over of the bricks horizontally. The
area on the top contains 3500 square yards, and was occui)ied by the Temple of Quetzal-

coatl, the God of Air, who has yielded his place to the Virgin. By the way, we may here

mention that tumuli are found in Virginia, Canada, and Peru, in which there are galleries

built of stone communicating with each other by shafts ; but these are not surmounted by
temples.

1 13. In the northern part of the intei d^ncy of Vera Cruz, west from the mouth of the

Rio Tecolutla, two leagues distant from the great Indian village of Papantla, we meet
with a pyramidal edifice of great antitjuity. The pyramid of Papantla remained unknown
to the first conquerors. It is seated in the middle of a thick forest, and was only discovered

by some hunters about the year 181 (5. It is constructed of immense blocks of stone laid

in mortar; but is not so remarkable for its size as for its form and the perfection of its

finish, being only 80 ft. scjuare at the base, and not quite 60 ft. higli. A flight of fifty-s.ven
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ste])s leads to tlie tninc.it(.'(l pyramid. Like all the .Alexican tecnUis, it is composed of
stages, six whereof are still distinguishable, ai)d a seventh ajipears to be concealed by tlie

vegetation with which its sides are covered. The facing of tiie stories is ornamented
with hieroglyphics, in which serpents and crocodiles, carved in relievo, are discernible.

Each story contains a great number of square niches symmetrically distril)uted. ]n the

Krst story twenty-four are on each side; ni the second, twenty; and in the third, sixteen,

'i'he number of these niches in the body of the pyramid is ^66, and there are twelve in the

stairs towards the east.

114. The military intrenchment of Xocliiculco, near Tetlama, two leagues south-west
of Cuernavaca, is another remarkable ancient moninnent. It is an insulated hill, 370 ft.

high, surrounded with ditches or trenches, and divided by the hand of man into five terraces

covered with masonry. The whole has the appearance of a truncated pyramid, whereof
the four faces are in the cardinal points of the compass. The masonry is of ])orphvry, very
regularly cut, and adorned witli hieroglyphics; among which are to be seen a crocodile

spouting ii|) water, and men sitting cross-legged after the Asiatic fashion. On the plat-

form, which is very large, is a small scpuire edifice, which was most probably a teni))le.

1 1.5. Though the province of Oaxaca contains no monuments of ancient Aztec architec-

ture, which astonish l>y their colossal dimensions, like the bouses of the gods of Choluhi,
I'aiKintla, and Teotihuacan, it ))ossesses the ruins of edifices remarkable for their symmetry
and the elegance of their ornaments. The antiquity of them is imknown. In the district

of Oaxaca, south of Mexico, stands the palace of Mif/a, contracted from Mij/iiif/aii, signi-

fying, ill Aztec, the place iif woe. By the Tzapotec Indians the ruins are called liohn, or It/irti

'burial, or tomb), alluding to the excavations found beneath the walls. It is conjectured to

have been a palace constructed over the tombs of the kings, for retirement, on the death of

a relation. The tombs of Mitla are three edifices, ])laced symmetrically in a very romantic
situation. That in the best jjreservation, and, at the same time, the priiici])al one, is nearly

l:U) ft. long. A staircase, formed in a (lit, leads to a subterranean a|)artment, 88 ft. in

length, and 26 ft. in width. This, as well as the exterior jjart of the edifice, is decorated
with fret, and other ornaments of similar character (y/r/. 79.). But the most singidar

r; y '\ feature in these ruins, as com-
'^. ^ J V-^^ ,j --5 pared with other Mexican

i^Zri^-.^'*^r^'' ^-hip^^^s^ jJ^P-s^^:^-^ architecture, was the discoverv

of six porphyry columns, placed

for the su])port of a ceiling, in

the midst of a vast hall. 'J'hey

.are almost tlie only ones which
have been frund in the new
continent, and exhibit strong

marks of the infancy of the

art, having neither base nor ca-

pital. The U])per ))art slightly

diminishes. 'I'lieir total height

is 19 ft., in single blocks of

porphyry. 'l"he ceiling under
Fiy. T'J. OKXAMKNrS AT TilK P-M.AtK OK Mill.A. 1 1 '

.'l I Jwhicli tliey were |)laced was
formed by beams of Savine wood, and three of them are still in good preservation. The
roof is of very large slabs. 'l"he number of se))arate buildings was originallv five, and
tliey were disjiosed with great regularity. The gate, whereof some vestiges are still dis-

cernible, led to a court 150 ft. square, which, from the rubbish and remains of subter-
ranean apartments, it is supjiosed was surrounded by four oblong edifices. That on the
right is tolerably preserved, the remains of two columns being still in existence, 'i'he ])riii-

cipal bulUling had a terrace, raised between three and four feet above the level of the court,
and serving as a base to the walls it surrounds. In the wall is a niche, with pillars, four or

five feet above the level of the floor. The stone lintel, over the iirincijial door of the hall,

is in a single block, 1 '_' ft. long and .3 "ft. dee]). The excavation is reached by a very wide
staircase, and is in tlie form of a cross, supported by columns. The two portions of it,

which intersect each other at right angles, are each 82 ft. long by 25 ft wide. The inner
court is surrounded by three small a])artments, having no communication with the
fourth, which is behind the niche. The interiors of the ajiartments are decorated with
paintings of weajions, sacrilices, and trophies. Of windows there are no traces. IIumbt)l(it

was struck with the resemblance of some of the ornaments to those on the Etruscan vases
of Lower Italy. In the neiglibourhood of these ruins are tlie remains of a large pyramid,
and other buildings.

116. Li the intendency of Sonora, which lies north-west of the city of IMexico, and in

the Gulf of California, on the banks of the Rio Gila, are some remarkable ruins, known by
the name of the Qisii Cnuide. Tliey stand in the middle of the vestiges of an ancient Aztic
i:ity. The sides are in the direction of the four cardinal points, and are 445 fJ from norlli

E
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lo south, and 27G ft. from east to west. The materials are unburned brick, syininetrically

arranged, but unequal in size. The walls are 4 ft. in thickness. The building was of

three stories. The princii)al edifice was surrounded by a wall with towers in it at intervals.

From vestiges which appear, it is supposed the town was supplied with the water of the

Rio Gila, by an artificial canal. The plain in the neighbourhood is covered with broken

earthen pottery painted in white, red, and blue colours.

1 17. The capital of Mexico, reconstructed by the Spaniards, is undoubtedly one of the

finest cities ever built by Europeans in either hemisphere. Perhaps there scarcely exists a

city of the same extent which, for the uniform level of the ground on which it stands, for

the regularity and breadth of the streets, and the extent of its great square, can be com-
pared to the capital of New Spain. The religious edifices are extensive and greatly

decorated, hut the architecture is much debased. 'Jo tlie dwellings ornament is sparingly

ap])lied ; coloured tiles are used. The stones are a porous amygdaloid called telzontU, and
a porphyry of vitreous feld-spath, without any quartz; these give to the Mexican buildings

an air of solidity, and sometimes even of m.ignilicence. The wooden balconies and galleries

which disfigure the European ciiies in both tiie Indies are discarded; the balustrades and
gates are all of Biscay iron ornamLUted with bronze ; and the houses, instead of roofs, have

terraces, like those in Italy and (>tlier southern countries. It must, however, be admitted,

notwithsfaii<iing tlie progress of the arts there since about 1820, that it is less from the

grandeur and beauty of the edifices, than froin the breadth and straiglitness of the streets,

and their uniform regularity and extent, ihat Mexico commands the admiration of

Europeans.

Sf.ct. X.

ARAIilAN, >I011KS(iUF., OR SARACENIC A KtHITECTUIlE.

118. Before the ajipearance of INIahomet, in the seventh century, and the consequent

establishment of Islamisin, the Arabians were by no means celebrated for their skill in

architecture. The beautifid coiuitry of Happy Yeinen, wherein were seated the most

ancient and populous of the forty-two cities of Arabia enumerated i)y Abulfeda, does

not api)ear to have produced what might have been expected froin the neighbours of the

Egyptians, Syrians, Chaldeans, and Persians. The arts of the surrounding nations seem

to have been lost upon thein. Though a part of tlieir time and industry was devoted to

the management of their cattle, still they were collected into towns, and were employed in

the labours of trade and agriculture. The towers of Saana, comjiared by Abulfeda to

Damascus, and the marvellous reservoir of Merab, were constructed by the kings of the

Homerites, who, after a sway of two thousand years, became extinguished in 502. Tlie

latter, the Meriaba, mentioned by Pliny as having been destroyed by the legions of Au-
gustus, was six miles in circmuference, and had not revived in tiie fourteenth century.
" But," says Gihi)on, " the profane lustre of these was eclipsed l)y the prophetic glories of

Medina and INIecca." Of the ancient architecture of Arabia there are so few exam])les

remaining, that no satisfactory account can be given of it. Excavations, still seen in rocks,

are said to be the houses of the people called Thamud ; but the Caaba of Mecca is the

only one of the seven temples in which the Arabians worshipped their idols now in

existence. It is a quadrangular building, about S6 ft. long, 34 ft. broad, and about

40 ft. high. It is liglited by a door on the east side, and by a window, and the roof is

su|>])orted by three octangular pillars. Since its adoption by Mahomet, it has been enclosed

bv the caliphs with a tjuadrangle, round which are porticoes and apartments for the pil-

grims resorting to it. Here were the tombs of the eighty descendants of Mahomet and of

liis wife; but, in ISC'?, they were destroyed by the Wahabees, who, however, respected

and spared the Caaba and its enclosures.

119. The extraordinary conquests from the Indus to the Nile, under Omar, thj second

cali])h, who, af^er a reign often years, died in a. n. 644, brought the victorious JMoslems in

contact with nations then much more civilised than themselves. As their em])ire extended,

their love for the arts and sciences increased. The first mosque built out of the limits of

Arabia is supposed to be that which was founded by Omar on the site of the ancient

temple at Jerusalem. Under the dynasty of the Ominiades, of which race Omar was a

member, the cultivation of architecture was carried on with success. The seat of the

empire was removed to Damascus, which was considerably enlarged and improved. Among
its numerous splendid buildings was the celebrated mosque founded by Alwalid II. It was

he who introduced the lofty ;;»'«arrf, which, though an iunovation at the time, seeins, in later

years, to have been as necessary a portion of the mosque as the main body of it. Tliis

iraliph made considerable additions to the inosque at Medina, as he also did to that which
had been built by Omar on the site of the Temple of Solomon, above mentioned. His
generals and governors of provinces seem to have been e(]ually zealous in the cause of art

and the prophet ; witness the mosque built by one of the former on taking Sainarcand, and
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tlie universal improvement in the provinces under the sway of the latter. Great as were

tlie works just mentioned, the removal of the seat of the empire to the western frontier of

Persia, by the second caliph of the dynasty of the Abassides, gave a lustre to Arabian

p.rchitecture wlilch almost surpasses belief. Almansor, the brother and successor of Satthh,

laid the foundations of Bagdad in tlie year 145 from the Hejira (a. d. 762), a city which

remained the Imperial seat of iiis posterity during a period of five hundred years. The

chosen spot is on the eastern bank of the Tigris, about fifteen miles above Modain ; the

double wall was of a circular form ;
" and such," says Gibbon, " was the rapid increase of a

capital, now dwindled to a provincial town, that the funeral of a popular saint might be

attended by eight hundred tliousand men and sixty thousand women of Bagdad and the

adjacent villages." The magnificence displayed in the palace of the calijili could only be

exceeded by that of the Persian kings ; but tlie pious and charitable foundation of cisterns

and caravanseras along a measured road of seven hundred miles, has never been efjualled.

120. About A. n. 6'f)0-5, the prudence of the victorious general Akbah had led him to

the purpose of founding an Arabian colony in the heart of Africa ; and of forming a

citadel that might secure, against the accidents of war, the wealth and families of the

Saracens. With this view, under the modest title of a caravan station, he planted the colony

of Cairoan, in the fiftietli year of the Hejira. " When," observes Giblion, "the wild beasts

and serpents were extirpated, when the forest, or ratlier wilderness, was cleared, the vestiges

of a Roman town were discovered in a sandy plain : the vegetable food of Cairoan is

brought from afar ; and the scarcity of springs constrains the inhabitants to collect, in cis-

terns and reservoirs, a precarious supply of rain water. These obstacles were subdued by

the industry of Akbah ; he traced a circumference of three thousand and six hundred paces,

which he encompassed witli a brick wall ; in the space of five years the governor's palace

was surrounded with a sufficient number of private habitations ; a spacious mosque wat

supported by five hundred columns of granite, porphyry, and Numidian marble."

121. " In the West, the Ominiades of Spain," says the same author, " sujiported with

equal pomp the title of Commander of the I'aithful. Three miles from Cordova, in honoui

of his faithful Sultana, the third and greatest of the Abdalrahmans constructed the city,

palace, and gardens of Zehra. Twenty-five years, and above three millions sterling, were

employed by the founder : his liberal taste invited the artists of Constantinojile, the most

skilful sculptors and architects of the age ; and the buildings were sustained by twelve

hundred columns of Spanish and African, of Greek and Italian maible. The hall of

audience was incrusted with gold and pearls, and a great bason in the centre was sur-

rounded with the curious and costly figures of birds and (piadrupeds." The streets and

houses at this place are hollowed out of the rock, which stands 1200 feet above them.

122. Wliether we contemplate the materials furnished by Babylon and its neighbour-

hood, the dismantled towns of Syria, or the abundant ruins of Egypt, and from Trijioli to the

Atlantic, it is curious, as the historian of the western Arabs has remarked, to observe that

no people constructed, without recourse to the quarry, so many magnificent edilices. In

Spain, this was most remarkably the case, whereof tlie reader will be convinced by reference

to Murphy's Arabhin Antiquities, and Laborde's V»i/arie Pitloreiqve de V Espayne.

123. From the laUer half of the eightli century to nearly the middle of the ninth, the

progress of the Arabians in the sciences was wonderful. Their merit, however, in the art

which it is our province to investigate, was of a class inferior to that of the peojile who

invented and carried into execution, thougli later, tlie jirinciples which regulated tlie stu-

pendous monuments of Gothic architecture in Europe. They certainly understood tlie

science of architecture ; and works on it were written for the benefit of those wliosj occu-

pations led them to take an interest in the art.

124. We regret that our limits do not permit us to dwell on the progress in the sciences

made by the Arabian?, though some of them are intimately connected with our subject.

But the information we omit will be much more satisfactorily ootained by the reader con-

sulting the pages of the historian of the decline and fall of the Roman Empire. Our

purpose is now to present a concise view of the architecture of the Arabians from Laborde's

I'^oijage Pittoresque de VEspagve (vol. ii. part 1. xliii. et seq.); observing, by the way, that,

from our own study of the subject, we are inclined fully to adopt it. In Spain there

Is a sufficient number of monuments of architecture to class them chronologically, and to

assign an epoch to the diflTcrent styles they exhibit. Though the species does not resemble

that which has been denominated Gothic, which is clearly not an imitation, the one and the

other sprung from the same source. The point of departure was the architecture of

Byzantium, in which city, after the fall of Italy, a totally new style arose, whose develop-

ment in different modes was the basis of all modern architecture. As though the Coliseum

had furnished the hint, the immense edifices, in the style of the period, were constructed

with a multiplicity of stories,— they were heavy without, though lightly and richly deco-

rated within ; the artists employed in their erection seeming to aim at a transference to

the architecture and sculpture on which they were engaged of the oriental profusion of

ornament visible in the stuffs of India, lliis Bvzantine school produced the Lombard and

E 2'
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Saxon styles in the N'ortli,on which we shall enlarge in tlie section on Gothic architecture,

and, in tlie South, it produced the Arabian, Saracenic, or Moresque style, by v/hichever name

tlie reader may choose to distinguish it. Both were strongly impregnated with tlie vice-*

and defects into which the Roman architecture of the period had fallen. For the sake of

ilhistrating what we mean, we refer, as examples, to the Baths of Dioclesian, to that

emperor's palace at Salona, and to the buildings of Justinian and Theodosius,— from ail

which may be learned the al)uses and incongruities which attended the fall, not only of

arcliitecture, but of all the otlier arts. We find in tliem arches sjirlnging from capitals,

columns witliout entablatures, and even zigzag ornaments. But, with all this perversion

of taste, the general form of tlie plans of tlie edifices altered not : that of the temples

more particularly continued unchanged. Some great convulsion was necessary before

tliey could undergo alteration, and such was the introduction of Christianity. Thus, says

Saint Isidore, the basilica suffered transformation into the Christian cliurch :
— " Ba-

silicic olim negotiis plenae, nunc votis pro salute susceptis." Of this, in a succeeding

page, we shall have more to say. But the change was not confined to the basilica ; the

-pahice and domestic dwelling equally partook of the alteration of wants. The Iioiuans,

whilst masters of the world, were careless in protecting their cities by walls. Defence was
only necessary on their frontiers ; and there, walls and towers were constructed, from wliich

was the first hint for the castle, of whicii the Roman villa, fortified, is the type. When,
however, Italy was invaded, the fate of war soon caused exterior decoration to be sacrificed

to internal comfort and luxury ; and even Rome, under Belisarius, was surrounded by walls

and towers. The people, whose prowess made these precautions necessary, soon found the

convenience of adopting similar habits and buildings.
1 '2.5. The Arabians, whose wandering life could scarcely be imagined capable of such a

change, ultimately established themselves in Roman castles, and turned the Christian

churches, which, at the period, were extremely numerous, into inos(]iies. For some time,

the architecture of the Goths, of the Arabians or jMoors, was, as respects ])lan, the same
;

not less so was the character of the ornaments employed by botli nations ; but it was not

long before these diverged into styles wliich possessed each its peculiar beauties. 'I'he

Christians soon used the ])ointed arch ; and the style they adopted became slender and
tall, whilst that of the jMoslems, from the nature of the climate and their peculiar habits,

was deficient in elevation, though in the end it acquired a lightness and elegance which it

did not at its origin possess. But it is proper, here, to impress on the mind of the reader

that Gothic and Arabian architecture have nothing in common between them, except their

origin from a common source. It is an error to confound thein, or to suppose that the

pointed arch is found in any strictly Arabian edifices. That, as far as we can ascertain, did

not exist before the eleventh century. It seems to have been a development in the parts of

a style which, as it passed into more northern latitudes, became more acute in the roots,

from the necessity of discharging the rain and snow with greater facility. This pointed

.style spread itself over some ])arts of India ; liut, there, none of the examples are older than

the fourteenth or fifteenth century. Except in ornamental detail, whereof we aiipend two
si)eciinens {fiys. 80, 81.) from the Alliambra, the Arabs were not inventive. It is not
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iiiilikcly tliat tliL'ir skill in goidiietry greatly assisted them in the extraordinary combination
of lines to be tbimd in tlieir liecorations, wliicli notliing can surpass ;

nor was it till the time of the Abassides that the Arabians becam.;
fully ac(iuainted with what had been ilone by the Greeks. 'I'his

knowledge was not confined to them, for there is abundant jjrootl

1. That all the modern arts, as well of the North, as of the West
:\nd South, had tlieir origin from the Greek em])ire at Constantinople,

which at that jieriod gave the fashion in them, as did Italy five cen-
tiuies afterwards. 2. That the ])lans of churches and mosques are

traceable to that of the ancient basilica, as in the citadels of the

middle ages, and the jjalaces of the Greek emperors, are to be found
the types of the Gothic castle and of the Mores(|ue alcazar. 3. That
the Gothic and Saracenic styles attained their several perfection in very

' diflerent manners as to tin- details of their distribution and ornament,
and ac(]uired peculiar characters, which in both may be divided into three ])eriods, the last in

each being lost in the change that took place in Italy on the revival of the arts. The
periods of the Gothic will be noticed under the proi)er section

l'2G. The fimt period m the history of Moresque architecture is from the foundation of

Islamisin to the ninth century, of which the finest exainjile was the AIos(jue of Cordova in

Spain. This was commenced in 770 by Abderahman, and finished bv his son and successor,

I lisham. Its )lan is a parallelogram, whose longest side is 6"'iO ft. l)y 440, formed by a wall

and coimterforts, both of which are embattled. The height of the wall varies from 3.5 to

(iOft., and its thickness is 8 ft. The whole of the tpiadrangular space is internally divided

i".to two parts, viz. a court of 210 ft. in dejith, the mosque itself covering the remainder ol

the area. The mosque consists of nineteen navcs ^of a jiortion of one whereof ficf. 82. is a

diagram) formed by seventeen ranks of columns, and a wall pieiced

with arches, from south to north, and thirty-two narrower naves from

east to west. Each of these naves is aliout 16 ft. wide from north to

south, and about 400 ft. long, their width in the ojiposite direction

being less. Thus the intersection of the naves with each other

produces 8,50 columns, which, with fifty-two columns in the court,

form a total of upwards of 900 cohimn.s. They are about 18 in. in

diameter, the mean height of them is al)oiit 1.5 ft., and they are covered

with a species of Corinthian and Composite capital, of which there

are many varieties. The columns have neither socle nor base, and are

c:innected by arches from i.ne to another. The ceilings are of wood,
p.iinted, each range forming, on the outside, a small roof, siparated from

those adjoining by a gutter. Tlie variety of the marbles of the colunuis
produces an ell'ect of richness which all agree is very striking. They were most probably
|)rocured from the Roman ruins of the city. It is iml)o^sible to pass over the description
of tills mosque without calling to inind the resemblance it bears in its arrangement to the
l);isilicas at Rome. The reader who has seen St. Agnese and St. Paolo fuori le mura. we
are sure, will think with us. After the conquest of Cordova in I '-'36, this moscpie was
converted into a cathedral. In 1528. it was much disfigured by modern erections, which
were necessary for hetter ad.q)ting it to the service of the Christian religion. These,
however, have not so far ruined its ancient effect as to prevent an idea being formed of it

when m its splendour. The decorations throughout are in stucco, painted of various colours,

decorated with legends, and occasionally gilt like the churches of the Lower Ein])'re.

127. In the second period, the style greatly improveo in elegance. It lasted till the close

of the thirteenth century, just before whicii time was founded the royal jialace and fortress

of the Alhambra, at Granada {Jit]. 83.), ])erlia])s the most perfect model of ])ure Arabian
architecture that has existed. During this i)eriod, no traces of the Byzantine style are to be
found. An exuberance of well-tempered ornament is seen in their edifices, whose distribution

and luxury manifest the highest degree of refinement. Speaking of the interior of the building

above mentioned, M. de Laborde says, that it exhibits " tout ce que la voluptii, la gr;ice,

I'industrie peuvent reunir de plus agreable et de plus parfait." After passing the principal

eirrance, you arrive at two oblong courts ; one whereof, celebrated in Arabian history, called

the Court of the Lions, is in Jig. 84. represented on the following page. This court is

100 ft. long and .50 ft. broad, having 128 columns of white marble. Round these two courts,

on the ground floor, are disposed the apartments of the palace. Those for state look out

towards the country ; the rest, cooler aixl more retired, have openings for light under the

inteiior i)orticoes. The whole is on one ])lane, the walls being ])laced so as exactly to suit

the plateau of the rock ; its entire length is about 2300 ft., and breadth 600 ft. The doors

are few and large, and the windows, except on the side where the landscape is most magni-
ficent, are chiefly towards the interior. In one of the apartments, the Arabian architect

nas, in an inscription, given his reason for this adoption, in the following terms: — " iMy

•vindows admit the ligiit, and exclude t!:e view of external objects, lest the beauties of
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natiiri should divert your attention from tlie beauties of iny work." The wall;

with arabesques, apparently cast in moulds, and afterwards joined together.

are covered

The orna-

g^S^O

EJ»W
loji-

ments are in colours of gold, pink, light blue, and a dusky purple, the first colour being
nearest the eye, and the last furthest from it ; the general surface, however, is wiiite. 'J"he

walls, to the height of four feet, were
'iljM^J^'3i}ll^\Ti'^'\'^'^ V' <- 'T^':r<'rmi lined with variously figured and coloured

iS ijorcelain mosaics, as were the floors. Tlie

Arabs of tlie Spanish caliphate a])]iear

to have known some mode of preventing

the decay of paint and timber, for the

l)aintings, in which the medium for the

colour is not oil, retain the original fresh-

ness of their colours, and tlie woodwork
of the ceilings presents no sym])toms of

decomposition. It has been conjectured

that the soundness of the wood through-

out has aiisen from tile trees being lanced

or drained of their saj) at the time of felling ; but it may be, that the coating of paint has had

some efTect in producing the result. Descrijjtion conveys no notion of this extraordinary

edifice: the reader who wishes to obtain one must refer to Murphy's work, alrea<ly

mentioned.

1 28. The tliird period of Arabian architecture is from the end of the thirteenth century to

the decline of the Saracen power in S])ain. During a portion of this i)erio(l, it was used by

the Spaniards themselves, and like the Gothic, in the northern and middle parts of Europe,

was engrafted on the style which crept from Italy into all countries till the Renaissance.

During this period were built the castles of Benavento, Penaliel, and Tordesillas ; and the

alcazars of Segovia and Seville. Tlie ]ilans continued much the same ; but Greek orna-

ments began to apjiear, with Morescpie arches on Corinthian columns. At this time, also,

representations of the human figure are to be seen, which, by the laws of IMahomet, were

strictly forbidden. There was a charm about this architecture which makes one almost

regret that reason and advance in civilisation have extinguished it.

129. We are not to look to the works of the Arabians for the real grandeur which is exhi-

bited in the works of Egypt, Greece, or Rome. Brick was the material most used. When
s^one was employed, it was covered with a coating of stucco. In their constructive com-
binations there is nothing to surprise. The domes which crown their ajKutments are

neither lofty nor large in diameter, neither do they exhibit extraordinary mechanical skill.

The Arabian architects seem to have been unacquainted with the science of raising vaults

on lofty piers. In the specimen cited at Cordova, the sjian, from pier to pier is less than

20 ft., which would not have required much skill to vault, yet we find the ceilings of

timber. The use of orders was unknown to them ; the antique columns which they intro-

duced were emjiloyed as they found them, or imitations of them, without an acquaintance

with the types from which they were derived, with their principles or proportions. In truth,
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thrust at the abutments.

tlieir cohiinus are posts. We do not find, in the forms of Arabian art, that character of

originality which can be traced from local causes. The Arabians had spread themselves

out in every direction, far from their own country, in which they had never cultivated tiie

arts ; hence their architectiu-e was founded upon tlie models before them, which the

Byzantine school supplied. Of the forms of their arches,

some wiiereof are here exhibited (_fip. 8,5.), the most favourite

seems to have been the horse-slioe form. They may be

ranged into two classes,— that just named, and the other, that

wherein the curve is of contrary flexure, and described from
several centres. Both classes are vicious in respect of con-

struction, from the impossibility of gaining resistance to

In masonry, such arches could not be executed on a large scale.

In brick arches, however, the surface of the cement is so increased, that if it be good, and great

care be used in not removing the centres till the cement is set, great variety of form in them
may be hazarded. If the pleasure— perhaps we may say sensuality— of the eye is alone to be
consulted, the Arabians have surpassed all other nations in their architecture. The exquisite

lines on which their decorations are based, the fantasticness of their forms, to which colour was
most tastefully superadded, are highly seductive. Their works have the air of fairy enchant-

ment, and are only to be comi)ared to that imagination with which the oriental poetry

abounds. The variety and profusion wherewith they employed ornament impart to the

interior masses of their apartments the ajjpearance of a congeries of painting, incrustation,

inosaic, gilding, and foliage ; and this was probably much augmented by the JMahometan
law, which excluded the representation of the human figure. If a reason be unnecessary

for the admission of ornament, nothing could be more satisfactory than the splendour and
brilliancy that resulted from their combinations. One of their practices, that of introducing

light into their apartments by means of ojienings in the form of stars, has a magical effect.

130. We have principally confined ourselves, in the foregoing remarks, to the architecturp

of the Arabians as it is

found in Spain, which, it

is proper to observe, is

only a class of the edifices

in the style. There is so

close a resemblance be-

tween the buildings of

that country and those of

otiier places that were,

till lately, under the

dominion of the Moors, ^'^- '*^' eikvatjon, housk at alters.

that, allowing only for difference of climate, we might have lefl

the subject without further illustration, but that we think the re-

presentation in Jigs. 86. and 87. of a Turkish house at Algiers,

which we have extracted from Durand's Pnrallele des Edifices, may
give a better idea of Arabian architecture than a host of words.

131. In Ml ceo, the city of the Prophet, the houses are of stone,

and three or four stories in height. The material employed in-

dicates solidity of construction. Tlie streets are regular. The
the balconies covered with blinds ; fronts of the houses much orna-

both sides ; roofs terraced, with very
high parapets, opened at intervals by a railing formed of brick, in which holes are left

for the circulation of the air, at the same time giving an ornamental appearance to the front;

staircases narrow and inconvenient ; rooms of good dimensions and well-proportioned,

having, besides the principal windows, an upper tier. Damascus, of which a slight view

(fiy. 88.) is annexed, has been described as resembling a large camp of conical tents, which,

on a nearer ap])roach, are found to be small cupolas to the houses. Brick, sun-dried, is the

principal material, and the forms of the roofs mentioned are absolutely necessary- to protect

against the winter rains. Streets generally narrow, houses well supplied with fountains,

and containing a large number of houses that may be ranked as palaces. ]\Iosques, many
in number, but presenting none that are very remarkable. The bazaars and baths of con-

siderable size and splendour. In Bagdad, there are many large squares. The gates erected

l)y the caliphs are still in existence, and are fine specimens of Arabian art. Its walls of

mud are '25 ft. in height, but within them are ramparts, carried on arches. In Bussorafi,

the most remarkable feature is the mode in which they construct their arches, which is

effected without centres.

132. We do not think it necessary to detain the reader on the architecture of Moorish
or M'estern Arabia. As in the eastern parts of the ancient empire, the houses usually

consist of a court, whereof some or all of its sides are surroimded by galleries. Narrow
rooms run generally parallel with the gallery, usually without aTiy ojiening but the door

Fig. ,SG. PLAN, HOUSE AT AI.O

leading features are

mented ; doors, with steps and small seats on
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opuiiing on to the gallery. Roofs are flat or terraced. Walls variously built, often of lime,

plaster, and stones, carried up in a sort of casing, which is removed when the work is set

^^^^r-'

I'roui want of gooii timber, the rooms are narrow. The mos(jues are by no means wortliv

of notice. Fez, an ancient Arabian city, contains some lofty and spacious houses. Its

streets are narrow, and on their first floors have ])rojections wliich nuich interrniit the light.

In the centre of each liouse is an ojjcn (|uadrHngle, surrounded l)y a gallery, comnnmicating

with a staircase. Into this gallery the doors of tlie a|)artments o))en. The ceilings are

loftv, the floors of brick. All the iirincijjal houses are sui)))Hed with cisterns in the lowei

parts, for fiunishing a sui>i)ly to the baths, a luxury with wliich also every mos(itie is |)ro..

vided. In this town there are nearly two hundred caravanseras or iims, three stories high,

in each of whose a))artments, varying from fifty to one hundred, water is laid on for ablu-

tion. The shops, as in Cairo, are very small ; so much so, that the owner can reach all the

articles he deals in without changing his jjosture. In Tiipuli, the bouses rarely exceed one

story in height ; but we must be content with observing that the character is still the same.
" Nee facies onmlbus una, nee dlversa tamen." Though the late Sultan built a new jialace

in the Italian vtvie at Constantinople, the ^Moslems will not easilv relin(]uisb a style inti-

Fl;;. 89. bmhamk ro a BKtupuuN roi.m of tiU' skua, .mo.

mately allied to their habits and religion, a style whereof _^(/. 8!). will couvev some idia tc
the reader. He is also referred to Jigs. ;51, 32, and ;)3., as examples of the same stvle ir

I'cTsia.
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Skct. XI.

G 11 r.Cl A N A KCH ITECTU HE,

I3;i Tlio architectiii-f of Greece is ulentieal with coluiiinar arcliitecture. 'Writers on
;lie subject liave so invarial)ly treated the hut as the type on which it is formed, that, tliough

we are not thoroui^hly satisfied of the theory being correct, it wouki be difficult to wancier

from the path they liave trodden. In the section on Egyi)tian architecture, we have aiinded

to tlie tombs at Beni-liassan, and we here ])resent a representation of a portion of tliem

^I'om a sketch with uhicli we were tavoiued many years since by the late Su- Cliai les.

Barry Jiy. 90. ). Tlie reader; w ill perceive

. _ in it the a!>peHrance of the Doric column^ ^
'"~"

almost in its purity. Wilkinson ( il/«?i/(c;-i

and Ci(stotns of tlie Ancient Et/i/jififivs) is

(if ojiinion that the date of these tombs is

1740 js. c, that is, in the time of the first

Osirtpsen, an anti(]uity which can be as-

signed to no exam])le in (ireeee. These
tombs are excavated in a rock, a short dis-

tance from the Nile, on its right bank, about
forty-eight French leagues south of Cairo.

Two of them have architectural fronts like

the above plate. The columns are five

diameters and a half in height. The num-
ber of the flutes, which are shallow, is i'O,

J.-,, ,j,) r...Mii Ai- MK.Nf-iiAssAN. ''11(1 tlic Capital coDsi s t s of a SI lu p I c aha cu s.

'i'here are no indications ofa base or |)linth.

Above the architrave, which is plain, there is a projecting Itdge of the rock, somewhat re-

sembling a cornice, whose sofHt is sculptured, ajipirently in imitation of a series of reeds, laid

transversely and horizontally. There certainly does, in this, apjiear some reference to

imitation of a hut, and the refinement of the Greeks, in after ages, may have so ex-

tended the analogy as in the end to account for all ])arts of the entablature. The tra-

dition doubtless existed long before \'itruvius wrote, who gives us nothing more than the

belief of the architects of his time. The j)oint is not, at this time, likely to be answered

satisfactorily ; if it could, it might be important, as leading to the solution of some jioints

of detail, wliich limit the propriety or imjiropriety of certain forms in particular situations.

Having thus cautioned the reader against iini)licit faith in the system we are about to

develope, we shall ])reface it by the opinion, on this subject, of i\I. Qiiatremere de Quincy,
an authority of great value in everything that rel.ites to the art. Carpentry, says that

writer, is incontestabiy the model upon which Greek architecture is founded ; and of the

three models which nature has su])i)lied to the art, this is, beyond doubt, the finest and most
perfect of all. And again, he observes, whoever bestows his attention on the subject, will

easily ])erceive tliat, by the nature of it, it includes all those ))arts that are efl'ective for

utility and beauty, and that the simplest wooden hut has in it the germ of the most mag-
nificent i)alace.

l;i4. We must here premise that this section is strictly confined to the architecture of

Greece and its colonies. Rluch confusion has arisen from the want of strict limits to the

term Grecian Architecture, one which lias been indiscriminately ai)])lied to all !)i:ildings in

whicii the orders appear. The orders were altered in their jn-ofiles, pro|)ortions, and details

bv the Romans; and though l)etween them and th;)se of the Greeks there is a general resem-

blance, and their members are generally similar, yet, on a minute examination, great iliHer-

ence will be foimd. In the former, for instance, the contour of every moulding is a portion

of a circle ; in the latter, the contours of the mouldings are ])ortions of conic sections. In

Roman architecture, we find the dome, which in Greek architecture never occurs. In the

latter, the arch is never seen; in the former, it is often an im])ortant feature. Indeed, the

columnar style, as used by the Greeks, rendered arches unnecessary ; hence, in all imitation

of that style, its introduction jiroduces a discord which no skill can render agreeal)le to the

educated eve. Attemjjts have been made by the modern Cierman architects to introduce

the use of the arch with Greek forms; but they have been all signal failin-es, and that

because it is incapable of amalgamation with the solenm ir.ajesty and pm'ity of Greek com-
position. Before such blending can be accomplished with success, the nature of pure Cireek

architecture must be changed.

135. Following, then, the authors, ancient and modern, on the origin of the art, we now
proceed to a development of its origin. The first trees or posts which were (ixed in the

earth for supporting a co\ er against the elements, were the origin of the isolated c(ilu:;uis

nliicli afterwards became the supports of porticoes in temi)les. DiMiinisliing in diauicter
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as they rose in Iiciglit, the tree indicated the diminution of the column. No type, however
i>f base or pedestal is found in trees : hence the ancient Doric is without base. This practice,

iiowevcr, from the premature decay of wood standing immediately on the ground, caused th<;

intervention of a step to receive it, and to protect the lower surface from the damp.

Scamozzi imagines that the mouldings at the bases and capitals of columns had their origin

in cinctures of iron, to jjrevent the splitting of tlie timber from the superincumbent weigiit.

Others, however, are of opinion that the former were used merely to elevate ti>e shafts

above the dampness of the earth, and thereby prevent rot. In the capital, it seems natura'

that its upjier surface should be increased as much as possible, in order to procure a greater

area for the reception of tlie architrave. This member, or chief beam, whose name
bes))eaks its origin, was jiiaced horizontally on the tops of the columns, being destined, in

cH'ect, to carry the covering of the entire building. Ujjon the architrave lay the joists of

the ceiling, their height being occupied by the member which is called the frieze. In the

Doric order, tlie ends of these joists were called triglyphs, from their being sculptured with

two whole and two half glyphs or channels. These, however, in the other orders in strictly

Greek architecture, do not appear in the imitation of the type, though in Roman architec-

ture it is sometimes otherwise, as in the u])per order of tlie Coliseum at Rome, where
they are sculptured into consoles. Tlie space between the triglyphs was, at an early period

of the ait, left open, as we learn from a passage in the I()higenia of Euripides, where
Pvlades advises Oiestes to slip through one of the metopse, in order to gain admission into

the temple. In after times, these intervals were filled up, and in the other orders they alto-

gether disappear, the whole length of the frieze becoming one ))lain surface. The inclined

rafters of the roof projected over the faces of the walls of the building, so as to deliver the
rain clear of them. Their ends were the origin of the miitule or modillion, whereof the

former had its under side inclined, as, among many other examples, in the Parthenon at

Athens. The elevation, or as it is technically termed, pitch of the pediment, followed from
the inclined sides of the roof, whose inclination depended on the climate ( See sect. 20,'iO).

Thus authors trace from the hut the origin of the different members of architecture, which
a consideration of the annexed diagram will make more intelligible to the reader. Figs.

91. and 92. exhibit the parts of a roof in elevation and section: a a are the architraves or

FiK. 92

tiiibes; bb tlie ridge piece or columen; c the king-post or columna oi a. roof; d d the tie-beam
or tranatrtim ; e the sirut or capreolu.t; ff the rafters or cavthmii ; gggg the purlines or

.Kinpla ; h h the common rafters or asxeres. The form of the pediment became an object of

so much admiration, and so essential a part of the temple, that Cicero says, if a temple were
to be built in heaven, where no rain falls, it would be necessary to bestow one upon it.

" Capitolii fastigium illud, et Cceterarum medium, non venustas sed necessitas ipsa fabricata

est. Nam cum esset hahita ratio quemadmodum ex utraque parte tecti aqua delaberetur
utilitatem templi fastigii dignitas consecuta est, ut etiam si in ccelo capitolium statueretur

ubi imber esse non potest, nullam sine fastigio dignitatem habiturum fuisse videatur."

(De Oratore, HI), iii. ) The inclination of the pediment will be hereafter discussed, when
we speak on the article Roof, in another part of the work. Under the section on Cyclopean
Architecture, mention has been made of the works at Tiryns and JNlycene. We do not think
there is sufficient chain of evidence to connect those ruins with the later Grecian works,
though it must be confessed that the temples of Sicily, especially at Selinus, and perhaps
those at I'asstum, are connecting links. Perhaps the sculptures at Selinus might be pro-
perly called Cyclopean sculpture, in its more refined state.

1:56". Architecture, as well as all the other arts, could only be carried to perfection by
slow steps. Stone could not have been used in building until the mechanical arts had been
well known. It is curious that Pliny gives the Greeks credit only for caves as their ori-

giiia,l dwellings from which they advanced to simple huts, biult of earth and clay. His words
are (lib. vii. s. 57.), " Laterarias ac domos constitucrunt primi Euryalus et IlyperbiHS
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fratres Atlienls : aiitea specus ciant jiro domibiis." This, perlia])s, is no more than a tradi-

tionary fable. l*'al)les of this kind, however, often have some foundation in fact. We are

not always inclined to discard them, for we have little more than tradition for the early ex-

cellence of the Athenians in civilisation, a nation among the Greeks who first became a

body politic, and whose vanity caused them to assume the name of AuTox^oi'fs, from a

Ijelief, almost sanctioned by Plato, that their ancestors actually rose from the earth. How
strong the prevailing opinion was of the original superiority of the Athenians, may i)e

gathered from Cicero, in his oration for l-'laccus. " Adsunt," he says, " Athenienses, undc
humanitas, doctrina, religio, fruges, jura, leges ortte, atque in omnes terras distribute

putantur : de (piorum urbis jjossessione, propter pulchritudinem, etiam inter deos certamen
fuisse ])rodltiim est ; qu£B vetustate ea est, ut ipsa ex sese suos cives genuisse dicatur." IJut

we shall not attemjit, here, an early history of Greece ; for which this is not the place, and, if

accom))lisl)cd, would little answer our views. The Greeks exhibited but little skill in their

earliest edifices. The temple of Deliihi, mentioned by Homer, in the first book of the

Iliad (v. 404. et secj. ), which Bryant sujiposes to have been originally founded by Egyptians,
was, as we learn from Pausanias (P/iocic. c. 5.), a mere hut, covered with laurel branches.

Even the celebrated Areojiagus was but a sorry structure, as we learn from Vitruvius
(lib. ii. cap. 1.), who judged of it from its ruins. The fabulous Cadmus— for we cannot
help following .Jacob IJryant in his conjectures upon this personage— has been supposed
to have existed about 1519 b. c, to have instructed the Greeks in the worship of the

I'!lgyptian and Phrenician deities, and to have taught them various useful arts ; but this

carries us so far back, that we sliould be retracing our stejjs into Cyclojjean architecture, if

we were here to dwell on the period ; and we must leave the reader— as is our own, and as

we apprehend will be the case with all who may succeed us— to grope his way out of the

darkness as best he may.
137. The earliest writer from whom gleanings can be made to elucidate the architecture

of Greece is the father of poets. To Homer we are obliged to recur, little as we approve
of the architectural graiihic flights in which the poet is wont generally to indulge. Though
the Odyssey may not be of so high antiquity as the Iliad, it is, from internal evidence, of

great age, for the ])oem exhibits a government strictly patriarchal, and it sufficiently proves
that the chief liuildings of the period were the palaces of princes. "We may here, in

passing, observe, that in Greece, previous to Homer and Hesiod, the sculptor's art appears

to have been unknown, neither was practised the representation of Gods. The words of

Athenagoras {Let;, pro Christ, xiv. ) are— Ai S'ei/coj'ex IJ-^XP^ /xtj-ttoi irKaffrixn, Kai ypatpiKT], ko.i

avhpiavroTTOir)riK7) r](rav, ouSe evo^ii(^ovTo. The altar, which was merely a structure for sacred

use, was nothing more than a hearth, whereon the victim was prepared for the meal ;

and it was not till long after Homer's time that a regular priesthood appeared in Greece.

In Sparta, the kings ])erformed the office. In Egypt, the dignity was obtained by inherit-

ance; as was the case in other places. The Odyssey places the altar in the king's palace ;

and we may reasonably assume that the spot was occasionally, perha|)s always, used as the

temple. From such premises, it is reasonable to conjecture that until the sacerdotal was
sei)arated from the kingly office, the temple, either in Greece or elsewhere, had no existence.

It may not be without interest to collect, here, the different passages in the Odyssey, which
l)ear upon the nature and construction of the very earliest buildings of importance.

Hetween the avKr] and the hofios there nuist have been a distinction. The former, from its

etyinology ao?, must have been a locus subdialis ; and though it is sometimes used {Iliad, Z.

247.) for the whole palace, such is not generally its meaning in the Odyssey. Theai/ATj was
the place in which the female attendants of Penelope were slain by Telemachus ( Odyss. X.

446.), by tying them up with a rope over the SioKos or ceiling. Hence we arrive at the

conclusion that this bo\os belonged to the aidovaa or cloister, supposing, as we have done,

that the auArj was open at to]), and the aiQovcra is described {Iliad, T. 17G. ) as tpiSovKOS, that

is, sonorous or echoing, and as circumscribing the open part of the avK-r). The ^o\os was
sujjported by Kioi'ey, posts or columns, and in the centre of the o-jAt; stood the Po/j.os or altar.

If our interpretation be correct, the n^aoS/xai in this arrangement must be the spaces between
the columns or posts, or the intercoiumniations, as the woid is usually translated ; and the

passage in the Odyssey (T. .'37.), wherein Telemachus is said to have s.-en the light on the

walls, becomes quite clear. 'I'he passage is as follows:—
Eu-try;; //.oi raix" f^iyx^Mv, xxXxi ti fziroSuai,

fptztyovr o^dxkjjcoi;

.

There seems no doubt that the word aiBovcra will bear the interpretation given, and the

arrangement is nothing more than that of the hypasthral, and even correspondent with the

Egyptian temple, particularly that of the temple at Edfou, described by Denon, and repr^;-

sented in his plate 34.

138. Before we quit this part of our subject, let us consider the description which
Honer ( Odi/ss. H. 81.) gives of the house of Alcinous as illustrative of Greek architecture-

This dwelling, which Ulysses visited, had a brazen threshold, ovSos. It was v\j/(pKprjs os.
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lortv-f )oru<l. 'I'lie w.ills wore hraz.en on every side, from the tliresliolcl to tlie inneniiost

|)art. Tills, however, is rather poetic. 'I'he coping StpijKos was of a blue colour. The
interior doors are described as gold. The jambs of them, (TTaS/xoi, were of silver on a brazen

threshold. The lintel vwipdvpiuu was silver, and the cornice Kooaivi] of gold. Statues of

dogs, in gold and silver, which had been curiously contrived by ^'ulcan himself, guarded

the portal. Thus far, making all due allowance for tl.e poet's fancy, we gain an insight into

what was considered the value of art in his day, more dejjendent, it v/,,uld seem, on material

than on form. Seats seemed to have been ])laced round the interior part of the house, on

wliich seats were cushions, which the women wrought. But we must return to the con-

struction of the, av\ri, inasmuch as in it we find con?riderable resemblance to the rectangular

snd colinnnar dis])osition of the comparatively more recent temple.

1.'?!). It would be a ho))eless task to connect the ste])s that intervened between the sole

use of the altar and the establishment of the temiile in its perfection; though it might, did

our limits permit the investigation, be more easy to find out the jieriod when the regular

temple became an indisjiensable ai)|)endage to the religion of the country. It is closely

connected witli that revolution which abolished the civil, judicial, and military offices of

kings leaving the sacerdotal office to another class of jiersons. Though in the jjalace of the

king no portion of it was ajjpropriated to religious ceremony, the spot of the altar only

evcepted, yet, as it was the depository of the furniture and utensils i'e(]uisite for the rite o\

sacrifice, when the jjalace was no more, an apartment would be wanting for them ; and this,

conjoined with other matters, may have suggested the use of the cell. Kusebius has con-

jectured that the temple originated in the reverence of the ancients for their dei)arted

relations and friends, and that they were only stately montunents in honour of heroes, from

whom the world had received considerable benefit, as in the case of the temple of Pallas, at

Larissa, really the sejjulchre of Acrisius, and the temple of iMinerva Polias at Athens, which

is sujjposed to cover the remains of Ericlithonius. The passage in Virgil {^jEii. il. v. 74. )-

tumiiluin antiquae Cereris, scdeinque sacratani

Veiiunus —
is explanatory of the i)ractice of the ancients in this res])ect ; and, indeed, it is well known
that sacrifices, prayers, and libations were offered at almost every tomb; nay, the resting-

l)lace of the dead was an asylum or sanctuary not less sacred than was, afterwards, the temple

Itself. From Strabo (lib. ii.) it is clear that the temple was not always originally a struc-

ture dedicated to a god, but that it was occasionally reared in honour of other ])ersonages.

140. Before proceeding to that which is more accurately known, it may not be unin-

structive to the reader to glance at the houses of the Greeks, as may be gathered from

l)assages in the Iliad and the Odyssey. We shall merely remind him that Priam's house

had fifty separate chambers, though lie lived in a dwelling apart from it. These houses

were, in some parts, two stories m height, though the pas^ages supporting that assertion

( //i'ac/, B. ."Jl 4-16". 1.S4.) have l)een pronounced of doublful antiquity. There is. bow
e\er, not the slightest doubt that the dwellings of the East consisted of inore than a

sMigle story. David wept for Absalom in the chamber ore/- the gate (2 Sum. xviii. :5:3. ).

I'he altars of Ahaz were on the terrace of the iqrpvr rlidinhir (:; Kiiign, xxiii. 12.). The
sinnmer chamber of Eglon haci stairs to it, for by them Ehud escaped, after he had revenged
Israel (Judges, iii. 20. ; 1 Kings, vi. 8.). In the Septuagint, these upper stories are all repre-

sented by the word imepooov, the same emjiloyed by Ho'iier. The Jewish law required
(Dviil. xxii. 8.) the terraces on the tops of their houses to be protected by a battlement

;

and, indeed, for want of a railing ( Odyss. K. 552. et seq. ) of this sort, Eljienor, one of the
com])anions of Ulysses, at the palace of Circe, fell over and broke his neck. The use of
the word KXifxai, in the Odyssey, connected with the words ai'a€aivii.v and Karagaivdv, and
the substantive innpooov, is of fre(|uent occiu-rence : it is either a ladder or a staircase, and
which of them is imimiiortant ; but it clearly indicates an ujiper story. To a comjjaratively

late period, the Greek temple was of timber. Even statues of the deities were, in the
time of Xenophon, made in wood for the smaller teinples (lib. iv. c. 1.), where the revenue
of them was not adequate to aHbrd a more expensive material. But time and accidents
would scarcely ))ermit their ])rolonged duration, and none survived long enough to allow of

.1 jiroper description of them reaching us. The i)rinci))le of their construction necessarilv

bore some relation to the materials employed, and the use of stone must have imparted new
features to them. In timber, the beam (episti/lium), which was borne by the columns,
would probably extend in one piece through each face of the building. But in a .stone

construction this could not take place, even had blocks of such dimensions been jirocurable,

and had mechanical means been at hand to jilace them in their proper ])osition. From this

alone follows a diminution of spaces between the columns. The arch, be it recollected, was
unki own. It is curious to observe that the relative antiquity of the exaiiqiles of Cirecian

Doric may be e\i)ressed in terms of the intercoluinniations; that is, the number of diame-
ters forming the intervals between the columns. There is, moreover, another point wortliv

i>f notice, which is, that their anti(|uity may be also estimated by the comparison of the
heights of the coUnmis com]);ired witli their diameters. Tliis, however, will leipjlii-
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fuitliLT consitleration wIkmi we come to treat of tlie orders : licre it is noticed only inci-

dentalK'. Tlioiit^li u'e are not inclined to jilace reliance on the account given by \'itrnvin.s

of tlie origin of tlie orders of architecture, we should scarcely be justified in its omission

here. It seems necessary to notice it in any work on architecture; and, after remarking

tliat the a'-'e wliich that author assigns for their origin is long before Homer's time, at

which there seems no probability of their existence, from the absence of all reference to

them in his poems, we here subjoin the account of X'itruvius (lib. iv. c. 1.) :
—" Dor'tr,, si)ii

of Hellen and the Nymph Orseis, reigned over Achaia and Peloijonnesus. lie built n

temple of this (the iJoric) order, on a s])ot sacred to Juno, at Argos, an ancient city.

iVIany temples similar to it were afterwards raised in the other parts of Achaia, though,

at that time, its iiroportions were not precisely est.iblished. When the Athenians,

in a general assembly of the states of Greece, sent over into Asia, by the advice

of the Deli)hic oracle, thirteen colonies at the same time, they a])]5ointed a governcr

over each, reserving the chief command for Ion, the son of Xiithus, and Creusa,

wliom the Delphic Apollo had acknowledged as son. He led them over into Asia,

where they occujjied the borders of Caria, and built the great cities of Ephesus,

Miletus, Myus (afterwards destroyed by inundation, and its sacred rites and suH'rages

transferred by the lonians to the inhabitants of Miletus), Priene, Samos, Teos, Colophon,

Cliios, jMvthr;e, Phoca-a, Clazomene, Lebedos, and INIelite. This last, as a punishment for

the arron'ance of its citizens, was detached from the other states in the course of a war

levied on it, in a general council, and in its jilace, as a mark of favour towards king

Attains and Arsinoe, the city of Smyrna was received into the number of the Ionian states.

'I'hese received the a])pellation of Ionian, after the Carians and Lelegie had been driven

out, from the name of Ion, the leader. In this country, allotting diHerent sites to sacred

purposes, they erected teni])les, the first of which was dedicated to Ajjollo Panionius. It

reseml)le<l that wliich they had seen in Achaia, and from the species having been first used

in the cities of Doria, they gave it the name of Doric. As they wished to erect this

temple with columns, and were not accjuainted with their proportions, nor the mode in

which they should be adjusted, so as to be both adapted to the receiition of the superin-

cumbent weight, and to have a beautiful eHlct, they measured a man's height by the

length of the foot, which they found to be a sixth part thereof, and thence deduced the

proportions of their columns. Thus the Doric order borrowed its jirojiortion, strength,

and beauty from the human figure. On similar jirinciples, they afterwards built the temple

of Diana; but in this, from a desire of varying the projjortions, they used the female

figure as a standard, making the height of the column eight times its thickness, for the

))urpose of giving it a more lofty effect. Under this new order, they jilaced a base as a

shoe to the foot. They also added volutes to the capital, resembling the graceful curls of

the hair, hanging therefrom, to the right and left, certain mouldings and foliage. On the

shaft, channels were sunk, bearing a resemblance to the folds of a matronal garment.

'I'hus were two orders invented ; one of a masculine character, without ornament, th.e other

of a character approaching the delicacy, decorations, and proportions of a female. 'i'he

successors of these peoj)le, imjjroving in taste, and preferring a more slender pro))oiti()n,

assigned seven diameters to the height of the Doric column, and eight and a half to the

Ionic. That species, of which the lonians were the inventors, has received the ai)]iellation

of Ionic. The thiril s])ecies, which is called Corinthian, resembles, in its character, the

gracefid elegant ap))earance of a virgin, \\hose limbs are of a more delicate form, and

whose ornaments should be unobtrusive The following is the faludous account of the

origin of the ca])ital of this order. {Fig. 9:5.) A Corinthian virgin who was of mar-

riageable age, fell a victim to a violent disorder : after her

!'"''''^"''l , , I
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interment, her nurse, collecting in a basket those articles to

which she had shown a partiality when alive, carried them

to her tomb, and placed a tile on the basket, for the longer

])reservation of its contents. The basket was accidentally

l)laced on the root of an acanthus plant, which, ])reNsed

by the weight, shot forth, towards sjjring, its stems and

large foliage, and in the course of its growth, reached the

angles of the tile, and thus formed volutes at the extremi-

ties. Callimachus, who, for his great ingenuity and taste

in sculpture, was called by the Athenians Kararex^os, hap-

Fii-. y.'5. oKiui.v OK (.oBiMiiiAN cAP.jAi,. peulugat tlus tlmc to pass by the tomb, observed the basket

and the delicacy of the foliage that surrounded it. Pleased with the form and novelty of the

combination, he took the hint for inventing these columns, using them in the country about

Corinth," &c. Now, though we regret to damage so elegant and romantic a story, we

must remind those who would willingly trust the authority we have quoted, that Vitruvuis

sjieaks of matters which occurred so long before his time, that in such an investigation as

that before us we must have other authentication than that of the author we quote, and

most especially in the case of the Corinthian capital, whose type may be referred to in a
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vast luiinbur of the exam])les of Egyptian capitals, one of which, among many, is seen

wfiy. 94.

141. The progress of the art in Greece, whose inhabitants, in

the opinion of the Egyptian priests in the time of Solon, were

so ignorant of all science that they neither understood the mytho-

logy of other nations nor their own (Plato, in Timao), cannot be

satisfactorily followed between the period assigned to the siege of

Troy and the time of Solon and Pisistratus, or about 590 u. c. liut

it is, however, certain th?t within four centuries after Homer's time,

notwithstanding their originally coarse manners, the Grecians attained

the highest excellence in the arts. Gogiiet is of opinion the nurture

of the art was principally in Asia Minor, in which country, he thinks,

we must seek for the origin of the Doric and Ionic orders, whilst
FvT. 91. EuvpriAN cApiTAi..

j^^ Greece Proper the advancement was slow. The Corinthian older

was, however, the last invented, and it seems generally agreed that its invention belongs to

tlie mother country ; but this we shall not stop to discuss here. The Temple of Jupiter,

at Olympia, one of the earliest temjjles of Greece ( Pausanias, Eliac. Pr. c. 10.), was

built about 630 years before the Christian sera; and after this period were reared

tem])lcs at Samos, Prieni.", Ephesus, and jMagnesia, and other places up to that age when,

under the administiation of Peiicles, the architecture of Greece attained perfection, at d

the highest beauty whereof it is supposed to l)e susceptible, in the Parthenon (fig. 95.)

at Athens. The date of the erection of one of the temples of Diana, at Ephesus, was as

remote as that of the temple of Jupiter. If Livy had sufficiently our confidence, and we
concede that other writers corroborate his statement (lib. i. c. 45.), its date is as ancient as

the time when Serviiis TuUius was king of Rome. Great, however, as were the works
which the Grecians executed, the mechanical powers were, if one may judge from Thucy-
dides (lib. iv.), not then compendiously applied for raising weights.

142. The origin of the D.inc oruei is a (luestion not easily disposed of. IVIany provincoj

of Greece bore the name of Doria ; but a name is often the least satisfactory mode of ac-

counting for the birth of the thing which bears it. We have already attempted to account

for the parts of this order by a reference to its supposed connection with the hut. 'J'he

writer, in the Encychpedie MetJioilique, truly says that if the Doric had an invetitor, that

inventor was a people whose wants were, for a long period, similar, and with whom a style

of building prevailed suitable to their habits and climate, though but slowly modified and

carried to perfection. At the beginning of this section, vre have, however, suffi'-icntly

spoken on this matter. But there are some peculiarities to be noticed with respect to the

Doric order, which we think will be better given here than in the third book, where we
jiropose to treat of the orders more fully ; and these consist in the great differences which
are found in its proportions and parts in different examples. For this purpose, several

buildings have been arranged in the following table, wherein the first column exhibits the

name of the building; the second the height of the column, of the example as a nuiue-
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rator, and Its lower diameter as a denominator, both in English feet ; the third is tlie

fjuotient of the second, showing the height of the column, expressed in terms of its lowei

diameter ; the fourth column shows the height of the entablature in terms of the diameter

of tiie column; the fiftii column gives the distance between the columns in the same
terms ; and the slxtli shows the height of the capitals also in the same terms : —

Examfile.
HeiRht divided

by lower Diamerer
in EnKli>h Feet.

Diameters
hish.

Heiijlit of
Entablature
in Terjns of
Diameter.

Interco-
lunmiations.

Ileiplit of
Caiiital

in term> of
Diameter.

Temi>le at Corinth .... 23-713

5-83
= 4 065 • 1-262 •405

Hypaetliral Temple at Pjestiim
28 050
~ 700' = 4-134 1-741 1-167 •549

i

Enneastyle Temple at Paestiim
2i-(>ro

4-8.J
= 4-329 1-140 1-004 -500

I

Greater Hexastyle Temi)le at Seliiuis
32- 078

7- -19

= 4-201 2-200 1-490 •490

Temple of Minerva at Syracuse
28-eG5

6^50
= 4-410 • -486

Octastyle Hypsethral Temple at Selinus -

48-585

10-62
= 4-572 2-038 1023 •450

-Temple of Juno Lucina at Agrigentum
21-15G

4-59
= 4 005 . -570

Temple of Concord at Agrigentum
22002

-164
= 4 753 1-976 1-071 -487

Hexastyle Temple at Pa?stii'.n
20-3S3

4 24"
= 4 795 1917 1-111

1

•564

Temple of Jupiter Panliellenins at Egina -
17-354

3-22"
= 5-39r) • 1-680 486

Parthenon . . - - .
34-232

6- 15
=. 5 50-3 1-977 1-275 459

Temple of Theseus at Athens
18-717

3-30
= 5 609 1-904 1 -250 -.502

Temple of Minerva at Siinium 19-762
~ 3-34

= 5-899 1-928 I 472 372

Doric Portico of Augustus at Athens 2fi-206

4-33
= 6-042 1-724 1-040 •374

Temple of Apollo, Island of Delos .
18-721

30 2

= 0052 I 900 1 500 -.555

Temple of Jupiter Nemeus . - -
33 932

5 22
= 6-5.5 I-.500 1 -348 -383

Portico of Philip of Macedon 19-330

•>-!.6
= 0-5:i5 1-807 2-700 -480

14.S. Casting our eye down the third column of the above table, we find the height of

the column in terms of its lower diameter varying from 4-065 to 6-535. I^ord Aberdeen
(^Inquiry iiiti) the Principles of Beauty in Greek Architecture, 1822) seems to prefer the pro-

portion of the capital to the column, as a test for determining its comparative antiquity
;

but we are not, though it is entitled to great respect, of his opinion, preferring, as we dov

a judgment from the height as compared with the diameter to any other criterion ; although
it must be admitted that it is not an infallible one. The last columns shows what an in-

constant test the height of the capital exhibits. There is another combination, to which
reference ought to be made,— the height of the entablature, which forms the third column
of the table, in which it appears that the most massive is about one third the height of the

whole order, and the lightest is about one fourth, and that these proportions coincide with
the thickest and the thinnest columns.

144. The entasis or swelling, which the Greeks gave to their colunnis, and first veri-

fied by the observations of Mr. Allason, was a refinement introduced probably at a
late period, though the mere diminution of them was adopted in the earliest times.

The practice is said to have its type in the law which Nature observes in the formation

of the trunks of trees. This diminution varies, in a number of examples, from one
fifth to one third of the lower diameter ; a mean of sixteen examples gives one fourtli.

The mere diminution is not, however, the matter for consideration ; but the curved
outline of the shaft, whiv^h is attributed to some refined perception of the Greeks,

^
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n.'lative to the appaiont diiniiuition of objects as tlieir distance from tlio eye was increased,

wliicli \'itruvins imagines it was the object of the entasis to correct. It cannot be denied

that in a merely conical siiaft tiiere is an ap])earanee of concavity, for wliicli it is difficult

to account. The following expla}iation of this ])henomenon, if it may be so called, is

given l)y our esteemed and learned friend, I\Jr. Narrien, in the Encyc. Mttropol. art. Ar-

chitecture. " When," he observes, " we direct the axis of the eye to the middle of a tall

column, the organ accommodates itself to the distance of that part of the object, in order

lo obtain distinctness of vision, anti then the obli(|ue pencils of light from the upper and
lower parts of the column do not so accurately converge on the retina : hence arises a

certain degree of obscurity, which always produces a jierception of greater magnitude than

would be ])roduced by the same object if seen more distinctly. The same exidanatioii

may serve to account for the well-known fact, that the top of an imdiminished pilaster

apjiears so much broader than the body of its shaft ; to which, in this case, may be added
some prejudice, caused by our more frequently contemi)lating other objects, as trees, which
ta])er towards their upjier extremities." Connected in some measure with the same optical

deception is the rule which Vitruvius lays down (book ili. clia)). 2.) for making the

columns, at the angles of buildings, thicker than those in the iniddle by one fiftieth part

of a diameter,— a law which we lind followed out to a much greater extent in the temples
of the Parthenon and of Theseus, at Athens, where the columns at the angles exceed in

diameter the intermediate ones by one forty-fourth and one twenty-eighth respectively.

Where, however, the columns were viewed against a dark ground, some artists think that a

contrary deception of the eye seems to take place.

145. ]n the investigation of the Doric order, among its more remarkable features are to

be noted the longitudinal stria, called ^//w/es, into which the column is cut ; every two
whereof imite, in almost every case, in an edge. Their horizontal section varies in different

exam])les. In some, the flutes are formed by segments of circles ; in others, the form ap-

proaches that of an ellipsis. The number all round is usually twenty; such being the case

at Athens; !)utat r;estum the exterior order of the great temple has twenty-four, the lowei'

interior order twenty, and the up|)er interior sixteen only. It has been strangely imagined,
by some, that these flutings, which, be it remembered, are api)lied to the other orders as

well as to the Doric, were iirovided for the rece))tion of the spears of persons visiting the

temples. The conjecture is scarcely worth refutation, first, because no situation for the Soup >-

Sdkt] (i)lace for spears) would have led to their more continual disjilacement from accident;

Hiid secondly, because of the sloping or hemispherical form in the other orders, the foot of

the spear nuist have immediately slid off". Their origin may probal)ly be found in the

polygonal column, whose sides received a greater play of light by being hollowed out,—

»

relinement wh.ich would not be long iuii)erceived by the Greeks.

14f). We shall now notice some of the more important Doric edifices, as connected with
the later history of the Doric order, which was that most generally used by the Euro])ean
states of Greece, U]) to their subjugation by the Romans. The temple of Jujjiter I\in-

liellenius, at Hgina, is ])robably one of the most ancient in Greece. The story, however, of

I'ausanias, that it was built by TIvicus, before the war of 'J'roy, is only useful as showiiig

us its high anti(iuity. ( Fi(/. 96.) The j)ro))orti()iis of its columns ami entablature are to be
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fuiiiul in ,1 preceding; page. Tlic sculptuie witli wliicli tliis l)nil(ltiij; was decorated is now
at Mimieli. 'I'lioiiirli, ))erli;i|)s, not so old as the Imilding itself, it is of an antii|nity coeval

with the IVrsian invasion. The name of the architect of this tcini)Ie was Lihon, i f whom
no other work is known ; its age is, perhaps, from ahont GOO years before Christ. 'J'he

Doric temple at Corinth, of which five columns, with their architrave, are still in existence,

is a very early specimen of Grecian architecture. The assertion that it was dedicated to

\'enus is unsupported by testimony.

H7. The Grecian temples in Sicily were erected at periods which it is not easy to fix ;

and with respect to them, we can only, from circumstances connected with the island, reason

on the dates to be assigned to them. The founding of the city of Selinus or Selinuns, on

the south-west coast of the island, has usually been attril)uted to a colony from IMegara ;

but we are of opinion with the IJaron I'isani {Memoria sulk Metope Sclutmitiue) ihnt it

existed as a Pluienician city long previous to the settlement there by the Rlegancans. The
style and forms of the sculpture of the Seliuuntine temples seem to bear marks of a

remoter age than is usually allowed to them, that is, 50O b.c; they are dated O'OO b.c. by

Angell & Evans. {See B. III.) Of the means and the circumstances under which the

temples were rased we are ignorant; but their ruins suHiciently indicate the wealth and

power that were employed upon them, as well as a considerably advanced state of tiie ait.

148. Tlie te.nple of Jupiter Olympius, the largest in the island, and one of the most

stupendous momunents of antiquity, «as, as we learn from Diodorus (lib. xiii. ]). 82.),

never completed. The Agrigentines were occupied upon it when the city was taken

by Ilamilcar, cir. 2-47 b. c. Its columns were on such a scale that their flutes

were sufficiently large to receive the body of a man. The temples of Peace and of

Concord, in the few vestiges that remain of them, attest the ancient magnificence of the

city of Agrigentiim, and are among the most beautiful as well as the best preserved

r'Mnains of anti(piity. A Corinthian colony established itself at Syracuse, as is said, 750

B. c. ; but no details of the history of the city furnish us with the means of ascertaining

when the first temjiles there were erected. Its riches and magnificence were, however,

such that it soon became an object of temptation to the Carthaginians. Its temple of

Rlinerva is evidently of very remote anticjuity.

149. The great Ilypa'thral temple at Tcxstum was probably constructed during the

period that the city was under the jiower of the Sybarites, who dispossessed its original

inhal)itants, enjoying, for upwards of two hundred years, the fruits of their usurpation.

Rlarks of Greek art are visible in it, and the antiquity of the Ilypnithral temple itself is

confirmed by the exam))le. The city fell into the hands of the Lucanians about 350 years

B.C. ; after which, in about 70 years, it was a municipal town of the Roman empire. The
following is perhaps the chronological order of the principal buildings of Sicily and Magna
Gra'cia, viz. Syracuse, I'ajstum, Selinus, Segeste, and Agrigentum.

1/0. The dates of the edifices at Athens are, without ilifficulty, accurately fixed. The
Propyhcum (fi(/s. 97 and 98.) was commenced by IMnesicles about 437 B.C., and, at a great

E AI-TIJ.OS
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expense, was com])lete(l in five yt-ars. It is a specimen of tlio military architi'clme of the

period, and at tlie same time forms a fine entrance to the Acro))olis of Atlieiis. At tlie rear

of its Doric portico tlie roof of the vestil)nle was siijiported within by two rows of Ionic

cohimns, wliose bases still remain. I5y the introduction of these an increased height was
obtained for the roof, the abaci of the Ionic cajiitals being thus brought level with tlie ex-
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terior frie/e of the building. 'l"he Parthenon
(
Jh/s. '.)'.). and 100.) erected a ^i.'\v yeirs l.iler

under the snperinten<k'nce of Ictinus, is well known as one of the finest remains (»f aiitii|uily

As well as the building last mentioned, it was reared at the |)erio(l when I'erieles had the

management of public alT'airs, and was without a rival in Athens. J'hidias was the siiper-

intendeiit sculptor emjiloyed ; and many of the productions which decorated this magiiili-

ci'iit edifice have doubtless become known to the reader in his visits to the Ibitisli INIuseum,

wliere a large jK)r!ion of them are now deposited. Ni-arly coeval with the I'ro))ylaMim and

I'artlienon, or |)erhai)s a little earlier, is the tem|)le of Tiieseus (.//'(/. lol.), which was, it

is supposed, erected to receive the ashes of the national hero, when removed from Scyros

to Athens. The ruins of the arcliitectiiral monuments of this city attest that the boasted

power and o|)ulence of (Jreece was not an idle tale. Pericles, indeed, was charged by bis

enemies with having brought disgrace upon the Athenians by removing the public trea-
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Run>s i»r Unvi-c iVom DoIds aiul hivi^liinj^ llu-iii in s-jMiin-; (lu'ir i-liv, miuI m nunu'iiiiii!', it

« illi vl.iini's mill l(MU|il(»i llcil

cosl .1 iliiiiiNiiiiil tiiloniN, iiN n

|ii't>ii<l iiiiil x'iiin witnitiii li'ii'kN

luTsiiriml Willi jrwrh ( /Vm-

lonll's I ifr of /'V)/V/,v.) Till'

toiiiplo 111' IMiiu'ivM, III Siiiiliiin,

WHS |ii iiliMlily liy Ii'lilllts; liiil

(iiu- 111' llio lri|i|ii(>Nl ('MoriM oC

lllis :inllilt>l'l WHS till' Icllipll'

i>r A|)i)ll() l'',|(iiMH'iiis, ill Ari'.i

<ii:i. slill lU'iii'ly I'liliii'. Till"

lirciili.irilii's I'm mil in il wo will

vliiirlly licliiil. 'I'hr rninl Iimn

six t'olninns, iind inslcnil of

I hill cell ill ciicli lltiiiK ( IIkmisiiiiI

niinilu'i) (luTi" III'!' lil'icon. In

till" iiiU'riiir, Imlin'sNos nn ciicli

siilc, ((> Ilio niinihiM' ol' six, ro-

tnni inw.iiils iVoin flio will Is ol'llu' coll, o.icli ciidiiii^ in si'iiiiciri'iiliir jiiliisli'is iirilic Ionic orilci.

'I'lii'sc sccin It) li.ivt- iiccn Inoii'^lil up Hir llic liicilily ol' .Mipporliiij', llic roni', wliicli w.is of

',1(1111'. Willi llic exception of llic Ictnpic ol' IMiiieiv.'i iil 'rc;',eii, ils icpiiliilion Cor ImviiiIv whs
MicJi, tliiit it Miip.'issed, il'ilinl lie ii line lesl, nil oilier l)iiililiiij;s in I'eloponncNns. Il't'dlii

.'ilioii is iil)<)iil llirce or (our miles Trom the niiiis of riiifr.iliii, on iiii elevMlcii pint ol" Mount
Cotyliis, coniiinniliiiu; ii s|ileiiili(l liiiiilsciipc, which is tenniiiiileil liy the nc:i in llie ili-diinee.

I.")!. About n7() ii.c, I'',)mmi iiliis restored the IVIesseniinis to independciicc, mill linill

the city ol' Messene. The ruins slill cxtiint prove Hint the iirl lit thiil period hud not niii-

teiiiilly ili'cliiieil. Its walls, in iniiny p.irls, iiri' i-iilire, mid exliiliil ii liiieexmnple ofdreciiiii

niilil.iiy mchilcctiire in their lowt'rs mid (^iitcs. At no disliint time I'loni the iijjc in ipic'i-

tioii the porlieo ol' I'liilip of IMacedon, at lejist his name is iii'.ei ilieil on il, sliow'i Ih.il Ihc

Doric order had iindeiffonc a f^reat chmi^^e in its propoi lions. This portico ninsl h.ive lieeii

erected ahoiit iJHH ii.c, mid after it the Ionic order seems to have licen more liiviinrcd mid
I'liltivaI.ed. 'I'lie last example of the Doric is |ierliaps the portico of Atij^iistus, at AtheiiM.

l.T'J. Hufoi'c ))ri)ceediii;^ to the invest i}.5al ion of the Ionic order, it may here, perhiip", he
as well to speak of the proportions helweeii the length and hreadth of lemplcN, as compared
with the rules f^iveii hy Vitrnviiis (liook iv. chap. -I. ), that the leii(i;lh of a temple shall ho
doiihle its hreadth, and the cell ilself in lciif.';lli one iiiiiilh part more lliiiii llie lireadlh, in-

cliidin^r the wall in which tin- doors are placed. Tlioii;^li in the (iicek eMimpleH Ihi'ic

proportions arc approxiinated, an exact conformity with the rule is not observed in any. The
leiif^th, for instance, of the tem|de of Jupiter, at .Selinim, is to the breadlh iisVM).') to I ; in

the teinpli- of Thenuiis, as 'J:i to I ; and fiom llic mean of six examples of the Doric order,

selected ill (Jreece and Sicily, is 'J'_'l to I. If llic Hanks be rej^iilatcd in leii(rth by making';

Ihe immlicr of intercolniimi.'itions ex.iclly double tlioi.e in front, it will be iinniediately Nceii

lii.it the proportions of Vilriiviiis are olilaiiied on a line passing!; lliroii|;;li the aves of Ihe
I'olimms. lint as in most of the (ireek temple.'! the central iiitercoliimniiilion in fniiit i>i

wider than the rest, the leli^^lh of the tem|ile would necei.'.ai ily be les'i than twice the vvidlli.

Ill the earlier sp"ciiiieiis of the Dmic order the leiifflh is certainly, lei above iiii'iilioiied in

the temple of .fiipiler at .Selimis, very nearly in accordance with Ihc role ; Iml in oiilii to

counteract the elU'ct of the central intercDlninniatioii beiii)^ wider, Ihe inimbei of ((iliiiiiii'i.

Mislead of intercolinimiatioiiH on tin; Hank, is made exactly doiiiile those in front. In
the later ex.-iinpli's, however, ;is in the temples of TlieneiiM mid the rarlheiioii, and xoiiie

others, tin? inimbcr of intercoliimni.itioiis on the Hank was made double the number of
colmnii'i in the i'roiit, whence the number of coliimiis on the Hanks wiei double Ihe niimber
of those in front ,-md one more ; so that the proportion became nearly in the ratio of ',i:i to I.

'J he simplicity which (lowed from these arran^emeiitH ill the (irecian teiiiplcH wan micli

that it seems little more than arithmetical architecture,— mo «ymmetrical that from Ihe three
d;ita, the diameter of the column, the width of tin; iiitcrcoliiimiiatioii, mid Ihc number of
coliinms in front, all the other parts mi^lit be Coiind.

l.'j;!. 'J'lie Ionic order, at (irst chiiffly condned to the slate; of A'lla Minor, appeiir'i to have
been coeval with the Doric order. The mo'.t ancient example of it on record i'l the temple
of .Jiiiio, at Sairios. Herodotus ( Hiilir/x:) sayH, it wuh one of the most Mtiipeiidoici edilice*

erected by the (JrcokH. In the I<mi<in /Inlii/nlfifH ('Ji{ edit. vol. i. c. ri. ) in to be found nil

account of its ruins. It wuh erected about .O-IO yearn ii.r-., by RIi/iciih and Theodorii»i, two
natives of the island. The octastyle temple of ISacchiiM, at Teim, in wIiohc prai'-.e Vitruviii*
Was lavish, shows by ItH riiiim that the old inaKter of our art wa» well i.'iipable of /ipprc-

Ciatiiig the beaiitien of an edidce. Ilermo^^eneH, of Alabaiida, witn \t% architect, and hi-

K'ciiis to have been the promoter of a (^reat ihan>^e in the taste of IiIm day. Vilruviiii

I' 2
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(lib. iv. c. ?..) tolls us tliat Ilcimopccncs, "after having prepared a Inrge niinntity of marl)le

for a Doric loiui)le, cliaiirrcd liis tniiui, and, with tlie materials collected, made it of the

li)nic order, in honour of Racchus." We arc bound, however, to observe upon this, that

the story is not contirmed by any other writer. It is probable that this splendid building

was raised after the Persian invasion; for, according to Strabo (lib. xiv.), all the sacred

edifices of the Ionian cities, Ephesus excepted, were destroyed by Xerxes. Resides this

octastyle temple, those of Apollo Didymanis, near Miletus, built about 3~6 b.c, and of

IVIinerva Rolias, at Priene, dedicated by Alexander of IMacedon, are the chief temples of

tliis order of much fame in the colonies. We shall therefore conline our remaining re-

marks to the three Ionic temules at Athens, and shall, as ia the Doric order, subjoin a

synoptical view of their detail.

Exainjjle."
Height ilivi.leil

bv lower Diinieler,
in KiiHlibli Keet.

Diametera
lii^h.

Heii:ht of
KnlaMalure
in lerm, of
Diameter.

2-2G5

2-2S7

Interco-
lumniations.

2 090

3-500

2000

HoiRiit of
Capital in
terms of
Diameter.

C-GIO

0-700

0-773

Diam^Tr.
lower Diaii'i.

being 1 OIK).

1

•850

•S33

•81G

Temiile on the llyssus

Temple of Minerva Polias -

Temple of Erecthcus

14 094 _
1 7«3

2-v3«7

•27^G

91 (125 _
2-317

8 241

9 119

9-337

154. We here see that the Ionic column varies in height from eight diairieters and nearly

a quarter to nearly nine and a half, and the up])er diameter in width between A^ and
flf-y

The dissimilarity of the capitals renders it ini])ossible to compare them. The mean height

of the entablature is about a fourth of the height of the whole order. The height of the

(Irecian Ionic cornice may be generally considered as two-ninths of the whole ciitat>lati!re.

155. The age of the double temple of Minerva Polias {Jig. 102.) and Erectheus has

now been stated as not completed in B.C. -409, at which time a committee was appointed to

report on its condition. Fergusson, On the Erec.htheum, read at the Royal Institute of

British Architects, 1875-76, and 1878-79.

156. In the bases applied to the order in the Athenian buildings there are two /ori, with

a scotia or irochilns between them, a fillet below and above the scotia separating it from
the tori. The lower fillet generally coincides with a vertical line let fall from the extreme
j)rojection of the upper torus. In the temple on the llyssus the loner fillet projects about
half the distance between the hollow of the scotia and the extremity of the inferior torus.

The height of the two tori and scotia are nearly etiual, and a bead is placed on the upper
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torus for tlie reception of the shaft of the column. The temples of Erectheus and that on
tlie Ilyssus have the lower tori of their hases uncut, whilst tlie upper ones are fluted liori-

zontally. In that of Minerva Polias, the upj)er torus is sculptured with a. guiUoclie. The
base just described is usually denominated the Attic Base, though also used in the

colonies. The bases, however, of the temjiles of IMinerva Polias at Priene, and of Apollo
Didymaeus near Miletus, are very differently formed.

157. The Volute, the great distinguishing feature of the order, varies considerably in

the different examples. In the ediKces on the Ilyssus and at Priene, as well as in tliat of

Apollo Didyma?us, the volute has only one channel between the revolutions of the s])iral ;

wliilst in those of Erectheus and Minerva Polias, at Athens, each volute is furnished with
two distinct spirals and channels. In the temple on the Ilyssus, the capital is terminated a
little below the eye of the volute ; in the otliers it reaches below the volutes, and is de-

corated with honeysuckle flowers and foliage. The number of flutes, which on the plan
are usually elliptical, is twenty-four, and they are separated by fillets from each other. In
some exam|)les they descend into the apophyge of the shaft.

158. The tomb of Tlieron, at Agrigentum, in which Ionic columns and capitals are
crowned with a Doric entablature, has, by some, been quoted as an exam])le of the Ionic

order ; but we do not believe it to be of any anticjuity, and, if it were, it is so anomaloui
a specimen that it would be useless to pursue any inquiry into its foundation.

159. In the anta: or piListers of this order, as well as of the Doric, their capitals differ

tn profile from the columns, and are never decorated with volutes. Their breadth is usually
less than a diameter of tiie column, and they are not diminished.

IGO. The highest degree of refinement of Greek architecture is exhibited in its examples
of the Corinthian order, whose distinguishing feature is its cajiital. We have, in a jjre-

ceding page (139), given Vitruvius's account of its origin ; but we much doubt whether
Callimachus was its inventor.

IGl. The capitals of Egyptian columns are so close upon the invention, that we ap-

prehend it was only a step or two in advance of what had jjrevi-

ously been done. The palm leaf, lotus flower, and even volutes,

had been used in similar situations in Egypt, and the contour of

the lotus flower itself bears no small resemblance to the bell of

the Corinthian ca])ital.

1 G2. We are inclined to assign the period of the latter part of

the Peloponnesian war as that in which the order first came into

use. We find from Pausanias {Arcad. c. 45.) that Sc()])as, the

celebrated architect of Paros, rebuilt the temple of jMinerva at

Tegica, which was destroyed by fh-e about 400 years B.C., and that,

according to that author, it was the largest and most beautiful

edifice in the Peloponnesus. The cell, which was hyi)a;thral, was
surrounded by two ranks of Doric columns, which were surmounted

by others of the Corinthian order. The peristyle of this temple

was Ionic.

1G3. The delicacy of formation of this order has, doubtless,

subjected its examples to earlier destruction and decay than have

attended the other orders : hence our knowledge of it is almost

confined to the examples we meet of it in the Tower of the Winds,

and the Choragic monument of Lysicrates (Ji,/. 103.), both at

Athens; the former whereof can scarcely be considered Corinthian,

and the latter not very strictly so. It was erected about 330 years

B.C., as appears from the inscri])tion on the frieze. These Choragic

1
I

buildings, usually of small dimensions, were erected in honour of

C- =3, those who, as choragi or leaders of the chorus in the musical games,

were honoured with the prize, which was a tripod. The following

are the proportions observed in the Choragic monument of Ey
sicrates : —

Height of columns in Engli-li feet . .

Height of columns in terms of lower diameter
Height of capital in terms of lower diameter
Upper diameter of shaft in terms of the lower diameter
Height of the architrave in terms of the lower diameter .

Height of the frieze in terms of the lower diameter
Height of cornice in terms of the lower diameter

Total height of entablature in terms of the lower diameter . 21GG

From which it appears that the entablature is less than a fifth of the total height of the

order. The intercolinnniations are 2 200 diameters. The base is little diflPerent from that

used in the Ionic order.

IGl. In the ornaments applied for the decoration of the sacred edifices of the Creeks,

Hf;. 103.

/^



70 HISTORY OF AUCHITECTUUE. Buon I.

they iiiiit;itcil the real and symbolical objects iiseil in tlieir worship. Thds, at the teiniile

of Apollo at Teos, the lyre, tripod, and griffin occur; in the Temple of the Winds at

Athens, tlie winds are personified on the walls ; the Choragic monument of Lysicrates ex-

liibits the consequences of a contempt of music; on the temi)le of Victory, at the i^ntrance

of the Acropolis, was recorded, on the very spot, the assault and repulsion of the Amazons;
the Lapithas are vanquished again in the temple of Theseus, the founder of the city ; and

lastly, in the I'arthenon is brought before the eye, on a belt round the cell of the ten)])!e,

the I'anathenaic jjrocession, which, issuing from the door of the cell, biennially ])eranibulated

the edifice, whilst its pediment jjerpetuates the contest between Nejitune and Rlinerva for

the honour of naming the city, and calls to remembrance the words of Cicero, " De (luorum,"

( Athenieiisium,) " urbis possessione, proi)ter pulchritudinem etiam inter deos certamen

fuisse proditum est," &c. In the capitals of the Corinthian examjjles just noticed the leaves

are those of the olive, a tree sacred to the tutelary goddess of Athens, and on that account as

well as its beauty of form and simplicity adopted by a people whose consistency in art has

never been excelled.

\G5. besides tlie method of supporting an entablature by means of columns, the em-
ploynient of figures was adopted, as in the temples of Krectheus and Minerva Polias before

mentioned (see_/?7. 102.). They were called Caryatides ; and their oiigin, according to the

account of it by Vitruvius (lib. i. c. I.), was that Carya, a city of Peloponnesus, having as-

sisted the Persians against the Grecian states, the latter, when the country was freed from
their invaders, turned their arms against the Caryans, captured their city, put the males to

the sword, and led the women into captivity. The architects of the time, to periietuate the

ignominy of the people, substituted statues of these women for columns in their porticoes,

faithfully cojiying their ornaments and draj)ery. It is, however, certain that the origin

of their application for architectural purposes is of far higlier aniicjuity than the invasion of

Greece by the Persians, and in the above account Vitruvius is not corroborated by any

other writer. Herodotus {Pohjmiiia), indeed, observes that some of the states whom he

enumerates sent the retjuired oflijring of aalt and water to Xerxes ; but no mention is made
of Carya, whose conduct, if punished in such an extraordinary manner, would have been too

curious a matter to have been passed over in silence. Whether the use of statues to perform

tlie office of columns travelled into Greece from India or from Egypt, we will not pretend

',() determine. Both, liowever, will furnish exam])les of their application. In the latter

country we find them employed in the tomb of King Osymandyas (Diodonis, torn. i. f. .'>6.

Wesseling). Diodorus also, speaking of Psamineticus, says that having obtained the win le

kingdom, he built a jiropylanim on the east side of the teini)le to the god at Memidiis,

which temple he encircled with a wall ; and in this projiylauim, instead of columns, substi-

tuted colossal statues (koA-Ottous vTromxaai') twelve cubits in height.

166. The application of statues and representations of animals is a prominent feature in the

architectuie of Egypt, whereof the temjjle at Ipsambool is a striking examjilc, though in

that the figures do not absolutely carry the entalilature {nee fi/. 71.). In India many in-

stances of this use of statues occur, as in the excavations of the temple near Vellore

described by Sir C. INIallet {As'uit. lies. vol. vi.), wherein heads of lions, ele])haiits, and

imaginary animals apparently support the roof of the cave of Jugnath Subba ; and at

Elephanta, where colossal statues are ranged along the sides as high as the underside of the

entablature (see./7V/- 39.). But as the settlement of the claims of either of these countries

to the invention is not our object, -^ve shall proceed to consider how they obtained in

Greece the name that has been applied to them long before the period of which Vitruvius

speaks.

I6"7. Kapva, the nut tree {Nu.v juylans'), which Plutarch ( .SV/wipo.s. lib. li.) says received

its name from its eifect {Koipos, sopor) on the senses, was that into which Bacchus, after co-

habitation with her, transformed Carya, one of the ihree daughters of Dion, king of Laconia,

by his wife Iphitea. The other daughters, Orphe and Lyco, were turned into stones for

having too closely watched their sister's intercourse with the lover. Diana, from whom
the Lacedemonians learnt this story, was on that account, as well jjcrhaps as the excellence

of the fruit of the tree, therefore worshipped by them under the name of Diana Caryatis.

(Sennas, note on 8th Eel. of Virgil, edit. Burman.) Another account, however, not at all

aflecting the hypothesis, is given of the name of Diana Caryatis in one of the old commen-
tators of Statins {Dart/iius, lib. iv. v. 225.). It is as follows. Some virgins threatened

with danger whilst celebrating the rites of the goddess, took refuge under the branches of

a nut tree ^Kapuu), in honour and perpetuation whereof they raised a temjde to Diana

Caryatis. If this, however, be an allusion to the famous interposition of Aristoinenes in

protecting some Spartan virgins taken by his soliliers, it is not (juitc borne out by the

words of Diodorus. Salinasius {Exereit. I'liiiiaiue. f GO:?, et secj.) says, that Diana was

worshipped at Carya, near Sparta, under the name of Diana Caryatis; and that at her temple

and statue the Lacedemonian virgins had an anniversary festival, with dancing, accoriling to

the custom of the country.

168. But to return more closely to the subject, we will give the words of Pausaiiias {Laco-
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Fig. lOJ.

nlcs) on tlie temple to tlie goddess at Carya. " Tlie third turning to tlie right leads to Carya,

and tlie sanctuary of Diana ; for the neighhourhood of Carya is sacred to that goddess and

her nymphs, 'liie statue of Uiana Caryatis is in the open air; and in this place the Lace-

demoiiian virgins celehrate an anniversary festival with the old custom of the dance."

Kuhuius on the passage in question, after reference to Ilesychius, says, " Caryatides etiara

dicuntur Lactena; saltantes, sinistra ausata;, uti solebant Caryatides puelke in honorem

Diana.'."

1 69. From the circumstances above mentioned, we think it may be fairly concluded that

the statues called Caryatides were originally applied to or used about the temples of Diana ;

and that instead of representing captives or persons in a state of ignominy, they were in

fact rejiresentations of the virgins engaged in the worsliip of that goddess. It is probabls

that after their first introduction other figures, in buildings appropriated to other divinities,

were gradually employed ; as in the Pandroseum (attached to the temple of Minerva Polias),

for instance, where they may be representations of the virgins

called Canephoras, who assisted in the I'anathenaic^ procession.

Fig. 104. is a representation of one of those used in the Pan-

droseum (see also /^r. 10'-'.); undfg. 105. is from the Townleycol-

lt\-'\\\ /H'- */M lection, now in the British JMuseum. Piranesi conjectured that

/f h ^ 4\\ /!'
"^^ll

'•'"^ '''*'•' "''^'^ others, supported the entablature of an ancient

^llU-iilll SbriitfJ 'lll\ lloinan building restored by him from some fragments found near

the spot where they were discovered, which is rather more than a

mile beyond the Capo di Bove, near Rome. Four of the statues

were found ; and on one of the three, purchased by Cardinal Albani,

,lie following inscription was found : — KPITflN KAI NIK0AA02
EnOIOTN ; showing that it was the work of Greek artists.

170. The republican spirit of Greece tended to repress all ap-

pearance of luxury in their private dwellings. The people seem to

have thrown all their power into the splendour and magnificence of

their temples ; and it was not till a late period that their houses received much attention.

Except in the open courts of them, it is difficult to conceive any application of the orders.

It is ceitain that they frequently consisted of more than one story ; but beyond this all is

conjecture. In the time of Demosthenes ( Orat. adv. Aiislocratem) the private houses had

begun to be increased in extent ; and the description of them by Vitruvius, who knew
Athens well, proves that they were then erected on an extent implying vast luxury.

171. Within the last few years discoveries have been made at Athens, which would lead

us to the belief that it was the jjractice of the Greeks to jiaint in party colours every portion

of their temples, and that in violently contrasted colours. This has received the name of

poll/chrome architecture. It is rather strange that no ancient writer has spoken of the prac-

tice, and the only way to account for the omission is by sujiposing it to have been so com-

n>on that no one thought of mentioning it. From late investigatioris (Inst, of Brit.

Architects, Trans, i., 1836.), it appears tliat many parts of tlie Parthenon were painted

or "-lit. Thus the coffers of the ceiling were paintid, and its frieze ornamented with

a fret in colours. The whole building, says iVI. Schauhert, as well as other temples,

was thickly painted, in tlie metopse, in the pediment, on t!ie drapery of the figures,

on the capitals, and on all the mouldings. So that, as he says, with great simplicity,

with its mouldings and carvings variously coloured, the simple Doric temple of

Theseus was in effect richer than the most gorgeous example of Corinthian ; and it would
be worth the trouble to restore with accuracy a polychrome temple. From M. Quast
(Miti/ieibmc/eii iiher Alt und Neu Athen, Berlin, 1834), we learn that the colour was not used

in a fluid state merely for the purpose of staining the marble, but in a thick coat, so that

the material was completely covered ; and that in the temple of Theseus this is more
traceable than in any other. Though the colours, that of blue smalt more especially,

have left but a grey crust, yet their original tone is still apparent. In this building deep

blues and reds are the [iredominant colours, so as to relieve one another. The corona was
deep blue, and the gutta; of a brown red ; the foliage of the cymatium was alternately

streaked with blue and red, the ground being green, which colour is applied to the sinall

leaves on some of the lesser mouldings. Some of the cofl'ers are coloured of a red inclining

to purple, on which the ornament is given ; others exhibit a blue ground, with red stars.

The architrave of the portico was a bright red ; the figures in the frieze were painted in

their proper natural colours : traces of the colour show that the walls were green. It

was not discovered that in the columns more than the arrises of the flutes were painted,

although the echinus wa*. We do not doubt the accuracy of IMM. Semper and Quast,

later writers on the same subject, but after all it is possible that ail this painting may have

been executed at a period much later tlian that of the buildings themselves.

172. The most ancient theatres of Greece \\ere constructed in a temporary manner; but

the little security from accident tliey afforded to a large concourse of persons soon made the

Greeks more cautious for their seciarity, and led to edifices of stone, which, in the end, ex-
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i-oi'dcd in nirigiiitiulc all their other buililings. Their form on the plan {sec f</. \0C>.) was

ru'luT more than a semicircle, and consisted of two parts ; the ffKijVT], sceiia, and KOiKov.

O /
|

V:-n ^T

—

'\ o

ciivea. The scena was at first merely a partition for the actors reachinj^ quite across the

stage, dressed with boiiglis and leaves, but in after times was very dill'erently and more
expensively constructed. It had three jirincipal gates, two on the sides and one in the

centre ; at wliicli last the principal diaracters entered. 'I'lie whole scene was divided into

several parts, whereof tlie most remarkable were— the Ppovnlov, hrontaum, under tiie Hoor,

where were deposited vessels full of stones and other materials for imitating the sound of

thunder; the iin(TKj\viov, ejiisceniitm, a ])lace on the top of the scene, in which were jiiaced

llie machines for changing the various figures and prospects ; the irapaffKrivioy, parnsvenium,

which served the actors as a dressing room ; the TrpoaKriVtov, jiroscenhim, or stage, on whicls

the performers acted ; the opxh'^Tpa, orchestra, was the i>art in which tlie i)erformers danced
and sang, in the middle whereof was the Xuyiibv or ^v/xeXr], pulpitum ; the vTruauriutov,

/it/posceiiium, was a partition luider the )nili)itum, where the music was placed ; the ko7aoi',

caved, was for the recejjtion of the sj)ectators, and consisted of two or three divisions of

several seats, each rising above one another, tlie lowest division being a])i)ropriated to

))ersons of rank and magistrates, the middle one to the commonalty, and the upper one to

tlie women. Roimd the cavea porticoes were erected for shelter in rainy weather, the

theatre of the Greeks having no roof or covering. 'l"he theatre was always dedicated to

Racchus and Venus, the deities of s])orts and ])leasures ; to the former, indeed, it is said

they owe their origin : hence, the jilays acted in them were called AcovvaiaKa, J)iimi/xi(tcn,

as belonging to Aiuwans, or Racchus. Kvery citi/en shared by right in the ])ublic diver-

sion and public debate ; the theatre was therefore open to the whole commimity.
173. The Athenian ayopat, or fura, were numerous ; but the two most celebrated were tlie

old and new forum. Tlie old forum was in the Cerainicus within the city. 'I'lie asseniblies

of the ])eo])le were iield in it, but its principal use was as a market, in which to every

trade was assigned a jjarticular portion.

174. The siipjiiy of water at Athens was chiefly from wells, aqueducts being scarcely

known there before the time of the Romans. Some of these wells were dug at the public

expense, others by private persons.

17.1. Tlic first (/nvmasia are said to have been erected in I.acedemonia, but were after-

wards much improved and extended, and became common throughout C> recce. 'I'lie gvin-

nasium consisted of a number of buildings united in one enclosure, whereto large num-
bers resorted for different purposes. In it the ])liilosoi)hers, rhetoricians, and professors of all

the other sciences, delivered tiieir lectures ; in it also the wrestlers and dancers practised and
exercised ; all which, from its si)ace, they were enabled to do without interfering with one
another. The chief parts (/i(/. 107.), following Vitruvius (lib. v. pap. 11.), are— a, the Trf-

piaTi>\iov,peristi/lium, which included ihiiacpaipKnTjpiov, spli(cristeriiiin, and iriiXa[aTpa,pnh'strii

,

I, 2, 3, are the (jToai, pnrttcus, with b b, €|e8pai, cxlicibw, where probably the scholars used

tu meet ; i, 1, is the double portico looking to the south; c, e<p7i€aiov, rji/.abcum, where the
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epbebi or youths exercised, or, as some say, where thoye that designed to exercise met and
agreed what kind of exercise they should contend in, and what should be the victor's re-
ward ; r>, is the coryceum ; e, the Kouiar-hpiou, conisterium, where the dust was kept for
sprinkling those that had been anointed ; f is the cold bath {frigiJa lavatio) ; g, the eAaio-

Beaiov, el<Bot/iesium, or ])lace foi

anointing those that were about
to wrestle ; h, the friyidarium, oi

cold chamber ; i, passage to the
propigneum, or furnace ; i., the
propigncum ; Ji, the arched sii-

ilatio, for sweating ; n, the /aro-

nicum; o, the hot bath (ru/ida
lavatio); 5, 7, the two porticoes
described as out of the pakrstra,
of which 7 forms the xystus, and
6 a double portico ; a a, the mar-
gines, or semita of the xystus, to
separate the spectators from tlie

wrestlers ; b b, tlie middle i)art

excavated two stej)s, c c, down

;

(i Q, gardens ; d d, walks ; e e, sta-

tiones for seats ; ii it, |wTa, xi/sta,

sometimes called TripiSpuixiS^s, for

walking or exercises ; s, the sta-

dium, with raised seats round it.

176. The roofs of the edifices

of Atliens vary from 14.^ to 15;^

degrees in inclination, a subject
which will be hereafter fully con-
sidered, when we come to investi-

gate the principles of constructing
roofs. In Home, as will hereafter
be seen, the inclination is uuicli

more. There is nothing to war.
rant us in a belief that the arch
was known to the Greeks till after

the age of Alexander. Indeed,
the want of a name for it in a
language so geneirilly coi)ious as

the Greek, suffices to show that

they were unaccjuainted with it.

It was most ])robably in much earlier use in Italy. The words du\os, a\pts, and <//oAis, are

not used in a sense that signifies an arcli until after tiie reign of the above-named mo-
narch ; nor is any description extant from which may bj conceived the construction of an
arch on scientific i)rincii)le=;.

177. From the time of Pericles to that of Alexander, all the arts, and most especially

tliat of architecture, seem to have attained a high state of perfection. Every moral and

l)iiysical cause had concurred in so advancing them. But ])erfection, when once reached

in the works of man, is only the commencement of their falling away from it. Liberty,

the love of country, ambition in every department of life, had made Athens the focus of the

arts and sciences : the defeat of the Persians at Marathon and other celebrated victories

had brought peace to the whole of the states of Greece. In the space of time preceding

the Peloponnesian war, there seems to have been, as it were, an exjjlosion of every species of

talent, and it was at this jjcriod that they set about rebuilding the temples and other edifices

that the Persians had thrown down, of which a wise policy had preserved the ruins, so that

the contemplation of desolation and misfortime afforded them an elocpient reminiscence of

the peril in which they continually stood. It was indeed only after the flight of the ge-

neral of Xerxes, and the victory gained by Themistocles, that a general restoration of their

monuments and the rebuilding of Athens were set about. These were the true troj)liies of

the battle of Salamis. About 3:55 years k. c. Alexander became master of Greece. I'ircd

with every species of glory, and jealous of leaving to posterity monuments that should be

unworthy of his greatness and fame, or other than jiroofs of the refinement of his taste,

this prince gave a new impulse to genius by the exclusive choice that he made of the

most skilful artists, and by the liberal rewards he bestowed upon them, 'i'he sacking of

("orinth by the Romans in less than two centuries (about 146 u.c. ) was the first ilisaster

that the fine arts encoiuitered in Greece; their overthrow there was soon afterwards com-
l>leted by the country becoming a Roman province. At the (brmcr occurrence I'olybius
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(nited by Stralo) says, tliat during tlie plunder the Roman soldiers were seen casting

their dice on the celel)rated picture of Bacchus by Aristides. Juvenal well describes such

a scene (, Satire xi. 100.) :—
Tunc ruiiis et Grains miiari nesciiis artes,

Urliibus eversis, pra?d:irum in parte rcperta

Maguorum artiticCim frangebat pocula miles.

The well-known story of the consul Mummius shows either that tl.e higher ranks among

the Roman citizens were not very much enlightened on the arts, or that he was a singular

blockhead. We have now arrived at the period at which Greece was despoiled and Rome
enriched, and must pursue the history of the art among the Romans ; incidental to wliich a

short digression will be necessary on Etruscan architecture.

Sect. XII.

ETRUSCAN AKCHITECTUIIE.

178. The inhabitants of Etruria, a coimtry of Italy, now called Tuscany, are supposed
to have been a colony from Greece. They certainly may have been a swarm from tlie

original hive (see Druiilicul, Celtic, lf5.; and Ci/dopean Architaitnie, 3'i. ) that passed througli

Greece in their way to Italy. The fnw remains of their buildings still existing show, from
their construction, that they are coeval with the walls of Tiryns, Rlycena? {figs. 9. and 10.),

and otiier works of a very early age ; and it is our own ojjinion that the wandering from that

great central nation, of which we iiave already so much spoken, was as likely to conduct the

Etrurians at once to the sjiot on which they settled, as to bring them through Greece to the

place of their settlement. It is equally our opinion that, so far from the country whereof we
now treat having received their arts from the Greeks, it is quite as possible, and even likelj',

that the Greeks may have received their arts from the Etruscans. The history of Etruria,

if we consult the dillerent writers who have mentioned it, is such a mass of contraiiiction and
obscurity, that there is no sure guide for us. It seems to be a moving picture of constant

emigration and re-emigration between the inhabitants of Greece and Italy. The only ))oint

ujjon which we can surely rest is, that there "ere many ancient relations between the two
countries, and that in after times the dominion of the Etruscans extended to that part of

Italy whicli, when it becaine occu])ie(l by Grecian colonies, took the name of Magna
Gr;ccia. The continual intercourse between the two countries lessens our surprise at the

great similarity in their mythology, in their religious tenets, and in their early works of

art. We are quite aware that the learned Lanzi was of oi)inion ( Sat/yio di LiiKjna Ktruscn),

that the Etruscans were not the most ancient people of Italy. We are not about to dispute

that point. He draws his conclusion from language; we draw our own from a comparison

of the masonry emjiloyed in both nations, from the remains whereof we should, if there be

a difference, assign the earliest date to that of Iletruria. This, to be sure, leaves open the

question whether the country was preoccupied ; one which, for our jjurpose, it is not ne-

cessary to settle. We have W'inkelman and Guarnacci on our side, who from medals and
coins arrived at the belief that among the Etruscans the arts were more advance;! at a very

early age than among the Greeks; and Dr. Clarke's reasoning tends to prove for them a
Phcenician origin.

179. Great solidity of construction is the prominent feature in Etruscan architecture.

Their cities were surroimded by walls consisting of enormous blocks of stone, and usually

very high. Remains of them are still to be seen at Volterra
{ fg. 108.), Cortona, Eiesole

[Jig. 109.), &c. " Wocnibus," says Al-

berti ( De Re jEdtJic. lib. vii. c. 2.) " ve-

terinn pracsertim populi Etruri:e quad-

ratum eumdemque vastissimum lapidem

probavere." In the walls of Cortona

some of the stones are upwards of '22

Roman feet in length, and from 5 to 6 ft.

high, and in them neither cram))s nor

cement appear to have been emjjloyed.

The walls of Volterra are built after the
Hg. ins. WAM. AT voLTEHBA.

sauic gigautlc fashioH. In the earliest '''»'"' »-""-.,«.

sjiecimens of walling, the blocks of stone were of an irregular polygonal form, and so dis-

p,;sed as that all their sides were in close contact with one another. Of this species is the
wall at Cora, near Velletri. The gates were very simple, and built of stones of an oblon<»

square form. The gate of Hercules, at Volterra, is an arcii consisting of nineteen stones ; a

JiOE3 nn
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fircunistance which, if its aiiticiuity he allowed to he only of a moderately remote period,

would go far to disprove all Lanzi's reasoning, for, as we have noticed in the preceding ar-

ticle, the arch was unknown in Greece till after tlie time of Alexander. According to Goil
{Museum Etruscum), vestiges of theatres have heen discovered among the ruins of some of

their cities. That they were acquainted with the method of conducting theatrical rei)resent-

ations is evident from Livy, who mentions an occasion on which comedians were brought from
Etruria to Rome, whose inhabitants at the time in (piestion were only accustomed to the

games of the circus. The gladiatorial sports, which were afterwards so much the delight oi

the Romans, were also borrowed from the same peo])le. They constructed their temple?
peripterally ; the ))ediments of them were decorated with statues, cjuadriga', and bassi

rilievi, in terra cotta, many whereof were remaining in the time of Vitruvius and I'linv.

Thougli it is supposed that the Etruscans made use of wood in the entablatures of their

temples, it is not to be inferred that at even the earliest period they were unaccpiainteil

with the use of stone for their architraves and lintels, as is sufficiently proved in the I'iscina

of Vol terra.

180. The Romans, until the con(|uest of Greece, borrowed the taste of tlieir architecture
from Etruria. Even to the time of Augustus, the species called Tuscan was to be seen by
the side of the acclimatised temple of the Greeks.

181. The atrium or court, in i)rivate houses, seems to have been an invention of the
Etruscans. Eestus derives its name from its having been first used at Atria, in Etruria :

" Dictum Atrium (juia id genus editicii prinunn Atri;e iu Etruria sit institutuni." We
shall, however, allude in the next section to Etruscan architecture as connected with
Roman ; merely adding here, that in about a year after the death of Alexander the nation
fell under the dominion of the Romans.

Sect. XIII.

ItOMAS AKCHITKCTURE.

I8'i. Tlie Romans can scarci'ly be said to have had an original architecture; they had
rather a mo(iitic:uion of that of the Greeks. Their first instruction in the art was received

Inim the Etruscans, which was probably not until the time of the Tar(juins, when their

edilices began to he constructed upon fixed principles, and to receive apjjropriate decoration.

In the time of the first Tarquii"., who was a native of Etruria, much had been done to-

wards tlie improvement of llome. He brouglit from iiis native country a taste for that
grandeur and solidity wiiich jjrevailed in the Etruscan works. After many victories he
had the honour of a triuin])!!, and applied the wealth he had actpiired from the conquered
cities to building a circus, for which a situation was chosen in the valley which reached
from the Aventine to the Palatine HilL Under his reign the city was fortified, cleansed,
and beautified. The walls were built of hewn stone, and the low grounds about the Forum
drained, which prepared the way for the secoiul Tarquin to construct that Cloaca IMaxima,
which was reckoned among the wonders of the world. The Forum was surrounded witii

galleries by him ; and his reign was further distinguished by the erection of temples, schools
for both sexes, and hails for the aflministration of public justice. Tliis, according to the
best clironologies, must have been U])wards of 610 years b. c. Servins Tullius eidargtd
the city, and among his other works continued those of the temple of Jujiiter Capitoiiiuis,

wiiich had been commenced by his predecessor ; but the operations of both were ecli|)sed

by moniunents, for which the Romans were indebted to Tar(]uinius Superhus, the seventh
king of Rome. Under him the Circus was completed, and the most effective methods
takeji to finish the Cloaca Maxima. 'I'his work, on which neither labour nor ex])ense was
s|.ared to make the work everlasting, is of wrought stone, and its height and breadth are
so considerable, that a cart loaded with hay could pass through it. Mills and rocks were
cut through for the purpose of passing the filth of the city into the Tiber. Tliny calls

the Cloac;e, "operum omnium dietu maximum, sutt'ossis montihus, attpie urbe pensili, sub
ter(]ue navigata." The temple of Jupiter Capitolinus was not finished till after the ex-
pnlsion of the kings, 508 h. c. ; but imder Tarquinius Su])erbus it M-as considerably ad-
vanced. In the third consulship of Poi)licola, the tem])le was consecrated. As tlie name,
« hich was changed, imports, this temjjle stood on the .Mons Capitoiiiuis, and embraced, ac-

cording to i'lntarch, four acres of ground. It was twice afterwards destroyed, and twice
rebuilt ou the same foundations. Vesi)asian, at a late ))eriod, rebuilt it ; and ui)oii the
destruction of this last by fire, Domitian raised the most splendid of all, in which the

gilding alone cost l;?,0()0 talents. It is inqjossible now to trace the architecture of the
Romans through its various steps between the time of the last king, 508 b. c, and tlie stib-

lugatiou of Greece- by tliat people in the year \-\5 u. e., a period of ;5(J3 years. The
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isputes in wliicli they were coiitimially engaged left tliein little leisure for tlie arts of

eace ; yet the few monuments witii which we are acquainted show a power and skill

Kit mark them as an extraordinary race. Thus in tlic year 397 b. c, on tlie occasion of

le siege of Veii, the prodigy, as it was supposed, of the lake of Alba overHowing, when
lere was little water in the neighbouring rivers, springs, and marshes, induced the au-

lorities to make an emissarium, or outlet for the superfluous water, which subsists to tliis

ay. The water of the lake Albano, which runs along Castel Gondolfo, still passes through

:. A few years after this event an opportunity was afforded, which, with more care on

le part of the authorities, niiglit have considerably improved it, after its demolition by

Srennus. This event occurred 389 li. c, and was nearly the occasion of the population

eing removed to Veii altogether, a place wliich offered them a spot fortified by art and
ature. good houses ready built, a wholesome air, and a fruitful territory. The eloquence,

owever, of Camillus prevailed over their despondency. Livy (b. vi. ) observes, that in

le rebuilding, the state furnished tiles, and the people were allowed to take stone and
tiler materials wherever they could find them, giving security to finish their houses
ithin the year. But the haste with which they went to work caused many encroach-

lents on each other's soil. Every one raised his house where he found a vacant space ; so

lat in many cases they built over the common sewers, which before ran under the streets.

•J little taste for regularity and beauty was observed, that the city, when rebuilt, was even
ss regular than in the time of Uomulus; and though in the time of Augustus, when
,ome had become the capital of the world, the temples, palaces, and private houses were
ore magnificent than before, yet these decorations could not rectify the fault of the plan,

hough j)erhaps not strictly within our own province, we may here mention the tem])le

lilt in honour of Juno Moneta, in conse(juence of a vow of L. Furius Camillus when
,'fore the Volsci. This was one of the temples on the Cai)itoline hill. Tiie epithet above
entioned was given to the queen of the gods, a short time before the taking of Rome by.
e Gauls. It was j)retended that from the temple of Juno a voice had proceeded, ac-

impanied with an earthquake, and that the voice had admonished the Romans to avert

e evils that threatened them by sacrificing a sow with pig. She was hence called Moneta
rom monere). The temple of Juno IMoneta becoming afterwards a iniblic mint, the

edals stamped in it for the current coin took the name of iNloneta (money). This temjile

Eis erected about 345 years b.c, on the sjiot where the house of Warcus IManlius had stood.

183. In the time tliat Appius Claudius was censor, about 309 u. c, the earliest i)aved

ad was made by the Romans. It was first carried to Capua, and afterwards contiiuied

Hrundusium, a length altogether of 350 miles. Statins calls it rer/iut vianun. I'aved

itii the hardest stone, it remains entire to the present day. Its breadth is about 14 ft.
;

e stones of which it is composed vary in size, but so admirably was it put together that

ey are like one stone. Its bed is on two strata ; the first of rough stones cemented with

ortar, and the second of gravel, the thickness altogether being about 3 ft. To the same
p])ius Claudius belongs the honour of having raised tlie first a(iueduct. The water with
liich it sujiplied the city was collected from the neighbourhood of i'rascati, about 100 ft.

love tlie level of Rome. The Romans at this time were fast advancing in the arts and
iences ; for in about nineteen years afterwards we find I'apirius, after his victory over the

mmites, built a temjile to Quirinus out of a jiortion of its spoils. Upon this temple was
;ed ( ITuiy, b. vii. c. 60.) the first sun-dial that Rome ever saw. F'or a long while the

omans marked only. the rising and setting of the sun ; tliey afterwards observed, but in a

(le clumsy manner, the hour of noon. AV'lien the sun's rays ajijjeared between the rostra

id the house appointed for the recejjtion of the ambassadors, a herald of one of the consuls

oclaimed with a loud voice that it was mid-day. With the aid of the dial they now marked
e hours of the day, as they soon after did those of the night by the aid of the dejisydra
water-clock. The materials for carrying on the investigation are so scanty, and moreover,
in the case of Grecian architecture, without examjiles whereon we can reason, that we

ill not detain the reader with further speculations, but at once proceed to that jieriod

45 B.C.) when Greece was reduced to a Roman province. Art, in the strict a])plication

that word, was not properly understood by the victorious Romans ; and a barrenness
ijiears to have clung about that whereof we treat, even with all the advantages that Rome
)ssessed. It may be supposed that the impulse given to the arts would have been imine-
ate ; but, like the waves generated by the ocean storm, a succession of them was necessary
fore the billows would apjiroach the coast. Perhaps, though it be only conjectural, the
St effect was visible in the temple reared to INIinerva at Rome, out of the sjioils of the
lithridatic war, by Pompey the Great, about sixty years b.c, after a triumph uniiaralleled
;rlia]is in the history of the world ; after the conclusion of a war of thirty years' duration,
which ujiwards of two millions of his fellow-creatures had been slain and van(]uished

;

tcr 84G ships had been sunk or taken, and 1538 towns and fortresses had been reduced
the power of the empire, and all the countries between the lake .Ma-otis and the Red

;a had been subdued. It is to be regretted that no remains of Ihii temple exist. 'I'hc

scription ( I'liii. lib. vii. c. 26.) was as follows: —

.
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ON . rOMITIIIS . CS . T . MACNUS . IMP .

BKI.I.O . XXX . ANNOKir.M . CONKECTO .

»t SIS . FirOATIS . OCCISIS . IN . DEDII'lONEM . ACCFITIS

HOUNUM . CENTIES . VICIES . SEMEL . CFNTENIS .

LXXXIII . M .

DEl'llKSSIS . AUT . CAPT . NA VIRUS . DCCCXLVI

Ol'l'iniS . CASTEI.I.IS . MDXXXVIII

IN . KIDEM . RECEPTIS .

TEKIIIS . A . MAEOrl . I.ACU . AD . UUBIUIM . JIAUE .

SIIBACTIS .

VOTUM . MEllITO . MINERV^E

IS4. 7 lie villas of the Romans at this period were of considerable extent; the sfatut-j

of Greece had been acquired fur their decoration, and every luxury in the way of decora-

tion that the age could alford had been poured into them from the ])lentifiil supjily that

(ireek art afforded. To such an extreme was carried the determination to possess everv

thing that talent could siqjply, tliat we find Cicero was in the habit of employing two
architects, Chrysippus and Cluatius (ad Atticum, lib. iii. c])ist. 29. and lib. xii. ejjist. 18.);

the first certainly, the last probably a Greek. Their extent would scarcely be crediteil but

for the corroboration we have of it in some of their ruins.

185. Until the time of Pompey no permanent theatre existed in Rome: the ancient dis-

cipline requiring that the theatre should continue no longer than the shows lasted, 'i'lie

most splendid temporary theatre was that of INI. TEmilius Scaurus, wlio, when aMlile, erected

one capable of containing 80,000 persons, which was decorated, from all accounts, with sin-

gular magnificence and at an amazing cost. History (Plhi. xxxvi. 15.) records an extra-

ordinary instance of mechanical skill, in the theatre erected by Curio, one of Caesar's jiar-

tisans, at the funeral exhibition in honour of his father. Two large theatres of timber

Were constructed back to back, and on one side so connected with hinges and machiriery

for the purpose, that when the tltealrical exhibitions had closed they were wheeled or

slung roimd so as to form an amphitheatre, wheicin, in tlie afternoon, shows of gladiators

were given. Returning, however, to the theatre erected by Pompey, which, to avoid

the animadversion of the censors, lie dedicated as a temple to Venus : the plan ( I'/iin/,

vii. 3.) was taken from that at iNIitylene, but so enlarged as to be ca})able of containing

40,000 persons. Round it was a portico for shelter in case of bad weather : a curia

or senate house was attached to it witli a basilica or hall for the administration of jus-

tice. The statues of male and female persons celebrated for their lives and characters

were selected and placed in it by Atticus, for his attention to which Cicero {E])ist. ad
yittic. iv. 9.) was commissioned by Pompey to convey his thanks. 'I'lie tem])le of Venus,
which was attached to avoid the breach of the laws committed, was so contrived that the

scats of the theatre served as steps to the temjde ; a contrivance which also served to escape

the rejiroacli of encountering so va^t an exiiense for mere luxury, for the temple was so

jilaced that those wlio visited the theatre might seem at the same time to come for the

Ijurjiose of worshipping the goddess. At the solemnity of its dedication the peo])le were
entertained with the most magnificent shows that had ever been exhibited in Rome. Wc
cannot prolong the account of this edifice by detailing them,— indeed that would be foreign

to our purpose ; but we may add, that such a building ])resents to us a genuine idea of the

vast grandeur and wealth of those principal subjects of Rome, who from their own jirivate

revenues could rear such magnificent buildings, and provide for the entertainment of the

people shows to which all the quarters of the globe contributed, and which no monarch
now on earth could afford to exhibit. This theatre was finished about 54 b. c.

186. In the year 45 b.c. Rome witnessed a triumph not less extraordinary than that wc
have just recorded,— that of Julius C;csar on his return from Utica. Prom the commence-
ment of the civil war that had raged he had found no leisure for celebrating the trium])hs

which induced the people to create him dictator for ten years, and to place his statue in the

Cajiitol opposite to that of Jupiter, with the globe of the earth under his feet, and the in-

scription " To Ca;sar the Demi- God." We need scarcely remind our readers that his

first triumph was over the Gauls ; that this was followed by that over Ptolemy and Egy))t

;

the third over Pharhaces and Pontus ; and the fourtli over Juba. The triumph recorded

these appropriately ; but we leave that— merely observing, by the way, that the fruit of his

victories amounted to 65,000 talents and 2821.' crowns of gold, weighing together 20,414

Roman pounds,— to state that on this occasion the Circus was enlarged, a lake sunk for the

exhibition of Egyptian and Tyrian galleys, and that in the same year he dedicated a temple

to Venus Genetrix, and opened his new forum. Warriors are not often inclined to call in

tlie aid of the arts, except for commemorating their own actions. Not so with Ca?sar. In

the ye ir 44 b.c, after his triumph over the sons of Pompey, Ave once more find him engaged

in the arts of peace. A temple to Clemency was elected by him, in which his statue was

placed near to that of tlie goddess, and joining hands with her. In the next year he laid
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le foiiiidatioas of what at tlie time were considered two magnificent edifices f.)i the orna-

lent of the city: a temple to Venus, which for grandeur it is supposed would liavc sur-

assed every example of tiiat kind in the world; and a theatre of very gigantic dimensions,

-hoth wliieh were afterwards comijleted by Augustus. But the projects he conceived were

lily e(|ualled by tliose of Alexander. lie began the rebuilding and repair of many towns

1 Italy ; the drainage of the Pontine marshes, the malaria of which is the curse of Rome
) the present day ; the formation of a new bed for the Tiber from Rome to tlie sea, for the

urpose of imjiroving the navigation of that river ; the formation of a port at Ostia for the

.•ce])tion of first-rate ships ; a causeway over the Apennines from the Adriatic to Rome ;

le rebuilding of Corinth and Carthage, whither colonies had been sent by him, a sclieme

I'terwards perfected by Augustus ; a canal through the Isthmus of Corinth to avoid the

avigation round the relojjonnesus ; and lastly, the formation of an exact geographical

lap of the Roman empire, with the roads marked thereon, and tlie distances of the towns

oin each other. Such was Ca'sar, whom to eulogise would be impertinent.

187. Augustus deprived tlie Romans of their liberty, and in return for the deprivation

)nsoled them with all the gratification the arts could supply. The victorious Romans
ad known little of the arts in their highest state of refinement, and the degraded Greeks

ere constrained to neglect them. They were in a state of barrenness during a portion of

le last age of the Roman republic; nor did they exhibit any signs of fruitfulness until

ijusar had established the empire on the ruins of the expiring republic, and his successor,

iving peace to the universe, closed the temjile of Janus, and opened that of the arts. Hy
im skilful artists, pupils of the great masters, were invited from Greece, where, though

jiguishing, they were yet silently working without fliine or encouragement. Some who
id been led into slavery, like Rachel of old, carried their gods with thein— the gods of the

•ts. Encouraged by the rising taste of their masters, they now began to develop the

Bwers they possessed, and their jiroductions became necessary to the gratification of the

L.'ople. Thus it was that our art, among the others, born and reared in Greece, made
taly its adojited country, and there shone with undiminished splendour, tiiough perhaps

ss iiappy and less durable. Though the exotic might have lost some beauties in tlie soil to

liich it was transplanted, the stock possessed such extraordinary vigour that grafts from

still continue to be propagated in every quarter of the globe.

188. The Greek architects who settled in Italy executed works of surprising beauty:

ley raised up jiupils, and founded a school. It must be conceded that it was more an

nltative than an original school, wherein it was necessary to engraft Roman taste wlilcli

as modified by different habits and climate, on Greek art. And here we cannot refrain

om an observation or two ujjon the ))ractice in these days of comparing Greek and Roman
chitecture. Each was suitable to the nation that used it ; the forms of Greek columns,

leir intercoluminations, the inclination of the pediment, were necessarily changed in a

)untry lying between four and five degrees further north from the equator. Rut the su-

-rficial writers, whose knowledge occasionally ajipears to instruct the world, never take

lese matters into their consideration ; and we regret, indeed, to admit that in this country

le philosoi)hy of the art is little understood by the public, from the professors being ge-

.rally too much engaged in its practice to afford them leisure for difliising the knowledge
ley possess.

189. The Romans were trained to arms from their cradle; and that they were very averse

> the cultivation of the arts by their youth, tlie passage in the jEiicid (b. vi. v. 847.), wiiich

IS been so often quoted, is a sufficient proof: —
Excudent alii spirantia inollius ara
Credo eqiiidem ; vivos diicent e marmore viiltus.

Tu repere imperio populos, Romane, memento ;

IIee tibi eruiit artes.

1 90. They were at all times anxious to subjugate for their own jntrposes those nations

lat successfully cultivated the arts ; a motive which, joined to the desire of aggrandisement,

iduced them at a very early period to carry their arms against the Etruscans, who were in

far higher state of cultivation than themselves. This was also one motive to their con-

iict in Sicily and Asia iVIinor ; whence, as well as from Greece, they drew su))])lies of

itlsts for Rome, instead of employing their own citizens. Though in Rome architecture

)st in simplicity, it gained in magnificence. It there took dee])er root than the other arts,

1)111 its afiording, by the dimensions of its monuments, more splendour to the character of

) dominating a nation. Its forms are more susceptible of real grandeur than those of the

ther arts, which are put in juxtajiosition with nature herself; and hence they were more
1 keeping with the politics of the peojile. The patronage of the fine arts by Augustus
as never before or since been eipialled. They followed his good fortune, they dwelt in

le palace, and sat on the throne with hiin. His boast was not a vain one, when he asserted

lat he found his capital built of brick and left it of marl)le. ]5y liim was reared in the

iipital in question the temple and forum of Mars the Avenger : tlie temjile of Jupiter
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Tonans, on tlie Cai)itol ; tliat of Apollo Palatine, with public libraries; the portico and

basilica of (Vuis and Lucius; the porticoes of Livia and Octavia ; and the theatre of Mar-

jellus. " The example," says Gibl);)n, " of the sovereign was imitated by his ministers

and "-enerals ; and his friend Agripi)a left behind him the immortal monument of the Tan-

theon."

191. Under Tiberius and Calignla architecture seems to have been in a state of l;m,^uor,

nor do we know of any thing in the riign of Claudius the fifth Ca?sar, save the completion

of one of the finest aqueducts of Rome, that of Ai]i:a C/andia, whose lengtli is ;?8 miles, in

more than seven whereof the water passes over arches raised more than 100 ft. from the sur-

face of the ground. Nero's reign, though liis taste bordered more on show than intrinsic

beauty, was on the whole favourable to architecture. JNIuch could not be expected of a

man who covered with gilding a statue of Alexander, and decapitated fine statues for the

jnirpose of substituting his own head for that of tiie original. 'J"he colossal statues of him-
self which he caused to be sculptm-ed indicate a mind prone to vice and excess. 'I'he same
taste for exaggeration was carried into his buildings. His ])rodigality in every way was
inexhaustible ; he seems rather to have left monuments of expenditure than of taste. A
])alace, which from its extraordinary richness has been called the Donvis Aiirea, was erected

for him by his architects Severns and Celer, than which nothing could be more brilliant

nor gorgeous ; beyond it no pom]) of decoration could be conceived. In the midst of so

much wealth the only object of contemjit was its possessor. The reader may form some
notion of it when told (P/in. lib. xxxvi.) that in finishing a part of it Otho laid out a sum
equivalent to near 404,000/. sterling.

1<)2. Galba, Otho, and Vitelliiis scarcely reln;ned It was reserved for Vespasian and
liis son Titus, to astonish the world by masses of architecture such as it may be ])redicted

will never again be reared. The
Coliseum {Jii/s. 110. and 129.),

named, according to some from
its gigantic dimensions, to others

from its jiroximity to a colossal

statue of Nero, was commenced
by the father and finished by the

son. According to Ia^jisIus, the

seats held 87,c;00 persons. Fon-
tana says it was capable of con-

taining 109,000, who could view

the sjjoits in the arena. This we
think an exaggeration. Taking
the clear length at 615 feet, and

breadth at .510 feet, we have an

nrea of 246,340 sup. feet, whence deducting f!8,842 for the aicna, the remainder is 207,498.

Now supposing this surface covered with poisons standing upright, each occupying only

2".'i85 sup. feet, we have but 87,0 0, and in the circuit of the upper jjortico and iiarts relied

upon by Fontana, 22,000 could not l)e ])laced. Hence the estimate of Lepsius seems
worthy of confidence. The reader will, from the above description, identify the structure

mentioned l)y Martial :

—

Omnis Ca-sareo ced it labor ampliitlie.itro,

Uimni pro cunctis tain;i loqiiatur opus.

" Biennio post ac menses novem amphitheatri perfecto opere," is the expression of \'ictor

in respect to the time emjiloyed in its construction. Though the monument itself be
astonishing, still more so is it that such a mass should have taken only two years and nine

months in building, even with all the means that the emiierors had under their power. Ve
shall reserve a more ))articular description of it. (See p. 94. and 95.) In spite of the

ravages of time, and the hands, ancient and modern, which have despoiled it for its materials,

enough still remains comjjletely to exhibit tiie original ))lan, and to enable tlie sjiectator

to,form a perfect idea of the immense mass. The Ratlis of Titus were another of tliH

wonders of the age. The remains of them are not so perfect as others, but they are still

majestic. Besides the edifices erected by Vespasian and his son, they made it a part of

their duty to take measures for the preservation of those which existed, and were in need

of repair and restoration.

193. The last Ca;sar, Domitian, was of a disposition too wicked to be of service to his

country : his reign was, fortunately for it, but short. In the year 98, on the death of Nerva,

Trajan became master of the empire. He had served against the Jews under Vespasian

and Titus, and probably acquired from them and their example a great taste for archi-

tecture, in which he shed a lustre upon the country as great as his splendid victories over

the Persians and Dacians gained for it in the field. Of his works, which, as Gibbon says,

bear the stamp of his genius, his bridge over the Danube must have been a surprising

olFort. According to Uio Cassius, this bridge .vas coi structed with twenty stone piers ni

TIIS COLISEUM.
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the river, 1.^0 ft. liigli and GO feet wide, bearinjr arches of 170 ft. span. It was destroyed

by Hadrian, Iiis successor : some say out of envy ; but the idea was, tliat it served the bar-

b.'irians as an inlet to the emjiirc, as much as it facilitated the passage of its troops to keep

them in sul)jection. His triumphal arches, liis column (///. 111.), and forum, and otlier

v.orks, attest the vigour and beauty of the art under tlia

reign of Trajan. 'J'he forum was a quadrangle sur-

rounded by a lofty jjortico, into wliich tlie entrance was

through four triunii)hal arches, and in the centre was the

column. Apollodorus was his principal architect, by

whom was erected the column above mentioned, which

was not only the chef-d'oeuvre of the age, but has never

been surpa-sed. It is 115 ft. high with the cap, 132 ft.

with the figure, m.irking ihe height of the hill levelhd

to form ilie forum. " The public monumenis wi h

which Ila Irian adorned every province of the empire

were excL-uted not only by his orders, l)ut under his

imniL-diate inspection. He was himself an aitist; and

he loved the arts, as they conduced to the glory of the

monarch. They were encouraged by tlie Antonines,

as they contributed to the happiness of the peoide.

But if they witc the first, tliey were not the only

architects of their dominions. Tlieir example was

universally imitated by their |)rincipal sulrects, who
were not afiaid of declaring to the world that they

had spirit to conceive and wealth to accomplish the

^,^__^^^^,^^^^^^o?»s^ noblest undertakings. Scarcely had the proud struc-
''-—^rtr:i:fi'-I^S!??j^^^^Sxij&-' turc of the Coliseum been dedicated at Home, before
hit;. 111. COLUMN UK TjiAjAN.

cdificesof a smaller scale indeed, but of the same design

nd materials, were erected for the u e and at the expense of the cities of Capua and W^rona.

'he iiisoipiion of the stupendous bridge at Alcantara attests that it was thio»n over the

'agus by the contribution of a few Lusitanian communities. When Pliny was entrusted

ith the'government of Bithyniaand Pontus, provinces by no means the richest or most con-

derable of the empire, he found tlie cities within his jurisdiction striving with each other in

lery useful and ornamental work that might deserve the curiosity of strangers, or the gratitude

i' tlieir citizens. It was the duty of the proconsul to supply their deficiencies, to direct their

iste. and sometimes to modera'e their emulation. The opulent senator of Rome and the

rovinces esteemed it an iionour, and almost an obligation, to adorn the splendour of their age

nd country ; and the influence of fashion very frequently supplied the want of taste or

enerosity. Among a crowd of these private benefactors, we select Herodes Atticus, an

ithenian citizen, wlio lived in the age of the Antonines. Whatever might be the motive

f his conduct, his magnificence would have been worthy of the greatest kings." We make

o ajiology for so long a quotation from the historian of the Decline and Fall, whose ex-

ressions'are so suitable to our purpose. The family of Herod was highly descended ; but

is grandfather had suffered by the hands of justice ; and Julius Atticus, his father, must

ave died in poverty, but for the discovery of an immense treasure in an old house, the

nlv piece of his patrimony that remained. By the law this would have been the projierty

f the emjieror, to whom Julius gave immediate information. Nerva the Just, who was

hen on the throne, refused to accept it, desiring him to keep it and use it. The cautious

Uhenian hesitatingly replied, that the treasure was too large for a subject, and that he

new not how to uxe it. The emperor replied, '' Abuse it then, for 'tis your own." He
eems really to have followed the monarch's bidding, for he expended the greatest part of

t in the service of the public. This man's son, Herodes, had acquired the prefecture of the

ree cities of Asia, among which the town of Troas being ill supjilied with water, be ob-

ained from the munificence of Hadrian a sum eijuivalent to 100,000/. sterling for con-

tructing a new aqueduct. The work on execution amounted to double the estimate ; and

111 the officers of the revenue comiilaining, Atticus charged himself with the whole of tlie

dditional expense. Some considerable ruins still preserve the fame of his taste and niiini-

iccnce. The Stadium which he erected at Athens was 600 ft. in length, entirely of white

narble, and cajiable of receiving the whole body of the people. To the memory of his

I'ife, Regilla, he dedicated a theatre, in which no M-ood excc])t cedar was emjdoyed. He
estored the Odeum to its ancient l)eauty ana magnificence. His boundless liberality was

lot, however, confined within the city of Athens. " The most splenditl ornaments," says

jibbon, " bestowed on the temple of Neptune in the Isthmus, a theatre at Corinth, a

tadium at Delphi, a bath at Thermopylae, and an aqueduct at Canusium in Italy, were

nsufficient to exhaust his treasures. The people of Epirus, Thessaly, Eulxca, Bteotia,

ind Peloponnesus experienced his favours, and many inscriptions of the cities of Greece

ind Asia gratefully style Herodes Atticus their patron and benefactor."
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\9i. ArcliitL'cturo was stll! practised with success under the Autonines, the successors of

Ilachi.m, auioiig wh.om Marcus Aurelius was a great jiatron of the arts. On these liistory

ahnost instructs us, that the eflect of the individual character of the sovereign, and the

general and leading circumstances of his reign, are so influential as to enable us from the

two last to estimate the prosperity of the iirst.

1 95. The rapidity with which after the time of Commodus, that most imwortby son of

a worthy father, the emperors succeeded each other, was as luifavoiu'able for the arts as for

their country. A little stand was made against their rapid declir.e, under Septlmius

Severus, whose triinnphal arcli still remains as a link in the chain of their decay, and

perhaps the Hrst. It is diflicult to conceive bow in so short a period from the time ot

Marcus Aurelius, not thirty years, sculpture bad so lost ground. In the arch commonly
called that of the CJoldsmiths, the form and character of good architecture is entirely

obliterated. Its profiles are vicious, and its ornaments debased and overcharged.

196. The art was somewhat resuscitated luuler Alexander Severus, but it was fast follow-

ing the fate of the emi)ire in the West, and bad become almost lifeless under Valerian

and bis son Gallienus, whose arch is an index to its state in his reign. The number of com-
petitors for the purple, and tlie incursions of the barbarians, were felt. Aurelian and

Probus suspended its total annihilation ; but their reigns were unfortunately too short to

do it substantial service. The extraordinary structures at Baalbec and Palmyra have been

-eferred, on the authority of a fragment of John of Antioch, surnamed Malala, to the age

of Antoninus Pius ; but we are inclined to think the style places them a little later than

that period. Baalbec. or, as its Syrian meaning imports, the City of Baal, or the Sini, is

situate at the north-eastern extremity of tiie valley of ISecat or Beka, near that place

Fig. tl'2.

wliere the two lA'banons unite, about fifty miles to the north-west of Damascus. The
tirst traveller who described it with accuracy was IMaundrell, in his Journey from Alep])o

to Jerusalem, in 1697. It has,

however, been since visited, as well

as Palmyra, by Messrs. Wood and

Dawkins, in 1751, and by INI.

Volney at a later period. The
principal building, the temple, is

of a rectangular form, and is seated

in the centre of the western ex-

tremity of a large (|uadrangular

enclosure, two of whose sides were

parallel to those of the temple; and

larallel to its front was tiie tlnrd.

To this was attached an hexagonal

court, serving as a vestibule, in

front of wiiicb was the grand en-

trance portico. The length of the

quadrangle is about 360 ft. and

breadth about 350 ft. ( See/f/. 1 1 9. )

The temple, marked A, is, in round

numbers, 200 ft. in length, and

10() ft. in breadth ; it was diptera',

and had ten columns in front

and nineteen on the sides. That tiie reader may for.n some idea of the style, which was

to the hist degree debased, and would not justify by any utility the extending this ac-
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count, we have 111/(7. H^. given the sketch of a circular temple standing near the above.

Of Einesa, the otlier celebrated Coelo- Syrian city, not a vestige remains.

197. Of Tadmor, or Palmyra, denoting both in Syriac as well as Latin a multitude of

palm-trees, Solomon was said to have been the original founder. It lies considerably to

the east of Haalbec, and upwards of 200 miles from the nearest coast of Syria. Situate

between the Roman and Parthian monarchies, it was suffered to observe a humble neu-

trality until after the victories of Trajan; when, sinking into the bosom of Rome, it

flourished more than 150 years in the subordinate though humble rank of a colony. " It

«vas during that peaceful period," observes Gibbon, " if we may judge from a few remain-

ing inscriptions, that the wealthy P.almyrenians constructed those temples, palaces, and

porticoes, whose ruins, scattered over an extent of several miles, liave deserved the curiosity

of our travellers." The ruins of it were discovered by some English travellers towards

the end of the 17th century, and were more lately visited by the INIessrs. Dawkins and
Wood, already mentioned. The power of Zenobia, who wislied to shake off the sub-

jection to Rome, was insufficient to withstand the forces of Aurelian, and Palmyra
fell into his hands about the year 237. A slis-ht sketch of the ruins {fig. 114.) is here

given. The style of architecture

is almost the same as that of Haal •

bee ; and, like that, so vitiated in

ilmost every profile, that we do
not think it necessary longer to

dwell upon it, although great the

extent of its ruins. In the same
wiy, we must pass over those of

U|erash, which were visited by Mr.
Rirry, and of other considerable

cities, though some are said to con-

t un examples in a better and purer

Fig. 114. RurNS oy PALMVBA. style.

1 98. The reign of Dioclesian was extended, and was illustrious from his military exploits.

It was also remarkable for the wisdom he displayed in dividing witli others the discharge

of duties he could not himself perform ; as well as, finally, by iiis abdication and retirement

to Spalatro. Architecture was, however, too far sunk for him to raise it ; and, though mo-
numents of great grandeur were reared by him in Rome and his native town of Salona, they

were degenerated by innovation and a profusion of ornaments which sometimes proved dis-

astrous to those beneath, upon whom they occasionally fell, but the taste for wliich, among the

Romans, had increased by their intercourse with the East. At a ])eriod when no sculptor

existed in Rome, this monarch raised the celebrated baths there which bear his name. His

palace at Spalatro (_/?_Q'. 1 15. ) covered between nine and ten English acres. Its form was quad-
rangular, flanked with sixteen towers. Two of the sides were 600 ft., and the other 700 ft.

in length. It was constructed of stone little inferior to marble. Four streets, intersecting

each other at right angles, divided the several parts of the edifice; and the apjiroacli to the

principal apartment was from a stately entrance, still called tlie golden gate. Hy compar-

ing the present remains with the Treatise by Vitruvius, tliere appears a coinciilence in the

practice here with the precepts of that author. The building consisted of only one story,

and the rooms were lighted from above. Towards the south-west was a portico ujjwards

of 500 ft. long, ornamented with painting and sculpture. We do not think it necessary to

follow up further the decay of the arts in the West; it is sufficient to add that the fifth

century witnessed the contemporaneous fall of them and of Rome itself.

1 99. Towards the year 330, the seat of the Roman empire was removed to Constantino))le,

where the reign of Constantine, though brilliant, was unsuccessful in restoring the arts,

upon which religious as well as political causes had begun to act. The establishment of

Christianity had less effect on architecture than on her sister arts. The new species of

worship could be performed as well in the old as in temples of a new form, or the old

columns miglit be employed in new edifices, in which, indeed, they were eminently ser-

viceable ; but statues of the gods were no longer wanted, and the sculptor's art was aban-

doned. The removal, however, of the government to the Bosphorus retarded the decline

of tlie empire in the East. Byzantium, on whose foundations was placed the city of Con-
stantinople, owed its origin to a colony of Megarians ; and little was it to be imagined that

its disasters would have closed in so glorious a termination as occurred to it. The ancient

city still continued to possess some splendid productions of the schools of Asia Minor, whicli

it almost touched, and in common with which it enjoyed the arts. Constantine profited

by the circumstance, restored the monuments, and transported thither the best examples of

sculpture.

200. Architecture was called in by the emperor to aid him in affording security, conveni-

ence, and pleasure to the inliabltants of the new metropolis. Vast walls surrounded the citv

;

superb porticoes, squares of every kind, a(picdufts, baths, tlieatres, hipjiodromcs, obelisks,
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triumplial arc'iies, stately and magnificent temples, were provided for the public. Schools

of architecture, which none hut persons of good birth were allowed to enter, were esta-

blislied, with professors and prizes for the meritorious. From all tliis care, one might have

supposed a plentiful harvest would have been readied. But, alas ! with all the expense, with

all the fine marbles that were employed, with the bronze and gold lavished on the

construction and decoration of the edifices erected, the art was not re-established on its

true principles. Every thing was rich ; but, notwithstanding the exaggerated praises of

the ignorant writers of the day, every thing was deficient in real beauty. Richness of

material will never compensate for want of elegance in form. " The buildings of the new
city," ob.serves Gibbon, " were executed by such artificers as the reign of Constantine could

afford , bu-t they were decorated by the hands of the most celebrated masters of the age of

Periclts and Alexander. To revive the genius of I'hidias and Lysijjpus surpassed, indeed

the power of a Roman emperor ; but the immortal productions which they had bequeathed

to posterity were exposed without defence to the rapacious vanitv of a despot. By his

G 2
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coiTimands the cit'iL's of Greece .ind Asia were desjioiled of tlieir most valuable ornaments.

The trophies of meniorahle wars, the ohjects of religious veneration, the most finished

statues of the gods and heroes, of the sages and ])oets of ancient times, contributed to the

si)leudid triumph of Constantinople, and gave occasion to the remark of the historian

Cedrenus, who observes, with some enthusiasm, that nothing seemed wanting except the souls

of the illustrious men whom those admirable monuments were intended to represent."

201. In Rome, the triumphal arch erected in honour of Constaiuine presents, to this day,

an examjile of the barbarous and tasteless spirit of the age. It is notliing less than an

incongruous mixture, in sculpture and architecture, of two jieriods remote from each other.

Rut, discordant as the styles are, the absurdity of ))lacing on it part of the triumjihs o(

'i'rajan, whose arch was robbed for the occasion, is still greater. Not only was Trajan's arch

despoiled of its bas reliefs, but the columns and capitals, which the architect, from ignorance,

scarcely knew how to put together, were stolen for the occasion. We have used the term

ignorance of the architect, who, (if the monument were not standing, the fact could scarcely

be credited.) witli the finest models before his eye>, placed motlillions with dentils in the

cornice, and has used the same parts in his impost.

202. The partition of the empire at the deatli of Coimtantine "as iniurious as well to the

arts as to the empire; and at its reunion by Constantius in 353, he exhibited but little soli-

citude about their prosjierity. On a visit of thirty days to Rome, he presented the city with

the obelisk that now stands in front of the Basilica of S. Giovanni Laterano. It had been

intended by Constantine for his new city ; and, after being brought down the Nile from the

Temple of the Sun at Helio|iolis, was conveyed to the banks of the Tiber instead of those

of the Bosphoru.s. After being landed about three miles from the city, it was first elevated

in the Circus IMaximus. This piece of granite is about 118 ft. in length.

203. Julian's name is in bad otlour with the Christian world ; but he ought, neverthe-

less, to have Justice rendered to him for his administration of the affairs of the em))ire, his

love of freedom, and his patronage of the arts. This emperor, at Constantinople, con-

structed some ])orticoes and improved the port ; and, even at so remote a spot as Paris, there

still remain the ruins of a palace and baths of his construction ; a circumstance wiiich should

make his memory an object of respect, perhaps veneration, to the inhabitants of that city.

204. Under Valentinian and Valens the arts received little attention, though the former

manifested some care for them. Gratian was entitled to a sort of negative praise for

leaving the empire of the West to his brother Valentinian II., and that of the Kast to Theo-

dosius; who, after the death of the former, held the sway of the whole empire, patronising

architecture, and erecting many large edifices in Constantinople. After this the empire was

lastingly divided. On the death of Theodosiu.s, Arcadius succeeded him in the East, and

in the West Honorius, under whom, whilst he was ingloriously enjoying the ])leasures and

luxuries of his palace at Ravenna, Alaric, king of the Visigoths, entered and jilllaged Rome
in the year 410. Honorius raised or repaired several of the Basilica' at Rome; among
them that of S. Paolo fuori le ]Mura ; and, in honour of the two emperors, a triumi)hal arch

was erected in the city in 40(j, hut of this no remains are in existence.

20,5. After this time, for sixty years the empire of the West was in a state of distraction.

Nine princes tilled the throne during that period, on and ott' the stage, rather like actors

than monarchs. But the extinction of the Roman name could be no longer jirotraoterl.

In 45.5, Genseric, king of the ^'andals, gave up Rome for pillage to his soldiers for the

space of three days, and some years after, his example was followed by Ricimer. In 47(),

the Roman empire in the West was annihilated.

206. We have thus, in this and the preceding section, shortly traced the history of Roman
architecture from its dawn among the Etruscans to the close of the regal power in Rome

;

and from that period to the time of its culmination und-.r Augustus, an age of great splen-

dour in the art, comi)arable even with the best days of Athens, if allowance be made for

the respective habits of the nations and the climates luidcr which they were placed. From
the zenith we have followed it in its setting under Diocljsian, and after that through its

crepusculum, which, in 476, was succeeded by total darkness; a darkness, however, not

without meteors and coruscations which occasionally enabled us to enlighten the reader in

the journey he has undertaken with us. The revolutions, however, of empires, like those of

the globe on its axis, bring other dawns : such is the case with the arts, which follow those

revolutions; and we shall hereafter have to record another dawn of them, which, like tho

light of our great luminary, had its day-spring in the east, whence came the architects of

Venice and Pisa. But, before we approach that period, it will be neces.sary to take a cur-

sory glance at those monuments of Rome and other places under its dominion, in which the

ruins alone attest the extraordinary jiower and magnificence of that .State, and to examine
the details of their construction as respects what simply presents itself to the eye.

207. We now, therefore, proceed to a view, 1. Of the religious buildings of the Ro-

mans in quadrangular and circular tem])les; 2. Of their public buildings in fora, trium))hal

arclies, bridges, aijueducts, theatres, amphitheatres, and baths and circi ; 3. Of their private
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lioiises and tombs; confining ourselves to those ruins in tlie city, and occasionally the pro-
vines, «liicli hi'st ill istrute ilie subject.

208. Temples — 1. Tlie quadrangular Roman temple partook very much of its Greek, or
periiaps Etr;isean, oriijinal ; though occasionally, as in the Temple of Peace, there is a
very considciabie deviation from the type. But the exeepiions to the general rule are very
few indeed in number. Tlie most beautiful temple of the Corinthian order that perhaps
tvvr existed in the world was the (formerly so calK-d) Temple of Jupiter Siator, in the
Campo Vaccino or more properly the P\irnm at Rome, and now desi<;nated the Temple of
the Dioscuri or o( Castor and Pollux, in consequence of recent excavations. It was an
octastyle periptt-ral temple, with eleven columns in flank, and the cell occupied eight
columns on each side. No Greek work could surpass in elegance and beauty the profile of
the Corintiiian order employed in this edifice. The capital, wiietlur considerevl as to

design or execution, is unparalleled. At the same lime it must be admitted tliat it bears
every mark of llie improvements that had been effected through the medium of Greek
artists. Tfiree columns v\itli their ental)iatiire remain; these are 47"65 ft. high, the lower
diameter beiiig 4-8-)

; so that the eolnmns are 9-8 diameters high. Tl)e heitihi of the
entalilature is a small fraction less tlian one quarter the height of the column. Tlie inter-

column-ations are, as nearly as possible, 15 diameter of the column; whence the size of
the temple will be easily detei inintd.

209. At the toot of the Ca, itol stands the Corinthian Temple of Jupiter Tonans (so
called), aKo called Temple of St:tiirn, but now of Vesjiasian, of which, as of the last, only
three columns remain. This was an hexastyle peripteral (except on the side towards the
roi-k) temple, 115 ft. long and 92 ft. wide, measured from outside to outside of column.
Tlie eolumns are 47'08 ft. high, and their lower diameter is 460 ft. ; their height, there-

fore, in terms of the diameter, is very nearly lOj- diameters. The height of the entablature
is 9"77 fi., or not (|aite one fifth of the height of the column. The intercoluinniations are
1-.56 diameter. There is a tale in Suetonius, that Augustus had bells suspended round
this temple on the occasion of his dreaming that the god complained of a falling off in the
number of his worshippeis. Its style is inferior to the one above describt'd, yet it is not
'.vithout beauty, though the coinice is, as compared with it, deficient in effet-t. (The de-
scription of the different species of temples mentioned by Vitruvius is giren in the

Glossary, s. v. Temple.)
210. The Temple of Mars Ultor was one of those erected by Augustus. Its profile ex-

hibits a fine and bold example of the Corinthian order. Its whole length was about 116ft.,

and its breadth about 73 ft. The cornice of the entablature is wanting. The intercolumni-
aiions are about 1^ diameter.

211. In the Campo Vaccine are the remains of a Corinthian temple, built by M.
Aurelius in honour of Antoninus, his predecessor, and Faustina, the wife of M. Aurelius,

about the middle of the 2nd century, in a high style of art, and is considered the last pure
building in Rome It was prostylos and hexustylos ; the columns are 46'10 ft. high;
the entablature ll'OS ft ; diameter of the columns 4 85 ft. ; and the intercolumniations,

except the centre one, which is wider than the others, are \^ diameter of the columns ; the

columns are 9^ diameters high, and the entablature rather less than one fourth that

heigi'ot; the frieze is ornamented with griffins and candelabra. It is not our intenti n to

describe more thm the principal temples, with their parts, but to afl'ord to the reader in

this place a general view cf the art ; we shall therefore merely mention those of the

jVIaison Carree at Nismes, and the little edifice at Trevi, which last is erected in a very

vitiated style : both are of the Corinthian order, and quadrangular in form.

212. Rome is very poor in examples of Ionic temples, the only two reinnining being that

of Fortuna Virilis and that of Concord; the first not very pure in its detail, and the latter

in the very worst style. The Temple of Fortuna Virilis is of the species called prostyle

and tetrastyle; that is, with four columns in front and seven on the sides, whereof the cell

OL-tupies four intercolumniations. The height of the columns is 27 .35 ft. ; the lower
diameter of the columns 3-1 1 ft. ; and the nei^lit of the entablature 6"78 ft. A peculiarity

has licen noticed in this example of the different centres of the ornamented m'^mbers being

ranged so as to fall with exactness over the axes of the columns.

213. The (formerly so called) Temple of Concord, now of Saturn, or the jErarium,
which is a restoration of a former temple, is probably of the age of Constantino, and
scarcely deserves the notice here taken of it, except as a connecting link in tiie chain of

ar'. It was hexastyle and peripteral. The eight columns which remain are of red and
white granite of different diameters. The bases are Attic, and without plinths, except

those of the angular coluiirns. The capitals are inelegant and clumsily sculptured. The
mouldings of the architrave have been chiselled away to form a plane surface for containing

tiie inscriiition. JVIoiUllions and dentils are nut with in the cornice, and the frieze in the

interior was sculptured. The height of tfie columns is 42 86 d., and their lower diameter
4 •48 ft. ; so that they are about 9^ diameters high. Tne lieiglit of the entablature is

7 '2 ft. or about one sixth of the height of the column.
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214. Tlie circular temples of Rome and its neiglibourhood will next be mentioned. Two
of them, that of Vesta at Rome and of the Sybil at Tivoli, of the Corinthian order, are oi

considerable antiquity. Their cells are cylindrical, and are supposed to have been covered

with domes resting on the walls, though that is by no means certain. The Temjile of

Vesta is raised on three steps, whilst tliat of the Sybil is raised on a circular baseuieiil

about five feet high. Both tiie celUc are encircled about with a colonnade of the Corinthinn

order. The capitals of the Temi)le of the Sybil are extraordinary as pieces of ell'ective art

The leaves of the capital, instead of being njipliquees to the bell, as in other examples, ar».

in this cut into it, and impart a magical appearance to it. The tout ensemble of this

temple seems to have been conceived with an eye to its situation, and the order seems

calculated only for the spot on which it stands (see Jiff. 116.). The circular Temple

t ^ IK IL.PIB Ut mil SiHlI

of naccluis is of a late date. In its exterior there is notliing to remark, excejit that it has

lost a portico at its entrance which originally belonged to it. It consists of a central cir-

cular cell, if such it may be called, surrounded by a circidar aisle, the former being

separated from the latter by twelve pairs of double columns, coupled in the direction of the

radii of the (dan; from which columns arches sjjring, carrying a cylindrical wall ;?9;i(i ft.

diameter, covered with a hemispherical dome C)')-i> ft. high from the pavemi nt. Tlie

aisle or corridor is 14*75 ft. wide, surrounding the double colonnade, from which

to the exterior wall is a semicircular vault, whose sofite is 32 ft. high from the

pavement. Of the foimer so called Tem|'le of Minerva Medica, now considered

to be a Hall or Nymphsum belonging to the great Therma; of ihe .'ird century,

•

__ _ of the time of Decius,
^—^~ = little more ihan half of it is

standing. It was 1 10 ft. in

diameter; but the intirior

w as fornn.'d into ten plane

faces, each having a semi-

circular recess towards the

interior. A hemispherical

brick dome was 113 ft.

from the pavement. A
semicircular wing, covered

by a hemispherically formed
vault, stood on each side of

the building, but they are

now in ruins. Fiy. 117.

shows the ruin as it was in

1S16, from a memorandum
we then made. A rectan-

gular vestibule with foui

Corinthian columns formed
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tlie entrance, and was surmounted by a pediment roof. The temple now stands in a
l)rivate garden.

215. We have reserved for the last example of a circular temple the celebrated Pantheon,
supposed to have formed at one time a portion of the baths of Agrippa, and erected about
B c. 27. The borly of the temple was probably erected in the time of the republic with
simple lar;ie niclits, as in fys. 118. and 119.; the left side shows it as originally built,

and the right side as now standing ; the portico was probably erected by M. Aurelius

Antoninus, cir. a.d. 166, and com-
pleted by Septimius Severus, a.d.

202, at whicli time the columns
M ere added lo the niches, and other

alterations made, as seen on the right

half of the plan and section. 'I'he

interior is circular and about 139 ft.

diameter, measuring from inside

to inside of the (olunms, which
are about 33 ft. high. At a height

of 75 ft. froin the ground in the

interior springs the hemispherical

dcme, which ha^five horizontal ranks

of caissons or panels, the top of the

dome being terminated by what is

technically termed an eye, or circular

opening, about 27 ft. diameter. All

that is found in the temple is of the

Corinthian order.

216. Fig. 120. is an elevation of
the Pantheon, witli the portico of the

Parthenon below it, for the purpose
of comparing tiie relative sizes of the
porticoes of the two buildiiigs. 'I'he

jjortico, it will be seen, is octastyle,

and projects 62 ft. from the circum-
ference of the circular part of the

cdiKce. The shafts of tlie columns
are jjlain, and the portico is sur-

mounted by a pediment similar

to that on the wall of the building.

Tlie colunms are 47 "O;? ft. high, and
their lower diameter 4*79 ft. The

entablature is 1022 ft, or nearly, not quite a fifth of tlie height of the column. The
])rofile of the order is bold and well

conceived, and the execution in a

good style. It has been strij)ped of

its ornaments, many whereof were

^^ bronze, by the cupidity of the pos-

^^^^ sessors of power at various times.

|S| ^-p. Though the jiresent interior is com-
paratively modern, we think it right

to give the following particulars of

the order :— The columns are 34 -67

ft. high, the lower diameter being

3-64 ft. The shafts are fluted, and
have what are called cnhUngs up one

third of their height. It will be seen

on inspection of the plan that these

columns are placed in front of the

great niches. We are not aware that

tlie circumstance whereto we are

about to advert has been heretofore

noticed, and we give the result of our
calculation in round numbers only, as an approximation to the truth. The rules for

lighting apartments will form the subject of a future section. VV^e shall here merely ob.serve,

that the contents of the building, measuring round the inner convexity of the columns, and
not calculating the niche.s, is about 1,787,300 cubic feet, and that the area of the eye of the

dome is about 32 scpiare ft., from which it follows that 2226 cubic ft. of space in this

building are lighted by 1 foot superficial of light. The building is neither gloomy nor

ti), 11
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(iark ; on llic contraiv a jileasant Tfrlit is difTiised tliroiigliout. and daiknoss is not fonnri in

any corner of it. 'J'his is a subject well worthy of consideration, and one wnicn we uro-

pos« hereafter to turn to practical account.

517
pies, bee

in the <

exj)ressi

Fie. 1?1.

tra] one.

appears

'Jlie Teni))le of Peace has been reserved by us to close the notices of the Roman tein-

-anse of its deviation from the general form ofother Greek and Roman temples, which
uadrangular species are so formed on one general plan tiiat ab uno discs nmiics is the

n api)licable to them. The Jic/s. 121. and 122. represent the plan and section of this

bnilding. The former will be seen

to have been rectangnlar, with a

I)oich extending along the whole

breadth of the building in front.

'Ihib was vaulted, the summit in-

tciiorly being 35 ft. high; and in

I
front were seven semicircular-headed

apertures serving as entrances. 'J"he

length of the tem])le outside, not

including the deptli of the ])orch,

«as 294 ft.; depth of the porch :]()

ft ; width of thebuildingl97ft. The
temple was longitudinally divided

I into three nearly equal parts, whereof

the central one was a rectangular

wj iDie of the whole length of the

temple, whose breadth was one third

of its length. The roof of this was

a vault with three groins, formed

by the intersection of semicylindrical
"

vaults at right angles to the cen-
The height of the vaulting from the pavement was about 116 ft., and

to have been decorated with simk panels. W'c shall not however pursue the
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verbal 'icscription of tliis edifice, wliich will be much better luuieistooii l>y an ins])ectioii of

t'je diagrams. W'e will only add, that althoufrh the colunms in the interior are entirely

pone, and the building is in a sad state of dilapidation, enough has been discovered to jnove
that the restoration here submitted
to the reader is not very far from the

truth. In many cases the restorations

of Palladio, who.se works it is the

fashion amongst half-instructed archi-

tects and still less informed amateurs
to decry, are not to be wholly relied

on in his capacity of aiiti(|uary, and
certainly must not be taken for granted ;

but his restoration of this temple cannot
widely differ from the truth. It ap-

l>ears to have been founded by Claiulius,

and finished by Vesjiasian after the

confjuest of Judea, and seems to have been the depository of the spoils of the tem])le at

lerusalem. It is uncertain by what accident in the reign of Commodus it was destroyed,

in!t it is conjectured it "as restored during his reign. It may not be here altogether out

of ))lace to notice that the tem))le in (juestion seems in some measure to have furnished the

hint for the nave of the Italian Duomo with its side aisles. It was but in the adiUtion

of the transe])ts and choir, whose ty|)e is indicated even in the basilicie of the first

Christians, that a variation is to be .seen. If tlie cross, however, be not sufficiently ai)i)arent

in the basilica, it cannot be mistaken in the churches but little later.

'218. Font. — '2. The Funim of the ilomans is described generally in Vitruvius (Book vi.

cliap. 1.). He directs that it should be a large rectangular area, whose breadth is to be
about two thirds of its length. The basilica or court of justice, serving also as an exchange
for the merchants, is to be attached to it. The forum in a Roman city was the arena on
which business, politics, and pleasure were e(|ually transacted, discussed, and enjoyed.

Among the Greeks it was called the ayupa, signifying a place in which the citizens were
collected. It is here to be observed, that the fora of the Romans were of two sorts; Font
avi/ia and Fora Venalia ; the former whereof were designed as well with tlie object ot

ornamenting the cities in which tliey were erected, as for admitting a site for the ])ublic

courts of justice, and other public buildings ; the latter were inteiuled to ])rovide for the

necessities and conveniences of the inhabitants, and no doubt bore a resend)lance to our
markets. The great Forum at l{ome was seated between the I'alatine and Ca])itoline

hills. Its boundary has of late years l)een more satisfiictordy traced, l)y the exten-

sive excavations which have laid bare the pavements and other details of the original

buildings errcted aroimd it. The theories of Bunsen, Becker, Dyer, and Canina,
are arranged and explained by the late Mr. A. Ashpitel, in the paper read by him
at the Inst, of Brit. Architect-, 18,57. The explorations since 1870 are to some extent

s'lown in Burn's Rome ami tlie Campagnu, 1871; and in Taylor & Cresy, Antiquities

3/ Home, new edit. fol. 1874. Photographs of a large size have likewise been pub-
lished, not only of the existing ruins l)ut of the discoveries. The Forum of Ner>a
is said to have been 3Fil ft. lon^j and 1 fi4 ft. wide. At one end were five arched
entrances, and at the other the Temple of Nerva. The Forum of Trajan, built bv the
emjieror whose name it bears, was erected from the foreign sjjoils taken l)y him in his

wars. The coverings of its edifices were all of brass, and the ]iorticoes and their columns
constructed in an exceedingly sjilendid style of execution. Ammianus INIarcellinus (///»<.

lib. xvi.) describes, with much force, the delight of C'onstantius on contemplating it when
he made his triumphal entry into Rome. The representations make its length 1150 ft.,

anil its mean breadth about 470 f"t. In it was the emperor's magnificent colunm
{ fiq. 111.),

at one end was tlie Temple of Trajan, and at the other his 'i'riuinphal Arch. This Foruin
contained the celebrated and splendid Basilica Ulpiana. The other example we shall

mention was at Fano, and we mention it because it contained a basilica l)y Mtruvius him-
self He <lescribes the portico of the Temple of Augustus as joining that side of the
basilica which was furthest from the centre of the Forum, and a temi)Ie of .lui/iter as
standing at the 0])])osite end. He goes on to describe the 'i'reasury, Prison, and Curia,
as iilaced on the longer sides of the Forum exteriorly to the shops which surrounded the
area. The commentators on Vitruvius have been at considerable (jains tv make out the
plan of the basilica of this building from the verbal description of it by the author,

—

perhaps none of thein with greater success than old Daniel Barbaro.

219. But no words coiiTey the description of a place so well as a diagram of the object
under consideration; and as there exists at Pompeii a forum so perfect, that all the rules

given by our great master are exemplified in it, we here jilace the plan
( Jic/. 1 23. ) of the

foruin there before the reader, so that he may have a com))lete notion of the arrangement.
Entering from the gate of Hereulaneuin, the principal street leads to its north-west corner,
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wlienoe the access to it is bj' a flight of steps downwards, through an arch in a brick wall,

still paitialiy covered with stucco. It has been conjectured with probability, that the en-

trances to it were occasionally closed, from the remains of iron gates having been found

at some of them. A smaller passage occurs to the right of the arch just mentioned, and

a fountain attached to the wall between them. A is supposed to have been a temple of

Venus; B, a public granary; C, a temple of Jujiiter ; D, probably a Senaculiim, or

council chamber ; K, a temjjle to Mercury ; F, a Chalcidicum ; GG, curix; H, treasury;

I, triumplial arch ; K, ara;ostyle portico with ambulatory above.

rifi. IM.

'J'M. Tmimplud Arches The Romans were the first ])eople who erected triinnplial

[irches ; their earliest examples being extremely simple and j)lain. A plain arch with a statue

[>f the victorand his tro])hies on the summit, was for a long period the only method practised.

The arch by degrees expanded in after times, the style became enriched, and the whole was
iit length loaded with a profusion of every sort of ornament. Latterly they were a rect-

mgular mass (see/?//. 124. ofthe arch of ("onstantine), penetrated by three arches, a central

dud two smaller side ones. The U])per ]iart consisted of a very high attic, frequently

covered with inscriptions and has reliefs, statues, triumphal cars and ornaments of that kind.

The keystones were sometimes decorated with figures of victory. Of the triumphal arches

tliat remain there are three classes:— first, those consisting of a single arch, as the arch of

'I'rajan at Ancona, and Titus at Home; second, those in wliich there are two arches, as in

the example at X'^erona ; third, those witli three arches, whereof the central was tlie prin-

cipal one, and those at the sides much smaller, as the arches of Constantine, Septimiiis

Severus, &c. The most ancient of the remaining arches is that of Augustus at Rimini.
It was erected on the occasion of his repairing the Flaminian way from that town to Rome.
The erection of tiiese triumphal arches afforded the means of gratifying the extraordinary
vanity of the i)eople with whom they originated. ]\Iany of them are in verv bad taste; a
remark that applies even to the Arch of Titus, whicn was erected before the arts had more
than begun to droop. (SueJigs, in Book III.) The orders applied to them are unnecessary

io be described in detail, because inapplicable except under precisely similar circumstances..

221. Bridges.— There is perhaps no single point in the history of architecture by wliicli

the civilisation of a people is so easily recognised as by that of their bridges. Latterly, in

this country, the division of science as well as labour has so changed, that it seems almost

necessary to refer to other works for knowledge on this subject ; but as this is one in which
architecture in all its branches must be considered, we shall here, as in the other sections

of this work relating to the point in (]uestion, treat it in such manner as to give the

reader some notion of the subject. The history of the bridges in every nation is connected

with local causes, which have great influence on their construction; and though in other

respects a nation may in the arts have attained a high jiitch of excellence, yet it is possiide

t!iat in bridge bniUliug tlieir progress may be vi-ry limited as respects science. I'lie matter
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will di'pcnd entirely on the nature of tlie country. In our view of Grecian ArchitectuT««

tliis sul)ject has not been even mentioned, and it is nearly certain that Greece boasts uo

PLAN AND VIEW OP THE ARCH OF CUNSTANTINB.

bridge whose date is anterior to its occupation by the Romans. But, independent of its

want of acquaintance with the arch, the circumstance may be accoinited for by tlie country
not being intersected by any river of magnitude. Those to wliich one miglit be inclined

to attach the name of river, are rather mountain torrents tlian sheets of water rolling their

streams down to tlie ocean. A single arch in most cases would be ail that was necessary

to connect opposite banks, and the rocks themselves would form abutments for the single

arch that was to connect them, without danger of failure.

222. In Italy, liowever, a country watered by many and considerable rivers, the study of the

architecture of l)ri(lges was indisjiensable, as well for the accommodation of tlie cities with

wliich it abounded, as for the service of the constant military expeditions of the restless and
craving people who inhabited its surface. From its very earliest foundation, no city in the

world would sooner have been placed in the predicament of requiring bridges tlian Rome
herself; besides which, skill was required in their construction over a river like the Tiber,

rapid and liable to be swelled by sudden floods. The earliest bridges of the Romans were of

timber : such was that which joined the Janiculum to the Mons Aventinus, called the Pu7is

Suhlicius from the sublica:, stakes (Liv. i. c. 33.), whereof it was composed. It is not here our
intention to enumerate the ancient bridges of Roine; but the ruins of those which have come
under our observation exhibit skill and science not inferior to the most extraordinary ex-

amples which modern art can exhibit ; witness the Pons Narniensis on the Flaminian way
near Narni, about sixty miles from Rome. It was built by Augustus, and at the present

day there remains, as though standing to mock modern science, an arch of a span of 150 ft.,

whose intrados is 100 ft. above the level of the river below. Rut of the works of this

kind executed by the Romans we know of none, either in ancient or modern times, that is

eoinparable with that erected by Trajan over the Danube, whose piers from their foiin

dation were 150 ft. in height, and the span of whose arches was 170 ft., and to the

number of twenty. The bridge was GO ft. in width. Tliis work, whose existence is

scarcely credible, putting in the background all that of which in the present day it is otir

habit to boast, is reputed to have been destroyed by Hadrian, the successor of its founder,

under a pretence that if the barbarians became masters of it, it miglit serve them as wull
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jT making incursions on the empire, as for the empire in repressing tliose incvirsions. I?nt

ither less creditable motives have been attributed to Hadrian tor its destruction, one of

hem the envy he had of the name of its founder. There are still partial remains of an
iicient Roman bridge over the Tagus near Alcantara. This consisted of six arches, each

O ft. s])an, extending altogether 800 ft. in length, and soine of them 200 ft. high above
lie river. We do not, in closing our brief view of the bridges of the Romans, more than
lUMition the extraordinary temporary bridge wliich Ca'sar threw over the Rhine.
'223. Aqtieducts. — It is obvious that of all the re(juisites for a city, the supjjly of

wholesome water is only equalled by that of discharging it, which latter we have before

.•en was weH provided for in the Eternal City. The aqueducts by which the Romans
iipplied their cities with this necessary element, are among the largest and inost mag-
ilicent of their works. Tlieir ruins alone, without other testimony, sujjply the means
f estimating their extraordinary i>o"er, skill, and industry. Tliey are works which sink

Uo nothingness all other remnants of anti(]uity, not even excluding the amphitheatres,

•liich we shall soon have to notice, because they were for the comfort, not the pastime, of

Irj people. The earliest aqueduct was that of Appius Claudius, which we have above
oticed as constructed in the 44'id year of the city. It conveyed the Aqua Ai)])ia to

lome, from a distance of between seven and eight miles, by a deej) subterraneous channel
pwards of eleven miles in length. We shall here digress for a moment, l)y observing that

pon the discovery of good water at a distance from the city at a much higher level than

le service therein indicated, it was the jjractice to supjily by means of a channel raised at

ny height as the ease needed, through a stone-formed trough raised on the tops of arches

s the course of it required over valleys, and otherwise became necessary from the nature of

le face of the country, such a quantity as the source would afFord. Hence the arcades
lised to carry this simple trough of supply were often of stujjendous height, and their

ngtli was no less surprising. In the present day, the power of steam has artbrded other

leans of sujjplying a great city with water; but we much (juestion whether the sujjply

Horded by all the concealed pipes of this vast metropolis can compete in refreshment
ul general utility to its inhabitants with those at the present day poured into Rome,
ithout l)ecoming a burthen to the respective inhabitants, and this i)rincipally from the

leans which their ])redecessors provided.

224. The aqueduct of Quintus Martins, erected ,312 years before Christ, is among the
lost extraordinary of the Roman aqueducts. Commencing at a sjiring thirty-three

liles distant from Rome, it made a circuit of three miles, and then, after being conveyed
irough a vault or tunnel of ICft. in diameter, continued for thirty-eight miles along a

•ries of arcades 70 ft. in height. It was formed with three distinct channels, one above the

her, conveying the water from three different sources. In the upjjcr one was the A(|iia

idia, in the next the A<]ua Tepula, and in the lowest the Aqua Martia. The Aqua
irginia was constructed by ,'\grippa, and in its course jiassed through a tunnel 800 paces in

ngth. The Aijua Claudia, begun by Nero, and finished by Claudius, of which _^_<7. 125.

shows several arches, conveyed water to

Rome from a distance of thirty-eight

miles ; thirty miles of this length was
subterraneous, and seven miles on arcades,

and it still affords a sup])ly of water to the

city. The Anio was conveyed to Rome
by two different channels : the first was car-

ried over a length of forty-three miles,

and the latter of sixty-three, whereof six

ires and a half formed a continued scries of arches, many of them upwards of 100 ft. in

.'ight above the ground on which they stood. At the beginning of the reign of Neiva,

ere were nine great a(|iiediicts at Rome. That emperor, under the superintendence of

ilius Frontinus, constructed five others, and at a later jjcriod there were as many as

/enty. According to I'rontinus (de Aquceductibus) the nine earlier aqueducts supplied

1,018 (]uinaria daily, which are equal to 27,74,'5,I00 cubic ft. ; and it has been conqiuted

lat when all tlie aqueducts were in delivery, the surprising (piantity of 50,000,000 of

ibic ft. of water was atfijrded to the inhabitants of Rome, so that, reckoning the po])ula-

;)n at one million, which it probably never exceeded, 50 cubic ft. of water were allowed for

10 consumiition of each inhabitant. More magnificent Roman a(pieducts are, however, to be

und in the jirovinces than those that supplied the city. That of ^letz, whereof many of

le arcades remain, is one of the most remarkable ; extending across the .Moselle, a river

"considerable breadth where it crosses it, it conveyed the water of the Gorse to the city

Metz. From the reservoir in which the water was received, it was conducted througli

ibterranean channels of hewn stone, so si)acious that in them a man might stand upright,

he arches appear to have been about fifty in number, and about 50 ft. in height. Those
, the middle of the river have been swcjit away by the ice, tho.se at the extremities re-

aining entire. In a still more perfect state than that at i\Iet/. is the afjucduct of Sogmia.
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of which one hundred and tlftyof the arches remain, all formed of large blocks unconnected

by cement, in two ranks of arcades one above the other.

'225. It has been conjectured that the causes for not carrying these aqueducts in straight

lines were first to avoid excessive height, where low grounds were crossed, and, secondly, to

diminish the velocity of the water, so that it might not be delivered to the city in a tmbid
state. Along the line of an aqueduct, according to Montfauron, at certain intervals, re-

servoirs called Castdlu were formed, in which the water might deposit its silt; tiiese were
round lowers of masonry raised of course as high as the aqueduct itself, and sometimes highly

firnamented. The .same author observes that below the general bed of the channel, pits

were sunk for the reception and deposit of the earthy particles which the water contained.

\'itruvius directs the channels to be covered over to protect the water from the sun's rays,

and (lib. viii. chap. 7.) he moreover directs that when water-pipes are passed across a

valley, a venter should be formed, which is a subterranean reservoir wherein the water may
be collected, and by which its expansion may be diminished, so that the liydrostatical

pressure will not burst the joints. He also recommends that open vertical pipes should

be raised for the esca))e of the air which accompanies the water, a practice which the mo-
derns have found it necessary to adopt wherever it is necessary to bend pipes upwards, and
thus permit the escape of air, which would impede, and even stop altogether, the movement
of the water in them. (Some additional details are given in thr Glossary.)

22G. T/ifdtres.— The earliest stone theatre of Rome, as we have before stated (1S5. ),

was that of I'ompey ; but it must be recollected that as there are notices in history of this

theatre having been more than once consumed by fire, there can be little doubt that a

portion, j)robal)ly the seats and scenes, were of wood. The second theatre of stone was
raised by Julius C;csar, after which Augustus reared one in honour of Marcellus, the son uf
his sister. The scanty ruins of this last enable one to do little more than trace its elevation,

and from their curve to compute its extent. There was no essnUial difference between the
form of the Roman and Greek Theatre, ofwhich latter we have given a diagram in^^^. IDG.

We nevertheless think it right here to present the reader with one of the Roman 'I'heatre

fig. 12G. ), as nearly as it can be made out from the description of \'itruvius. (Book v.

Chap. 6. " The form of

a theatre," according to

that author, " is to be

adjusted so, that from the

centre of the dimension
allotted to the base of

the perimeter, a circle

is to be described, iri

which are inscribed, at

equal distances from
each other, four e()ui-

lateral triangles whose
points must touch the

circumference of the cir-

cle." — " Of the.se tri-

angles the side of that

which is nearest the

scene determines the

face of it, in that part

where it cuts the cir-

ciunference of the circle.

A line drawn parallel

to it through the centre

will separata the pulpitinn of the proscenimn from the orchestra. Thus the pulpitum be-

comes more spacious and convenient that that of the Greeks, because our actors remain

chiefly on the scena. In the orchestra are assigned seats to the senators : the height of its

pulpitum must not exceed 5 ft., so that the spectators in the orchestra may have a clear view

of the motions of the actors. The portions between the staircases (ciinei) of the theatre are

to be so divided that the vertices of the triangles, that touch the circumference, may point to

the directions of the ascents and steps between the cunei on the first pnvcinclwn or story.

Above these thestejjs are placed alternately and form the upper cunei in the middle of those

below. The angles thus pointing to staircases will be seven in number, and the remaining

five will indicate certain points on the scene. That in the centre, for instance, is the situ-

ation for the royal door, those on the right and left the doors of the guests, and those at the

extremities the points at which the road diverges. The seats (ffrai/us) for the spectators

are not to be less than 20 in. in height nor more than 22. Their width is not to be

more than 2A ft. nor less than 2 ft." Resides the theatres nained, that of Cornelius

Ralbus, built by him in iionour of Augustus, was on a scale of considerable magnificence.
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AltPHITIIRATRn AT POLA

227. The larjje theatre at Pomiieii, as was freciuentl y tlie case, was formed upon the slope

fa liill, the corridor l)eing the liighest part, wlience tlie audience descended to tlieir seats,

11(1 staircases were saved. Tlie gra<li(s at this theatre were ahout 1 ft. 3 in. high, and 2 ft.

in. wide, and from a part which is divided and numbered otT, 1 ft. 3^ in. apjiear to Iiave

leen allotted to each spectator. There still remain some of the iron rings, for the reception

if the masts from which the vahtrium or awning was suspended.

228. Amp/iit/ieiitres.— The amphitheatre was unknown to the Greeks. At an early period,

lowever, in Rome, human beings were compelled to fight for the amusement of spectators.

I'iie taste for such spectacles increased with its indulgence ; b.it it was nevertheless not

luitil the time of the em-
perors, that buildings were
erected solely for exhibi-

tion of gladiatorial shows.

I'he principal amphithe-
.itres, of which remains
still exist, are one at Alba,

a small city of I^atium

;

another near the Tiber at

Otricoli ; one of brick

near the banks of the Ga-
rigliano ; one at Puzziioli,

wherein jiarts of the ar-

cades and caves for wild

easts still remain; one at Capua; another at Verona; a very fine one at I'ola in Istria

pp. 127.). In France, Aries, Saintes, Autun, Nismes, and Nice possessed amphitheatres,

n short, wherever the Romans went, they erected those extraordinary monuments of their

ower and skill. But all that we have enumerated were far surpassed by the Coliseum,
.'hich has been already briefly mentioned by us at page 79. The form of this building on
lie jilan is an ellipse, whose transverse exterior axis is 6)5 ft. and its conjugate 5X0 ft.,

overing therefore nearly six English acres of ground. The whole mass is placed on an

scent of six stages, which encircle its whole circumference. In the centre is the arena, a

aine which it received from being strewed with sand, the transverse and conjugate axes

.•hereof are 281 and 176 ft. respectively. Round the arena was a wall on which was the

odium or fence ; and iminediately behind this wall all round M'as a row of cells in which
lie beasts were placed preparatory to their entrance into the arena. In the rear of the

ells was a corridor from which vaults radiated in directions perpendicular or nearly so

n the curve of the ellipse, and serving to sujijiort the first muuiiannm or interior range
f seats. In some of these vaults were steps leading to the podium ; others were merely
assages between the first corridor and the next towards the interior. The second corridor

i'as lighted by apertures cut through its vault to the prachictio which separated the first

lid second horizontal division of the seats. In rear of the second corridor, vaults again

adiated, in some whereof were steps leading to the second division of the seats, and in others

I'ere galleries which led from the corridor to the double arcade, surrounding the whole
difice. The description will be better comprehended by reference to fic/s. 128. and 129.,

n the latter whereof a portion of the exterior side is removed, to exhibit the section.

229. About the whole exterior of the building, there are three orders of columns rising

hove each other, and one of pilasters crowning the whole. The colnmns are of equal
liameter, and are filled in between with eighty arcades in each story. The arches of these

rcades have all archivolt mouldings round tliem. Four of the arcades in the lower tier

vere reserved for the admission of distinguished jiersonages, the remainder for the populace ;

liese last were called vomitnria, serving both for ingress and egress to and from the places

)f the spectators, by means of steps under the vaults that ; up|)orted the seats. The piers

vliicli support the arches are 7 ft. 4. in. wide; on each is a lialf column projecting from
he general face of the wall, 'i'he opening between the piers is 17 fl.

.3fg
in. Impost

nouldings are placed at the S])ringing of the arches, and encircle the building excejit where
nterrujited by the columns and ojienings. The lower order resembles the Doric,

xcept that the frieze is without triglyphs and the cornice without mntules. Desgodetz
iiakes the height of the columns 27*63 ft., and their lower diameter 2 91 ft. Their
iiminution is very small. The height of the entablature is 6 '64 ft., and the height,

hercfore, of the whole order above the pavement is 34 27 fl. The second order is

Ionic, and stands on a dado 6 ft. high, broken under the columns to receive their

irojection from the wall. The columns are 2.5 '73 ft. high. The volutes of the capitals

ire without ornament; the eye being merely marked by a circle. The entablature is

)-64 ft. high, and its subdivisions are like that in the order below. There are neither

Tiodillions nor dentils in the cornice. The height of the whole order is 38*37 ft. The
bird order is Corinthian, standing on a dado 6*39 ft. high. The columns are 2.5*58 ft. high,

;he entablature 6*59 ft., and the height of the entire order, including the dado, is 38*57 ft.
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The upper story is decorated with a series of Corinthian pilasters on siibplinths 2-79 ft.

bjgh, placed on a dado of the height of 7 ft. The heiglit of the pilasters, which die aoi

V\g.. l^ PLAN ur CUI.I8KUU.

diminished, is 28 ft., and the heij^ht of their entablature is 7 "37 ft. The frieze and archi-

trave are broken vertically in each Interpilaster over three corbels, on which it is supposed,

SECTION AND ELBVATION OF COMSEUaiFig. 129.

running through the hack part of the cornice, poles were placed for holding the velarium,

which was occasionally stretched over the building to protect the spectators from the sun
or rain. The whole height of the fa9ade above the steps M'as 162 ft. 'I'lie columns project

rather more from the walls than their semidiameter ; and the faces of the walls are not in

the same vertical plane, but recede from it towards the interior of the building. The widths

of the piers vary in the diflerent stories, being respectively from the lower part upwards as

8-71, 8-38, and 7 "28 ft. Between the pilasters, in the fourth order, are square windows.

The velarium was attached to the poles round the circumference with a fall towards tlie

interior, so that the rain was delivered into the arena. The following has been supposed

as a method of spreading the velarium, of which Fontana gives a representation, but no de-

scription. To a cable placed round and made fast on the edge of the jiodium, and follow-

ing its curve, strong ropes were attached in the direction (on the plan) of the radiating walls.

These ropes passed through pullies in the poles, 240 in number, at the top of the building,

which rested on the corbels above mentioned, and thus raised the velarium to the required

height. It would follow the inclination of the seats, and the cloth, of whatever fabric or

materials it might be, being formed in gores equal on the outer edges to the distance of the

masts froir. each other, might move on the radiating ropes by rings attaciied to the edges of
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eat'I) ^OTC, KO as to be moved backwards and forwards by jiersoiis stationed on tlie parapet-

M;>r)ne soldiers were cmjjloj'ed for this purpose. Tlie velarium was sometimes of silk, but

more usually yellow or brown woollen cloth. Nero once bad a purple velarium stretched

across the building, representing the heavens with stars of gold on it, and a design em-

broidered thereon of the Chariot of the Sun.

'_'r?0. It has been conjectured by some Roman antiquaries that the arena was boarded ;

and, from the ciianges that could be made on it in a very short period, the conjecture ii

highly probable. Domitian covered it with water for the purpose of exhibiting marine

shows and naval fights. Sometimes it was changed into the representation of a forest with

wild beasts roaming about. These alterations were effected by means of machines called

pepinata. In particular parts of the building, pi]ies were provided for the distribution o(

perfumes, which it was a common practice to sjjrinkle in showers ; but, on particularly

great occasions, the perfvunes were allowed to flow down the steps or gradus of the amphi-

theatre.

2^\. The conjecture relative to the boarded floor of the arena has been corroborated by

the discoveries made while the French had possession of Il<Mne. They excavated the arena,

and found vaults and passages under its whole area. It is much to be regretted that these

iiKluiries were not carried on, owing to an accumulation of waters, for which no drainage

having been provided, they became unwholesome from stagnancy, and it therefore was

necessary once more to close it again by obvious means. Great care was bestowed on the

drainage of this edifice, which was encircled by a large sewer for the reception of the

water of the interior drains, that were all conducted into it. Another drain, 30 inches

wide, was carried round under the second corridor, into which are conveyed the water

from the perpendicular conduits and that from the third corridor, whose drain is 3 ft. in

depth and 17 inches in width. The sides of these drains are lined with tiles. Another

drain runs on the outer side of the third corridor, and is of the same size as the last named.

Other drains communicate with these towards tl;e arena i.^ various directions.

'i.'J'i. Paoli thinks that amphitheatres were first used by the Etruscans, and by them
introduced into Rome; tliat the ()eople in question first exhibited their games in narrow

valleys, and that the spectators were ranged around on the sides of the hills ; that when these

Kports were exhibited in cities, an arena was dug into the level ground, and the earth thrown
out was formed into seats ; and that when the commiuiity became rich enough, or the games
came to be held in greater esteem, the amphitheatre was enclosed with a wall, and the seats

formed of wood or stone. It certainlv appears to us that Faoli's conjecture is rea.sonable,

find that Etruscan buildings or formations were the original tvpe.

23;i. Theamphitheatre at Nismes was capable of containing 17,000 per.sons : itwas433ft.

ong and 333 ft. broad; it is two stories in height with an attic, and is the most perfect

pecmien in existence after that at Verona, upon whose age antiquaries are divided in

)pinion, some maintain'ng that it was built in the time of Augustus and otliers as late as

he time of Maximian ; it is 508 ft long and 403 ft bfiiad ; and in far better prc^ervatinn

ban the Colosseum. Its exterior wall has three stories of Tuscan pilasters on the

'.ice of the wall ; between these pilasiers are arcades of semiciri'ular-headed apertures.

Mallei says this edifice would seat 22,000 spectators But in this there must be some
Tiistake.

234. Baths. — Publius Victor says that the city of Rome contained public and private
baths to the amazing number of 850. Some of these we know, from their ruins, were
buildings of great extent and magnificence. They were all constructed, we mean the public
ones, on plans very similar; and, in order to a descri])tion of them, we give in fq. 130. a

restored plan of the baths of Caracalla, at Rome. Those of Titus and Dioclesian may
also be traced; the chief others being those of Agrippa, Nero, and Domitian. The baths
of .Antoninus C'aracalla are thus described by Eustace (vol. i. p. 226.): " Repassing the
Aventine Mill, we came to the baths of Antoninus Caracalla, that occupy part of its de-
clivity, and a considerable portion of the plain between it, IMons Cadiolus and JMons
Citlius. No monument of ancient architecture is calculated to inspire such an exalted
idea of Roman magnificence as the ruins of their therma-, or baths. IMany remain in -x

greater or less degree of preservation ; such as those of Titu.s, Dioclesian, and Caracalla.
To give the untravelled reader some notion of these prodigious piles, I will confine my
observations to the latter, as the greatest in extent and as the best preserved ; for, though
it be entirely stripped of its jiillars, statues, and ornaments, both internal and external, vet
its walls still stand, and its constituent parts and princi])al apartments are evidentlv distin-

i^uishable. The length of the thermre was 1840 ft., its breadth 1476. At each end were
two temples; one to Apollo, and another to Esculapius, as the tutelary deities {genii tvte-

litres) of a place sacred to the improvement of the mind and the care of the body. The
two other temples were dedicated to the two protecting divinities of the Antonine family,
Hercules and Bacchus. In the principal building were, in the first place, a grand circular
vestibule, with four halls on each side, for cold, tejiid, warm, and steam baths : in the
;!entre was an immense scpiare for exercise, when the weather was unfavourable to it in the
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open air ; beyond it a great liall, wliere 1600 marble seats were placet! for tbe convenience

of tlie batbers : at eacb end of tills hall were libraries. This building terminated on both

sides in a court surrounded with porticoes, with a spacious odeum for music, and in the

middle a spacious basin for swimming. Round this edifice were walks shaded by rows o(

trees, particularly the plane ; and in its front extended a gymnasium for running, wrestling,

&c. in fine weather. The whole was bounded by a vast portico, opening into exedrce, or

spacious halls, wliere the poets declaimed and philosopliers gave lectures to their auditors.

This immense fabric was adorned within and without with ])illars, stucco work, paintings,

and statues. The stucco and paintings, tliough faintly indeed, are yet in many places per-

ceptible. Pillars have been dug uj), and some still remain amidst the ruins; while the

Farnesian bull and the famous Hercules, found in one of these lialls, announce the multi-

plicity and beauty of the statues which adorned the thermas of Caracalla. The flues and

reservoirs of water still remain. The height of the ])ile was proportioned to its extent, and

still appears very considerable, even though the ground be raised at least I '2 ft. above its

ancient level. It is now changed into gardens and vineyards ; its high massive walls form

separations, and its limy ruins, spread over the surface, burn the soil and check its natural

fertility."

235. Returning to the plan of the baths in question, we have now to explain that tlie

circular apartment, lettered A, was called the solar cell. It was 111 ft. in diameter, and

contained tiie different hibra of the baths. This solar cell, Spartianus says, could not be

e<jualled by the best architects of that age. The dome was lined witli brass, of which ma-
terial also were the lattices to the windows. B, the upodyternim, or undressing room.

C, a xi/stus, or apartment for exercise in unfavourable weather. D contained the piscina,

or large reservoir for swimming. E, vestibule for sjiectators and the dresses of the bathers.

F, entrance vestibule of the thenriEe, having libraries on each side. G G, rooms wherein

the athletse jirepared for their exercises. H, a court, liaving a piscina for bathing in the

centre. I, ephebeum, place of exercise for the youth. K K, the elaotherinm, or apartment for

anointing the bathers with oil. L L, vestibules. M, lacnnic.um, an apartment so called, as

it is said, from the name of the stove by which it was heated, and from the custom of the

sudatio, or sweating, having originated in Laconia. N, calr/arium, or hot water bath, which

was most frequented. O, tepidarium, or tepid water bath. V, fric/idariuin, or cold water

bath. Q, exedrce for seats for the use of the jiliilosophers and their scholars. W, rooms for

conversation. R R, exedia:, or large recesses for the use of the philosophers. Y, conisttriuin,

or place whore, after anointing, the wrestlers were sprinkled with dust.

236. We have just given tlie common explanation to the word laconieum ; but it is right

the reader should know that its true meaning is in some doubt. Galiani considers it a great

chamber wherein the people underwent sweating. To this Cameron adds, " I for myself

hold it certain that the apartment for this purpose has been by some authors improperly

termed ; the laconieum is nothing more than a little cupola which covered an aperture in

tlie pavement of the iiot bath, through which the vivid flame of the hypocaustum, or

furnace, passed and heated the a|)artment at pleasure. Without this means," continues that

author, " the hot bath would not have had a greater heat than the other chambers, the

II
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tomperatnre of wliicli was milder. I have l)ceii iiuhiccd to form tliis opinion, not only

from the ancient paintings found in the baths of Titus, but also by the authority of Vitru-

vius, who says that the hot bath (concamerafa sudatlo) had within it, in one of the corners,

or rather ends, the laconicum. Now, if the laconicnm was in the corner of tlie hot bath,

it is clear that it is not the bath itself, but merely a part of it ; and if, as others have thought,

it was the hot bath itself to what i)iupose served the concamerata sudatio?"

237. Tiie baths and thermc-e of the Romans, like the gymnasia of the Greeks, were highly

ornamented with bassi relievi, statues, and paintings, the basins were of marble, and the

beautiful mosaic pavements were only equalled by the decorations of the vaults and

cupolas. Nothing more strongly proves the magnificence and luxury of the ancient

Romans than the ruins of the baths still to be seen in Rome. Agrippa decorated his baths

with encaustic paintings, and covered the walls of the caldarium with slabs of marble, in

which small paintings were inserted. All these luxuries were introduced under the eni-

perors; and tlie mere act of bathing, as described by Seneca in the instance of Scipio

Africanus, appears to have been almost lost in the effeminacy of the later practice. The

splendour of the places may be judged of by calling to the remembrance of the reader

that the celebrated statue of the Laocoon was one of the decorations of the baths of Titus,

and that of the Farnese Hercules of the baths of Caracalla.

238. We have, in the section on Aqueducts (224.), stated the extraordinary quantity of

water with which the city was supplied by them, and there can be no doubt that the baths

caused a very great consumption of that necessary article of life. After the removal of the

empire to Constantinople, we hear of no thermx' being erected ; and it is probable that at

that period many of those in the city fell into decay. The aqueducts by which tliey were

supplied were, moreover, injured by the incursions of invaders, another cause of the destruc-

tion of the baths. Remains of Roman baths have been discovered in this country, for

descriptions whereof the reader is referred to the .'lrcha:ol<>c/ia.

239. We shall conclude our observations on the Roman baths by the mention of some

curious paintings in the baths of Titus, very similar in their features to those found in

places on the walls of Pompeii ; we allude to reiiresentations of slender twisted columns,

broken entablatures, and curvilinear pediments, columns standing on corbels attached to

the walls, a profusion of sculpture, with fantastic animal figures and foliage, and many

other estravaganzas, which found imitators after the restoration of the arts, and, in some

cases, with great success.

240. Circi The circus of the Greeks was nothing more than a plain, or race course;

from its length called 'Zto^iov (stadium); as also Kip/cos, from its oval figure. With the

Romans it became a regular building of great dimensions and magnificence. Tlie Circvs

Maximus, constructed originally in a rude manner by Romulus, and afterwards rebuilt by

the elder Tarquin, is, in its external dimensions, computed to have been 2000 fl. long and

550 ft. broad, consisting of two parallel walls in the direction of its length, united at one

extremity by a set of ajjartments, called carceres, arranged in the form of the segment of a

circle of about 430 ft. radius; and, at the opposite short end, by a semicircular enclosure.

The carceres contained the chariots ready for starting. Tlie arena, or space thus enclosed,

contained a long low wall called the spina, 1300 ft. in length, running along its longitudinal

axis, and commencing at the centre of the semicircular end, having a 7neta, or goal, at

each of its extremities. Like those of the theatre and amphitheatre, the seats of the spec-

tators were placed round the arena with a ])0(lium in front ; between which and the spina

tlie races of the chariots were exhibited. The circus of Nero was nearly of the same form,

but neither so long nor so broad, being only 1400 ft. in length and 260 in breadth, and

its spina but 800 ft.

2'ii. The remains of the circus of Caracalla, of which Bianconi has given a very good

account, are still sufficiently abundant to trace the plan (Jig. 131.). It was nearly of the

same dimensions as that of Nero. There are in this building some curious examjiles of

lightening the .spandrels of the arches over which the seats were constructed, by filling them

in with light vessels of pottery ; a practice which has been partially adopted in some

modern buildings, and is still usefully practised on the Continent. Generally speaking,

the circus was a parallelogram, whose external length was from four to five times its l)rea(ltli.

It was surrounded by seats ranged above each other and bounded by an exterior wall,

probably pierced with arcades. The spina was about two thirds the length of the building,

and was brnamented with statues, obelisks, and other ornaments, terminated at each end by

the meta, which consisted of three obelisks or columns. The carceres were closed by gates

in front and rear, which were not opened till the signal was given for starting. In the

circus of Caracalla, it will be seen that these carceres were jilaced obru|nely to the long

sides of the edifice, so as to equalise the length of their course from tlie starting point to

tne goal. So that it would seem there was as much nicety in a chariot rate of old as

in a modern horse race.

242. Prira/e Jlmses.—The domestic architecture of the Romans possesses great interest;

the general instructions s|)read over the sixth book of Vitrnvius upon their parts and pro-
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portions have received much illustration from the
discoveries at Pompeii ; and it is pleasant to find

that, following his n)erely verl)al directions, a build-
ing might be planned which would correspond
as nearly with what we now know was the case,

as two houses, even in a modern city, may be ex-
])ected to resemble Dne another. In the following
observations we have used most abundantly the ele-

gant little work of RIazois (£e Palais de Scaunis,

2d ed. 8vo. Paris, 1822), and feel a pleasure in thus
acknowledging our obligations to that author ; but,

before more immediately using his observations on
the later habitations of the Romans, we shall pre-

mise that until after the war of I'yrrhus, towards the

year 280 B.r., the use of tiles as a covering for them
appears to have been unknown. Till then thatch or

shingles formed the covering of the houses. 'I'hey

consisted of a single story; for, according to I'liny

(lib. xxxiv. c. 15.) and Vitruvius (lib. ii. c. 8.), a law
was in force forbidding walls of a greater tliickness

than one foot and a lialf; whence it is clear they
could not have been safely raised higher than a

single story with the unbaked bricks then in use.

Put the space within which the city wasconfined, with

an increasing population, rendered it necessary to pro-

vide in height that which could not be obtained in area;

so that, in the time of Augustus, the height of a house
was limited to 70 ft. (^Aurel. Vict.; and Slraho,\ih. v.)

243. The extraordinary fortunes that were realised

in Rome towards the last years of the republic, when
the refinements of the arts of Greece were introduced

into the city, soon led its more favoured citizens to

indulge in architectural splendour. Lucius Cassius

liad decorated his dwelling with columns of foreign

marble; but all other private edifices were thrown
into sliade by that of Scaurus, in which were em-
ployed black marble cohunns of the height of .38 ft.

Mamurra lined his apartments with marble; and,

indeed, such was the prodigality, for it deserves that

term, of the l{omans, that Pliny (lib. xvii. c. 50.)

tells us of Domitius Ahenoi)arbus having offered a

sum e(]uivalent to 48,500/. sterling (sexagies sester-

tiimi) for the house of Crassus, which was refuseil.

Their villas were equally magnificent. Cicero had
two of great splendour— his Formian and ^lusculan

villas; but the-^e were exceeded in beauty i)y those of

Lucullus atid Pollio, the latter near Posilippo, where

some remains of it are still to he seen. Thougii

Augustus attempted to stop this extraordinary rage

for magnificence, he was unsuccessful; and the ex-

amples which were afforded by later emperors were

unlikely to restrain the practice where the means ex-

isted. In tlie Domus Aurea of Nero, domestic archi-

tecture ajipcars, from all accounts, to have reached

tiie utmost degree of s])lendour and magnificence.

24'f. In tlie better class of Roman dwellings, cer-

tiiin apartments were considered indispensable ; and

tliese, in different degrees of size and decoration,

were always found. There were others which were

or were not so found, according to the wealth and

fimcy of the proprietor. Thus, every private house

of any pretension was so planned that one portion

was assigned to the reception of strangers, or ratiier

for puhiic resort, and the other for the private use

of the family. The public part was destined for the

reception of dependants or clients, who resorted to

the house of their patron for advice and assistance.

H 2
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'Hie miin})er of tliese clients was honourable and useful to the patron, as they might, id

civil matters, be depended on for tlieir votes. Hence lawyers especially had their houses
tlu-onged with them ; and it is amusing in the ])resent day to see the term of cliejtt still

kept up among our barristers : for although his state of dependence has lost nothing of
its extent, the eminence of tlie patron is nou- measured by the quantity and amount of fees

his clients cna))le him to consume. Vitruvius describes the public portion as consisting of

the jiiirticiis, vest'ilnihim, cdvtcdiltin or atrium, tuhliiiiDii, ala, fauces, and some few others,

which were not added excej)! at the especial desire of the party for wiiom the building was
ti) be erected.

245. The parts which were sacred to the

use of tlie family were the peristyle, the m-
hicula (sleeping apartments), the tric/inium,

the cpci, the pinacothec<E, or picture galleries,

the hililictheca, or library, baths, exa/ni',

ri/s'i, and others.

'_'-)()'. In the more extended mansions of

tlie Romans was an area, suiroimded on two
sides by porticoes and slioi)s, and ornameutel
with statues, tro])hies, and the like, and en
the third (tlie fourth being open) was the

decorated entrance or portico of the house.

15ut in smaller dwellings this entrance or

portico was in a line with the front of the

houses in the street ; the vestibule or pro-

t/ii/rum {Jiy. 132. ) being in the Roman houses

merely a passage room, which led from the

street to the entrance of the atrium. In

tliis vestibule, or rather by its side, the os-

tiarius or porter was stationed, as in French
houses we find a concierge. AVlien there

were two courts, we are inclined to think

that the one nearest the street was called

the utriiini, and the farthest from it tlie i-i'~

vceiliiim ; but in many cases we also think

that the atrium served equally as a cax'^i'dinm

according to the owner's rank. The exjjlan-

ation of Varro will certainly answer for one
as well as the other. It may be that the

Hi;. i.i'.i. uuoB ii.ND Fuu.iniiuM, i-uMPKi. cav;vdium was a second atrium of larger

size.

247. Of the atrium ^'itluvius desciihes five sorts: 1. The Tascan, wherein the pro-

tecting roof was a sort of |)ent-house on the four sides, supported by beams framed at

right angles into each other ; the space in the centre forming the cotiip/uvium, and the

basin or area in the centre the impluvium. 2. The tilr<ish/le atrituu (one with finir
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coliiiniis), wliicli was siiniiar to tlie Tuscan, except tliat the angles of the beams of the roof

or pent-house rested on four columns. 3. The (Joruithian atrium {Jig. 133.), which dif-

fered only from the last in its size, and the number of its columns. 4. 'J'lie atrium dis-

pluviatum in which the slope of tlie roofs was towards the body of the building. 5. The
atrium tentudinatum, which was covereil with a ceiling, and with notliing. more than an

aperture therein to aH'ord light. The comi)luviuni was sometimes (P/iu. xix. c. i.)

provided with a sort of awning The roof of the four sielcs of the atrium was covered

with ornamental tiles, the eaves' faces whereof were terminated between their sloping junc-

tions with carved fat*;s called autvjixa;, similar to those in the roots of the Grecian tem-

ples. 1 he atrium was, moreover, freijuently enibellislied with foimtains. It was in the

iitrium that the splendid columns which we have mentioned, as decoiating the house of

Scaurus, were placed. 'Ihe wails were either lined with marble or painted with various

devices, and the pavement was decorated with mosaic work or with jirecious marbles.

248. 'i'lie inUinum, which usually ojiened towards the atriuin, seems to have been a sort of

levee room, wherein the master of the mansion received his visitors or clients, lists of whom
were therein recorded, and where the maestro di camera announced their names. Some
have thought, and we do not say they are wrong, that this apartment contained (which it

might also do without att'ecting the truth of the first sui)position) the family archives,

statues, pictures, pedigree, and other a|)purtenances incident to a long line of ancestors.

249. The apart)nents on tiie sides right and left of the tablinum were called, as their

name signifies, alee. These were also furnished with portraits, statues, and other ])ieces re-

lative to the family, not omitting inscriptions commemorative of actions worthy their name.

250. Two corridors, one on each side of the atrium, which led to the interior of the liouse

from the atrium, were called /«ttct's (jaws).

In iiouses of modorato dimensions, chambers were distributed round the atrium for

the reception and lodging of strangers ; but
\\\ establishments of importance, wherein the

proprietor was a ])erson of extendeil con-

nexions, there was a separate Iwspilinm ap

propriated to that purpose.

2.52. We have stated that the peristyle was
a portion of the private part of the house.

It was mostly, if not always, ])laced l)eyond

the atrium, with which it communicated by

means of the tabliiuun and fauces. Similar

in general form and design to the atrium,

tor it was surroiuuled by cohunns (see /;(/.

IH.), it was larger than that apartment.

I he centre was usually provided with a par-

terre in which shrubs and flowers were dis-

tiibuted, and in its middle a fish pool. This

portion of the i)eristyle was called the xystus

{ ritr. lib. vi. c. 10.). In better houses

there was an ante-room called pincatun, to

e ich of the bed-chambers, of whose arrange-

ment very little is known. The triclinium

(Tpeis KAivai, three beds), or dining-room,

was so called from its having three couches

round the table on which the dinner wat

served ; the fourth side being left o|)en for

the servants (seey/r/. 135.). It was raised

two steps from the peristyle, and separated

from the garden by a large window. Winter triclinia were jjlaced towards the west, and

those for sunnuer to the east. In large houses there were several triclinia, wiiose couches

would contain a greater or less number of people. The oeci were \arge saluns or halls,

of Greek origin, and, like the atria, were of more than one species ; as for instance the

tetrastyle, tlie Corinthian, and the P^gyptian. " There is this ditrerence," observes Vi-

truvius (lib. v. cap. 6. )," between the Corinthian and Egyptian a'cus. The former has

a single order of columns, standing either on a podium or on the ground, and over it

architraves and cornices, either of wood or plaster, and a semicircular ceiling above the

cornice. In the Egyptian rccus, over the lower column, is an architrave, from which to

the surrounding walls is a boarded and paved floor, so as to form a passage round it in the

o])on air. Then, perpendicularly over the architrave of the lower columns, columns orie

fourth smaller are placed. Above their architraves and cornices, they are decorated with

ceilings, and windows are placed between the upjier columns. Thus they have the ajjpear-

ance of basilic;e rather than of Corinthian triclinia." The recus, called Cyzicene by the

Greeks, was different to tliosir of Italy. Its aspect was to the north, towards the gar-
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dens, and had doors in the middle. It was
made long, and broad enough to hold two
triclinia opposite to each other. The Greek
occus was not, however, iniich used in Italy.

The ptJiiicot/teca (j)icture room), wliere pos-

sihle, faced the north : both this and the hib-

Uothtca (library), whose aspect was east, do
not re(]uire explanation. The exedrcn of the

Roman houses were large apartments for

the general purposes of society. The upper
stories of the house, the chief being on
the groimd floor, were occupied by slaves,

freedmen, and the lower branches of the

family. Sometimes there was a solarium

(terrace), which was, in fine weather, much
resorted to.

25:3. Fig. 136. is a plan of the house of

I'ansa at Pompeii, by reference to which the

reader will gain a tolerable notion of tlie

situation of the different apartments whereof
we have been speaking. A is the prothyrum,

which was paved with mosaic. R B B B, Tuscan atrium, in whose centre is the com-
pluviuni or basin (b) for the reception of the water from the roof. One of the i)ro])ortions

assigned to the atrium by Vitruvius is, that the

length shall be once and a half tlie breadti)
;

and here it is precisely such, c, a pedestal or

altar of the household god. C C, ;ila\ 'J'liev

were on three sides surrounded by seats, and, from
Sir W. Cell's account, are analogous to similar re-

cesses in the galleries of Turkish houses, with their

divans : the thresholds were mosaic. Vitruvius
directs them to be two sevenths of the length of the

atrium; which is precisely tiieir size here. D, ta-

hlinum. It was separated from the atrium by an
aulaum, or curtain, like a drop scene. Next the

innor court was sometimes, perhaps generally, a

M'indow, occupying the whole side. The tablinum
was used as a dining-room in summer. E E E E,
peristyle, which, in this example, exactly corre-

sponds with the proportions directed l)y Vitruvius.

I'" 1"" V V were domestic apartments, as penaria,

or euhicula, or cella; domesticae. G, probably
tlie i)inacotlieca, or apartment for pictures. II,

fauces, or ])assage of communication between tlie

(uiter and inner divisions of the house. I, cuhi-

cuhiin. Its use cainiot lie doubted, as it contains a

bedstead, filling up the wiiole width of the further

end of it. K, triclinium, raised two steps from the

l)eristyle, and separated from the garden by a large

window. In this room comjjany was received,

and chairs ))laced for their accommodation. L L I,,

exedrce. iM M JNI, cella familiariit, or family cham-
bers : the further one had a window looking into

a court at d. N, lararium or armarium, a recep-
tacle for the more revered and favourite gods
O, kitchen with stoves therein, and oiiening into a

court at e, and an inner room P, in which were
dwarf walls to dejiosit oil jars. Q., fauces con-
ducting to the garden. Along the back front,

^1 w
I

w
I

w hi 'MX R R R R, is a portica or pergula, for training
S'l'j. * A A X » ^ *» 1 vines and creei)ers on the back front of the

house, before the windows of the triclinium. S S :

these two rooms, opening into the pergula, were,
it is presumed, cubicula. TT,&c. : the apartments
thus marked seem to have constituted a distinct

portion of the house, and communicated with the
street by a separate door. That they were in-

PL«^ ur iiuLs
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eluded in tUc. establisliinent of Pansa seems certain, from tlieir being connected with the
peristyle by the large ajjartment U. On excavating liere, four skeletons of females
were found marked by their gold ear-rings ; also a candelabrum, two vases, a fine

marble head of a faun, gold l)racelets, rings with engraved stones, &c. &.c. V V V are
sliops, which appear, by the remaiTis of staircases, to have had apartments above. They
contain dwarf walls ft)r ranging oil jars and other goods against. W \V, &c. are dif-

ferent shops. One is of a baker, and to it the necessary conveniences are appended. X X.
apotheca or store-rooms. Y is the bakehouse, containing the oven Z, the mills, c

kneading trough, i*v:c. : it is paved with volcanic stone in irregular polygons, g g, place for

the wood and ciiarcoal. h aiipears to have been almost a distinct dwelling : two of the
apartments had windows to tlie street, which runs southward to the forinn. f f f, entrances
from the street to tlie house of Pansa. Tlie house was surrounded by streets, or, in otlier

words, was an insula. We have thus named the principal apartments, and identified tiiem
by an example. In more magnificent houses there were the sacrarium, the venereum, tiie

sphcTBristerium, the aleatorium, cS:c. &c. The painting/^. 137. is in the kitchen of tlie

house of Pansa, and represents the worship of the lares, under whose care and protection the
provisions and cooking utensils were ))laced.

FlK. l""?. PAINTINO

^54. Tumhs.—The Romans were rather given to magnificence in the tombs erected for their

(lead. Some of these were public, and others for the interment of individuals or families.

The foi'mer were often of vast extent, and iiave been compared to subterranean cities ; the

otliers were pyramids, conical and cylindrical towers, with ranges of vaults in them for

sepulture.

255. Perhaps the earliest tomb at Rome is that of the Horatii, now known as that of

Aruns, son of Porsenna, which stands on the Appian Way, and was probably construited

by Etruscan wi rkmen. It has a basement 15 ft square on the ()hm, on wliich stand

five masses of rubble or eaith, faced with masonry, m tlie form of frusta of cones, four of

whicli are ten feet dia'ne er at the bottom, and are placed at the four anglts of the base-

ment. The (ifih stands in the centre of the whole mass, and is larger tl an the oliiers.

^^56. Tlie prmcipal tombs about Romeare: 1 The pyramid ot C'a'us Cestius, whosesides
are 102 ft. long, and its hei^lit about the same number of feet. Tiie interior contains in

the centre a reciangnl.T cill. 20 ft. Icng. and 13 ft. broad. At each external angle of this

jjyrainid stands a Doric column, without any portion of entalilature over it. It is

possible these v»cre intended as ornaments, though it has often puzzled us to find out how
they ever could have been so thought. 2. The tomb of Hadrian, now converted into the

Castel St. Angilo, had originally a s(iuare basement, whoe sides were 170 ft. long. From
this substructure rose a cylindrical tower, ] 15 ft. diameler, probably at one time enciicled

by a colonnade. It is now used as a fortress, and was considerably altered by Pope
Paul III. .3. The mausoleum of Cecilia iNIetella is circular, 90 ft. in diameter, and 6'i ft.

high, standing on a basement of the same form, which up to the frieze is of Travertine

stone, used as a casing to a rubble wall: it is the ealie.-t use of Travertine, b c. 10%
though some writers state 50 b.c. The frieze is of niaible. In what may be called the

core is a cell, 19 ft. diameter, to which there is an entrance by a pass^ige.

257. We do not, however, think it necessary further to detail the Homan tombs which

may be found in Rome or the provinces, but, in lieu of extending our desciiption on this
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Ik'kI, to give the reidera notion of tliLii forms m Jiq ISS l)\ a group from Pompeii,

among the remains of which
cit\ there are a great many
and various examples. Tliey

aic m general of small dimen-
sions, and stand so near one

mother as to form a street,

t died the Street of the

1 oinbs. Some of these are

(JLcorated very highly, both

as res])ects ornament in the

<ii( liitectiire and hassi relievi

on the different faces. Tlie

Romans were particular in

kc^jjiiig alive tiie memory
ot the dead, hence their

tombs were constantl^y looked

ifttr and ke|)t in repair ; a

m itter which, in tills country

ot commerce and politics,

a man's descendants rarely

think of, after dividing the

spoil at his death

2)8 Character of Roman Aiclnticturt — I he thai itttr of the Roman architecture in its

best period was necessarily very dillerent from the Grecian, on which it was founded. We
envv not those who say that they feel no beauties except those which the pure Grecian

Doric of the Parthenon possesses. Each style, in every division of architecture, has its

beauties ; and those, among other causes, arise from each style being suited to the country

in which it was reared ; neither can we too often repeat tiie answer which Quatremere de

Quiiicy gives in the Encyclojiedie Met/wdiqiif to the (|iiestion many years since proiiounded by

the Prench Academy of Inscriptions and Helles Lettres, " Whether tlie Greeks borrowed

their architecture from the Egyptians ?"' 'I'he answer of that highly talented writer is,

" That there is no such thing as general human architecture, because the wants of mankind
inust vary in different countries. The only one in which the different species of archi-

tecture can approach each otlier is intellectual ; it is that of impressions, which the qualities

whose effects are produced by the building art can work u|)on tlie mind of every man, of

every country. Some of them result from every species of architecture,— an art which
sprung, as well from the huts of Greece, as from the subterraneous excavations of Egyi)t,

from the tents of Asia, and from several mixed principles to us unknown. 'I'lius the use of

the word architecture is improper. We ought to name the species ; for l)etween tiie idea of

architecture as a genus and as a species there is the same difference as between language
and tongue ; and to seek for a simple origin of architecture is as absurd as a search would
be after the primitive language. If so, the hut of Vitruvius would be but an ingenious

fable, as some have said ; but it would be a ridiculous falsehood if he had ])reteiuled tiiat it

was the type of all architecture." If we must confine ourselves to the sim])licity and
purity of line which the Greek temple exhibits,— circumstances, be it observed, that no future

occasion can ever again effectually call up,— all the admiration of the numberless monu-
ments of the Romans is based upon false data, and we are not among those who feel inclined

to set ourselves up against the universal consent of our race. Thus far we think it neces-

sary to observe on the silly rage which a few years ago existed for setting up in this

metropolis pure Greek Doric porticoes and pure Greek profiles. What could more
exhibit the poverty of an artist's imagination, for instance, if the thing exist, than ajipending
to a theatre the Doric portico of a temple ? But the thing is too ridiculous to dwell on,

and we proceed to our purpose. Whether the Romans invented the Tuscan order we much
doubt. No examjjle of it exists similar in formation to that described by Vitruvius : it

must, however, be admitted that it is a beautiful combination of parts, and worthy so great
a people. It seems highly probable that this order was used by the Etruscans, and that to

them its origin is attributable. The use of timber in the entablature, which we know was
practised by them to a great extent, seems to sanction such an liypothesis. Its detail, as

well as that of the other orders of architecture, belong to another part of this work ; we
shall not therefore further speak of it than in the language of Sir Henry Wotton, who
says, with his usual quaintness and simplicity, that it is a sturdy labourer in homely
apparel.

259. The Doric order with the Romans was evidently not a favourite. In their bands
its character was much changed. The remains of it in the theatre of Marcellus, in the
examples at Cora and Pompeii, and the fragment at the baths of Dioclesian, are not sufficient,

the case of the first only excepted, to justify us in detaining the reader on tiie matter. The
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.owor order of trie Coliseum, be it observed, wants the triglyjib, tlie distinguisbing feature

uf the order ; so that altliough in a previous page we have described it as Doric, we
scarcely know whether we have not erred in our description. Ikit to a])proacli the siii)jcct

of the Roman Doric mure closely, we will examine the general form of the example which

the theatre of Marcellus atfords. Therein the whole height of the order is 31-15 ft.

whereof the entablature is rather more than one fifth, and the columns are 7-86 diameters

high. From the intercolumniations nothing can be deduced, because the arcade which

separates puts them out of comparison with other examples. Its profile is clearly that

which lias formed the basis upon which the Doric of the Italian architects is founded ; they

have, however, generally added a base to it. Jhere is great difference between it and the

Grecian Doric, which in its form is much more i)yramidal, and would, even in aiicieiif

Rome, have been out of character with the decorations applied in the architecture of the

city, in which all severity of form was abandoned. The details, however, of the Roman as

well as of the Grecian Doric will be given, and, from the reiu'esentations, better understood

by the reader, when we come to treat of the Orders in the third book of this work, where
some varieties of it are submitted to the reader.

260. In the exami)les of Roman Ionic, that of the theatre of Marcellus excepted, there is

a much greater inferiority than in the instance of Roman Doric to which we have just

alluded; indeid, that of the Temple of Concord, now known as the 'IVmple of Saiurn. is

composed in so debased a style, that allusion oiifrht scarcely to be made to it. The fol-

lowing table exhibits the general pioportions of the four Roman profiles of it :

—

Examples,

Height di- 1

vided hy i Dia-
lowerDia- metersin

meter in Imi- Height,
glish Feet.

Kntabla-
ture in

'I'erms of

tlie Dia-
meter.

2-182

] -605

2-391

2-280

hiter-
coliim-
niation.

Height of
Capital in

Terms of
the Dia-
meter.

-457

-500

-557

-466

Upper
Dia-

met. r of
Shaft.

-874

- 'i.j

•842

•833

Fortiina Virilis

Concord, now S.turn

IMarcellus (Theatre of)

Coliseum - - -

1^^ =;8-"96

2-91 — 1 " 8^-^

2-125

1-807

261. From the above it appears that, excejit in the case of the Temple of Saturn, the

entablature is about one fifth of the height of the whole order, and that the column diminishes

about
.j'jfg

of its lower diameter. The capitals of the Roman are much smaller than those

of the Grecian Ionic, and their curves are by no means so elegant and graceful. There is

no a|)pearance of refinement and care in their composition, for which the rules of Vitruvius

give an altosither much more beautiful profile than those examples, we have here quoted,

present. In the Temple of Saturn, the volutes are placed diagonally on the capital, so

that the four faces are similar in form. In the Greek s))ecimeiis, as also in the Teini)le of

Fortuna Virilis, this is done on one angle only of the cajiital of the columns, and that for

the purpose of again bringing the faces of the volutes on to the flanks of the building, instead

of showing the baluster sides of the capitals. On the whole, we think the modern
Italian architects succeeded in producing much more beautiful profiles of this order, which

never appears to have been a favourite in Rome, than their ancient predecessors.

262. The Corinthian seems to have been greatly preferred to the other orders by the

luxurious Romans. There is little doubt that the capitals were generally the work of Greek
sculptors, and some of those they have left are exceedingly beautiful ; one that we
have already mentioned, that of Vespasian, points to sculpture of the highest class. The
following table contains the general proportions of six well-known example* in Rome:

—

Exan.ples.

Pantheon, Portico

Pantheon, Interior

Jupiter Tonans,now Ves)iaslan-

Jupiter Stator, now Dioscuri -

Facade of Nero - .

Arch of Constaiitine

Height di- I

vided by
|

Dia-
lower Dia- ;metersin
meter in Kn-

,
Height

glish Feet.

47 039
4 797

31 U74
~3-f. 12
47 064
4 593

6-368
28-037

2 902

Entabla-
ture in

Terms of
the Dia-
meter.

Inter-
coluin-
niation.

2-317 2-092

2-251 1 -834

2-069 I •55a

2-534 ^575

2-439 .

2-388 .

Heigb of, Upper
( apital in ^M

.

lerms of',„pj^rof
the Dia-
meter.

1-175

1 -0(W

1-167

1-08

1-269

1-095

Shaft.

•855

•866

•867

•891

•883

•882

263. From the above, it ajijiears that a mean of the whole height of the Corintliian

Of'lcr ir, the Roman examples is 12-166 diameters, and that the entablature is less than a fifth
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of the lieight of the ortler, bein<!; as -ISHfi : 1 -0000. The diminution of the shaft \s not so

much as in the Ionic, being only
f'^J^,

of the lower diameter. The Temple of the Sybil at

'I'ivoli presents quite a distinct species, and is the romance of the art, if we may be allowed

such an expression. Tlie mean height of tlie columns is 9-853 diameters, being ratlier

slenderer than the height recommended by Vitruvius (Lib. iv. c. 9.). The attic base,

tthich will be considered in another portion of the work, was frequently emi)loyed by

the Roman artists.

264. Tile invention of the Composite order is attributed, with every probability, to the

Romans. It resembles generally the Corinthian, the main variation consisting in the part

itbove the second tier of leaves in the capital. The following table exhibits the general

proportions of three exam])les : —

Example.

Height divided
by lower Dia-
meter in Knglisli

I-eet.

Diame-
ters in

Height.

10-6R2

8-2G0

10-495

Kntablaturein
Terms of the
Diameter.

Height of Ca-
pital in Terms
of the Dia-

meter.

Dia-
meter at

toi> Ol'

Shaft.

Arch of Titus - -

Arch of Severus

Baths of Dioclesian

•J2 065 _
2 "07

2i 847 _
2 887
48 476
4619 —

2 -.533

2-316

2-3

1-287

1-144

1-181

•887

•882

-802

265. Tlie mean of these makes the entablature a little less than one fifth of the entire

leight of the order, the ratio being as -1955: 1-0000. The diminution of the shaft in

'& °^ '•'"^ lower diameters. The mean height of the columns is 9-806 diameters. A
strongly marked feature in Roman architecture is the stylobate or pedestal for the

eception of columns, which was not used by the Greeks. In the examples, it varies in

leight, but, generally speaking, it is very nearly four diameters of the column ; a mean of

;hose used in the triumphal arches comes out at 3-86 diameters. Another difference from

Greek architecture is in the form of the Roman pilaster, which was sometimes so strongly

narked as to form a sort of square column with cajiitals and bases similar to those of the

:()lumns it accompanies, except in being square instead of circular on the plan. It is di-

ninished in some buildings, as in the portico of the Pantheon, and in that of jMars Ultor,

vhile in others, no such diminution takes place. The reader will recollect that the Greek
intve were never diminished, that their projection was always very small, and that the mould-
ngs of their capitals were totally different from the columns with which they are connected.

266. But the most wonderful change the Romans etlected in architecture was by the in-

roduction of the arch; a change which, by various steps, led, through the basilica, to the

ronstruction of the extraordinary Gothic cathedrals of Jairope, in its progress oiiening

leauties in the art of which the Greeks had not the remotest conception. These matters

vill be more entered into in the next section: we only have to observe here, that its import-

mce \V'as not confined to the passage of rivers by means of bridges, but that it enabled the

Romans to supply in the greatest abundance to their cities water of a wholesome quality,

ivithout which no city can exist. To the introduction, moreover, of the arch, their

riumphal edifices were indebted for their principal beauties ; and without it their theatres

uid amphitheatres would have lost half their elegance and magnificence. Whence the arch
•ame is not known. It is now considered to have been borrowed from the Etruscans,

ind was employed at Rome in the oldest constructions of the Kings, as early as b.c. 640.

[ii the section on Egyptian architecture, the subject has already been noticed.

267. The use of coujiled columns and niches exhibits other varieties in which the Romans
lelighted ; but the former are not found till an age in which the art of architecture bad
legun to decline.

268. 'I'here is still another point to wliich the reader's attention must be directed, and it

s almost a sure test of Roman or Greek design ; namely, the form of the mouldings of an

jrder on their section. In purely Greek architecture, the contours of the mouldings are

ill formed from sections of the cone, whilst in that of the Romans, the contours are all

,)(>rtio»6 of circles.

2;>9. Under tlie climate of Rome it became necessary to raise the pitch of the roof higher

;liaii was necessary in Greece; hence the Roman pediment was more inclined to the

ho'-izon. As, however, when we consider the practical formation of roofs generally, we

shall investigate the law which, forced by climate upon the architect, governed the iiicli-

Miition of the pediment, the reader is referred, on that point, to the place in ihiswoik

where the subject of roofs is treated. (See Book II. Ch III., sec. iv., par. 2027.)
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Sect. XIV.

BVZANTINE AND ROMANESQUE AKCHITECTU RE.

2 70. We propose in this section to take a concise view of tlie state of debased I?oiiian

arcliitecture, from the year 47G, in wliicli the Uoinan empire in the West was destroyed, to

the introduction of the pointed arch at the latter end of tlie I'-'tli century. It will he ne-

cessary to premise that the term Romanes(nie is very general, and comprises the works of

the Lombards as well as tliose of a later species, which in this country are called Saxon and

Norman, for the character of all is the same, and we think much confusion will lie pre-

vented by the arrangement we jn'opose. Between the fifth and the eighth centuries, at

the beginning of which latter period tlie whole of Europe formed one great Gothic kingdom,
the prospect is over a dreary desert in which the oases of our art are few and far between.

'I'he constant change of power, the division of the empire, which was so overgrown that it

could no longer hang together, the irrni)tions of the Goths, whose name has beer, most
impro))erly connected with all that is barbarous in art, make it no easy task to give the un-

learned reader more than a faint idea of what occurred in the extended period through

which, often in darkness, we must proceed to feel our way. But, previous to this, we shall

continue the state ofthe architecture in the East ; because, having already given some account

of Saracenic architecture, which had its origin about the seventh century, we shall not

again have to divert his attention from the subject until the reader is introduced to the

pointed style : an arrangement which, we trust, will assist his memory in this history.

271. The emperor Tlieodosius, who died a. d. 395, exhibited great talent in arms, and

was desirous to extend the benefit of his influence to the arts, in which he did much for

the empire. His sons, Arcadius in the city of Constantinople, and Honorius at Rome,
were incapable of doing them any service, though by them was raised the famous Theodosian

coliunn at the first named city, which was surrounded with ))assi relievi, alter the fashion

of that erected long before in honour of Trajan at Rome. The ascent of Theodosius II.

to the throne promised as well for the empire as for the arts. He called architecture to

his aid for embellishing the cities of the empire. Under him, in 41f?, Constantinople was sur-

rounded with a new wall ; some extensive baths, and a magnificent palace for the two sisters

of Pulcheria were erected. In 447, an earthquake nearly destroyed the city, which was so

admirably restored under this emperor that he might with propriety have been called its

second founder. Except some trifling matters under Anastasius 1 1., and Justin his successor,

little was done till Justinian, the nei)hew of the last named, ascended the throne of the East, in

527. By him the celebrated architect Anthemius was invited to Constantinople. Through
the genius of this artist, aided by his colleague Isidorus of Miletus, on the ruins of the

principal church of the city, which, dedicated to Saint Sophia or the Eternal Wisdom, had

been twice destroyed by fire, was raised so splendid an edifice, that Justinian is said on its

completion to have exclaimed, as Gibbon observes, "with devout vanity :
" " Glory be to God,

who hath thought me worthy to accomplish so great a work. I have vanquished thee, O
Solomon." We shall make no apology for giving the description in the words of the

historian we have just quoted; a rejiresentation of the building being a])pended mjigs.

139. and 140. " But the pride of the Roman Solomon, before twenty years had elapsed, was
luunbled by an earthcjuake, which overthrew the

eastern ])art of the dome. Its sjjlendour was restored

by the perseverance of the same prince ; and in the

thirty-sixth year of his reign, Justinian celebrated

the second dedication of a temple, which remains,

after twelve centuries, a stately monument of his

fame. 'I'he architecture of St. Sophia, which is now
converted into the ])rincipal mosque, has been imi-

tated by the Turkish sultans, and that venerable

l)ile continues to excite the fond admiration of the

Greeks, and the more rational curiosity of European
travellers. The eye of the spectator is disappointe.

by an irregular prosjiect of half domes and shelving

roofs : the western front, the principal aj)proach, is

destitute of simplicity and magnificence ; and the

scale of dimensions has been much surpassed by
several of the Latin cathedrals. But the architect

who first erected an aerial cupola is entitled to the

praise of bold design and skilful execution. 'J'he

FiR. 109. piAN or CHUHCH OK ST. SOPHIA. (louic of St. Sophia, illuminated by four and twenty

windows, is formed with so small a curve, that the

depth is orly one-sixth of its diameter ; the measure of that diameter is 106 ft. 7^ in.
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Hiitl tlif lolty centre, where a crescent has snpplant'jd tlie cross, rises to the perpendicular
height of 182 ft. above the pavement. Tiie circle which ellci)nipnssts tlie dome lightly

reposes on four strong arches, and their weight is firmly suppoited hy four massy piicb "

(piers), "whose strength is assisted on the northern and sonti.ern sides by four columns of

Egyptian granite. A Greek cross inscribed in a quadrangle represents the form of tlie

L-diHce; the exact breadth from h, to b. is 231 ft., and 268 ft. from a. to a., or the extreme
length; the width under the dome froin r. to c. is 109'6 ft. The vestibule opened
into the iiarthex or exterior |)oitici>. That portico was the humble station of the

penitents. The nave or body of the church was Hlled by the congregation of the faithful ;

but the two sexes were priulently distinguislied, and the up])er and lower galleries were
allotted for the more private devotion of the women. Beyond the northern and southern

piles" (piers), " a balustrade, terminated on either side by the thrones of the emperor and
the patriarch, divided tlie nave from the choir ; and the space, as far as the steps of the

Rltar, was occupied by the clergy and singers. The altar itself, a name which insensibly

became familiar to Cliristian ears, was placed in the eastern recess, artificially built in the

form of a demi-cylinder, and this sanctuary communicated by several doors with the

sacristy, the vestry, the baptistery, and the contiguous buildings, subservient either to the

pomp of worship or the private use of the ecclesiastical ministers." We should be fearful

of thus continuing the (juotation, but that we prefer the language of Gibbon to our own
;

beyond which, the practical knowledge the rest of the descri])tion discloses is not unworthy
the scientific architect, and the subject is the type of the great modern cathedrals, that of

St. Paul, in I.,ondon, among the rest. " The memory," he continues, " of past calamities in-

spired Justinian with a wise resolution, that no wood, except for the doors, should be admitted
into the new edifice ; and the choice of the materials was ajipiied to the strength, the light-

ness, or the splendour of the respective parts. The solid piles" (piers) "which sustained

the cujxila were composed of huge blocks of freestone, hewn into s(piares and triangles,

fortified by circles of iron, and firmly cemented by the infusion of lead and quicklime;
but the weight of the cupola was diminished by the levity of its substance, which consists

either of pumice-stone that floats in the water, or of bricks from the Isle of Uliodes, five

times less ponderous than the ordinary sort. The whole frame of the edifice was con-
structed of brick ; but those base materials were concealed by a crust of marble ; and the

inside of St. Sophia, the cupola, the two larger and the six smaller semi-domes, the walls,

the hundred columns, and the pavement, delight even the eyes of barbarians with a rich

and variegated picture." Various presents of inarbles and mosaics, amongst which latter

were seen re])resentations of Christ, the Virgin, and saints, added to the magnificence of the

edifice, and the precious metals in their purity imparted sjdendour to the scene. Before
the building was four feet out of the ground its cost had amounted to a sum ecpiivalent to

200,000/. sterling, and the total cost of it when finished may, at the lowest comjiutation, be
reckoned as exceeding one million. In Constantinople alone, the emueror dedicated twenty-
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five cluirclies to Christ, the Virgin, and favourite saints. These were highly decorated, and
imposing situations were found for them. That of the Holy Apostles at Constantinojde,

and of St. John at Ephesus, appear to have had the church of St. Sophia for their types;
but in them the altar was placed under the centre of the dome, at the junction of four
porticoes, expressing the figure of the cross. " The pious munificence of the emperor was
diffused over the Holy Land ; and if reason," says Gibbon, " should condemn the monas-
teries of both sexes, which were built or restored by Justinian, yet charity must ajjplaud

the wells which he sank, and the hospitals which he founded, for the relief of the wearv
pilgrims." " Almost every saint in the calendar accjuired the honour of a temple; almost
every city of the empire obtained the solid advantages of bridges, hosjiitals, and aqueducts ;

but the severe liberality of the monarch disdained to indulge his subjects in the popular
luxury of baths and theatres." He restored the Byzantine palace; but selfishness, as re-

spected ids own comfort, could not be laid to his charge: witness the costly palace he erected

for the infamous Theodora, and the munificent gifts, equal to 180,000/. sterling, which
he bestowed u])on Antioch for its restoration after an earthijuake. His care was not
limited to the peaceful enjoyment of life by the empire over which he presided ; for the forti-

fications of Europe and Asia were multiplied by Justinian from Belgrade to the Euxine,
from the conflux of the Save to the mouth of the Danul)e ; a chain of above fourscore forti-

fied places was extended along the banks of the great river, and many military stations ap-

peared to extend beyond the Danube, the pride of the Roman name. We might consider-

ably extend the catalogue of the extraordinary works of Justinian ; but our object is a

general view, not a history of the works of this extraordinary person, of whom, applying the

verses architecturally, it might truly be said—
Si Poigania ifextra

Defeiufi posseiit : etiam hac defensa luissint ;
—

and by whom, if architecture could again have been restored, such a consummation would
have been accomplished.

2T2. In 5G5 .histin succeeded to the throne of the East, after whose reign nothing oc-

curs to prevent our proceeding to the ^^'estern part of the empire, except the notice neces-

sary to be taken of Leo the Isaurian, who ordered the statues in the different churches to

be broken in pieces, and the paintings which decorated them to be destroyed. Under him
Ravenna was lost to the Eastern empire, and under his predecessors i\lahomet a])i)eared ;

and in his successors originated the Saracenic architecture described in a jirevious section.

It was under Justin, in 571, that the prophet, as he is called, was born, and was in 6",'52

succeeded by Abubekr.
2~ti. We now return to the emjiire in the West, whose ruin, in 476, drew after it that of

the arts, which had grievously degenerated since the fourth century, at which period their

decadence was strongly marked. lUit we must digress a little by supjilying a cliasm in the

history of our art relative to the ancient basilic;E of Rome, the imdoubted tyjies of the

comjjaratively modern cathedrals of Europe ; and within the city of Rome ive shall find

ample materials for tracing the origin whereof we speak.

274. The severe laws against the Caristians which Severus had passed expired with his

authority, and the i)ersecuted race, between a. n. 21 1 and 249, enjoyed a calm, during which
they had been jiermitted to erect and consecrate convenient edifices for the purposes of re-

ligious worshi)), and to purchase lands even at Rome for the use of the community. Under
Dioclesian, however, in many places the churches were demolished, though in some situations

they were only shut up. I'liis emperor, as if desirous of committing to other hands the

work of persecution he had planned by his edicts, no sooner published them, than he divested

himself, by abdication, of the imperial purple.

275. Under Constantine, in the beginning of the fourth century, the Christians began
again to breathe ; and though that emperor's religion, even to the period of his death, is in-

volved in some doubt, it is certain that his ojiinion, as far as we can judge from his acts
was much inclined towards Christianity. Out of the seven princii)al churches, or basilic.-e,

of Rome, namely, Sta. Croce di Gierusalemme, S. Giovanni Laterano, S. Lorenzo fuori le

iVIura, S. Paolo, S. I'ietro, S. Sebastiano, and Sta. Maria Maggiore, all but the last were
founded by Constantine himself. The ancient basilica, which derived its name from
^amKtvs (a king), and omos (a house), was that part of the palace wherein justice was
administered to the ])eople. The building for this purpose retained its name long after

the extinction of the kingly office, and was in use with the Romans as well as the Grecians.

Vitruvius does not, however, give us any specific diflerence between those erected by one
or the other of those peojile. In lib. v. c. 1. he gives us the details of its form and ar-

rangement, for which the reader is referred to his work. The name of basilica was af"ter-

wards transferred to the first bidldingr, for Christian worship ; not because, as some liave

supposed, the first Christian emjierors used the ancient basilicas for the celebration of their

religious rites, but more probably with reference to the idea of sovereignty which the reli-

gion exercised, though we do not assert that such conclusion is to be necessarily drawn.
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riiere can be no doubt tliat tlie most ancient Cliristian basilica? were expressly constructed

"or the purpose of" religion, and their architectural details clearly point to the epoch in

vhich they were erected. These new temples of religion borrowed, nevertheless, as well in

heir whole as in their details, so much from the ancient basilica, that it is not surprising

hey should have retained their name. We here place before the reader {Jig. 141.) a plan of

OK THE BASIMCFi-. r.i.

he ancient basilica of S. Paolo fuori le l\Uir;i, and {Jii;. 142. )an interior view of it, wboreby

TERIOR OF BASII.TCA OF ST. PAUL,

ts general eflect may be better understood. The latter shows how admirably it was adapted

n the rece])tion of an extremely numerous congregation. The numberless columns wliieh

he ancient buildings readily supplied were put in re(|uisition for constructing these basilica',

I'hereof, adopting the buildings of the same name as the tyjje, they proportioned the eleva-

ion to the extent of the plans, and, in some cases, decorated them with the richest ornaments,

nstead of always connecting the columns togetherby architraves on their summit, which might
,ot be at hand, arches were spanned from one to the other, on which walls were carried up
bear the roofing. Though the practice of vaulting large areas did not appear till a con-

iderable time after the building of the first Christian basilicas, it must be recollected that

he Temple of Peace at Home bad previously exhibited a specimen of the ]u-ofound know-
jdge of the Romans in the practice of vaulting : in that example, groined vaults of very

irge dimensions were borne on entablatures and cohuuns. Nor does this knowledge a))pear

3 have been lost in almost the last stage of decline of Roman architecture under the emperor
Jioclesian. In the baths of this emperor are to l)e seen not only groined vaults in three
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divisions, whose span is nearly 70 ft., but nt tbe back of each springer a buttress, preciseiy

i)f the nature of a Hying buttress, is contrived to coiuiteract the thrusts of tlie vaulting.

276. In recording the annihilation of the arts on the invasion of Odoacer, at the end of

the fifth and during the course of the sixth century, historians have imputed it to the

Gothic nations, qualifying by this name the barbarous style wliich then degraded the pro-

fiuctions of the arts. Correct they are as to the epoch of their ruin, which coincided truly

enough with the empire of the Goths ; but to this nation they are unjust in attributing the

introduction of a barbarous style.

277. History informs us, that as soon as the princes of the Goths and Ostrogoths had fixed

themselves in Italy, they displayed the greatest anxiety to make the arts again flourish, and

but for a number of adverse circumstances they would have succeeded. Indeed, the people

whom the Romans designated as barbarous, were inhabitants of the countries to the north

and east of Italv, who actually acquired that dominion and power which the others lost.

Instructed at first by their defeats, they ultimately acquired the arts of those who originally

conquered them. Thus the Gauls, the Germans, the Pannonians, and Illyrians, had, from

tiieir submission to the Roman people, acquired quite as great a love for the arts as the

Romans themselves. For instance, at Nismes, the birthplace of Antoninus Pius, the arts

were in a state of high cultivation; in short, there were schools as good out of as in Italy

itself.

278. Odoacer, son of Edicon, the chief of a Gothic tribe, after obtaining possession of

Rome in 476, preserved Italy from invasion for six years; and there is little doubt that one

of his objects was the jjreservation of the arts. He was, however, stabbed by the hand, or

at least the command, of his rival and successor, Theodoric, in 4955. Theodoric, the son

of Theodemir, had been educated at Constantinople, and though personally he neglected

the cultivation of science and art, he was very far from insensible to the advantages they

conferred on a country. From the Alps to the extremity of Calabria, the right of conquest

nad placed Theodoric on the throne. As resjiects what he did for the arts, no better rect)rd

of his fame could exist than the volume of public Epistles comi)()sed by Cassiodorus, in the

royal name. " The reputation of Theodoric," says Gibbon, " may re])ose with confidence on

the visible peace and prosperity of a reign of thirty-three years ; the luianimous esteem of his

own times, and the memory of his wisdom and courage, his justice and humanity, which was

deeply imjjressed on the minds of the Goths and Italians." The residence of Theodoric was

at Ravenna chiefly, occasionally at Verona ; but in the seventh year of his reign he visited the

capital of the Old World, where, during a residence of six months, he proved that one at

least of the Gothic kings was anxious to preserve the monuments of the nations he had

subdued. Royal edicts were framed to prevent the abuses, neglect, or depredations of the

citizens upon works of art ; and an architect, the annual sum of two hundred pounds of

gold, twenty-five thousand tiles, and the receijit of customs from the Luciine ))ort, were

assigned for the ordinary repairs of the public buildings. Similar care was bestowed on

the works of sculpture. Besides the capitals, Pavia, Spoleto, Naples, and the rest of the

Italian cities, acquired under his reign the useful or s))lendid decorations of churches,

atjueducts, baths, porticoes, and palaces. His architects were Aloysius for Rome, and

Daniel for Ravenna, his instructions to whom manifest his care for the art ; and under him
Cassiodorus, for fifty-seven years minister of the Ostrogoth kings, was for a long ))eriod

the tutelary genius of the arts. The death of Theodoric occiu-red in 526 ; his mausoleum
is still in existence at Ravenna, being now called Sta. Maria della Rotunda. That city

contains also the church of St. ApoUinaris, which shows that at this period very little, if

any, change had been made in the arrangement of large churches on the plan of the basilica.

The front of the convent of the Franciscan friars in the same town, which is reputed to be

tiie entrance to the palace, bears considerable resemblance to the Porta Aurea of Dioclesian,

at Spalatro. Tliese buildings are all m a heavy debased Roman style, and we are quite at

a loss to understand the passage quoted by Tiraboschi, from Cassiodorus, who therein gives

a particular description of the very great lightness and elegance of columns; thus— " Quid
dicamus columnarum junceam proceritatcm ? Moles illas sublimissimas fabiicarum quasi

((uibusdam eiectis lla^tilibus contir.eri et substanti;«; qurtlitate concavis canalibus excavatas

ut magis ipsas festimes fuisse transfusas ; alias cerLs judices factum, quod metallis durissimis

videas expolitmn." (Lib. vii. Var. 15.) We know no examples of the period that bear

out these assertions of Cassiodorus; on the contrary, what is known of this period indicates

a totally different style.

279. if the successors of Theodoric had succeeded to his talents as well as his throne,

and if thev had betn assisted by ministers like Cassiodorus, the arts and letters of Italy

might ha\e recovered; l)ut. after the retirement of that minii-ter, from the succession ot

Viiiges. towards 5SR, the arts were completely extinct. In 54.3-7, Rome was taken and

plundered by Totila ; and afterwards, in 553, this ill-fdted city was again united to the

Eastern empire by the talents of Belisarius and N:irses.

'-'80. From the year 568 up to the conquest of Italy by Charlemagne, in 774, the country

was overrun by the Lombards, a people who quickly attained a high degree of civilizativ'ii,
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hnd were miicli given to tlic practice of architecture. IVIaH'ei, Muratori, and iirabosclii

liave clearly proved that neither the CJoths nor the I>omhards introduced any particular

stvle, but employed the architects whom they found in Italy. Tig 14;5. is the west end

Rk. 1 13.

if the church of St. ]\Iicliael, at Pavia, a work executed under tlie Lombards, and, therefore.

1. re inserted as an example of style. 'J'he anxiety, however, of the Lombards to preserve the

irts was not suthcient to prevent their increasing decay, which daily became more apparent.

Not more than the Goths do they deserve the reproach for their treatment of and indiffer-

nce to them. Besides fortifications and citadels for defence, they built palaces, baths, ano
;emples, not only at Pavia, the seat of their empire, but at Turin, Milan, Spoleto, and
Henevento. Hospitals under them began to be founded. The Queen Theodelinda, in

)articnlar, signalised her pious zeal in founding one at Monza, near I\Iilan, her fa\ouritt

esidence, and endowing it in a most liberal manner.

281. hi the eighth century the influence of the pojies on the fine arts began to be felt.

John VL and Gregory IIL, at the commencement of the eighth century, showed great soli-

•itude in their behalf. During this age the popes gained great temporal advantages, and
heir revenues enabled them to treat tliose advantages so as to do great good for Italy. In

he ninth century Adrian I. signalistd himself in this passion to such an extent, that Ni-

cholas V. placed on his monument the in-

scription,

—

Restituit mores, moeiiia, teniiila, Uumos.

His works were many and admirable. Among
those of great use, he constructed i)orticoes

from the city to San Paolo and S. Lorenzo
fuori le Mura.

282. Before we advance to the age of

Charlemagne, it will be necessary to notice

the church of St. Vitalis, at Ravenna, which
we have reserved for this place on account of

the singularity of its construction. It was
erected, as is usually believed, under the reign

of Justinian, in the sixth century. Seejiyn.

144. and 145. The exterior walls are formed
in a regular octagon, whose diameter is 128 ft.

Within this octagon is another concentric one,

,54 ft. in diameter, from the eight piers whereof

(55 ft. in height) a hemispherical vault is

gathered over, and over this is a timber conical

roof. The peculiarity exhibited in the con-

struction of the cupola is, that the spandrels are

h\f. i-M. »"•» I' T. vi^«iJB, R»v«>N*. filled in with earthen vases ; and that round the

./2
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exterior of its base semicircular headed windows are introduced, eacli of whlcli is subdivided

into two apertures of similar forms. Between every two piers Iiemicylindrica! recesses are

formed, each covered by a semidome, whose vertex is 48 ft. from the pavement, and each

of them contains two wind')ws subdivided into three spaces by two columns of tlie Corin-

thian order, supporting semicircular-headed arches. Ik'tween the piers and tlie external

walls are two corridors, which surround the wl'.v)le building, in two stories, one above the

other, each covered by hcmicylindrical vaulting. Tlie uijjier corridor above the vault

is covered with a sloping or leanto roof We have before noticed the introduction of vases

in the spandrels at the Circus of Caracalla ; and we cannot help being struck with the

similarity of construction in the instance above cited. It fully bears out tiie observation of

IMilller (Deiiknialilcr der Deutschen Bauhinist), " that, though beauty of proportion seems to

have been unappreciated in these ages, and architecture was confined witliin a servile imi-

tation of the earlier forms, the art of compounding cement, the proper selection of build-

ing materials, and an intimate acquaintance with the princii)les of solid construction with

wliich the ancients were so conversant, were fully imderstood."

2S;5. The a?ra of Charlemagne, which opened after the middle of the eighth century and

continued into the early part of the ninth, gave rise to many grand edifices dedicated to

Christianity. This extraordinary man, rising to extensive dominion, did much towards re-

storing the arts and civilisation. " jNIeanwIiile, in the south-east," says an intelligent

anonymous writer, "the decrepid Grecian empire, itself maintaining but a sickly existence,

'.lad nevertheless continued so far to stretch a protecting wing over them [the arts] that

they never had there equally approached extinction. It seems probable that Charlemagne

drew thence the architect and artisans who were capable of designing and building such a

church as the cathedral of Aix-la-Chapelle, in Germany." " If Charlemagne," says Gibbon,
" had fixed in Italy the seat of the Western empire, his genius would have aspired to re-

store, rather than violate, the works of the C;csars ; but as policy confined the French

monarch to the forests of Germany, his taste could be gratified only by destruction, and

the new palace and church of Aix-la-Cliapelle were decorated with the marbles of Kaveima

and Rome." The fact is, that the Byzantine or Romanesque style continued, with various

decrees of beauty, over the Continent, and in this country, till it was superseded by the in-

troduction of the pointed style. WoUcr, from whom wc extract/?//. 14G. which represents

the portico of the Convent of Lorsch, situate about two and a half German miles from

Darmstadt, considers it as all that remains of the first churcli built in the time of Cliarle-

magne. The same learned author observes, that, on comparison with each other of tlie

ancient churches of Germany, two leading differences are discoverable in their styles, of

which all others are grades or combinations. 'Vhc fist, or earliest, whose origin is from the

South, is, though in its later period much degenerated, of a highly finished character,

distinguished by forms and decorations resembling those of Roman buildings, by flat roofs,

by hemicylindrical vaults, and by great solidity of construction. The aecowl and later stv'in

fstill preserves the semicircular forms ; but the liigh pitched roof, more adapted to tlie season.'!
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if a nortlicrii climate, begins to be substituted for tbe flat roof of t)ie Soutli, as at tlie ca-

liedral of Worms on tbe west side, tlie western tower of tbe cbureb at Gebibausen, anil in

nany otber examples.

284. We are now approacbing a period in wbicb more ligbt can be tbrown on our siib-

ect tlian on tbat we liave just quitted. In tbe nintli century, on, as it is said, tbe designs of a

jireek artist, rose tbe catbedral of St. Mark at Venice, tbe largest of tlie Italian cburcbes in

be Byzantine style. Its plan is tbat of a Greek cross, wliose arms are vaulted bemicy-
indrically, and, meeting in tbe centre of tbe building, terminate in four semicircular arclies

)n tbe four sides of a scjuare, about 42 ft. in lengtb in eacb direction. From tlie anterior

ingles of tbe piers, pendi-utives gatber over, as in St. Sophia, at Constantinojile, and form a

ircle wberefroin rises a cylindrical wall or drum in wbicb windows for ligbting tbe interior

ire introduced. From tbis drum, tbe jjrincijial dome, wbicb is lieinis))berical, s))riiigs.

[,oiigitudinally and transversely tbe cluircb is separated by ranks of columns su])i)orting

emicircular arcbes. Tbe aisles of the nave and cboir, and tbose of tbe transepts, intersect

'acb otber in four i)laces about tbe centre of tbe cross, over wbicb intersections are small

lomes ; so tbat on tbe roof are four smaller and one larger dome. In tlie exterior front

owards tbe I'iazza San INIarco, tiie facade consists of two stories, in tbe centre of tbe lower
)ne wbereof is a large semicircularly arcbed entrance, on eacb side of wbicb are two otber

imaller arcbed entrances of tbe same form. These have all ))lain archivolts springing from
be upper of two orders of columns. On each Hank of tbe facade is a smaller open arcade
springing at eacb extremity from an upper of two orders of insulated columns. A gallery

vith a balustrade extends round the exterior of the church, in front wbereof, in the centre,

ux' the four famous bronze horses which once belonged to the arch of Nero. The second
itory towards the Piazza San INIarco consists of a central semicircular aperture, with two
jlank semicircular arcbes on each side, not quite so high and wide. These five divisions

u-e all crowned by canopy pediments of curves of contrary flexures, and ornamented with
bliage. Between each two arches and at the angles a turret is introduced consisting of

bree stories of columns, and terminated by a pinnacle. The building has been considerably
dtered since its first construction; and, indeed, tbe ornaments last named point to a later

ige than the rest of the edifice, the general character of which has, nevertheless, been pre-

lerved. There is considerable similarity of plan between this church and that of St.

50])nia.

'_'H5. Very much partaking the character of composition of St. Mark, but dissimilar in
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peiKM'al plan, is the cluirch of St. Anthony at Padna, which has six domes over the nave,

tr.iiisepts, centre, and clioir. It is, moreover, distinguislied by two slender towers or minarets,

whicli impart to it the air of a Saracenic edifice.

y86. The Italian architecture in the Byzantine or Romanesque style preserved a very
different sort of character from that of the same date in Germany and other parts of Europe.
'I'hus,— taking the cathedrals of Pisa and Worms, whose respective periods of construction

are very close together,— the former is separated into its nave and aisles by columns with
Corinthian capitals, reminding one very much of the early Christian basilica ; in the latter,

the separation of the nave from the aisles is by square j)iers. The cathedral at Pisa, with
its baptistery, campanile, and the campo santo or cemetery, are a group of buildings of more
curiosity than any four edifices in the world, and the more so from being so strongly

marked with the distinguishing features of the 15yzantine and Romanesque styles. The
cathedral (fj. H7.), whose architect was Buschetto of Duiichio, a Greek, was l)uilt in the

beginning in the llth cen-

tury. It consists of a nave,

with two aisles on each side

of it, transepts, and choir. Its

bases, capitals, cornices, and
other parts were fragments o(

antiquity collected from dif-

ferent ])laccs, and here with
great skill brought together

by Buschetto. The jilan of

the church isa Latin cross; its

length from the interior face of

the wall to tlie back of the

recess is .31 1 ft., the width of

the nave and four side aisles

106 ft. G in., the length of the

transept 237 ft. 4 in., and its

width, with its side aisles,

58 ft. The centre nave is

4 1 ft. wide, and has twenty-
four Corinthian columns,

twelve on each side, all of

marble, 24 ft. 10 in. high, and
full 2 ft. 3 in. in diameter.

From the cajjitals of these

columns arches spring, and over tliem is another order of columns, smaller and more nu-

merous, from the circumstance of one being inserted over the centre of an intercolumniation

below, and from their accompanying two openings under arches nearly equal to the width

of such intercolumniations. These form an iqiper gallery, or /r//b;i«?H, anciently appropriated

to the use of females. The four aisles have also isolated columns of the Corinthian order,

bat smaller, and raised on high plinths, in order to make them range with the others. The
tra.-septs have each a nave and two side aisles, with isolated columns, the same size as those of

the other. The soffit of the great nave and of the transepts is of wood, gilt, but the smaller

ones are groined. The height of the great nave is 91 ft., that of the transepts about 84 ft.,

and that of the aisles, 35 ft. In the centre nave are four piers, on which rest four large

arches, supporting an elliptical cupola. The church is lighted by windows above the second

order of the interior. The edifice is surrounded by steps. The extreme width of the

western front, measured above the plinth moulding, is 1 1 6 ft., and the height from the pave-

ment to the apex of the roof is 112 ft. 3 in. The facade has five stories, the first whereof
consists of seven arches, supported by six Corinthian columns and two pilasters, the middle

arch being larger than the others : the second has twenty-one arches, supported by twenty

columns and two pilasters ; the third is singular, from the fa('ade contracting where the

two aisles finish, and forming two lateral inclined jilanes, whence in the middle are columns

with arches on them as below. The columns which are in the two inclined planes gradually

diminish in height ; the fifth story is the same, and forms a triangular pediment, the columns
and arches as they approach the angles becoming more diminutive. The two exterior sides

liave two orders of pilasters, one over the other. The roof of the nave is supported, externally,

by a wall decorated with columns, and arches resting on their capitals. The whole of the

building is covered with lead. The drum of the cupola is externally ornamented with

eighty-eight columns connected by arches, over which are pediments in marble, forming a

species of crowns. The principal point of difference in these cathedrals from the old

basilicas, in imitation whereof they were doubtless built, is in the addition of the transepts,

by which a cruciform plan was given to these edifices. The style of the building in

question is much lighter than most of the buildings of the period. But, whatever the taste

1 2
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and stylo, tlio aicliit(,'ct of it was a very skilful mechanic. One of his epitaphs, at I'isa, we
<iil)ji)in, in ])roof of what we have stated.

Qund vix mille boum possent jiiKa juiicta moverc.
Et quod vix potuit per marc fcrre ratis,

Biischetti nisu, quod erat mirabile vitu,

Delia pucllaruin turba levavit onus.

287. In Gerinany, the 10th and 11th centuries alFord some edifices very important in the

history of the art. Such arc the cathedrals of Sjjire, Worms, iMaycnce, and others, still in

existence to testify their extraordinary solidity and magnificence. In that country, as Rliiller

remarks, there was a great disparity between its several provinces, as respected their degr(?es

of civilisation. On the banks of the Rhine, and in the south, cities were established when
those parts became subject to the Romans, and there the arts of peace and the Christian

religion took root, and flourished ; whilst, in the north and east, paganism was still in existence.

Christianity, indeed, and civilisation gradually and generally extended from the southern

and western parts. The clergy, we know from history, themselves directed the building of

churches and convents. The buildings, therefore, of these ])arts are of great imjjortance in

the history of architecture. The leading forms of these churches, as well as of those that

were built about the same period in France and England, are founded tipon the ancient

basilica?; that is, tliey were long parallelograms with side aisles, and transejits which represent

the arms ol the cross, over whose intersection with the nave there is frequently a lovvri:

The choir and chancel terminate semicircnlarly on the plan. The semicircle prevails in

tiie vaultings and over openings. The nave is lofty, fre(]uently covered with groined vaidting,

sometimes with flat timber covering; the gables are of small inclination. In the u])per

parts small short columns are frequently introduced. The yirevailing feature in the ex-

terior is horizontality, by which it is distinguished from the style which came into use in the

l.Sth century. The profiles of the mouldings are, almost without exccjition, of Roman
origin ; the impost mouldings under the arches are, in this respect, peculiarly striking ; and
among the parts the Attic base constantly appears. The Roman basilicae were always
covered with flat horizontal ceilings ; those of the churches we are speaking of are mostly
vaulted. Hence the necessity of substituting pillars or piers for the insulated columns,
which had only to carry wooden roofs. There are, however, a few churches remaining,
n-hich preserve the ancient type, as a church at Ratisbon, and the conventual churches ot

Paulinzell and Schwarzach. Fig. 148. shows the plan, sinAjig. 149. a sketch of one bay in a

ji J Q '^' "s ©;' w "^ "g" a ;
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CATHEDRAL AT FiK lis.

I,
longitudinal section of the north side of the nave of the cathedral

1 at Worms, which was commenced in tlie year 99R, and conse-
i
crated in 1016. It is one of the most ancient of the German

I

churches, and one of the most instructive. On our examination
'^ of it, recently, we were astonished at its state of preservation.

The plan, it will be seen, is strongly distinguished by the cross

;

the square piers are alternately decorated with half columns ; ami
the chancel, at the east end, terminates with a semicircle. I'lie
western end of the church, which is octagonal, seems to be more
modern than the rest, inasmuch as the jjointed arch appears in it.

Fig. 150. is a view of tlie eiiilice.

288. Parts of the cathedral at Mentz are more ancient than

j

any part of that at Worms ; hence it may be studied witii advan-

I

tage, as containing a view of tlie styles of several centuries. 'J'iie

I

south-eastern gate of the cathedral is given by Mollerin his work
' (J"(ate VI.).

I 289. Whittington, a highly talented author, of whom the world
;
was deprived at a very early age (^Historical Survey of t/ie Ecc/e-
siastical Antiquities of France, 4to. Lond. 1S09), observes, that
the buildmgs in France of the 9th and lotli centuries were imi-
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tated from tlie works of Cliarlo-

magne ; hut that Iiis fcehle sin;-

cessors, deficient both in riches

and power, were unable to equal

them in magnitude or beauty of

materials. During a large por-

tion of the 9th century the

country was a scene of conster-

nation and bloodshed. Tlie

most celebrated, and almost the

only foundation of consequence
which took ])lace during this

dreary period, was tlie abbey of

Clugny. It was built, about
910, by Berno, abbot of IJalme,

with the assistance of William,
Duke of A(]uitaine and Aii-

vergne. 15ut there is little

doubt that the ])resent church
was built in the following cen-

tury. During the 1 1 th century,

the Frei^ch, relieved from their

disordered state, hastened to re-

build and repair their ecclesiac-
"^ " '

" ""'" ''*' "" "'
tical structures, and their vario\;s

cities and provinces vied with each other in dis])lays of enthusiastic devotion. Robert the

I'ious, by his exam])le, encouraged the zeal of his clergy and people ; and the science of

arcliitecture revived with majesty and effect from its fallen state. IMorard, the abbot of

St. Germain des Pres, was enabled by this inonarch to rebuild the church of his con-

vent on a larger scale. St. Genevieve wmi also restored, and a cloister added to it, by
his order. He, moreover, made preparations for erecting a cathedral at Paris in a style

of as great magnificence as the times would allow. At Orleans, the jjlace of his na-

tivity, lie built the churches of Notre Dame de bonnes nouvelles, St. Peter, and St. Aignan,
which last was consecrated in 1029. But our space does not allow an enumeration of all

the works undertaken during his reign. About this time, the cathedral of Chartres was
rebidt by Fulbert, its bishop, whose great rejjutation, in France and the rest of Europe,
enabled him to execute it in a manner till then unknown in his country. Canute, the

king of England, and Richard, Duke of Normandy, were among the princes who assisted

him with contributions. His successor, 'I'liierri or I'heodoric, com])leted the building. 'I'lic

northern part was afterwards erected in 1060, at the ex])ense of Jean Cormier, a native of

Chartres, and jjliysician to the king. The length of the church is 4'iO ft., its height lOS ft.,

ami the nave 48 ft. wide. The transepts extend 210 ft. The ahbcy church of Cluny,

wiiiih suc^'ceded that above mentioned, «as one of the largest and most interesting of the

ecclesiastical moiuiments of France. It was begun in thecoinmencement of the 1 1th century,

by the abbot Odilo, and finished by his su.'ceisor Hugh, in 1069. The ceremony of its

dedication did not, however, take }date till manj years after. Ti.e Style of architecture in

France, in the 11th, was the same as in the prectding centuries ; hut the churches were

larger and inore solidly constructed. The oldest buildings of France, sviili some exceptions,

are traceable to this a-ra ; such are the veneialile fabrics of St. Gennain des Pres at Pari.s,

St. Beiiigne at Dijon, those of Chartres, I^a Charite sur I>oire (Cluny was destroyed

1789), and others ; these all remain to illustrate the histoty of the arts at this period.

But as we have said before, and cannot loo often repeat, the style which prevailed was

no more than a debasi'd and feeble attempt to imitate the ancient arcliitecture of

Rome, and its best examples are not, in style even, equal to those of the art in its

lowest state under the reign of Dioclesian ; indeed the investigation is only important as

being one of the means by which we can arrive at a just conclusion on the state of civilisa-

tion at diflerent periods. Mores fobrica loquuutttr is an expression of Cassiodorus, so true,

that to prove it would indeed be lighting the sun with a candle ; and we must not triHe

with the patience of the reader.

290. The Saxon churches of England, to which and its more modern architecture oiu-

succeeding chapter will be entirely devoted, were very inferior in every respect to the

Norman cliurches of France; and these latter dittered materially from those in the neigh-

bourhood of Paris, and further to the south. The Norman churches were larger in some
examples ; but they were more rude in design and execution. The abbey church of

St. Stephen, raised at Caen by William the Conqueror, and that founded by his Queen
]\Jatilda in the same city in honour of the Holy Trinity, are the chief examples of the

peculiar manner of building introduced by the Norman prelates into England at the end
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of the I I til cciuui-y ; -iftcr wliicli, as we sliall presently see, a new and extraordinary stvle

made its appearance in Knro])e, a style whereof ^y. 151. will, on inspection, sutHcitntly

(^ive a general notion to the reader.

291. Before leaving the subject of this section, we must fall back again upon Italy

to notice two or three works intimately connected witli this period of the art. We
here more particularly allude to the celebrated baptistry and campanile of I'isa, a city

which seems to have been a great nursing mother to our art, no less than to those of

painting and sculjiture. The Campo Santo of that city, of wliich, from the number of

examples to be noticed, we regret we shall be imable to give but a short account, belongs

to the next period, and must be noticed after them.

292. Dioti Salvi, whose birthplace even is unknown, commenced, in 1 152, the baptistery

.jf J.'isii (Jiff. 152.), and after eight years completed it It is close to tlie cathedral of the

place, and though on the wall of

the inner gallery there be an in-

scrijition, cut in the character of the

middle ages, " a.d. 1278, ^KniricATA

KiiiT OK NOVO," and it may be con-

sistent with truth that the edi-

fice was ornamented by John of

Pisa, there is nothing to invalidate

the belief that the building stands

on the foundations originally set

out, and that for its principal fea-

tures it is indebted to the architect

whose name we have mentioned.
It is 100 ft. in diannter within the

walls, which are 8 ft. G in. thick.

The covering is a double brick

(!onie, the inner one conical, the

outer hemispherical. The former
is a frustum of a jiyramid of

twelve sides. Its upper extremity
forms a horizontal polygon, finished

with a small parabolic cupola,

showing twelve small marble ribs

on the exterior. The outer vault

terminates above, at the base of

the small cupola, which stands like

a lantern over the a))crtiirc. From
the pavement, the height of the

cupola is 102 ft. The entrance is

by a decorated doorway, from the
' sill of which the general pavement

n«. 152. »*pr»T.RV o, pm.
;, ^„„^ ^,,^p^. j.,^.^,^ ^^^,,,j ^j^^ ,,,,j,^,_

iiig ; the space between the steps and the wall having been provided for the accommodation
of the persons assembled to view the cerem,>ny of baptism. An aisle or corridor is con-

tinued round its interior circumference, being formed by eight granite columns and four piers,

from which are turned semicircular arches, which support an upper gallery ; and above

Uic arches arc twelve piers, bearing the semicircular arches which sui>port the j.yramidal
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dome. On tlie exterior are two orders of Corinthian columns engaged in tlie wall, wliich

sui)))ort semicircular arches. In the upper order the columns are more numerous, inas-

niiicli as each arch below bears two columns above it. Over every two arches of the iip])er

oriier is a sharp pediment, separated by a pinnacle from the adjoining ones; and above the

pediments a horizontal cornice encircles the buiUling. Al)ove the second story a division

in the com])artments occurs, which embraces three of the lower arches ; the se])aratior.

being ertected by piers triangular on the plan, crowned by ])innacles. Between these ])iers.

semicircular headed small windows are introduced, over each of which is a small circular

window, and thereover sharp pediments. Above these the convex surface of the dome
springs up, and is divided by twelve ribs, truncated below the vertex, and ornamented with

crockets. Between these ribs are a species of dormer windows, one between every two ribs,

ornamented v/ith columns, and surmounted each by three small pointed jiediments. The
total height is about 170 ft. The cupola is covered with lead and tiles; the rest of tlie

edifice is marble.

SO.'?. The extraordinary campanile, or bell tower, near the cathedral at Pisa, was built

about 1 174. It is celebrated from the circumstance of its overhanging upwards of thirteen

feet, a peculiarity observable in many other Italian towers, but in none to so great an extent

as in this. There can be no doubt whatever tliat the defect has arisen from bad foundation

and that the failure exhibited itself long before the building was completed ; because, on

one side, at a certain height, the columns are higher than on the other ; thus showing an en-

deavour on the part of the builders to bring back the upper part of the tower to as vertical

a direction as was ])racticable, and recover the situation of the centre of gravity. 'Ihe

tower is cylindrical, 50 ft. in diameter, and 180 ft. high. It consists of eight stories of

columns, in each of which they bear semicircular arches, forming open galleries round the

story. The roof is flat, and the ujiper story contains some bells. The last of the grou]) of

buildings in Pisa is the Campo Santo, which, from its style and date (l'i7£), is only men-

tioned here out of its |)lace in order to leave this interesting spot without necessity for further

recurrence to it. It is the public burying place of the city, and, whetlier from the remains on

its walls of the earliest examples of Giotto, and Cimabue, the beauty of its jiroportions, or

the sculjiture that remains about, is unparalleled in interest to the artist. It is a quadrangle,

40.'3 ft. in lengtli, 1 17 ft. in width, and is surrounded by a corridor 32 ft. in breadth. This

corridor is roofed, forming a sort of cloister with semicircular-headed windows, which were

at first simple apertures extending down to the pavement, but they have been subse<juently

divided into smaller apertures by columns, which, from the springing of the arches, branch

out into tracery of elegant design. The interior part of the <iuadrangle is open to the sky.

Some of the arches above mentioned were completed as late as the year 14G4.

The style of the transition to pointed art will be noticed in the section on PoiNrEu

Akchitkctuke at the end of Book I.

Sect. XV.

(a) ORIGIN or THE POINTED AKCII.

294. About the end ot the 12th and the beginning of the 13th century, a most singular

and important change took place in the architecture of Europe. The flat southern roof,

says Miiller, was su]ierseded by the high pitched northern covering of the ecclesiastical

edifices, and its introduction brought with it the use of the pointed arch, which was sub-

siuuted for the semicircular one : a necessary consequence, for the roo^' and vi-uits being

thus raised, the diameter of the whole could not lie jireserved without changing the entire

arrangement of the combination of forms. But we have great doubts on Holler's hypo-

thesis ; it will, indeed, be hereafter seen we have a different belief on the origin of the pointed

arch.
'

Before we at all enter upon the edifices of the period, we think it will be better to

put the reader in possession of the different hypotheses in which various writers have in-

dulo-ed, relative to the introduction or invention of the pointed arch ; and though we attach

very little importance to the discovery, if it could now be clearly established, we are, as our

work would be incomplete without the notice, compelled to submit them fjr the reader's

consideration.

295. 1. Some have derived this style frovi the hohj groves of the early Celts But we can

see no <»round for this hypothesis, for it was only in the 14th and 15th centuries that ribs

between the groins (which have been compared to the small branches of trees) were intro-

duced ; hence it is rather difficult to trace the similarity which its supporters contend for.

29fi. 2. That the stifle oriyinuted from htits made with twigs avd branches of trees intertwined.

An hvpothesis fancifully conceived and exhibited to the world by Sir James Hall, in

some very interesting plates attached to his work. ]\Ioller properly observes upon this

theory of twigs, that it is only in the buildings of the 15th and IGth centuries that the

supposed imitation of twigs appears.



120 IlISTOKY or AllCUirKCTUUE. 15 I.

297. '.). Fiom the fnuned construction of timber huihlings. — This is an !ivi)otliesis wliich

it would l)c loss of" time to examine, inasmuch as all tlie forms and details imdoiihtedly arise

tVom the vault and arch; and a close examination of the buildings of the 13th century

proves that the ancient ecclesiastical style involves the scientific construction of stone

vaulting, all timber construction being limited to the framing of the roof.

298. 4. From the imitation of the aspiring lines of the pyramids of Egypt. — This liypo-

thesis is the fancy of IMiirphy, the ingenious and useful editor of a work on the convent of

IJatalha, in Portugal, and also of some of the finest edifices of the Moors in Spain. The fol-

lowing is the reasoning of the author : — The pyramids of the EgyjJtians are tombs ; the

dead are buried in churches, and on their towers pyramidal forms are placed ; conse(}uentlv,

tlie ])yramids of the towers indicate that there are graves in the churches ; and as the pyra-

midal form constitutes the essence of the jiointed arch style, and the pyramids of the towers

are imitations of tlie Egyptian ])yramids, the pointed arch is derived from the latter. The
reader, we are sure, will not require from us any examination of tlie series of syllogisms

here enumerated.

299. 5. From tlie intersection nf semicirciihir arches which recurs in late instances of the lio-

/nanexijue style. — This was the hypothesis of the late Dr. INIilner, a Catholic bishop of great

learning and most amiable bearing, and a person so intimately acijuainted with the subject

on which he wrote, that we regret his reasons for the conjecture are not satisfactory to

us, albeit the combination (Jig. 153.) whereof he speaks is, in the Romanesque style, of

fre(|uent occurrence. The veneral)le prelate seems
to have lost sight of a princi|)le familiar to every

artist— that in all art the details of a style are

subordinate to and de])endent on the masses, and
that the converse never occurs ; how, then, could

the leading features of a style so universal have

had their origin in an accidental and unessential

decoration, like that of the theory in question?

None of the above hypotheses are satisfactory
;

and INIolIer well observes, that the solution of the (]uestion, whether the pointed style be-

longs to one nation exclusively, is attended with great difficidties. And it may be said

that the iiroblem for solution is not, wlio invented the pointed arch, but, in what way its

prevalence in the 13tli century is to be accounted for.

300. We are not of oi)inion that it is of much importance that this cexata riua:stio should be
settled; and that it will now satisfactorily be done, we consider very much out of the limits

i)f ])robability. 15ut we su])pose that the reader will be inclined to ask for our own bias on
the subject; and, as we are bound to answer such a question, the reply is, that we are of the

faitli of the Uev. Mr. Wiiittington, to whose work we have before referred, that the itointeil

iirch was of Eastern extraction, and that it was inqjorted by the first crusaders into the
West. " All eastern buildings," says that ingenious writer, "as far back as they go (and
we cannot tell how far), have pointed arciies, and are in the same style; is it not fair to

su|)i)ose that some of these are older than the 1 2th century, or that the same style existed

bi-'fore that time? Is it at all jirobable that the dark ages of the West should have given a
mode of architecture to the East?" Eord Aberdeen, whose taste and learning in matters of

lliis nature well qualified him for the posthumous introduction to the ))ublic of the author
we are using, observes, in his preface to Whittington's work, that, " if we could discover in

any one country a gradual alteration of this style [the IJomanesipie], beginning with
the form of the arch, and ])rogressively extending to the whole of the ornaments and general
design ; — after which, if we could trace the new fashion slowly making its way, and by de-

grees adopted by the other nations of Europe ; — the siqjjxisition of IMr.Walpole [tliat it

arose from what was conceived to be an improvement in the corriqit s])ecimei'is of lioman
taste then exhibited, and was afterwards gradually carried to perfection] would be greatly

L-onlirmed. Nothing, however, of this is the case. We find the Gothic [pointed] stvle,

notwithstanding the richness and variety it afterwards assumed, aiipearing at once with all

its distinctive marks and features, not among one peojile, but, very nearly at the same period
[)f time, received and practised throughout Christendom. How will it be iiossible to account
for this general and contemporary adoption of the style, but by a supposition that the taste

:md knowledge of all on this subject were drawn from a common source? and where can we
look for this source but to the East, which, during the crusades, attracted a jiortion of the
population, and, in a great degree, occupied the attention, of the different states of Europe ?

"

I'liis was an oi)inion of Sir Christopher Wren, at least greatly so, his leaning being rather

to deducing the origin of the style from the Moors in Sjiain. It is the fashion of modern
lialf-cducated critics to place little reliance on such authorities as Wren. We have, from ex-
pcrience, learned to venerate them. The nol)le author whom we have been q\u)ting jirocceds

by stating that " the result receives confirmation from the circiunstance of there l)eing no
specimen of Gothic [pointed] architecture erected in the West before the jieriod in ques-
tion." E\ception, however, is to be made for the rare occurrence of a very few examples,
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whose construction iray pcrliajis be ])lace(l higher than tlie I '2th century, and the cause of whose
existence may he satisfactorily exphiined. " It may be siifhcient here to observe, that no

people versed in the science of arcliitccture could long retnain ignorant of the ])ointed form

of tlie arc'h, the most simple and easy in construction, as it might be raised without a centre

by the gradual projection of stones jdaced in horizontal courses ; and, whether produced by

accident or necessity, we may reasonably expect to meet with it occasionally in their works."

It is certain that, though neglected in their general practice, the ancients were acquainted!

ivith this mode of building • and the occurrence of an arch merely pointed and unaccom-
panied with any other characteristic of the style, is no better evidence of the prevalence of

Gothic (pointed ) arcliitccture, than that the ajjpearance of Corinthian capitals in Uomanesque
buildings must give them the right to be called classical edifices. It is not easy to answer
the question,— In what part of the East are we able to point to buildings constructed in

the p )inted style, of a date anterior to those erected in the West ? A little reflection,

however, will solve the diffi-ulty; and here we must again tresjiass on tlie author we have

so cojiiously used, though our limits will not allow us to follow hiin in his own words. It

is manifest that the frequent wars and revolutions of the East entailed the same fate on
works of art and utility as attended the princes and ciiiefs of the states subverted. Thus
the number jf architectural examples, and especially tiiose of early date, was greatly di-

minished. Again, the people of the East with whom we are best acquainted, in a great

measure sacrificed their less durable mode of building to that which they found established

by the Greeks. Thus, the church of Santa Sojihia was a model, after the concjuest of Con-
stantinoi)le, for all the nn;s(]iies that were erected, with the addition occasionally of minarets

more or less lofty, as the ])iety and magnificence of the sultans might dictate. I'reviously

to the conquest of the metropolis of tlie East, such a practice was prevalent, and in the

cities of the em))ire many christian edifices were adapted to the purposes of Mohammedan
worship. Yet, notwitlistanding these causes, which form an impediment to full information

on the state of the early architecture of the East, there is an abundance of facts to give

pro!)ability to our notion, excejjt in tlie eyes of those who view the subject through the

medium of jirejudice and established system ; at least so we opine.

.'JOl. " If a line," says our author, "be drawn from the north of the Eiixine, tlirough

Constantinojjle to Egypt, we shall discover in every country to the eastward of this bium-
dary freciuent exam])les of the pointed arch, accompanied with the slender proportions of

Gothic [pointed] architecture ; in Asia Minor, Syria, Arabia, Persia ; from the neigh-

bourhood of the CasjMan, through the wilds of Tartary ; in tlie various kingdoms, and
througliout the whole extent of India, and even to the furthest limits of China. It is true

that we are unable, for the most part, to ascertain the precise date of these buildings ; hut
this in reality is not very important, it being sufticieiit to state the fact of their comparative

anti(iuity, wliicii, joined to the vast diffusion of the style, a))pears aiiequate to justify cur
conclusion. Seeing, then, the universal prevalence of this mode in the East, which is satis-

factorily accounted for by tlie extensive revolutions and coiujuests etl'ected by Eastern

warriors in that part of the world, it can scarcely ap])uar requisite to discuss the probability

of its having been introduced from the West, or, still less, further to refute the notions of

those who refer the origin of the style [as some have very ignorantly clone] to the in-

vention of English artists. Had it been adopted from the practice of the West, such a

lieculiarity of taste and knowledge must have been ini])arted by some general comniuui-
cation : this has only occurred at one ])eriod, dining which no building of the sjiecies in

(|uestion existed in Europe. The inhabitants of the West could not convey a knowledge
which they did not possess; but, as it became pretty general amongst them shortly after

the ejioch alluded to, it is reasonable to infer that they accpiired it from those nations they

are said to have instructed. On the whole, it is probable that the origin of the Gothic
style, notwitlistanding the occasional imitation of a corrujit and de^^raded species of Roman
architecture, is sufficiently indicated by the lofty and slender proportions, by the minute
parts, and the fantastic ornaments of Oriental taste."

;30'i. JMiiller, a writer for whose oi)inions we entertain the highest respect, is not,

however, of opinion that the pointed arch originated with the Arabs; and he observes that

a scrutiny of their buildings will exhibit notliing that bears u])on the Gotliic, or jiointed,

style. He says that their arches are in the shajjc of a horseshoe ; that the columns are

low, that they stand single, and are not connected in groups ; that the windows are small,

the roofs Hat, and that the prevalent general forms are horizontal : that, in tlie ancient

churches of the 13th century, the arches are pointed, the jnllars high and composed of several

columns, windows large, and roofs and gables high. Rut at the end of his argument he adir.its

that the solution of the question, " which of the European nations first introduced or im-

proved the jjointed style is not so easy, for we find this style of building almost con-

temporary in all parts of Eurojje." Now, though we are not about to use the argument
which is not always valid, post hoc trc/o jiroptir hoc, we must observe, tiiat the introduction of

the pointed arch immediately after the first Crusade, and not before, is a most singular

oo<-urrence ; and we are inclined to give it the same force as that used by old Bishop
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ti'niT oil tlie siil)joct of the Goodwin Sands and Tenterdun steople. One of tlie points

Moller's repsoning we do not think at all forlunati' ; it is that on the forms of tlie

jres(]ue arclu'S. Now, it iniist ininiediately occur to the reader that one of tlie forms (as

)at the side), and that a common one, is to be fiuind in their archiS, that of contrary

flex'ne ; a fcrm in the aichiteciure of this country in the time of the Tiidors univer-

sally adopted, tliongh, it must be allowed, much flattened in the application,

oilier jioint seems to have been altogether overlooked by !Moller, namely, the practice of

/leritiq the walls, whereof an instance occurs in Westminster Abbey ; and one which I as

erv strong affinity to tlie jiractiee of the Moors, who left no space unornamented. Ttie

;her-))itched gables of the northern roofs, we admit, fostered the discovery, by the intro-

-tion of forms from necessity, which were admirably calculated to carry out to their ex-

me limits the principles of which the Crusaders had ac(]uiredsome notion for practice on

ir return to their respective countries. As to the objection that the Arabs had no original

hitecture, it is admitted. They must, however, have had that of the tent, whose form in-

ted would give all that is sought. These obs. rvations we do not throw out as jiartisans
;

livpotlu's:s adopted by us is san.tioned, in addition to the learned author upon whom
liave drawn so much, by Warburton, and T. VV'arton, and Sir Christopher Wren ; and

ugh none of th se had the opportunity of basing tluir ojiinions upon the labours of the

ent travellers whom we have been able to use, we do not think, upon this mooted qiies-

11, either of ihem would be reciuced to the necissity of retiacting what he has respectively

tten.

50,3. In glancing over the many writers on the subject, it is amusing to seethe difference

opinion that exists. For instance, twenty are of opinion that it originated in Gennany;
rteen, that it was of Eastern or Saracenic origin; six, that it arose from the hint sug-

ted by the intersection of the Norman arches ; four, that it was the invention of the

ths and Lombards; and three, that its origin was in Italy. Sprung, however, from

atever place, it appears to have given in every sense an independence to the art not before

onging to it, and to have introduced principles of far greater freedom, in respect of tlie

io of points of support to the whole mass, than were previously exhibited or probably

jwn. Those who may feel desirous of consulting these views in detail, will find notices

sixty-six theories in the fifth volume of Britton's Architectural Antiquities. Only two of

se theories attempt to account for the introduction of the pointed arch on the ground of

fulness ; one was |)ut forward by Dr. Whewell as regarded vaulting ; the other by Dr.

ung and Wr. Weir, who urged that the use of the pointed arch was originally due to a

covery of its diminishing lateral pressure. Mr. Sharpe has advocated the .same view,

e.se theories will also be found in Ilamie, Manuel de V Hintoire Gcidrule de VArcliitcctiiie,

13, ii., '-'38, 248.

JOSa. INIichelet (HIsfolrede France) observes, "Or, lors de I'apparition de I'ogi^e en Occi-

it ves IL'CO, Innocent III est le dernier rayon de cjtte puissance universclL-, le jiouvoir

ri'^glise Catholiqiie s'alhiiblit. I.a tentative des ordi es des mtndiants, des peres precheurs

infructueuse. Le pouvoir des pretres tombe dans la main des lanpies. La puissance

droit canonique, de ce robustc auxiliaire de I'Eulise, s'efi'ace en France devant ccs lois

;es faites jiar le pieux Uoi St. Louis, et ses etablissements immortels scrvent de code

jveau a scs sujets. En Angleterre le Roi Jean-sans-terie donne, en 1215,1a grar.de

arte. En Allemagne, au commencement du treizieine siecle, parait le Sachsenspiegcl.

I milieu du quatorzieme, ou le regne de I'ogive est a son ajiogce, TEmpereur Charles IV
iiie la Bulle d'or. Au treizieme siecle se terminent les Croisades qui mircnt le I'ape au
isus des pouvoirs temporels. Ces guerres saintes avaient fait prevaloir I'autorite de
veqiie de Rome. jNIais au treizieme siecle I'activite des peiqilcs clin't ens avait jiritune

:re direction, et ils finirent par sccouer toute cspece de domination." It is impossible, in

ning the pontllicate of Innocent III., to refrain from noticing that it was an epoch, in

icli such men appeared on the scene as St. Thomas Aquinas, St. Dominic, St. F'rancis of

sisi, John Gerson, author of the '' Imitation of Jesus Christ," a composition that has

•n oftener printed than any other work ; and in literature and the arts. ;d)out the same
•iod, are to be found the names of Dante, Robert de I.usarclics, Etienne de Bonn, veil,

.rre de Montereau, Lapo or Jacopo, besides a host of others.

104. The foregoing remaiks comprise a resume of the early views on this subject,

t we must not omit to mention those held by the leaned writer, I\Ir. James I'ergusson,

o observes that Dr. Whewell, in his i\ntcs on German Churches, has very distinctly stated

! (piestion of such incjuiries:—" Tiicse only tend to sliow how the form itself, as an arch,

y have been suggested, not how the use of it must have become universal " (see also 29!)).

rgusson then {Builder Journal, 18-49, p. 290, 303, 317), treating the history of the pointed

h succinctly by certain facts, brings forward four sets of pointed arches. I., the ancient

ildings extending down to the period of the Roman empire; II., the decline of tlie

)man influence, extending to the present day, in the countries of the East to which these

o classes of arches are confined ; III., the aich appearing in the south of France alone, in

; age of Charlemagne, extending to the 11 th century, when it was supcr*ieded by tlic
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round arch stvlf ; and IV , tlie true Gothic pointed arch, prevaHin<T ahiiost universally over

tlie whole of Eurojic till the time of the Reformation, in the 16tii century. In the East,

''arclies still are more frequently constructed hy placing the stones horizontally than in a ra-

diating position." 'i'lie history of the subject will never he correctly understood till we take

hotli kinds into account, for the second

almost certainly arose out of tlie first, 'i'lie

first example put foitii hy him is from tlie

third pyramid at Gizeh, in the roof of the

se]nilcliral chamher {Jig. 154), consisting

rVKAMU) AT CIZKII. CAJlriSELL'S TOMB.

only of two stones, s'.iowing how early the curvilinear form, with a point in the centre, was

used, and consequently how familiar it must have been to the architects of all ajres.

Another early form is here given from tlie tomb called " Campbell's Tomb,"/;/. 1.55. The

pyramids at jMeiiie, in Ethiopia, dating about 1000 to 805 years b.c, at all events being

of a period anterior to the age of the Greek and Roman influence, were discovered by

Mr. lioskins. Here, stone arches show both circular and pointed forms (». 156); and

Mr. Layard discovered, at Nimroud, drains with pointed vaults of the same age as thosj

at Mer()e. A tiimiiliis near Smyrna, in Asia Minor, presents an example almost a counter-

])art of that from the tl.ii d pyramid ; a gateway, near Missolonglii, is formed by the courses

of masonry jirojecting beyond one another till they meet in the centre. Other examiiks are

seen in the tomb of the Atrid;c at iNIycenie ( fys. 1 4 and 1 6, tomb called treasury of Atrcus) ;

ill a city gateway at Arpino, in Italy ; in an aqueduct at

Tusculimi; and in a gateway at Assos, in Asia Mi-

nor (.ti(j 157). Tliis is known from the character of its

rVKAMlU AT MKKOi;. Fig. 157. OATEWAY AT ASSOS.

masonry and other circiunstnnces to belong to the best period of Greek art, in fact to he

coeval, or nearly so, with the Parthenon. Tliese examjiles explain all tlie peculiarities oi

this mode of construction.

;505. With the appearance of Rome, this form entirely disappears from the countries to

wh:ch her influence extended, and is sup])lanted so completely hy the circular radiating

form, that not a single instance is probably kr.own of a pointed arch of any form or mode
of construction during tlie ])eriod of the Roman supremacv. The moment, however, that

her power declined, the pointed form reappears in Asia, its native scat ; and we recur to

t!ie very few that remain in Syria and Western Asia for exami)les. The first of these are

ill the church of the Holy Sepulchre at Jerusalem, built by Constantine the Great,

and now known as the Mosque of Omar. Its arches are throughout pointed, hut so

timidly as to he scarcely observable at first siglit. Fergusson also states the reasons for

his inability to give other specimens ; and describes the cathedr.d of Ani, in Armenia, (see

al o Donaldson, in the Civil Engineer, Sec. Journal, 184.3, p. 183) which is built with pointed

arches throughout, and contains an inscription ])roving that it was finished in the year 1010 :

he quotes M. Texier's assertion (/^esrr. de VAnuenie,fo\. I 842) that "it results that, at a time
when the pointed arch was altogether unknown, and never had been used, in Europe,
buildings were being constructed in the pointed arch style in the centre of Armenia." At
Diarbekr, Mr. Fergusson continues, "there is an extremely remarkable building, now con-

verted into a mosque ; the Armenians call it, with much plausibility, the palace of Tlgrancs;

the friezes and cornices are executed according to the principles of Roman art of the 4tl)

century, nevertheless the pointed arch is found everywhere mixed with the ar. hitecture, as

if it were currently practised in the country." The palace at Modain, the ancient Ctesiphoii.
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iiildiii^ of the Gtli CL'iitury, is n'Tnaikal)le for tlie ^ijrantic portal wliicli lias not a pointed

t an I'lliptical aroli. Tliu |)ointed arcli, however, was employed in JMesopotamia long

ore it was known in Eurojie.

306". In the Roman empire, the aqueducts that supplied Constantinojile with water, which

re conmicnced under Constantine iiumedintely a'ter the founding of the citv, hut coni-

ted under Valen^, a.d 36'4 and :i7H, exliihit pointed arclus, generally in the lowest

ry, and always in thj oldest jiart, as near Pyrgos—" I would have no hesitation," hesaxs,

I asserting the general use of the pointed arch hy the INIahomedansfiom the earliest years

ilieir existence to the jJresent hour. Tlie Arabs, it must be recollected, when thev left

ir des.rts to subdue the world, were warriors and not architects ; tliey consequently eni-

veil the natives of tlie contjuered coimtries to erect their mosques ; yet, with scarcely ,i

^le exceiJtion, all their edifices are liuilt witli pointed arches. They are used in the oldest

t of the mosque of Ainrou, at Old Cairo ; this portion was built in the twenty-first year

the Hegira, a.d. 643. Except tiie two nios(]ues of Amrou, in Egypt, I do not know of
' erections of the Saracens anterior to tlie end of the 7th century. The pointed arch is

d throughout the mosque erected by the Calif Walid at Jerusalem, in the year 87, or

ut A n. 705. The gieat mosque at Damascus is of the same age; and from that

iod to the present time there is no d.fJiculty. In Sicily, too, which the Saracens occupied
two ctntiiries preceding 1037, they u ed the pointed arch in all the monuments they

e left there. In Spain, however, although pointed a'ches cccur in the baths at (ierona,

IJarcelona, and other places in the north, whose date is tolerably well ascertained to be of

Dth or 10th centuries, as a general rule tiie IMoors us.d the round or horseshoe arch

'Jiff. 85), almost universally in their erections in that c ui.try. One other example
b should be noted, occurs at the celebrated mosque of Kootub, at Delhi. When the

bans concjuered India, in the beginnii-.g of the 1 ;ith century, they brought with them
T own style of architecture. Tiiis building, carried out by the Hindoos, was corn-

iced about the year 12,'5:\ and com|)ltted in about ten years, 'i'he principal arch, 2'i feet

II and about 40 feet high, though of the pure ecjuilateral Gothic form, is erected with

iz )ntal courses to nearly the summit, wlien courses of stone are placed on their ends, as

e in the atiutduct at Tusculum, before mentioned.

07. "With the Western styles, the first seiies to be noticed is that found in the south

France, comprised to the south of the Loire and the north of the Garonne, extending

n the Gulf of Nice to the shores of the Bay of Biscay ; being, in date, from about the

of Charlemagne till the middle or end of the 11th century, when it was superseded by

round arch styles. This assertion maystaitle some readers, but it would long ago
B been received as well establislud facts, h:id it not been for tiie ])rcconceived opinion

; no jjointed aich existed in Europe anterior to the I'itli century. One of the l)est

wn exam])les is that of the cathedral at Avignon, where the porch and general di.t<>ils

lie church are so nearly classical, that they are usually ascribed to the age of C'harlemagne,

->.^c;~i;s=,fe.3=r:p-^__^ and e\ en earlier. At Vaison are two well-
~''^

'
"' .-e,.ry-v- known churches, so classic;il also, tilt they

are often called Roman tempLs ; both are

roofed with w.igon vaults of a ))ointul

form, and must certainly date before the

middle of the 12th century, wiien \'aison

was destroyed and deserted; tliey aie pro-
liably of tlie 9tli or Kith centuries. The
same nmaik a))i)li s to the chiirehes at Per-
ms, Souillac (Jif/. 158 ), IVIoiss:ic, Carcassone,
and many other churches of that age, all of

which are covered with pointed vat. Its, but
of a form extremely diUerent from the true

Gothic vaults of the l.'Uh and 16'th cen-
turies." Tiie chapel in the Ci:stle of Loclus
in Lorraine is given by INIr. Fergusson in

his Ilmuihook, as explaining most of the

peculiarities of the style. The origii.al

building was founded by the Count of

Anjou in the year 9f)'J, and the western
tower certainly bi longs to him. The nave
is either a )iart of the original edifice, or

was erected hy his son, F'oulques Neira,

between 992 and 1040. 'i'he supposition
that it l)el()ngs to the latter receives con-
firmation fiotii its siiigtihirly Eastern aspect,

the fict that this Count three times visited the Holy Land, and died tin re in the year

,'e ipioted. The churches of Moissac, Souillac, and St. l'"rond at IV'rigueux, with

ral others, are still more eastern in their appearance. This latter buildiiig, of \vhicl)

CllUIiCII AT .SOUILLAC.
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we give a jilaii (_%. L'>9), was co iinienctd in tlie year 9S1, and was complited in 1047,
on the type of, if not copied from, tlie

cailiedral of St. INIark, at Venice. A
section is given in Jiff. KJO, exliibiting

tlie use of tiie pointed arches in con-

struction only. The clioir at Loches
was erected between the years 11-10

and 1180, and is in the late and elegant

Norman style universal in that country,

just anteiior to the introduction of the

true (lointed style, wliicli was timidly

oH'ected in the iiorth of France about
the year 1 150. being mixed witli round
arches in all the great cathedrals and
churches erected between ll.O and
ItiOO, at which date the style may be

said to have been perfected in all its

essential ])eculiarit:es.

.307(1. '• In England it was in every

respect above twenty- five years later

The first really authentic example of

its use is in Canterbury Cathedral after

the fire in 1175, and was apparently in-

troduced by William of Sjns; nearly

half a century j^assed before it can he

sa'd to have entirely sujierseded the

Norman arch. In Germany, the intro-

duction was somewhat later, and we
know of no authentic specimen of pure

Gothic anterior to the commencement
of the 13th centiu-y, and even then

nearly half a century elapsed before it

entirely superseded the round arch style. During the whole of the first half of that century,

we find round arches mixed up with tlie pointed ones which were then coming into fashion."

;?07/*. These views were com')ated by Mr. E. Sharpe. as noticed in the JJnildei; p. .SIT,

especially as to the first named works being considered as arches at all ; and a question

arose at the Institute of

ISritisb Architects, as t,i

the age of the Frer.ch

bui'dmgs named; T. ais-

actions, 1860-61, |).

'Jll.&cand 115. Mr.

Street, in his Brick

Aicliitecture in Italy,

states, (p. 258) that

—

"The Italians ignored,

as much as possible, the

clear exhibition of the

pointed arch, and, even

when they did use it,

not uiifrequently intro-

duc. d it in such a way
as to show their con-

tempt for it as a featur2 of construction ; employing it often on'y for ornament, and never

hesitating to construct it in so faulty a manner, that it required to be held together with iron

rods from the very first day of its erection. This fault thoy found it absolutely necessary to

connnit, beiau>-e they scarcely ever i)rought themselves to allow theuse of the buttress."

(fc) JIEnl.«VAL ARTIFICEUS.

SOa. In considering the question of the origin of pointed architect'.ire, those who have
hitherto been supposed to have devised the pointed arch itself must not be neglected : and
to these jiersons we are indebted for the gigantic masses of exquisitely decorated composition,

to be seen in the structures which they designed and erected. These men are imagined to

have belonged to a corporation or guild having authority over all countries, or to a guild

in each country, having authority only in its own nation. This so-called confraternity has

been known as the Freemasons. In the following account of them we shall much abridL'e

tiie two papers read before the lU)yal Institute of British Architects, and given in

ST. FltOXn, rEiaulte.V, TKANSVtKSE SELTIO.N.



5 HISTORY OF ARCHITECTURE. Book I

; Tjanfait oyis of that society, 1860 and 1861. Before doing so, however, it will I)e

jessary to introduce a few preliminary remarks on the state of architecture previous to

; period when the so-called body of Freemasons is said to liave arisen.

fi09. 'I'lie pontificate, towards the end of the 10th century, of a Benedictine monk, named
;rl)ert, afterwards known under tlie name of Sylvester II., and whose life, if I'latina

,iies of the Poj es) may be relied on, was not of the most virtuous character, seenis to

ve induced an extraordinary change in the arts. Gerbert was a native of Auvergne, and,

der Arabian masters at Cordova and Granad.i, applied himself to, and l)ecame a great

)ficient in, matiiematical learning. lie afterwards appears to have settled at Uiieims,

il to have there planted a school wliich threw out many ramifications. Tlie scholars of

; jjcriod were confined to the clergy, and the sciences, having no tendency to injure the

lurcli, were zealously cidtivated by its members.

S09a. In the 11th century, architecture, considered as an art, was little more than a bar-

rous imitation of that of ancient Rome, and in it, all that a])pears tasteful was, perliaps,

)re attri!)utable to the symmetry flowing from an acquaintance witli geometry, than the

idt of fine feeling in those that exercised it. It was ada[)ted to religious monuments,
th great modifications ; but tlie materials and resources at liand, no less than the taste

those engaged in it, had considerable influence on the developments it was doomed to

dergo. The sculptures of the period were borrowed largely from the ancients, and
long them ;ire often to be found centaurs and other fabulous animals of anti(]uity.

309/\ In the I'ith century, the Eleweiits of Em lid became a text book, and though this

intry was then behind the Continent, as resjiected the art of architecture, there is good
Lson for believing it was Iiy no means so in regard to proficiency in mathematics, inas-

ich as the Benedictine monk, Adelard of Bath, is known to have been higidy distinguished

his acquirements in them.

310. The crusades liad made the people of Europe acquainted with the East, and in the

th century tlie result of the knowledge thus acquired was manifest in France, England,

.1 Germany ; it could, however, scarcely be expected that the art would emerge otherwise

ui slowly under the hands of the churchmen, who were the princii)al practitioners, as it

;>-enerally supposed; but there were undoubtedly professional men, as they may be called,

the 12th century, who undertook the management of work, a-; we shall notice presently;

1 it is well authenticattd (Ue Beka, De E/iisco/As Ultrajcct.) that, in 1099, a certain

sho]) of Utrecht was killed by the father of a young freem;<son, fiom whom the prelate

1 extracted the mystery (arc.inum magisterium) of laying the foundations of a churcli.

e period at wiiich arose the celebrated Confraternite (/es /.o/ifj, founded by St. Benezet,

known to have been towards the latter end of the 12tli o" the beginning of the 1 Slh

itury. The association of Freemasons had, however, its types at a period extreircly remote,

nong the Romans, and still earlier, among even tiie Greiks, existed corporatior.s ;if they

y be so called) of artificers and others; such were Numa's Culleyia Fulirornm and Col-

<a Artijicunu who made regulations for their own governance. These colleyia were much
favour with the later Roman emperors, for in the third and fourth centuries we find that

hitetts, painters, and sculptors, and many of the useful artificers, weie Tree from taxation,

e downfall, however, of the eastern and western empires, involved them in one common
n, though it did not act'ially extinguish them.

Ml. Tlie idea of the early establishment of a superintending body of co-workers such as

: Freeinasons are said to have been, appears to have originated in the assumption, that

the monuments of the l.Sth century bear so great a resemblance to each other, no
ler probable cause could be assigned for their similarity, than the influence of some
iverful association of operators. Allowance, however, mu.st, in many cases, be made for

'. materials at hand in different localities, which, it is hardly necessary to observe, iii-

ince style in architecture most perceptibly. Another point too often forgotten in this

[iiiry, is the gradual progression of the art, and the long transitional periods between

;li ))hase of pointed architecture. Some writers on the Freemasons have imagined

it the concealment of their modes of arranging arch stones was the ciiief object of

;ir association, and there can be no doubt that the whole science of construction was
died and taught in the lodges. Others have tl ought that they inclined to Manicheism,

which the sects were numberless : but we think they had enough to engage their

entlon, without discussing whether all things were iffected by the combination or

lulsion of the good and the bad ; or that men had a double soul, good and evil ; or that

ir bodies were formed, the upper half by Gcd, and the lower lia'f by the devil. Some
I'e considered that though the FreemMsons, as a body, were not hostile to the Church, they

re inveterate enemies of the clergy and more particularly of the monks. 'J'his may be

indantly seen in the ridicule and grotesque lampoons bestowed on them in the sculptuns
tlie I'Jth century. As an instance of the extreme length to which tiie ridicule of

! pritsts was then carried, there is at Strasburg the representation of an ass saying mass
1 served by other animals as acolytes : and this work must have been dor.c under the

's of the monks themselves !
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312. Tlio remarks by tlis present editor, On. t'le Supetintendei.U of Eii(;I!.sh BitUdhigs in

the Middle At/es contains tiie first classified account of tlie oHicial situations of peisons

eng iged, with some general idea of their duties. This list includes the terms: — I,

Arcliitect ; 2, Ingeniator; f!, Supervisor; 4, Survej'or ; .5, Overseer; 6, INIaster of the

Works ; 7, Keeper of the Works; 8, Keeper of the Fabric; 9, Director; 10, Clerk of the

^Vorks ; 11, Uevizor ; 1 2, Master mason ; and 13, Freemason and mason, or inferior work-
man. It will be impossible here to give more than a brief outline. 'I'o commence with

the freemasons:— In 1077, Robertus, cementarius, was employed at St. Albans, and for

liis skill and labour, in which he is stated to iiave excelled all the masons of his time, he

had granted to him and iiis heirs, certain lands and a liouse in the town. In 1113, Ar)iold,

\ lay brother of Croyland Abbey, is designated ''of tl;e art of masonry a most scientific

master." William of Sens, employed at Canterbury, was a layman and v/as called " magis-
ter" ; the history of his work has been preserved to us in the well written account by the

monk Gervase, who details the burning and rebuilding of that cathedral. A number of

eliosen cementarii were assembled at St. .Mbans in 12 JO, of whom the chief, magister Hugo
de Goklclif, proved to be a " djceitful but clever workman. " Very many other names of

masons are noticed, but tliese cannot all be here given. In 1217, a writer uses the syno-

nyms maszun for cementarvis ; artificer is a word also used in the same century ; inarmoi arius,

cr niarbler ; and latjinus or lathomus, stone-cutter, also occur. In 1360, a mason dc fraunche
})ere ou de grosie pere is named in the Statutes; while it is not until I39b' that the terms
'• lathomos vocatos tfremaceons," and " lathomos vocatos ligiers," are used to designate tlio

masons who were called free( stone )masons, and the masons called layers or setters. In the

fal)ric rolls of Exeter catiiedral, the term sime.tarius is used before, and the term freniasoii

after, the above-named jieriod of 1395. Thus tlie derivation of the term freemason, from a

freestone worker, appears more probable than tlie many fanciful origins of it so often quoted.

What becomes then of the "travelling bodies of freemasons" who are said to have erected all

the great huildiags of Europe ? Did they ever exist ? The earliest mention of them appears

to have been promulgated by Aubrey, some tims before 16S6, wiio cited Sir William Dug-
dale as having told him *' many years since, that about Henry Ill's time (121G-72),

the Pope gave a hull or jiatents to a company of Italian fivemasons to travel up and down
over all Europe tJ build churches. From tiiem are derived the fraternity of Adopted
Masons." No evidence has been adduced in support of this statement; searches have been

made in the Vatican library without success. Wren's Parentulla gives an account of these

personages to the same purport, though somewhat enlarged, {par. 401), and this has been

quoted as an authority. I-'rom a careful comparison of circumstances, Dugdale's in-

f.)rmation to Aubrey most probalily referred to the " Letters of Indulgence "of Pojjc Nicho-

las 1 II., in 1278, and to others by his successors as late as the Hth centm-y, granted to the

lodge of masons working at Strasburg cathedral, as al.so noticed on page 131 herein.

313. Concerning the Fratre? Pontis, or the Cutifrattriiite des /wh<s, already referred to,

{far. 310), much has been written during the last one hundred years asserting that this

brotherhood had been founded for the express purpose of travelling far and wide to build

bridges. Even as regards France, only a notice is found of such a troo]) having been
formed by St. Benezet, for building the bridge at Avignon, and that of St. Esprit,

over the Rhone, during the 12th and 14th centuries, (11 78 1188 and 1265-1309). In

England no such companies are found recorded ; but wherever a bridge was built, a chapel

appears to have been founded, to which a priest was attached to pray foi* the soul of the

founder, to receive passage money, and sometimes to j.ray witli tlie passenger for the safe

termination of his journey. Two instances only, of an early date, liave been )iut forward

i)f so called fraternities of masons ; the first is that Godfrey de Lucy, bishop of Winchester,

formed in 1202, a confraternity for repairing his church during the Hve years ensuing.
" Siicli," says Milner, "was probably the origin of tlie Society of Freemasons." 'i'he

second, as asserted by Anderson, (Coiist't"t!ons of the Free and Accepted Masons, 1738), but
not since authenticated, is tliat the register of William Molart or AJolash, prior of Can-
terbury cathedral, records that a respectable lodge of freemasons was held in that city in

1429, under the patronage of Henry Cliichele, the archbishop, at which were present

Tliomas Stajiylton, master, the warden, fifteen fellowcrafts, and three entered apprentices.

It does not tlien appear to have Iieen known that each cathedral establishment possessed a

permanent staffof officers, with certain workpeople, and " took on " additional hands wlien-

ever the edifice was to receive additions, or to be rebuilt. The monarch al.so had an oflfice

for carrying out t!ie repairs and rebuildings at the palaces and royal houses. A guild of

masons was undoubtedly in existence in London, in 137,5, 49th Edward III , and in 1376
two companies of masons and of freemasons were in existence. The ."Masons' Company of

London was incorpjrated in 1411, and Stow says " they were formerly called freemasons."

The masons, during the 17th and ISth centuries, often became designers or architects,

as witness Nicholas Stone, George Dance tlie elder. Sir Robert Taylor, and others.

.314. At this date of 1375, some writers have placed the origin of that wonderful society,

caused, as they urge, by tlie masons combining and agreeing on certain signs andlokcnsby
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c'li tlicy might know one anotlier ; cngnginp; to assist each other against the then common
toni of inipiessnient by the monarcli ; and further, not to work unless free and on thtir

1 tiTuis, especially as the monarch would not pay tlicni as higlily as did his sidijeets. All

i api)ears ))rohalile, but there is no sufficient authority for it. The workpeojile had at

es, as at Stratford-on- Avon, in 1353, special protection until the edifice was completed.

• 15. But previous to 1375, tlie date above mentioned, the Statutes at Large afford much
jable information, hitherto unquoted, on the subject of the manners and customs of

rkpeople. In 1:549, the Statute 23rd Edward III. relates that " great part of the

i|de and especially of workmen and servants late diud of the jiestilence, whereby many
iiand excessive wages and will not work ;" tlie hours of lai)oiir were settled at tlie same

e, I.ecause "diverse artiKcers and labourers, retained to work and serve, waste much part

the day (the manner of doing so is descrilied) and deserve not tl-.eir wages." Tlieir

Tes were settkd in the year following; while in 1360-1, a Statute declares that "carpenters

I masons and all other labourers shall take from henceforth wages by the day and not by

week, nor in any other manner," and continues " that all alliances and covines of masons

I carpenters, and congregations, chapters, ordinances and oaths, betwixt them made or to

made, shull l)e from henceforth void and wholly annulled,"— with other details. This im-

tant Act was enforced by many others, and by the well-known Statute of 3rd Henry VI.,

15, passed at the "special request of the Commons," again putting down all chapters ai.d

igregations held by masons. . In 1436-7, l.'ith Henry VI., the "mastirs, wardens, and

)ple of the guilds, fraternities, and other companies incorporate, dwelling in divers )-ai ts

the realm," were warned not to " make among themselves unlawful and unreasonable

linances, for their singular profit and common damage to the ])eople"—their letteis

ent were to be brought to the justices and others for tlieir approval. INIany later

itutes were passed; but they were all at length superseded by the well known Statute of

1 Elizabeth, 1562-3, which, continued in force until so late as 1813, when such portion

s repealed as forbade exercise of trades by persons not having served, and as legulated
' mode of binding apprentices &c., but at the same time the customs and privileges of

,es and boroughs were saved. It is certain, from all these observations, that there were

owships or guilds of masons existing before tlie middle of the Hth century; but

ether the one in London had any communication with those guilds existing in the other

porate towns, or whether there was a supreme guild which led to a systematic workirg,

,till without elucidation. It has been asserted for years, on the faith of certain manu-
ipt ' Constitutions," that a comi)any of Freemasons, formerly existing at York, held a

u-ter of incorporation from King Athelstan, dated in 926, under which they claimed

hority over the companies throughout Eng and. As noticed hereafter (jar. 3t;2a), it is

tinctly proved that the Grand Ledge of Masons of Germany was net established until

late as 1452.

?16. These guilds or companies had legentlary histories, as had probably most of the

ler building trades. That wliicli belonged to the stonemasons was accepted by the S( eie ty

Free and Accepted IVIasons, when it was established or reestablished in 1722 ; this last lias

icei.ded as a higlily respected charitable and friendly society to the present day. Of such

tories or " constitutions," besides at least six in manuscript, dating about I 646-60, there!

' two others in the British Museum. The earliest one is presumed to date about the

ter part (if the 14th century, and has the form of a poem in about 575 lines, entitled Gm-
'.uthms of Geometry \ it was first noticed by Mr. Halliwell, and edited by him in 1840.

le other manuscript, dating about 1500, has Ireen printed nearly in facsimile by Mr.
Cooke. They were all undoubtedly compiled for the use of a body of working

sons; they refer to yearly assemblies, to a lodge as a workshop, taking apjirentices,

rkmanship, moral conduct, punishment of offcnclers, and observance of their " articles

1 points," or bye-laws as they may be termed. No references are made to secret signs or

masonic marks ; as regards the latter-, a few remarks will be offered subsequently.

317. The masons when about to set to work, had a lodye or workshop provided for them,

i sometimes had to make it for themselves ; this shed or building also served them oc-

ionally as a residence, or place for eating their meal.s, as often oci urs at the ])resent day.

lis lodge is noted in an early account as being overed with thatch, while in a much
er one it is to be "properly tiled," an expression still in use by the modern society, when
! door of their place of meeting is closed. This lodge is adverted to in the maimscripts
)ve mentioned, as al.so in the Fabric Rolls of York Minster, published in Browne's Hi.tnry

Forh Cathedral, 1838-47, and separately by the Surtees Society, in 1859. These records

cidate many interesting points connected with works and workpeople ; and cau.ses us lo

;ret that the example set in printing them has not yet led other Ueans and Chajiters to do
• like, or to allow them to be published. They show that there was a continuous line of

ster masons from 1347, the date of the earliest document, who were duly sworn to the

ce, had a fixed salary, a residence, and if becoming blind (which appears to have been,

1 is still, very often a result of employment in masonry ), or compelled by bodih infirmity

give up the direction of the works, he was pensioned, atid sometimes lie was be;und not
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to undertake duties elsewhere while engaged at the cathedral. The master mason was

often succeeded by his junior or assistant ; in one instance a tight took place in conse-

quence of a master mason, who was a stranger to the place, having been a)»pointed to the

oftice. Gowns or robes, the latter sometimes lined with fur, were jirovidcd for the master,

and tunics for his men, as well as gloves (at l^d. each) to the masons and carpenters ; also

aprons and clogs, and occasional potations and remuneration for extra work. ThisofficLT in

the king's household had a livery, as prol)ably had the carpenter and other (>ffieers.

318. It is necessary to mention that the trades, from a very early period, appear to have

kept themselves to their distinct handicrafts; tiuis, while the monasteries had masons and

carpenters, and a i)lumhir and his hoy, at hand, yet the glazier, hell-founder, painter or

decorator, smith, ;uid some others, were residents in the town or some adjoining city. Only

in a few of the monasteries were the monks ahle to perform some of these duties tliem-

.selves. In Italy, however, talented youths were received and educated at such estahlisli-

ments, and became lay brethren, as much for tiieir oivn safety as out of gratitude to their

iiiasters ; the devotion of their time and talents in ornamenting the sacred edifices, lias led

persons to urge that ecclesiastical buildings were desigaed, erected, and decorated, by clerical

hands.

.319. We will now proceed to notice very succinctly the other official titles. As far as

the design of the building was concerned, that labour appears to have been left to the

master mason, wiiatever interest the monaicli, the bishop, tlie al)l)ot, or the jirior, may have

dis])layed in giving instructions as to their wislies ; no doubt clever men then, as now, in-

terfered with their architects and induced them to follow special orders, whether correct in

taste or otlierwise. 'I he term "Architect" has rarely been found in the middle ages;

perhaps to a certain extent the word " ingeniator," so early as 1199, may have taken its

place. " Supervisor " occurs constantly, soon after the Conquest, and has been translated

" stirveyor," and sometimes " overseer ; " it is not always clear what is to be understood by

the term; wliether actually a " designer " and professional man, as lield by some persons in

tiie celebrated example of William of Wykcham, at Windsor Castle ; or merely as a

" director," seeing to the orders of others being carried out : as we hold was the position of

Wykeiiam, acting for the monarch, the design being attributable to the master mason.

Numerous examples are given in the jiajier from which we are quoting ; and it likewise

contains a searching enquiry into Wykeham's professional capacity, with what result we
must beg the reader to judge for himself. The " Magister Operum " or "master of the

works " was an important ofKcer In many monastic establishments ; at Croyland, for instance,

he was the first of the six greater officers, and to his superintendence was submitted the

construction, re))aration, beautifying, and enlarging, of all the buildings belonging to the

monastery. The sacrist often held this oftice, and many names are known, more especially

that of Alan de Walsingham, at Ely monastery, whose history and labours deserve atten-

tion. In the agreement made at York, in 1367, it was arranged that the plumber

was to work with his own hand wherever he should be required by the " master of the

fabric;" if his .services were not required, he might obtain leave of absence froin the chap-

ter, or from the " master of the work," but to return when required by the said master. At

the same period there appears to have been a " keeper of the fabric " who was to settle the

amount of tlie day's work for the plumber and his servants, and to pay salaries. As the

" master of the work," the "keeper of the works," and the " inaster mason," are all mentioned

in one document of the same period, they cannotbe considered as one person. The house-

hold of the monarch, as before noticed, com])riscd an oftice for carrying out works at the

royal palaces. The earliest list yet found is of the reign of Edward IV. (1461 83); in it

tlie "clerk of the works," who is placed first, has a fee of two shillings per day, or 36/. lO.s-.

lier annum, a clerk at sixpence i)er day, four shillings i)er day for riding expenses, and

twenty pence for boat hire. The next oIKcer In the list is the comptroller, then follow the

clerk of the engrossment of the pay- book, the purveyor with an allowance for his horse, the

keeper of the store- house, the clerk of the check, the clerk of the comiitrollements, the car-

penter, the plumber, the mason (in this list is omitted), the jjiner, the glazier, the surveyor

of the mines, who has also 3eZ. 10s. per annum, and lastly, the devizor of building, who lias

the same amount. It would appear from a passage in the Ordinances published by the

.Society of Antiquaries, 1790, that this clerk of the works was first instituted by Edward

III,, and the livery for that ofticer is known to have been given as early as 1391. Similar

lists occur later; in Elizabeth's reign, the title becomes that of surveyor and paymaster, or

surveyor and clerk ; in one of 1610, containing the household of prince Henry, Inlgo Jones

is "surveyor of the works ;" Mr. Smith, "paymaster and overseer ;
" and Edward Carter,

"clerk of the works." Jones was subsequently "surveyor" of the king's works; and

Denham, Sir C. Wren (who received the fee of 451. 12s. 6d.), and otiiers, were styled

" surveyor-general." This royal establishment eventually became the Board of Works, then

the Office of Works, and is now known as the Commission of Public Works It was this

Board of Works that served as the school for architects, or to which the best .architects were

attached, during the 17th and 18th centuries The earliest instance of the term "clerk of

K



1:50 HISTORY OF ARCHITECTURE. Book 1.

the works" occurs in 1241, 2Jth Henry III., for certain works to be done at Windsor ; in

later times it appears in connection witii the palaces at Westminster and elsewhere ; anil

such an appointment it will be remembered was held by William of Wykeham, in ll5.5f>,

and by Geoffrey Chaucer, in 1389. The " dcvizor " already named, although it occurs sc

early as about 1470, is a title to which but one name has been attached, that of John of

Padua, on the faith of a passage in Walpole's Anecdotes.

;?J0. 'J'hese careful notices are concluded by the statement that " there is one circumstance

respecting nearly all these officers whicli perhaps needs a passing comrnent. Very many o\

them were either ecclesiastics or were rewarded with ecclesiastic preferment. But it must

be remembered that, during the period to which our attention has been confined, theclmrvli

was tlie only field for exertion open to those of the nobility and gentry who were not in-

clined to embrace tlie profession of arms ; it also afforded a means by which to obtain a

liveliliood ; therefore the clergy, so called, would thus secure the offices at tlie disposal of

the monarcli and of the nobility. Some names, however, apiiear to have been unconnected

with the chiu-ch." It might be added that in late times in France, eminent arcliitects were

appointed abhes, and from their establishments derived the funds for the remuneration of"

tlieir services. " It is very difficult to understand tlie duties of these officers. The over-

seer would be, perhaps, the inost easily exjilained, but bis Latin designation as used in the

Records, is unknown to us unless the Latin word •' Supervisor " lias been the one the trans-

lators have found. The English word supervisor, if that of steward be questionable, is,

perhaps, best kept for those who, acting on behalf of others, as Wykeham for the monarch,

liave yet no grounds to be considered the designers of the building. The master of tlie

works, as he was called in the monastic establishments, and later in Scotland, iield the

place of the English king's chief professional man, and was, no doubr, one of the talented

advisers of the day. The king's clerk of the works clearly stood in the place of the archi-

tect. The master or keeper of the fabric was probably the keeper of the whole structure

;

and the keeper of the works was, perhaps, only the custodian of the particular works then

in progress ; the edifice, under those circumstances, being developed by the master of the

works or by the master mason. Rut there is one officer of whom we should desire to know
much, but of whoin nothing whatever is known ; this is the devizor of buildings."

321. We would refer the student to the paper by Mr. Ferrey, read at the same society

in 1864, Some reinarks upon the works of tlie eiirli/ mediccral architect.'!, Gu)idul/ih, Flambard,
IVilliam of Sens, and others. The subject will be well concluded liy quoting the result of

jVIr. Street's enquiry into the designers of the buildings in Sjiain. lie states in his Account

(if Gothic Arclilt cture in Spain, 186,5, p. 464, that ''it is often, and generally thoughtlessly,

assumed that most of the churches of the middle ages were designed l)y monks or clerical

architects. So far as Spain is concerned, the result at which we arrive is quite hostile to

this assumption, for in all the names of architects that I have noticed there arc but three

who were clerics. In our own country it is indeed commonly asserted that the bishops and
abbots were themselves the architects of the great churches built under their rule. Gun-
dulph, Flambard, Walsingham, and Wykeiiam, have all been so described, but 1 susj)ect

upon insufficient evidence ; and those wlio have devoted the most study and tin\e to the

subject seem to be the least disposed to allow the truth of the claim made for them. The
contrary evidence which I am able to adduce from Spain certainly serves to confirm these

doubts. In short, the common belief in a race of clerical architects and in ubiquitous
bodies of freemasons, seems to ine to be altogether erroneous." This work treats very
minutely on the position of the designer of the buildings in Spain. (See par. 395.)

322. Among other matters connected with tlie progress of the art. Stieglitz, in 1834,
l)rought to the notice of the public, the marks on courses of stone in many buildings in

Germany, and elsewhere, called "mason's marks," which by some have been supposed to be
the personal marks of the masters of the works, but which are, in fact, nothing more than
directions to the setters, and, indeed, are used by masons up to the present hour. Some of
these, however, are curious in form and figure, and were most prol)al)ly determined l)y the
lodges. Their forms are principally rectangular, of forty-five degrees, of the equilateral
triangle, of the intersection of horizontal and perpendicular lines, and circular. Some of
them iiave so great a resemblance to Runic characters, that therefore it has been argued th«
Anglo-Saxons taught the Germans architecture, and that they cultivated the art, and had
masonic lodges among themselves, at a very early period ; but this seems rather unreason-
able; neither is it likely that the natives of this island were the chief artists employed on
foreign cathedrals, though some may have been. That these marks, however, were used
from some traditional knowledge has also been urged. Thus the mark pjJ, the cruciform
hammer of Thor, is found in the minster at liale, and repeated in the sixteenth century in

the church at Oschatz. This mark al)ounds in a great variety of phases,—on medals, on
annulets, in the museum of the Royal Academy of Copenhagen; and on many Runic monu-
ments, as mentioned by Hobhouse in his illustrations of Chlli/e Harold. It is also found
01) the sacred jar of the Vaishnavas (Asiatic Researches, vol. viii.). At the Chateau de
Coucy (13th century) is found Lj, the Rur.ic letter S. One mark of frequent recurrence
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is \|/, an inverted Runic T. It may bo seen at Frihoiirg, at the beautiful ehurcli of St,

Catlieiine at 0|)i)enbeim, and at Strasburg, connected with tiie letter N. Without found-

ing any iiyiJotliesis up«*n tiie singular agreement of these marks with the sixteen letters

of the Runic alphabet, it is at least a curious matter for further examination. Ilobhouse,

as above mentioned, states, that a character resembling the bammir of

'Ihor is found in some Spanish inscriptions, and he seems to think it

hears affinity \o fig. IGl. which is often drawn by boys in Italy, though

no ineaniiig is ascribed to it ; this figure is found at New Shoreham
church; j^rcfnuolnqirnl Join-im/, vii., p. 390.

32'_'a. The earliest lodge of which we have any authentic knowledge,

was that of Strasliurg. Erwin von Steinbach seems to have been at

the head of it; lie appears also to have l)een the first secular architect

of importance that arose, and to have had privileges of griat im-

portance conceded to him by the emperor, Rodolph of Ha| sbcrg. This- lodge was

regularly constituted, with power, round 3 certain extent ot territory, to maintain order

and obedience amor.g the workmen unde' its jurisdiction. In 1278, Pope Nicholas III.

granted to the body a bull of absolution, which was renewed by his ^uccessors up to the

time, in tiie fourteenth century, when Benedict XII. occupied the ]iapal chair. To
Iodo:iue Dotzinger, master of the works at Strasl)urg in 1452, the merit seems attri-

butable of so forming an alliance between the diirerent lodges of Germany, as to induce

a greater uniformity of practice. Whether from the central lodge of Strasluirg, whence
certainly branched lodges at Cologne, Vienna, and Zurich, branched also the lodges of

France, England, and Italy, in which last named country one existed at Orvieto, it is now
perhaps too difficult a task to discover.

322/*. Much stress has been laid upon the ?)ia/A's, which are found upon the faces and beds

of stoiKS in nearly all countries, \njiy. 162. are given several of these fanciful forms, as we

lig. 102, MASO.NS' MAI.KS OX STOXI.S.

maintain them originally to have 1 een. a and b, are from the interior and exterior of th«

nave of Gloucester cathedral, c, Malmesbury abbey church, d, Furness abbey, e, Poi-

tiers., in France, f, St. Radigonde. g, Cologne cathedral; and A, Roman altars at Rising-

ham: these are all from ]\Ir. G. Godwin's paper in the Arch/vologia, vol.xxx. i, from
Segovia cathedral ; k, Tarragona cathedral ; and Z, Veruela cathedral ; are given, with many
others, by jNIr. G. E. Street in his Guthic Ai'-kilecture of Spaitt. Numerous examples are

given in the Freemasons' Monthly Magazine, &c. new SiTies, 1862, and in the Builder Journal

for I8G3. Perhaps the fact of their occurrence, as in the present day, is simply due to their

being the marks or signs l)y which each mason recoj;nises the particular stone for the

correct workmanshi]) of which he is answerable. On large works a list is kept of them
by the foreman, and any new man having a mark similar to one already on the list, has to

make a distinctive difference. An eminent practical mason assured us that from tiie

character of the mark he could tell at once the kind of stone on which it was made.
A general history of Pointed Architkctuue is ])laced at page 233; the Pkactice ok

PoiNTKi) AucHiTECTUiiE is placed in Book III., together with much relative information

and illustration in Pkinciples of PiiopoiiTiON, in the same Book.

Sect. XVI.

ITALIAN AUCUirECTL'RE.

323. The commencement of a new er.\ in architecture first dawned in Florence, and then
soon spread its meridian liglit over Italy and the rest of Europe. The Frencli have well

applied the term reuaistance to its commencement. It is with us denominated tliat of tlie

reriual of the arts. The Florentines had at an early period, according to Villani, de-
termined to erect in their city a monument which should surpass all that had bef re

appeared; in 129-1 Arno]fo di Lapo (according to Vasari), but Arnolfo di Cambio da
Colle ^according to Molini), had so prepared his plans that the first stone was laid Sept.

8, 1296, and the name of Sta. Maria del Fiore was then given to it. The w(;rks were
stopped 1310 on the death of Arnolfo. In 1324 Giotto was cnfomaestro, wlio, dying

K 2
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13^6, his ck'sign for tlie campanile was carried out by Tadileo Gaddi, who died 1366.

In 1355 Francisco Talenti, as capomaestro, was ordered to make a model to show liow

the chapels in the rear were to be disposed correct without any defect. On June 19,

1357 the foundations of a new and larger church were begun by Talenti. Andrea

Orcagna, IJucozzo, Taddeo Gaddi and other architects of talent were consulted in turn,

and in 1376 the last of the four arclies was completed ; the central tribune with its five

chapels were completed H07 ; and in H21 the armatures (centering?) of the last tribune

were taken down {The Times, May 12, 1887). This edifice, though conmenced before

the revival of the art-;, is one of particular interest and instruction in the liistory of archi-

tecture, and one wherein is found a preparation for changing the style then pre\alent into

one sanctioned by the ancient principles of the art. Fig. 163. shows the plan, and^<;. 164

SANTA MAHIA DEf, Vl

the half section and half elevation of it. The walls are a'most entirely cased with

marble. The whole length of it is 454 feet ; from the pavement to the summit of the

cross is nearly 387 feet ; the transept is nearly 334 feet long ; the height of the nave

153 feet, and that of the side aisles 96j. In 1407 Brunelleschi was consulted with others

as to the dome, but was not appointed until 1420; he nearly completed the drum at his

death in 1446. The church was consec-ated March 25, 1436, and the works ceased in

1474. The facade, destroyed in 1588, was rebuilt from a design by E. de Fahris, and
imveiled in May 1886. The revival of architecture is so connected with tho life of

Brunelleschi, that a few passages in the latter will assist us in giving information on the

former. He was born in 1377, and was intended by his father, Lippo Lippi, a notary of

Florence, to succeed him in his own profession ; but the inclina'ion of tlie youth being

bent towards the arts, the parent with reluctance placed him with a goldsmith, an occu-

pation then so connected with sculpture that the greatest artists of the time applied

themselves to the cliasing and casting ornaments in the precious metnls. Brunelleschi

became skilful as a sculptor, but determined to devote himself to architecture, in which
the field was then unoccupied. In company with Donatello he therefore visited Rome,
and applied himself with ardour to the study of the ruins in tlie Eternal City, where he

first began to meditiite upon the scheme of uniting by a grand cupola the four arms of the

Duomo at Florence. During his residence he settled in his mind the propor.ions of the

orders of architecture from tlie classic examples which the city alforded, and studied the

science of construction as practised by the ancients ; from them he learnt that perfect

accordance which always exists between what is useful and what is beautiful, l)oth of

which are reciprorally subordinate to each other. Here he discovered the jirinciples of

that nice eqi.ilibrium, equally requisite for the beauty no less than lor the solidity of

an edilice. He returned to Florence in 1407. In this year the citizens convoked
an assembly of architects and engineers to deliberate upon somo plan for finishing

the Duomo. To this assembly Brunelleschi was invited, and gave his advice for raising

the base drum or a'tic story upon which the cupola should be placed. It is not im-

portant here to detail the jealousies of rivals which impeded his project; nor, when the
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commission was at length confided to him, the disgraceful assignment to him of Lorenzo
Ghiherti as a colleague, whose incapacity for such a task our architect soon made manifest.

Suffice it to say, that hefore his death he had the satisfaction to see the cupola finished,

witli the exception of tlie exterior of tlie drum under the cupola ; for whose decoration, as

well as for tlie lantern with which he proposed to crown the edifice, he left designs, which,
however, were lost. One of the directions he left on his death particularly insisted upon
the necessity of following the model he had prepared for the lantern, and that it was es-

sential that it should he constructed of large blocks of marble so as to prevent the cupola
from opening ; an advice which experience has since proved in other cases to be far from
sound. This cupola is octagonal on the plan, as will be seen by reference to the figures,

and is 138 feet 6 inches in diameter, and from the cornice of the drum to the eye of the

dome of the height of 133 feet 3 inches. Before it nothing had appeared with which it

could lie fiiirly put in comparison. The domes of St. IMark and that at I'isa are far below
it in grandeur and simplicity of construction. In size it only yields to St. Peter's at

Rome, for which it is probable it served as a model to Michael Angelo ; for in both, the inner

and outer cui)olas are connected in one arch at their springing. It is moreover well

known that Buonarroti's admiration of it was so great that he used to say that to imitate

it was indeed difficult, to surpass it impossible. Vasari's testimony of it shall close our
account of this magnificent structure: — " Se puo dir certo die gli antichi, non andurono
mai tanto alto con lor fabriche, ne si messono a un risico tanto grande, che eglino volessino

c^inbattere col cielo, come par veramente ch' ella combatta, veggendosi ella estoUere in

tant' altezza che i monti intorno a Fiorenza paiono simili a lei. E nel vero pare, che il

; cielo ne abbia invidia poiche di continuo le saette tutto il giorno la percuotono." It might

]
be supposed that such a work was sufficient to occupy the whole of Brunellesclii's time ;

not so : the Duke Filippo Maria engaged him on the fortifications at Milan, besides which
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he was employed on several other military works ; a proof of tlie great diversity of talent lie

possessed. It is, therefore, from the extensive emjiloy he enjoyed, not only in Florence,

but in many otlier parts of Italy, quite certain that he infused a new taste into its buildiujjs,

and that he is justly entitled to the title of the Restorer of Architecture in Europe. lie

died, and was buried in the church he had raised in 1444. Me left a number of scholars,

among whom Luca Fancelli and Michelozzo were perha])s the ablest. These pupils spread

tlirougliout Italy the elTects of the vast change that had been thus begun ; a taste for archi-

tecture was excited ; its true principles became known ; aiid in a short space of time, as if

the matter had i)een one of arrangement between them, the illustrious house of IMedici, tlie

dukes of Milan, and the princes and nobility of the country contended who should most

patronise its professors. The learned began to expound to artists the books of Vitruviiis,

the only writer among the ancients whose works on that subject have come down to us.

,'524. Leo Battista Alberti, of the ancient and illustrious family of the Albertl of

Florence, succeeded Brunelleschi in carrying on the great change of which we have been

sjieaking, and was, indeed, a great contributor to the art, not only by his literary labours

on architecture, in which he displays profound erudition, knowledge of construction, and

an intimate ac()uaintance with the works of the ancients, but also by the distribution, ele-

gance, grace, and variety, which his designs exhibit. His book, De lie Edifiaitorid, is the

foundation of all that has been since written on the art, and deserves careful perusal by

every one who studies for the purpose of practice. We shall here present a short account

of it, which, in inntation of Vitruvius, he divided into ten books.

.Ti,?. The first book treats on the origin and utility of architecture ; the choice of the

soil and situation for placing buildings ; the ]ireparation, measurement, and suitable divi-

sion according to their nature, of the edifices to be erected ; of columns and j)ilasters ; of

the dirt'erent kinds of roofs, doors, and windows, their number and size ; of the ditlerent

sorts of staircases and their landings ; of the sewage or drains, and of suitable situations for

them respectively. In the second book the subjects are, the choice of materials; the ))re-

cautions to be taken before beginning a building ; the models, of whatever description, that

should be made ; the choice of workmen ; the trees fit for use, and the season in which they

should be felled ; the methods for preventing rot, and susceptibility of fire ; of stone in its

varieties ; the different sorts of bricks, tiles, lime, sand, and mortar. The third book
treats of construction ; foundations according to the varieties of soil ; encroachments; tiie

carrying up and bond of masonry ; rough and rubble work ; on the different sorts of

masonry; on the inlaying and facing of walls; on beams, joists, and the method of

strengthening them ; on floors, arches, and vaults ; the covering of roofs, pavements, and the

season for beginning and com])leting certain works. 'i'\\Q fnurth book is confined to the phi-

loso))hy of the art, showing the causes which influence mankind in the adoption of modes
of building according to the climate, the soil, and the habits or government of a people. It,

however, treats of the projier position of a city ; of the size to be given to it ; of the form
of the walls; of the customs and ceremonies of tlic ancients as applied to this ])oint ; of

fortifications, bastions or towers, gates and ramparts; bridges, both of timber and stone;

sewers, ports, harbours, and s<iuares reciuisite in a city. The fiflli book contains in-

structions for the erection of palaces for ])eaceable, and castles for absolute jirinces ; i'ox the
houses re(juired by a republic; large and small religious edifices; academies, ])ublic

schools, hospitals, and palaces for senators. In it are given some hints on military and
naval architecture, on farm buildings, and country houses. In the sixth book Alberti

treats on architectural ornament, columns, and the method of adjusting their proportions.

After some observations on the principles of beauty, on taste, and on the mode of im-
proving it, he enters shortly on the history of architecture. These are followed by several

cha|)ters on the doctrine of mechanics, machines, the method of raising and working
columns, polishing them, imitations in stucco and incrustation in thin layers, and m.atters

of that nature. The seventh book continues the discussion on ornaments in architecture,

but chiefly in respect of columns, showing the edifices in which the use of them is suitable;
anil, in imitation of Vitruvius in his directions relative to temples, our author dilates on
buildings for ecclesiastical purposes. He shows what sorts of columns and pilasters arc
best suited to them, how far the employment of statues is proper, and how they shovdd be
sculptured. The eighth book is on roads and their decorations, tombs, pyramids, columns,
altars, epitaphs, &c. In it he turns to the subjects of streets, cities, ornaments approjiriate
to gates, ports, arches, bridges, crossways, markets, public squares, walks, porticoes, theatres,
amphitheatres, circi, libraries, colleges, baths, &c. ; and the style in which public buildings
should be constructed and decorated. The ninth book is a continuation of the preceding
one ; but in this he speaks in addition of the ai)i)ropriate decoration of royal palaces, and of
the ornaments respectively suitable to city and country dwellings, and of the jiaintings and
sculpture that should be employed in them. In the tenth and last book the principal sub-
ject is the finding a supply of water for buildings both in town and country, and it closes
\vith some useful hints on the aid of architecture to domestic economy. This truly great
man constructed many works in diflerent cities of Italv, some of which still remam to
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attest his skill. We are not to examine them with tlie eye of an architect flourisliing even

half a century later, though under that catej;ory they do him honour, but with tlie eye

of an artist of his own day, and we shall then find our veneration for his memory cannot be

too strongly expressed. In Florence he finished the Ruccellai palace, and built the choir

of the Annunziata. At Mantua he built a church of singular beauty, consisting of a simple

nave, crowned with a vault decorated with caissons, which rivals the works of the ancients.

Tiie additions he made to the church of St. Francesco at Rimini, a pointed church, though

not in the same style, because it then came into disrepute, show an extraordinary aptitude

for overcoming the most difficult and repulsive subjects with which an architect has to deal,

and that work alone would stamp him as a man of genius. On his other acquirements it is

not within our province to dwell ; we shall merely sum them up by saying that he was jjoet,

painter, sculptor, philosopher, mathematician, and antiquary. Such was Alberti, in whom
was concentrated more refinement and learning than have hardly since appeared in a single

individual of our species. The time of his death is not accurately known ; some place it at

the end of the fifteenth, and others at the beginning of the sixteenth century.

326. About the time that Alberti was engaged on the practice and literature of the art,

a very extraordinary volume, written by a member of the Colonna family, was published by

Aldus, at Venice, in 1499, folio. Its title is as follows: — Polyphili Hijjmerotomuchia i

opus itulicd lingua conscriptum ; ubi humana omnia jion nisi somnium esse docet. This work

deserves to be better known than we fear its rarity will ever permit. With the singularity

of the plan, it unites the advantage of placing before the reader many elevated and elegant

ideas, and, under the veil of a fable, of inculcating precepts of the greatest utility to artists

and those that love the art. llie testimony of Felibien in favour of this work runs so fa-

vourably, that we must transcribe it:
—" Sans prejudice," says that author, " du grand profit

qu'on pent tirer de la lecture de Vitruve, et de I'etude qu'on doit faire de ses principes et de

ses regies, il ne faut i)as moins examiner les tableaux curieux de plusieurs superbes edifices,

monumens ou jardins, (jue I'imagination riante et feconde de I'auteur du Sonpe a mis sous

les yeux de ses lecteurs." When it is recollected that the manuscripts of Vitruvius were

extremely rare, and that when Colonna wrote (1467) that author had not been translated,

—

when we reflect that in his descriptions he rears edifices as magnificent and regular as

those which Vitruvius presents to us, we cannot withhold our surprise at the genius and pene-

tration of the author. With him architecture appears in all her majesty. Pyramids,

obelisks, mausolea, colossal statues, circi, hippodromi, amphitheatres, temples, aqueducts,

baths, fountains, noble jialaces, delicious gardens, all in the purest taste and of the most

perfect jjroportion, attend in her train, and administer to the pomp with which the author

attires her. With him all these ideal productions of the art were not merely the result of

an ardent imagination, but were the fruit of an intimate acquaintance with its rules, which

he explains to his reader, and inspires him at the same time with a taste for the subject of

his pages. lie often breaks out against the gross ignorance of the architects of his day,

and endeavours to inculcate in them the sound principles of the art. He demonstrates

that it is not enough that an edifice possesses stability and solidity, but that it must be

impressed with a character suitable to the jnirpose for which it is destined ; that it is not

enough that it be well decorated, but that the ornaments used arise from necessity, or at

the least from utility. Architecture thus treated in fiction was much more pleasantly

studied than it would have been by mere application to the dry rules of Vitruvius. The
imiiression made by the work was increased by the poetic glow with which the precepts

were delivered; the allegories it contained warmed the imaginations of a people easily excited,

and Italy soon saw realised what Polyphilus had seen in a dream. This work is decorated

with wood engravings of singular beauty, in which the details and accessories are strictly

classical; it is written with great spirit and elegance, and we are not amazed at the magical

effect which, with the accompaniment of Alberti's book above mentioned, it every where

produced.

327. The Italian school, which ultimately appropriated and adapted the ancient Roman
orders and their details to comparatively modern habits, was for a long while engrafted

on or amalgamated with what is.called Gothic. We here (fiij. 165.) place before the reader

an instance of this, in the celebrated Loggia at Florence, designed by Orgagna. The same

feeling appears, indeed, in what Brunelleschi did in his Duomo, and in many other buildings

in Florence, in Pisa, Sienna, and other cities. Brunelleschi doubtless made a strong effort to

emancipate himself altogether from the mixture of two discordant styles, and in some mea-

sure succeeded. Still there continued, as is evident in the Ricardi, Strozzi, and other palaces

in Florence, a lingering love for the mixture, which the architects had great apparent diffi-

culty in shaking off. It is, however, extraordinary that with all this lingering love for the

ancient style, in which there was much littleness, when the architects of this period came

to the crowning members of their edifices, they placed on them such massive and finely

fiomposcd cornices that the other parts are cjuite lost; and in this member it is evident tliey

were influenced by those feelings of unity and breadth that gave so much value to the best

works of the ancients.
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328. The I'evival of the arts in Italy was vastly assisted by the commerce and riclies of

the country ; and with the decay of tliat commerce, nearly 300 years afterwards, their jjahny

days were no more: from that time they have never thriven in the country that gave
them birth. It is our intention, in tliis view of Italian architecture, to consider it uiider

tlie three schools which reigned in Italy — l.Tlie Florentine; 2. The Roman; 3. 'I'he

Venetian.

32<). 1. Florentine School. — Climate and the habits of a people are the princijial agents

in creating real style in architecture ; but these are in a great measure controlled, or it is

perhaps niore correct to say modified, by the materials wliich a country suj)plies. Often,

indeed, these latter restrict the architect, and influence the lightness or massiveness of the

style he adopts. The quarries of Tuscany furnish very large blocks of stone, lying so close

to the surface that they are without other difKcutty than that of carriage obtained, and
removed to tlie spots where tliey are wanted. This is probably a circumstance which will

account for the solidity, monotony, and solemnity which are such commanding features in

tiie Florentine school ; and whicli, if we may judge from the colossal ruins still exist-

ing, similarly prevailed in the buildings of ancient Etruria. In later times another cause
contributed to tlie continuation of the practice, and that was the necessity of aflbrding places

of defence for the upper ranks of society in a state where insurrection continually occurred.

Thus the palaces of the Medici, of the I'itti, of the Strozzi, and of other families, served almost
ecjuallyfor fortresses as for palaces. The style seems to have interdicted the use of columns
in the fa(,-ades, and on this account the stupendous cornices that were used seem actually

necessary for the purpose of imparting grandeur to the composition. In the best and most
celebrated examples of their palaces, such as the Strozzi, I'andollini, and others in Florence,

and the Picolomini palace at Sienna, the cornices arc proportioned to the whole heiglit of

the building considered as an order, notwithstanding the horitontal subdivisions and small

interposed cornices that are practised between the base and the crowning member. The
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courts of these palaces are usually sunouiuled by columns or arcades, and tlieir ulterior is

scarcely ever Indicated by tlie external distribution. I'Voin among tlie extraordinary palaces

with whir'.i Florence abounds, we place before the reader the exciuisite fa9ade of t'"-"
V^""

doWiu: palace, the design whereof (^iV. 166'.) is attributed to the divine llatlaelle d'Urbuio.

Ill- it almost all the requisites of street architecture are displayed. It is an example

wherein the principles of that style are so admirably developed, as to induce us to recom-

mend it, in conjunction with the facade of the Farnese palace hereafter given, to the

elaborate study of the young architect.

S.'iO. Without further allusion to the double cupola of the Duoino, already noticed,

the first of its si)ecies, and the prototyi)e of that of St. Peter's at Rome afterwards reared

by Michael Angelo, the principles and character of the Florentine school are not so

manifest in its churches as in its jjalaces. These nevertheless possess great interest ; for

ihey were tiie bases un which those of the Roman school were formed, as well as of those

examples which, willi different degrees of purity, were afterwards erected in many of the

capitals of Eur()i)e. Besides the plan of tlie Duomo, those of St. Michule, Sta. Maddelina,

St. Tancrazio, St. Lorenzo, and St. Sjiirito, are the key to all excellence in modern art, as

lespects real church architecture. It is unfortunate that of this school few of the churches

have been finished, so that their fafades are generally imperfect. The interior was pro-

perly, with them, a matter to be first considered and brouglit to perfection.

;5;Jl. Amongst the many extraordinary architects of the Florentine school, whereof a

list will hereafter be given, was Bartolomeo Ammanati, whose bridge, " Jella Santisxima

Triuitci" sufficiently proves that the greatness of the Florentine school does not alone

depend on its palaces and churches. This, one of the most beautiful examples, as well

for design as constructive science, in which was obtained for the waters of the Arno a

maximum of waterway, combined with a beauty of form inappreciable through grajihic

means, still strides the river of Florence, to attest the consummate skill of Ammanati.

Tile bridge in question consists of three arches : the middle one is 96 ft. span, and each of the

others 86 ft. ; the width of the piers is 26 ft. 9 in., and the breadth of the bridge between

tiie parapets is 33 ft. The arches are very slightly pointed, the cusp being hidden by the

rams' heads sculptured on the keystones ; their rise above the springing is very little,

hence they have been mistaken by some writers for cycloidal arches. Alfonso and Giulio

Pario-i, who assisted in constructing the work, left an account of the mode in which it was

carried on, and the manuscript is still preserved in the Florentine Library. IMore recently,

a description of this bridge has been published by Ferroni, under the title of " Delia vera

Curva degli Archi del Ponte della Santissima Trinita di Firenze." The Pitti palace had

been begun in the time of Brunelleschi, in 1435, for Luca Pitti, a wealthy citizen of Florence.

Remaining long unfinished, it was at last sold to Eleonora, wife of Cosmo I., who jiur-

cliased the adjoining ground, and jdanted the Boboli Gardens. About the middle of the

16th century, Nicolo 13racciani, surnamed Tribolo, made designs for finishing the building;

and was succeeded by Bernardo Buontalenti. After him came our Ammanati, who lel't

other designs for finishing, which was accomplished by Alfonso and Giulio Parigi. It is

now the residence of the grand duke, and has served as a model for imitation to many modern

architects, though there is in it much to condemn. The details, however, and proportions

of the orders used in it by Ammanati, are very beautiful. This architect died in 1586, at

the age of seventy-five. He was a pupil of Baccio Bandinelli, and during his life composed

a large work, entitled La Ci/ld, which contained designs for all the fabrics belonging to

a regular and well-arranged city, Iieginning with the gates, then proceeding to the palaces

pf the prince and magistrates, the churches, the fountains, the sijuares, the loggia for the
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niercliants.tlio bridges, theatres, &c. This work appears to have been lost, the Ia^st posser-sor

ot" it knou'ii having been the prince Ferdinand of Tuscany. Though in the higher re-

finement of finislied details the Florentine school did not reach the extreme elegance of the

iiomau and Venetian schools, yet for bold imposing masses of architecture we think no

city ])resents such a collection of highly picturesque architectural examples as Florence.

The I'itti palace indeed, just mentioned, is more imposing by its broad parts than almost

any other building with which we are acquainted, though it becomes poor when translated

into French, as at the Luxembourg.
332. So late as 1454, we find in the Strozzi and other palaces semicircular-headed win-

dows, wherein are half columns at the sides, and a column in the middle, resembling those

in tiie Hyzantine or Uomanes(]ue edifices. Tiie two apertures thus formed are crowned by
.semicircular lieads, which are circumscribed by the outer semicircle, and the sijandrel formed
by tlie three curves is occupied by a patera.

333. The period of tlie Florentine school, which must be taken as commencing with

I'runelleschi, includes the names of Wichelozzo, Leo 15attista Alberti, I'ollaiuolo (who ob-
tained the soubri(]uet of Chronaca, from his constant recital of liis travels), tlie architect

of the Strozzi palace, Rafl'aelle Sanzio, 15enedetto da IMajano, Baccio d'Agnolo, ISaccio

IJandinelli, IJuontalenti, Ammanati, and others: it extends from a. n. 1400 to a. d. 1600.
The works of Michael Angelo, thougli a Florentine, do not belong to this school ; neither

do those of San Gallo and some others, who have been improperly classed as Florentine

architects.

334. 2. liiiman Scliool.— Thougli the city of Rome, during the period of the rise and
progress of the Roman school of architecture, was not altogether free from insurrectionary

troubles, its palatial style is far less massive than that of Florence. None of its buildings
present the fortress-like apj)earance of those in the last-named city. Indeed, the Roman
palaces, from their grace and ligiitness, indicate, on the part of the jieople, habits of a much
more pacific nature, and an advancing state of the art, arising from a more intimate ac-

(juaintance with the models of antiquity which were on every side. The introduction of

columns becomes a favourite and jileasing feature, and great care and study a])j)ear to have
been constantly bestowed on tlie far;ades of their buildings; so much so, indeed, in many,
that they are but masks to indifferent interiors. In them tlie entrance becomes a principal

object ; and though in a great number of cases the abuses which enter into its compo-
sition are manifold, yet the general effect is usually successful. The courts in these
])alaces are most frequently surrounded with arcades, whence a staircase of considerable
dimensions leads to the sala or principal room of the jjalace. The general character is that
of grandeur, but devoid altogether of the severity which so strongly marks the Florentine
scliool. The noblest example of a palace in the world is that of the Farnese family at
Rome, to which we shall afterwards have occasion to return.

335. Rramante, born in 1444 at some place, but which is still in doubt, in the duchy of
(Jrbino, must be considered the founder of the Roman school. Though educated as a
IKiiiiter under Fra I5artolonieo, and likely to have ranked in that occujiation as a master
of no ordinary jiowers, his great love of architecture induced him at an early period to
(]uit jiainting as a jirofession. In Lombardy he wandered from city to city for the ))uri)ose

of obtaining employment as an architect, but there is no evidence that his exertions in

that iiart of Italy were rewarded with great success. The dry style which afterwards cha-
racterised his works has been said to have had its origin in his protracted stay at INlilan,

*»!iile the works of the Duomo were carrying on there under Bernardino di Trevi, a
builder of such skill as to have gained the esteem of Leonardo da Vinci. Be this as it

may, it was in this city his determination to follow our art became irrevocable. From
Milan he went straightway to Rome; where, however, he was obliged to make himself
known by some works in his first profession of a painter in the church of St. Giovanni
I^aterano. Naturally of liosjjitable and social disposition, and a lover of ex])cnse and
luxury, so intense was his ardour to become great in the art he adopted that he refrained
from all society, holding commerce only with the monuments of anti(]uit.y by which he
was surrounded, studying with the utmost diligence, and d.awing them for his futiue ap-
plication of the j)rinciples upon which they were founded, ile even extended his researches
to Najiles, losing no opportunity of noting all the ruins from whicli instruction in his art

could be drawn. Orafla (Cardinal of Na))les), who had remarked his zeal, gave him his

first commission in Rome, which was the construction of the cloister of the Convent della
Face ; and this, from the intelligence and speed with which he executed the task, brought
\nm at once into rejiute. At this period Rome could boast but of few architects, and
those that were established tiiere were of small account. The Florentine school seems to
have sprung in the most decided manner from the habits of the people and the massiveness
of their materials, modified by some knowledge of the buildings of the ancients : that
of Rome seems to have been founded upon the princii)le of making the ancient architecture
of Rome suit the more modern habits of a very dillerent peojile, thougli living on the
same sjioU To explain more immediately our meaning, we cite the small circui;r chapel



Chap. II. ITALIAN. ino

of St. Pic'tro ill Montorio, wliorcin we find a jump at once in the adajUation of tlio circular

peripteral temple of tiie Romans to the purpose of Christian ceremonies. And again, it

is impossible to look at the Palazzo della Cancelleria without being struck by the base-

ment and two orders, wliich would be suggested by a contemplation of the Colisseum,

though afterwards the Roman architects had the good sense to see that the orders of

architecture placed against the walls of a building where the use was not required by the

interior distribution was a tasteless and useless application of them. The architect of the

Palazzo Farnese only uses them for the decorations of his windows. In this respect we
hope good sense is once more returning to this country ; and that the absurd practice in

almost every case of calling in the orders to aid the effect of a facade, will be abandoned
for the better plan of obtaining an imposing effect from the simplicity and arrangement of

the necessary parts. We must, however, return to Hramante, whose other employment we
pass over to come to his great work,—one which, after the continued labour ujion it of his

successor IMichael Angelo, seems to have exhibited the great canons of art ; one whicli

has regulated all the modern cathedrals of Europe, for they are, in fact, but repetitions

of it; and one, therefore, which requires a lengthened notice in this place, as intimately

connected with the rajjid progress of the Roman school. Tlie ancient Basilica of St.

Peter had become so ruinous that Pope Nicholas V.,a man who deligl'.ted in magnificent

undertakings, a lover of architecture, and of more than ordinary genius, had conceived tiie

project of rebuilding it, and under the designs of Bernardo Rosellini had actually seen a

portion of the design rise from the ground before his death. The project seemed then to

be forgotten and abandoned, until IVIichael Angelo Buonarroti, seeking a place for the

I'rection of the mausoleum of Julius II., upon wliich he was engaged, thought that the

tribune of Rosellini's ])rojected new basilica would be well suited for its reception, and
accordingly proposed it to the pontiff. Julius, pleased with the suggestion, immediately

sent for San Gallo and Bramante to examine into it. In these cases, one project generally

suggests another, and the rearing a new St. Peter's became a fixed object in the mind of

Julius 11. 'i'he tribune of Nicholas V. was no longer thought of, except as a space to

be included within the new works. He consulted several architects upon the subject; but

the fact is, that the only real competition lay between Giuliano di San Gallo and Bra-

mante. The last was the successful artist ; and from a great number of projects the pope
at last chose that upon which St. Peter's was afterwards commenced. The real design of

Bramante can scarcely be traced in the basilica of the Vatican as executed. The changes

it was doomed to undergo before completion, more than perhaps any other building was
ever subjected to, have been drawn into a history by the Jesuit Bonanni. When Bramante
died, his designs, if indeed he made any, were dispersed ; and for what we do know of them
we are indebted to Raffaelle, who took mucli pains in collecting the ideas of our architect,

as they afterwards api)eared in Serlio's Treatise on Architecture. The original jilan of

Bramante was simple, grand, and in its jiarts harmonious, and would doubtless have

been effective, far beyond the edifice as executed. It has been well observed by Q. de

Quincy, in his Life of Bramante, " I>e Saint Pierre d'aujourd'hui parait inoins grand qu'il

lie Test en effet. Le Saint Pierre de Bramante aurait certainement ete plus grand encore

en ajiparence qii'en realite." Tiiere would moreover have been an accordance between
tlie interior and exterior. The peristyle was to have three ranks of columns in deptl;,

which would have necessarily had une(]ual intercolumniations. The cupola was rather

tliat of the Pantheon, ornamented exteriorly with an order of columns. Bramante carried

ills imitation even to the steps round the springing of that monument. Prom the

medals of the design struck about the period, it seems that the facade was to have been

decorated at its extremities with two eampanili ; but the authority of a medal may be

doubtful. The idea, therefore, which is said to have originated with IVIichael Angelo,

of placing the dome of the Pantheon iijion the vaulting of the Temple of Peace emanated
from Bramante, though the honour of actually carrying such a ])roject into execution

belongs to Michael Angelo da Buonarroti. It is not, however, jirobable that if Bra-

mante l;ad lived he could have strictly executed the design he produced ; for it has been

well proved that the piers which carry the dome would not have been sufficiently sub-

stantial for the weiglit to be ])laced upon them, inasmuci; as Bramante's cupola would
have been much heavier than that executed by Michael Angelo, and that architect con-

sidered it necessary to make his jiiers three times as thick as the former had proposed

for his cupola. Bramante's general design having been adopted by Julius II., was imme-
diately commenced with a boldness and promptitude of which few but such men as Julius

and Bramante were capable. One half of the ancient basilica was taken down ; and on the

18th of April, 1506, the first stone of the new fabric was laid by the pope in the pier of the

dome, commonly called that of Sta.Veronica. The four ])iers soon rose; the centres were

prepared for connecting them by vaults, whifh were actually turned. Tiie weiglit and

thrust of the vaults, however, bent the i>iers, and cracks and fissures made their ap-

pearance in every direction. Thus, without more than their own weight, much less

that if the cupola, the works threatened ruin. The great haste used in carrying on the
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works Iiad cloiihtless much contributed to this catastrophe. Bramaiitc in tlio nieaiitiine

dving, Rartiu'lie, Giocoudo, and Giuilano di San Gallo, and afterwards I5a!daz/.are Peruzzi

and Antonio San Gallo, were engaged on the editice, and severally used the proper means

for remedying the defects that had arisen, and for fortifying the great piers of the dome.

'I'o do this, as well as to push forward its completion, INIicliael Angelo was employed ; and

the rest of that great man's life was chiefly devoted to carrying on, under his own designs,

the works of the fabric. From the death of Bramante in 1513 to 1546, when Antonio

San Gallo died, the architects above named, all of whose names are almost sacred, had been

more or less employed upon it. It was during this period that Bramante's original plan

of a Latin was changed into a Greek cross by Peruzzi. The works had at this time become
the source of much jobl)ing ; every body that had any emp'oyment on them seemed bent on
providing for himself, when INIichael Angelo consented, for he was far from desirous of being

employed, to superintend the future progress of the fabric. The first use made of his au-

thority by JMichael Angelo was that of discharging all the agents and em/jloi/cs of the place ;

he may be said to liave again driven the money-lenders out of the temple. Tiiat he might

have more moral power over this worthless race, he set the example of declining to receive

tlie salary ot COO crowns attached to liis appointment as architect, and gratuitously super-

intended the works during the period of seventeen years,—a disinterestedness that afterwards

found a parallel in one of the greatest architects that this or any other country ever saw :

we need scarcely mention the name of Inigo Jones. Michael Angelo began by undoing
what his predecessor San Gallo had executed; and after having accomplished that, his

whole powers were directed towards carrying on the structure to such a point that no

change could possibly be made in his plans ; so that after having strengthened the great

piers, vaulted the naves, and carried up the exterior pedestal of the cupola, at the death

of Paul III. in 1549 the form of these parts of the basilica was unchangeably fixed.

Under Julius III., the successor of Paul, the intrigues which had always been carried on
against Michael Angelo were renewed, lie was accused of having contrived the arrange-

ment without suHiclent light, and of having changed every thing his predecessors had
done. Thus proceeded this great work ; hut notwithstanding the severe trials he had to

undergo from the envy of his contemporaries,— rivals he could not encounter,—Buonarroti

steadily pursued his course. He felt that his own destiny and that of the fabric were
identical ; and, notwithstanding all the disgusting treatment to which he was exposed,

tietermined to stand to his post while life remained. \\ riting to ^'asari, he says, " For me
to leave this place would be the cause of ruin to the church of St. Peter, which would be

a lamentable occurrence, and a greater sin. As I hope to establish it beyond the possibility

of changing the design, I could first wish to accom])lish that end ; if I do not already

commit a crime, by disappointing the many cormorants who are in daily expectation of

getting rid ofme." And in another letter to JMesser 1-ionardo Buonarrotti, in reply to the

pressing instance of the grand duke to have him at Florence, he says, " I would prefer

death to being in disgrace with the duke. In aii my affairs I have endeavoured to adhere
to the truth ; and if I have delayed coming to Florence as I promised, the promise should
have been construed with this condition, that I woidd not depart hence until the fabric o(

St. Peter's was so far advanced as to prevent its being spoiled by others, and my design

altered ; nor to leave opportunity for those thieves to return and plunder, as has been their

custom, and as is still their hope. Thus yilaced by Divine Providence, I have exerted

myself to preve'it those evils. As yet, however, 1 have not been able to succeed in ad-

vancing the building to that point which I desire, from want of money and men; and being
old, without any one about me to whose care I could leave the work, as I serve for the love of

God, in whom is all my hope, I cannot abandon it." At this period, with the letter, to which
we have not done .sulticient justice in the translation, it is impossible not to sympathise, nor
to be unaffected by the simple and unbending honesty of this honour to the race of man, in-

dependent of all our admiration of his stupendous power as an artist. At the age of eighty-

seven, the pedestal being then ready for the reception of the cupola, he made a small
model in clay for that important feature of his work, which was afterwards, to a scale, ac-

curately under his direction, executed in wood ; but deficiency in the funds prevented the

progress of the building. To the height of upwards of 28 ft. above the exterior attic the
cupola is in one solid vault, whose diameter is near 139 ft. at its springing, at which place

its thickness is near 10 ft. exclusive of the ribs. As the inner and outer vaults are not con-
centric, the interval between them increases as they rise. Where they receive the lantern

they are 10 ft. 7 in. apart. The construction of this dome proves the profundity of the
architect's knowledge as a scientific builder to have equalled his superiority as an architect.

3:56. After the death of Michael Angelo, this cupola with its lantern was rigorously ex-
ecuted, upon the model he had left, by Jacopo della I'orta and Domenico Fontana. His
intentions were religiously respected, in the completion of the fabric, until the time of Pirro
Ligorio, whom Pius IV. deprived of his situation for attempting to swerve from the model
and substitute his o\;'n work.

337. Between the foundation of the church by Bramante, and its entire compl"tion by
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Carlo IMuderiio, as seen injtr^s. lf>~. and 168., a century had elapsed , but during Miat contnrj

Fig. 168,

arcliitcctiiral as well as graphical and plastic fasto had undergone great changes; ami

though the first was still far from the vicious point to wliicli Horromini carried it, the

great principles of order and authority, as foiuided on the models of antiijuity, were passed

away, and no longer occupied the attention of the architect. The spirit of innovation, too

often mistaken for genius, liad made such inroads, that regularity of plan, simplicity of form.
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mid llip liappy union of taste with common sense had altogether dis:ippcared. The pari

«,>ldod to tlic edifice by Maderno appears in tiie plan in a darker tint, by which it is seen

tliat he added three arcades to the nave, in wliich the svne ordonnance is continued.

Sf.S. Respecting the alteration in, or rather addition to the plan, it :s, and is likely to

ijoiitinue, a moot point, whether this chaiigi^ by Maderno has injured the eflect of the

cluircli. " There are," says De Quincy, "in tlie method of judging of works of arclii-

tecture, so many different points of view from which they may be judged, that it is quite

possible to approve of even contrary things." We are not ourselves disposed to censure

the application of IMaderno, though it cannot be denied that the symmetry of the fabric

was in some measure destroyed by it. It is possible that the constant habit of seeing

catiiedrals with a prolonged nave, before we first saw St. Peter's, may have disposed us to

look leniently at a point which so many better judges than ourselves have condemned.

jMichael Angelo's plan was, doubtless, one of great simplicity and unity. According to liis

intention, tiie cupola was the princijjal feature, the four arms of its cross being accessaries

wliich would not interfere with or lessen the effect of its grandeur, whose points of view

could not be much varied. On tlie other hand, the edifice, enlarged according to the first

))r<)ject of Bramar.te, has acquired an immensity of volume, which, observes the author

liefore (pioted, one would be now sorry to see it deprived of. " Ce sont deux i/rmulems

voisines sans ctre rivnles." In its exterior, however, it must be admitted that the jiro-

longation of the nave has not improved the effect ; and that arose from tlie necessity of

strictly conforming to the farms that existed. It is manifest that the number of divisions

which resulted from the mixtilinear ])lan of Michael Angelo would not well sort with the

extended mass which tlie nave created. It was absolutely necessary that it should be

conformable with what had been completed ; and the eflect of tliis was lessening the

elevation of the cupola in an almost fatal manner. The facade of entrance cannot in any

way be defended ; and it is much to be regretted that the tine entrance designed by the

great master was lost to the world.

3'.]9. St. Paul's is, perhaps, the only great instance in Europe wherein the design w.-.s

made and wholly carried into execution by the same architect. Works of this nature

usually exceed the span of man's life. St. Peter's was altogether a century and a half in

building. Tlie change of architects is not the least inconvenience of such a st;ite of things
;

for during so long a period such a change of taste arises that the fashion and style of an

art are from accident scarcely the same at its commencement and end. Thus the church

of the \'atican, which was begun by Bramante in a comparatively pure style, was, in the

»>iid, defaced by llie vicious bizarrenes of Borroinini. It was fortunate IMicnacl Angelo, so

Eir foreseeing accidents of this nature, had fixed unchangeably the main features of his com-

position.

340. That the first idea of this stupendous fabric owes its origin to Bramante cannot be

disputed ; but its greatness, as conceived by hiin, is confined to the boast of placing the

cupola of the Pantheon upon the vaulting of the Temple of Peace. The sketch of it given

by Serlio is nothing like the cupola wliich was executed. On the other hand, what was

executed by jNIichael Angelo was scarcely new after wliat Brunelleschi had accomjilished

lit Sta. ftlaria del Fiore. This, however, was a chef d'ceuvre of construction ; that of St.

Peter's was a chef d'oeuvre of construction and architecture combined. What was new

in it was, that it was the loftiest and largest of all works, ancient or modern, uniting in its

vast volume the greatest beauties of proportion to simplicity and unity of form ; to mag-

nificence and richness of decoration a symmetry which gives harmony to the whole, con-

sidered by itself, and not less so when considered in relation to the mass of which it is

tiic crown. The great superiority of this cupola over all others is visible in another point

ot view, which we shall more particularly notice in the account of St. Paul's in a sub-

sequent page : it is, that the same masonry serves for the exterior as well as the interior,

whereby an immense additional effect is gained in surveying it from the inside. All is

fair ; there is no masking, as in other cupolas that followed it.

."341. Whatever opinions may be formed on the other works of iNIichael Angelo, no

difference can exist respecting the cupola of St. Peter's. " Si tout," observes De
Quincy, " ce qui avait ete fait et pense, ou projete avant lui, en ce genre, ne pent lui

disputcr le prix de I'invention et de I'originalite, et ne pent servir qu'a marquer la

hauteur de son genie, il nous semble que les nombrcuses coupoles elevees dans toiite

r Europe depuis lui et d'apres lui, ne doivent se considerer encore que comme antaiit

d'echelons, propres a faire niieux sentir et mesurer sa superiorite." The bungling of Carlo

^laderno at St. Peter's is much to be regretted. The arches he added to the nave are

smaller in dimensions than those which had been brought up immediately adjoining the

piers of the cupola; and, what is still more unpardonable, the part which he added to the

nave is not in a continued line with the other work, but inclines above 3 ft. to the north:

in other words, the church is not straight, and that to such an extent as to strike cycrj

educated eye His taste, moreover, was exceedingly bad.



Chaw II. ITALIAN. 143

:'A'2. Ill the principal cliiirclics of Rome tht're is great similarity of plan ; tliey usually

consist of a nave and side aisles, in wliich latter, chapels are ranged along the sides. The
separation of the nave and aisles is effected hy arcades. The transepts are not much
extended, and over the intersection of them with the nave and choir a cupola generally rises.

The chapels of tiie Virgin and of the Holy Sacrament are commonly in the transepts
;

ai.d the great altar is at the end of the choir, which usually terminates semieircularly on
the plan. Uidike those of the Florentine school, the inteiiors of the Roman churches
are decorated to excess. Pictures, mosaics, and marbles of every variety line the walls.

A profusion of gilding imparts to them a richness of tone, and the architectural details

are often in the highest state of enrichment. They are, indeed, temples worthy of the

worship of the Deity. Yet, with all this magnificence, the facades are often mean ; and
when a disj)lay of architecture is exhibited in them, it is produced by abuses of the worst

class. They are generally mere m.asks ; for between the architecture of these false frt)nts

and that of the interior there is no architectural connection. In very many instances the

sides of the cimrches are actually hidden by adjacent buildings, so that they are altogether

inseen ; a circumstance which may have conduced to the repetition of the abuse. Faulty,

nowever, as these edifices are, to them is Kiu-ope indebted as models, which have in

modern times been more purified. We have not space to enumerate or criticise the

cluu-ches with which Rome abounds. St. Carlo on the Corse, by Onorio Lunghi, is a fine

example of them, and gives a fair notion of the general distribution we have descril)ed.

Those of a later date, especially those by IJorromini, may be considered as indices rerum
vitiini/arwii in architecture ; and though we are, perhaps, from the cupidity of upholsterers

and house decorators, likely to be doomed to sit in rooms stuffed with the absurdities of

the taste jirevalent in the time of Louis X\'., we can hardly conceive it necessary in these

days to recommend the student's abhorrence of such freaks of plan and elevation as are to

be found in the church of St. Carlo alle cjuattro Fontane, by that architect.

3-13. The palaces of Rome are among tlie finest architectural works in Europe; and of

those in Rome, as we have before observed, none ecjuals the Farnese, whose facade is

given in Jiff. 169. " Ce vaste palais Farnese, qui a tout prendre, pour la grandeur

ESK PALACU.

de la masse, la regularite de son ensemble, et rexcellence de son architecture, a toiiu

jus(|u'iei, dans roiiinion des artistes, le premier rang entre tons les palais (ju'on renomme,"
is the general description of it by De Quincy, ui)on whom we have drawn largely, and must
continue to do so. This edifice, by San Galio, forms a quadrangle of 256 ft. by 185 ft.

It is constructed of l)rick, with the exception of the dressings of the doors and windows,
tlie (juoins of the fronts, and the entablature and loggia in the Strada Giulia, which are of

travertine stone. Of the same stone, beautifully wrought, is the interior of the couit.

The building consists of three stories, including that on the ground, which, in the elevations

or fa9ados, are sejiarated by impost cornices. The only break in its symmetry and sim-
plicity occurs in the loggia, jilaced in the centre of the first story, which connects the

windows on eacli side of it by four columns. On the ground story the windows are decorated
with scpiare-headed dressings of extremely simple design ; in the next story they are flanked

by columns, wiiose entablatures are crowned alternately with triangular and circular

pediments ; and in the third story are circular-headed windows, crowned throughout with
triangular pediments. The taste in which these last is composed ij not so good as the

rest, though they were probably the work of iMichael .Vngelo, of whose cornice to the edifice

Vasari observes, " E stupcndish;imo il cornlccione maggiore del medesimo palazzo nella
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fscciata dinanzi, non s5 potendo alciina cosa nc ytni bclla ne piu magniflca desidcTare."

'I'lie fa^aile towards tliu Strada Giiilia is dilloront from the otiicr fronts in the centre only,

ivlicrein tiiere are tliree stories of arcades to the \o<^g;\a., each of wliose piers are decorated

wiih columns of the Doric, Ionic, and Corinthian orders in the respective stories as they

rise, and these in form and dimensions corrcsi)oiicl with the three ranks of arcades towards

the court. It ajijiears probahle that this central arrangement was not in the original

design of San Gallo, hnt introduced when the third story was completed. Magnificent as

from its simplicity and symmetry is the exterior of this jialace, which, as De Quincy observes,

" est un edifice toujours digne d'etre le scjour d'un prince," yet does it not exceed the beauty

of the interior. The (juadranglc of the court is 88 ft. s(]uare between the columns of

the arcades, and is comjiosed with three stories, in which the central arrangement above

mentioned towards the Strada Giiilia is repeated on the two lower stories, over the upper
whereof is a solid wall pierced in the windows. The piers of the lower arcade are orna-

mented with Doric columns, wiiose entablature is charged with triglyjihs in its frieze, and
its metop;c are sculptured with various symbols. The imjiosts of tlie piers arc very

(iiiely ])rofiled, so as to form the entablatiu'es when continued over the columns of the

entrance vestibule. In the Ionic arcade, over this, the frieze of the order is decorated

with a series of festoons. The distribution of the ditlerent apartments and passage is

well contrived. All about the buildins is on a scale of great frrandeur. Thouffh lonji

unocciii)ied, and a large portion of its internal ornaments has disappeared, it still com-
mands our admiration in the Carracci Gallery, which has continued to serve as a model
for all subse<pient works of the kind. The architecture of the Farnesc palace, more
especially as resjjects the arcades of its court, is the most perfect adajjtation of ancient ar-

rangement to more modern habits that has ever been designed. We here allude more
jiarticularly to the arcades, upon whose piers orders of columns are introduced. 'I'iiis

species of comiiosltion, heavier, doubtless, less elegant, yet more solid than simple colon-

nades, is, on the last accoimt, ]ireferal)le to them, where several stories rise above one
another. The idea was, certainly, conceived from the practice in the ancient theatres and
ampiiitheatres ; and in its application at the Farnese palace rivals in l)eauty all that

antiquity makes us in its remains acquainted with. San Gallo, its architect, died in 1546.
;?44. It would be impossible here to enumerate the palaces with which Rome abounds ;

but we must mention another, that of St. Giovanni Laterano, by Domenico Fontana,
as a very beautiful sjiecimen of the palatial style. Milizia censures the detail of this edifice,

and there is some truth in his observations in that respect ; but the composition is so sim])le

and grand, and the cornice crowns it with so much majesty, that the detail is forgotten in

the general effect, and its architect well deserves the rank of a great artist.

315. The villas, Ocel/i (V Italia, as they have been called, round the suburbs of Rome,
are in a style far lighter than the palaces whereof we have just been speaking. They arc

the original models of the modern country houses of this island, and exhibit great skill in

their plans and elegance in their facades. Generally they rose from the riches and taste ol

a (aw cardinals, who studded the environs of the Eternal City with some of the fairest gems
of the art. I\II\I. Percier and Fontaine published a collection of them at I'aris, from
which we extract the Villa Pia {fig. 170.). It was designed by Pirro Ligorio, a Neapolitan

''^^y%%^~^^"l
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avcliitect, who died in 1580 and is thus described by the aiitliois whoso view of it we have
borrowed. " It was built,'* say they, "in imitation of the houses of tlie ancients, whicli
Ligorio had particularly studied. This clever artist, who to his talent as an architect
joined the information of a learned anti(juary, here threw into a small space every thin"
that could contribute to render it a delightful dwelling. In the midst of verdant thickets,
nnd in the centre of an amphitheatre of flowers, he constructed an open lodge, decorated
with stuccoes and agreeable -pictures. The lodge is raised upon a base, bathed by the water
of a basin, enclosed with marbles, fountains, statues, and vases. Two flights of steps,

which lead to landings sheltered by walls ornamented with niches and seats of marble, offer

protection from the sun's rays by the trees that rise above them. Two porticoes, wiiose
interior walls are covered with stuccoes, lead on each side to a court paved in mosaic work.
This is enclosed by a wall, round which seats are disposed. Here is a fountain spouting
up from the centre of a vase of precious marble. At the end of the court facing the lodge
an open vestibule, su])ported by columns, fronts the ground floor cf the i)rinci])al pavilion ;

and is decorated with mosaics, stuccoes, and bassi-rellevi of beautiful design. The apartments
on the first floor are ornamented with fine pictures. Finally, from the summit of a small
tower, which rises above the building, the view extends over the gardens of the Vatican, and
tJie jdains through which the Tiber takes its course, and the splendid ediflces of Rome."
For further information on the Roman villas, we refer the reader to the work we have
quoted.

346. The Roman scliool of architecture, founded by Bramante, includes San Gallo,
Buonarroti, Sansovino, Feruzzi, Vignola (whose extraordinary palace at Caprarola de-
serves the study of every architect), and many others. It ends with Domenico Fontana,
the period of its duration being from 1470 to 1607, or little more than 1.'50 years.

347. Before we proceed to the Venetian school, it will, however, be jiroper to notice
two architects, whose works tended to change much for the worse the architecture of

their time ; we mean Borromini and Bernini, though the latter was certainly purer in his

taste than the former. Borromini, whose example in his art was followed throughout
Europe, and who, even in the present day, has his returning admirers, was the father of all

modern abuses in architecture ; and the reader must on no account confomid his works with
those of the Roman school, which had ceased nearly half a century before the native of
Bissona had begun to practise. He inverted the whole system of Greek and Roman
architecture, without replacing it by a substitute. He saw that its leading forms, sprung
from a primitive type, were, by an imitation more or less rigorous, subjected to the prin-

ci))les of the model from which its order and arrangement emanated. He formed tiie

project of annihilating all idea of a model, all principles of imitation, all plea for order and
proportion. I'or the restriction in the art resultant from the hajipv fiction, or perhaps
reality of a type, one whose tendency was to restrain it within the bounds of reason, he
substituted the anarchy of imagination and fancy, and an imlimited flight into all species of

ra])rice. Undulating flexibility suj)planted all regularity of form ; contours of the most
grotesque description succeeded to right lines ; the severe architrave and entablature were
bent to keep up the strange delusion ; all species of curves were adopted in his operations,

and the angles of his buildings were perplexed with an infinite number of breaks. What
makes this pretended system of novelty more absurd is (and we are glad to have the op])or-

tunity here of observing that the remarks we are making are ajiplicable to the present

fashionable fo'.Iy of decorating rooms a hi I.ouis XIV. and AT.), that its only novelty was
the disorder it introduced, for Borromini did not invent a single form. He was not scru-

pulous in retaining all the parts which were indicated by imitating the type ; he decom-
])osed some, transposed others, and usually emi)loyed each member in a situation direetiv

the reverse of its proper place, and, indeed, just where it never would be naturally placed.

Thus, for example, to a part or ornament naturally weak, he would assign the office of

supporting some great weight ; whilst to one actually capable of receiving a great load, he
would assign no office whatever. With him every thing seems to have gone by contraries;

and to give truth the appearance of Action, and the converse, seems to have been his greatest

delight. Out of all this arose a constant necessity for contrivance, which marked Borromini
as a skilfid constructor, in which respect he attained to an extraordinary degree of intelli-

gence. It seems, however, not improbable that one of his great objects in studying con-

struction was, that he might have greater facility in carrying his curious conceits into

execution ; for it may be taken almost as an axiom in architecture, so great is the relation

between them, that simple forms and solid construction are almost inseparable ; and it is

only necessary to have recourse to extraordinary expedients in construction when our pro-

ductions result from an unrestrained imagination. Further notice of this architect is not
necessary ; one of his most celebrated works is the restoration of the church of St.

Giovanni Laterano, — after St. Peter's, the greatest in Rome. His purest work is the

church of St. Agnese; whilst that of St. Carlo alle quattro fontane, which we have here-

tofore noticed, is the most hizarre. Borromini died in 1667.

348. 15ernini, the other artist whom we have mentioned, was equally painter, sculptor,

L
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Biul atvhitect ; his iiiiiK'ip:il work is the colonnade in front of St. Peter's. He was, notwith-

strtiuliiig the abuses to be found in his works, a man of great talent. In their general

arrangeinent his buildings are good and harmonious; his profiles are graceful ; his orna-

ments, though sometimes profuse, are usually elegant. Bernini, however, was no check

upon the pernicious character of his cotemporary Borromini ; instead, indeed, of relieving

architecture of some of her al)uses, he encumbered her with fresh ones. He was also fond

of broken pediments, andof phicing them in improper situations. He employed undulations,

projections innumerable, and intermixtures of right Hues with curves; for beautiful simplicity

he sul)stituted elegant fancy; and is to be imitated or admired by the student no farther

tlian he followed nature and reason. He made some designs for the Louvre at Paris, which

are exceedingly good. His death occurred in 1680.

^4^. 3. '1 /le Veiintinn School is characterised by its lightness and elegance ; by the con-

venient distribution it displays ; and by the abundant, perhaps exuberant, use of columns,

pilasters, and arcades, which enter into its composition. I/ike its sister school of painting,

its address is more to the senses than is the case with those we have just quitted. We
have already given an account of the church of St. Mark, in the I '2th century ; from
which period, as the republic rose into importance by its arms and commerce, its arts were
destined to an e<]ually brilliant career. The possession in its provinces of some fine monu-
ments of anti(|uity, as well as its early ac()uaintance with Greece, would, of course, work
beneficially for the advancement of its architecture. That species of luxury, the natural

result of a desire on the ])art of individuals to perpetuate their names through the medium
of their habitations, though not ))roductive of works on a grand or monumental scale, leads,

in a democracy (as were the states of Venice), to a very general display of moderately

splendid and elegant palaces. Hence the extraordinary number of specimens of the

l^uilding art supplied by the Venetian school.

3.50. San iAIicheli, who was born in 1484, may, with propriety, be called its founder.

Having visited Home at the early age of sixteen for the purpose of studying its ancient

monuments of art, and having in that city found much employment, he, after many years

of ai)sence, returned to his native country. The mode in which he combined pure and
beautiful architecture with the requisites called for in fortifications may be seen displayed

to great advantage at Verona, in wiiich city the Porta dell Pullio is an instance of his

wonderful ingenuity and taste. But his most admired works are his palaces at Verona
;

though, perha])s, that of the Grimani family at Venice is his most magnificent production.

'Hie genera! style of composition, very different from that of the palaces of Florence ano
Rome, is marked by the use of a !)asement of rustic work, wherefrom an order rises, often with
arched windows, in which he greatly delighted, and these were connected with the order after

the manner of an arcade, the whole being crowned with the jjroper entablature. As an
tizsniplc, we give, in ^ficj. 171., the fatj'ade of the Pompei palace at \'erona. The genius i><

S^ll ."Micheli was of the very highest order ; his works arc as consjiicuous for excellent con-
struction as they are for convenience, unity, harmony, and sim])licitv, which threw into
shftde the minor abuses occasionally found in them. If he had no other testimony, it would
he sufficient to say, that for his talents he was held in great esteem by IVFichael Angelo ;

and our advice to the student would be to study his works with diligence. San Michcli
devoted himself with great ardour to tiie practice of military architecture ; and though the
invention was not for a long time afterwards assigned to him, lie was tiie author of tlie
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Kvstein used by Vaubaii and his scliool. who, for a long period, deprived him of the credit of it.

15efore him all the ramparts of a fortification were round or s<(uare. He introduced a new
method, inventing the triangular and pentangular bastion, with plain fosses, flanks, and
S()uare bases, wliifli doubled tiie support ; he moreover not only tianked the curtain, but
all the fosse to tlie next bastion, the covered way, and glacis. The mystery of this art

consisted in defLMiding every part of tlie inclosure by the flank of a bastion ; hence,
making it round or square, the front of it, that is, the sjjace which remains in the triangle,

which was before undefended, was by San IVIieheli provided against. We cannot,
however, further jiroceed on this subject, which belongs to military, which at that period
was intimately connected with civil architecture. The Porta del Pallio at Verona has
been mentioned ; that city, however, contains another gate of great architectural merit by this

master, tlie Porta Nkovci, a s(]uare edifice, supported within by a number of piers of stone,

with enclosures or ai)artments for the guards, artillery, &c. The proportions, as a whole,
are pleasing ; it is of the Doric order, devoid of all extraneous ornament, solid, strong, and
suitable to the purposes of the building. Except in the middle gate and the architectural

parts, the work is rusticated. Tlie exterior facade stands on a wall, with two large pyra-
midal pilasters of marble rising from the bottom of the fosse ; at the top are two round
enclosures approaching almost to towers. In the interior, to the two gates near the angles
are two corresponding long ))assages, vaulted, leading to a number of subterraneous galleries

and rooms. I'or beauty, however, we do not think this gate so beautiful as that of del Pallio,

which we here give (_/7(7. 172.). But the gem of this great master is the little circular

chapel at San liernardino, wliose beauty, we think, has scarcelv ever been surpassed, and
which exhibits, in a striking degree, the early i)erf'ection of the \'enctian school. It was not

linisiied under San .Micheli, and blemishes are to be found in it ; it is nevertheless an ex(|ui-

site ])rotlucti()n, antl, in a suri)risingly small s])ace, exhibits a refinement which elsewhere «e
scarcely know equalled. The works which he designe;! surpass, we believe, in number
those of all tlie masters of Italy, Palladio, perhajis, exce])ted. He gave a tone to his art

in the Venetian states, which endured for a considerable period. His death occurred in

1549.

.'5,51. Contemporary with San Micheli, was another extraordinary genius of this school,

born at Florence,—Jacojio Tatti by name, but more usually called Sansovino, from the

country of his master, Andrea Contucci di RIonte Sansovino. Such was the respect for

this artist in Venice, his adopted city, that at a moment when it became necessary to raise

by means of taxation a large sum on the citizens, the senate made a sjiecial exemption in

favour of him and Titian. The Roman school might lay claim to him, if the works he
executed at Rome, and not his style, would justify it ; but that is so marked, so tinctured

with the system of arcades with orders, its distinguishing feature, that an inspecfion of

his works will immediately satisfy even a superficial observer. He was a great master of

his art ; and though he does not in so great a degree ap]iear to have profited by the ex-

amples of anti<|uity as the architect last named, he has left behind buildings, which, for

picturesque efiect, leave him little inferior in our rating. He was the architect of the

library of St. Mark at Venice, a portion whereof is given in fg. 173. ; a building o<

noble design, notwithstanding the impro))rieties with which it is replete. It consists of

two orders ; the lower one of highly ornamented Doric, and the upper one Ionic and very
graceful in effect. Of both these orders, as will be seen in the figure, the entablatures are

of inordinate comparative height. The up])er one was expressly so set out for the purpose
of exhibiting the beautiful sculptures with which it is decorated. The cornice is crowned
with a balustrade, on whose piers statues were placed by the ablest scholars of .Sansovino.

A portico occupies the ground floor, which is raised three steps from the level of the

jiia/.za. This portico consists of twenty-one arcades, wliose piers are decorated with

columns. In the interior are arches corresponding to the external ones, sixteen whereof,

with their internal aiiartments, are appropriated for shops. Opposite the centre arch is a

magnificent staircase leading to the hall, bevond which is the librarv of St. i\Iark. The
La
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FiK. 173.

faults of this biiiUIiiig, which are

very many, are lost in its grace

and elegance, and it is perliaj)3

the diet" d"a?uvre of the master.

Whilst Sansovino was engaged
on it he propounded an archi-

tectural problem, which re-

minds us very much of the egg
of Columbus :

" How can the

exact half of a metope be so

contrived as to stand on the

external angle of the Doric
frieze ? " The solution, '.lumsy

as that of the navigator witli

his egg, practised in this build-

ing, is, liowever, a bungling
absurdity ; namely, that of

lengthening the frieze just so

much as is necessary to make
out the deficiency. Sansovino

was invited to pass into France,

where he gave some designs,

which tended to the advance-

ment of the art in that coun-

try. On his return he built

the Zecca, or mint, one of his

finest works. Another of his

extraordinary productions is

the palace of tlie Comari, on the

Grand Canal at S;in IMaurizio.

The church of San Fantiiio,

among the finest of Venice, is also by him ; as is that of San IMartino and many others,

.lacopo was fertile in invention: his architecture was full of grace and elegance; but In;

was deficient in a thorough knowledge of construction, which, in the library of St. INIark,

brought him into disgrace, of which, from all accounts, the builders ought to have suH'ered

the princi])al sliarc. He continually introduced the orders, and especially the Doric and
Composite. The members of his entablatures were inucli sculjitured ; but his ornaments
were extremely suitable and correct. Jii statues and bassi relievi he greatly indulged, thereby

adding considerably to the effect and majesty of his buildings. Scamozzi mentions a

work by him on the construction of floors, and particularly describes a method adopted
l)y him for preventing dust falling through the joints of the boards. The work has been

lost. Sansovino died in 1570.

352. After such artists as San Micheli and Sansovino, it would have seemed to an ordinary

mind difiicult to have invented new forms, or rather so to have modified the old ones as 1o

be original. Andrea I'alladio, liowever, not only knew how to be original, but to leave his

works as models for the countries of Europe, in which the style which bears his name h!:s

had no rival ; so true is it, in all the arts, that there is always room to be found for a man
on whom nature has bestowed the faculty of seeing, feeling, and thinking for himself. In

the case of the architect .something more than genius is neces.sary: it is requisite that cir-

cumstances should exist by which his art may be developed, or, in other words, that what
lie is capable of producing may at the time be suitable to the wants of society. Such
circumstances existed for a long period in Italy, where, up to the time at which we are

arrived, the rich and great had l)ecn contending with the governments which should be
the greatest patrons of the art. Hence sprung the multitude of extraordinary works iu

the country named, which still point out the greatness in art at which it had arrived, when
it "as one of the really necessary arts. Neither in the Venetian states, nor at the time
when he rose into reputation, which was about the middle of the sixteenth century, had
Palladio that ojiportunity of signalising himself which had occurred to many former
masters. Venice had risen into power and wealth by its arms and commerce ; was the
natural protectrix of the art; and although the works she required were not on scales of

the grandest dimensions, yet those which her citizens re(]uired kept pace in luxury with the
increasing wealth of the families by whom they were required. This was the career open
to the genius of Palladio. Architecture in these states was not called upon to furnish
churches of colossal dimensions, nor palaces for sovereigns, nor immense public monu-
ments left for posterity to finish. 'I'he political state of the country, very luckily foi

his talents, furnished a niuuerous class of citizens who contended whicii should procure for

himself the aid of this great man in rearing a villa or palace, and which might serve tlip
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double purpose of a present dwelling for, and a future memorial of, his family,— a passion

tliat covered the l)auks of the Brenta with editices which, of their class, form a complete
school of civil architecture.

Soii. The taste of I'alladio was tempered b_v the care he.bestowed on accommodating ex-

terior beauty to interior convenience, and by suiting the art t"^ the wants of persons with

!iioderate means, through the medium of greatness without great dimensions, and richness

of effect without great outlay. 1 n the imitation, or rather appropriation, of the architecture

of the ancients, none of his predecessors of any of the schools had so luckily hit on that just

medium of exactness « itliout pedantry, of severity without harshness, of liberty without
licentiousness, which have since made the architecture of ancient Greece popular, and so

modified it as to be practicable and convenient in all countries. We here speak, of course,

of the elements, and noi the combinations, of Greek art, and of it changed by a passage
through an intermediate state during the existence of the lloman empire. No architect can
consider himself thoroughly educated who has not studied the works of Palladio. " De
fait," says De Quincy, in his Life of this architect, " il n'est punt d'architecte (jui, apres

avoir forme ou reforme son style sur les grands modeles de I'art des anciens, et des premiers

maitres de I'ltalie modcrne, ne se croie pas oblige d'aller encore etudier dans la jiatrie et

les oeuvre-i de Palladio, un genre d'ajjplications ])lus usuelles, et jjIus en rapport avec I'etat

de nos moeurs: c'est-a-dire, le secret d'acconmioder tour-a-tour, et nosbesoins aux plaisirs

il'une belle architecture, et I'agrement de celle-ci aux sujetions (jue de nouveaux besoin.s

lui imposent." It was from the peculiar properties of Palladio's taste and style, suited a.

they, are to more moderate fortunes, that they found in England a secono native country

(if sucli an expression may be allowed), where Inigo Jones, AVren, CJibhs, Taylor, Cham-
bers, and many others, have naturalised the jil ins, f,i(;ades, distribution, and details which

were originally planted in the ])r()vinces of the Venetian repul)lic. Indeed, the style of

I'alladio e;)uld not be prevented iVoiii spreading through Europe, as a mean between

the severe use of ancient forms and the licentious style of those who reject all rules

whatever. The buildings by him exhibit great good sense, simple means of accom-
plishing the end, a satisfactory agreement between the demands of necessity and pleasure,

and such an harmony between them that it is hard to determine which has submitted to

the other. The interior distribution of his palaces and villas in respect of plan would,
without considerable modification, be but ill suited to modern hal)its. We give, in fig. 174.

{sie next puye), a plan and elevation of the Villa Capra, one of his most celebrated works of

that class. Convenience changes as the mode of life varies ; indeed, excejH in a private build-
ing of large extent, the large quadrangular court of the houses of Italy is here unknown.
Palladio's plans, however, were convenient to those for whom they were executed ; and in

that way they must be judged. With his eyes constantly turned to the practice and detail

of the ancients, he ac(|uired a bold, simple, and agreeable style ; and, his churches exctpted,
the beauties of the master are to be sought in his fa(,'ades, and the (|uadrangles of his palaces.

Pedestals, either with ])anels or raisings, were always avoided by him ; his architraves were
rarely sculptured ; and the upper ornaments of his entablatures were always carefully

centred above each other. His doors, windows, and niches are composed with great
simplicity; and pediments, when used, are unbroken. In the members of liis cornices he
never lost sight of the character of the order employed, and was extremely p.u'ticular in

duly adjusting its proHles. He, however, did not scruple to vary the inoportions of an
order according to the nature of the building to which it was applied; and in the ))ropor-

tions of his churches and a|)artinents he seeir)s to have delighted, as afterwards did Sir

Christopher Wren, in arithmetical, geometrical, and harmonic proportions. Though ex-
tremely partial to the use of the Ionic order, yet the others were not unfrequentlv used bv
him. His Corinthian capital is not to be praised; it is })rotiled viry cliniisily, and ou<rht

not to be followed. The domes which he erected are almost invariably hemis))herical.

It is not to be supposed that his buildings are perfect, though they approach jjerfection
;

l)ut it is more than ])rubable that many of the abuses we see in them prose either from
want of sufficient superintendence, the number he designed bemg verv great, or that thev
were introduced after his death. This, we think, may be safely assumed, because the
instructions in his work on architecture are very perem])tory on the subject of abuses.

So well based upon the practice of the ancients does the style of our master ajjjjcar to be, th:it

it is, with but few modifications, suited to all nations, and just such as the ancients themselves
would have adopted. " Les fermes," observes Le Grand in his parallele, " que dirii'eait

I'alladio et (]u'il couvrait de tuiles on d'uii chaume rustique, I'emportent de beaucoup sur
les ])alais somptueux de Porromini, ou sur les riches et bizarres productions de Guariiio
(iuarini." Certain, indeed, it is that simplicity, unity, and style are more powerful means
iif producing grandeur, than great volume or large masses unskilfully handled. A tine in-

stance of this is seen in the fa9ade of the Thiene palace at \'icenza, fig. 175. ( See next paqe )

354.' The number of ))alaces and villas with which Palladio emiched the Venetian and
\'icentine territories is almost incredible: the variety of plan and elevation in them seems
*s inexhaustible as iheir luunber. To the buildings above referred to may be added the
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Carita at Vfuice. wliicli is a lovely specimen of liis style. His grandest cliurch is tliat Del
Retlentore at Venice. Generally in the facades of his churches tliere are abuses, whereof it is

scarcely credible he would have been guilty: such are the two half jjediments in the church
we have just mentioned. The theatre built iijion the ancient model for the Olympic
.Academy at Vicenza gained great rejjutation for him. Palladio died in 1580.

^35. The last architect of the Venetian school who obtained celebrity was Vincenzo
Scamozzi. The son of an architect, and born in a country which had become the nursery
of the art, his powers were exhibited at an early age. Like I'alladio and other great

masters, he selected for his principal guides the antiquities of the Eternal City, and the

j)recei)ts of Vitruvius, whose work at that period was considered of high importance, as in

truth it really was. There is no doubt that Scamoz/.i was much indebted to the works
of Palladio, although he affected occasionally to decry them ; but, in opjjosition to Do
«:iulncy, we think that his style is more founded on that of San .Micheli or Sansovino.

This is, however, of little importance ; for his natural talents were of a very high order.

At a very early period of his career, so great was his reputation that he was employed by
the canons of San Salvadore in opening the lantern to the cupola of their church ; a task in

which it ai)pcars that he ac(]uitted himself with great ability. For the upper order of the

I'rocurazie Nuove at Venice he has often been unjustly reproached, because he did not

confine himself to two stories, so as to comjjlete the design of Sansovino. The design of

Scamozzi, had it been continued in the Piazza .San IVIarco, would have ])laced in the back
ground every other piazza in Europe. The two lower stories of the Procurazie Nuove
are similar in design to the Library of S. Marco; and it is greatly to b^ regretted that

Scamozzi was so much otherwise occupied that he had not the ojijiortunity of watching
the wliole of its execution, which would iiave extended to thirty arcades, whose whole
length would have been 426 feet. Scamozzi only superintended the first thirteeen ; the

three built by Sansovino excepted, the rest were trusted to the care of builders rather than
artists, and, from the little attention bestowed upon i)reserving the profiles, exhibit a neg-
ligence which indicates a decline in the arts at Venice. Scamozzi is placed in the first

rank as an architect by his design for the cathedral at Saltzburg, whither he was invited by
the archbishop of the see. This church, which was not completed till after his death in

1 61 6, is 45'! ft. long, and 329 ft. wide, being in the form of a Latin cross on the plan, over

whose centre a cupola rises. The distribution of the interior is with a nave and two side

aisles; the former whereof is 64 ft. wide, and 107 ft. high. Seamozzi's emjjloynient

was very extended, and his country has to lament it ; for fewer commissions would have
insured greater perfection in their execution, which, in those that exist, is often unworthy
of the name of the master. Scamozzi published a work on the art, which will be found in

our list of authors at the end of this work. He died in 1616.

356. Besides Giovanni da Ponteand Alessandro V'ittoria, the Venetian school contains the

names of few more than those we have named : they appear to have comtjuuided the whole
of the employ of the states and neighbourhood of Venice for a perioil of about 110 years,

ending in 1616. When, however, it no longer continued to grow and flourish in its native

sjil, its scions, grafted throughout Euro])e, spreading their branches in every country,

prospered wherever they ai)])eared. On the former of the two architects just ramed, a few
observations are necessary. He died in 1597, at the age of eighty-five years. I'rincipally

occupied in the rei)ar..tion and re-establishment of the buildings of the city that had fallen

into decay, he was nevertheless engaged on some considerable works; among which « as

the great hall of the arsenal at Venice, 986 feet long, and the more celebrated work of the

Kialto Bridge, whence he obtained the sobriquet Da Poiife, and for the execution whereof
he competed with Palladio and Scamozzi. 'I'he span of the single arch of which the work
consists is about 72 ft., and the thickness of the arch stones about 4 ft. 4 in. It is seg-

mental, and the height from the level of the water is about 22 ft. 9 in. The width of the

bridge is e(]ual to the sjian of the arch, and this width is divided longitudinally into five

divisions, th:it is, into three streets or passages, and two rows of shops. The middle street

or pissage is 21 ft. 8 in. wide, and the two side ones near 1 1 ft. The number of shops on
it is twenty-four. The last work of Da Ponte was the construction of the prisons away
from the ducal palace. 'J'his edifice is a quadrilateral building, with a portico of seven

arcades A story rises out of it pierced by seven great windows decorated with pediments,
and it is joined to the palace by the bridge so well known under the name of // Punte dti

Sospiri. The work was not carried to completion during CJiovanni's life, but was finished

by Ilia ne])hew Contino. In his church on the Grand Canal, constructed for the nuns of

-Santa Croce, there is little merit excejjt that of solidity ; indeed, he does not ap))ear to

have possessed nuich taste, as may be inferred from the two ranks of columns in the hall of

the arsenal above mentioned, which cannot be said to belong to any of the species of co-

lumns usually em])loyed. The solid character of the great prison is appropriate, and more
in consonance with the rules of ihj art.
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Skct. XVII.

rKKNf'H AlinUTECTUKE.

a.". Tlie architecture of Europe frmn tlie iiiidrile of tbe sixtcentli century was founded

on that of Italy. Of its value, the Erencli and the English sieem to have a stronger pir-

ception than the rest of the nations. We shall therefore now consider the architecture of

France: that of England from a much earlier date will he separately considered in the

succeeding chajiter. I'liilibert Delorme was among the first of the architects of France

who promoted a taste for good architecture ; and tliough in some resjiects he may have been

surjKissed by other artists of his time, in others, whether connected with theory or practice,

he has left his rivals a great distance behind him. Although he might not have had the

purity of detail of Jean Bullant, nor the richness of invention and execution of P. Eescot,

lie has ac(]uired by his talent in construction a reinitation which has survi\ ed his buildings.

Tlie Queen Catherine of Medicis having resolved upon the cotistruction of a palace at Paris,

which should far surpass all that had previously been done in France, resolved uponiilacing

it on a spot then occupied by some tile kilns (Tuileries) in the faubourg St. Honore, and

committed the design and erection to Delorme. It is, however, contended by some that

Jeaii Bullant was joined with him in the commission. If that was really the case, it is

probable that the labours of the latter were confined to details of ornament and execution,

rather than to the general design and disposition. What, if it was so, belonged to each

is not now to bt discovered ; hut the genius of Delorme has survived all the revolutions

the celebrated building in question has undergone. Catherine seems not to have been

satisfied with the works ; for she appears to have begun another palace on the site of the

Hotel Soissons, that of the present Ilalle au Bleds, and to have entrusted this to the care of

Jean Bullant. That of the Tuileries was in the end continued by Henri IV.; enlarged liy

Eouis XIII. on the same line, after the designs of Du Cerceau.with two main bodies and two

composite pavilions; all which were in the time of I^ouis XI V. afterwards brought

together by the designs of I.eveau and Dorbay. In the cen.tre pavilion all that now
remains of Delorine's work is the lower order of Ionic columns. This morsjl of Delorme

exhibits a good Ionic jirofile in the order, and is one of his best works. Generally speaking,

the profiles of this master, which Chambrai has admitted into his Paraliek, make one ac-

knowledge the justice of that author's observation, that he had " un peu trop vu les j>lus

belles choses de Rome, avec des yeux encore iireoccujjes du style Gothique. Ee talent de

cet architecte consistait principalement dans la conduite dun b .timent, et de vrai il c'tait

plus consomme en la connaissance et la coiqie des pierres (|ue dans la composition des

ordres ; aiissi en a-t-il ecrit plus utilement et bien plus au long." Delorme was the

author of two works on architecture: one, Un Traitc coiiipVctede V Art de Batir, on architecture

generally; the other, Nnuvelles Inventions pour liien bdtir et a j)etits fi ais. Tlie last relates

more especially to a practice in carpentry, which, on the Continent, has been put into

execution with great success, its priiK-iple benig still constantly ajiplied. The method

of carpentry invented bv Delorme, and which still goes in I"r;ince by bis name, consists ir

substituting for the ordinary system of framing nud rafters, <>arved ribs, in two thicknesses,

of any sort of timber, three or four feet long, and one foot wide, of an inch in thickness, and

which are connected in section and tie according to the form of the curve, whether jiointed,

semicircular, or segmental. These arches, in order to be strong and solid, shoidd be fixed

at their feet on jilates of timber framed together, lying very level on the external walls;

and the jjlanks which are to form the principal curve are to be placed accurately upright

on their ends, in which situation they may be kept by braces morticed into them at con-

venient distances, and retained in iheir jilaces by wedges, for it is essential to the strength

of this species of carpentry that it should be kept in a vertical position. In this country

. the species of carpentry just mentioned has never been practised to the extent it deserves.

Delorme died in 1570. With him was cotemporary Je;in Bullant, whose name has been

just mentioned, and who, whilst San Gallo was occupied on the Palazzo Farnese, was
raising the Chateau d'Ecouen, in which the prelude to good taste is manifest, and in whose

details are exhibited the work of an architect very far advanced above his time, and capable

of raising the art to a much liighej' pitch of excellence than it enjoyed, had not the habits

of the nation restrained him in his useful course. A considerable ])ortion of the fa(;ade of

the Tuileries towards the Carousel is suspected to have been the work of Bullant ; but the

ch.teau of Ecouon, built, or rather begun, about I5^0, for the constable Alontniorency, was

almost the first step to the establishment of pure architecture in F'rance, and its architect

may fairly be named the Inigo Jones of the French

358. By the wars in Italy under Charles VII I., Eouis XII., and Francis I., the French

had become intimately acijuainted with the architecture of Italy, and the taste of the

monarch last named induced him to bring from that country some of their most celebrated

artists; so that in France there was almost a colony of them. Among them, fortunately
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for the quicker working of good taste, was tlie c-ulcbrated Vignola, who resided in France

many years; a circumstance which may, with some prob:\l)ilit_v, account for tlie liigh esteem

in which that great master's profiles have always been held, and indeed in which they are

still held there, though, generally K])eaking, the French have invariably been more attached

in their practice to tlie Venetian than to the Roman school. Serlio, another Italian archi-

tect of note, was employed in the country by Francis, and actually died at Fontainebleau.

At the period whereof we are now treating there a])pears to have been a number of able

artists ; for to Delorme and RuUant must be added Lescot, who, with Jean Gougeon as his

sculptor, was many years emjjloyed upon the building usually called the yien.v Loui-re,

to distinguish it from the subse(iuent aclditions wliich have (]nadru])led the original project

of Lescot. To judge of the works of the French architects of this period, a relative, and

not an abstract view, nuist be taken of them ; relative, we mean, to the general cultivation of

the arts when any individual artist ajipears. In this respect Lescot's works at the Louvre are

entitled to tlie greatest praise; and from the examples he as well as BuUant and Gougeon

afforded, it might have been exjjccted that \nire architecture would have proceeded witli-

out check until it reached a point as high as that to which it had been carried in Italy.

Such was not, however, to be the case. IMary de jNIedicis, during her regency, having de-

termined on building the Luxembourg palace, was anxious to have it designed in the style

of the palaces of Florence, her native city. Jactjues de Brosse, her architect, was therefore

compelled to adopt the character required : his jirototype seems to have been the Pitti

jialace, and his version of it is a failure. The gigantic palaces of Florence well enough bear

out against the rustic and embossed work employed upon them ; but when their scale is re-

duced, the employment of massive parts requires great caution. The palace, however, of the

Luxembourg became a model for the fasliion of tlie day, and produced an intermediate style,

which lasted many years in France, and arrested the arrival at perfection whereof the above

work of Bullant and others had opened a fair prosjiect. De Brosse was an able artist, and

his desi'rn for the fa(;ade of St. Gervais of three orders is, under the circumstances, entitled

to our praise. This architect acquired much honour by the aqueduct of Arcueil, the com-

pletion whereof, in 1624, it is supposed he did not long survive.

359. Under Louis XIV. the art remained for the most part in the intcrinediate state

just noticed ; and yet that monarch and his minister Colbert lost, no opjiortunity of em-

bellishing the kingdom with its productions. He emiiloyed Bernini to make designs for

the ])alace of the Louvre; and for that purpose induced the artist to visit France, where he

was received with the highest respect. lie left a design for a facade of the building in

question, which, though in a corrupt style, exhibits nevertheless marks of grandeur and

magnificence which would have been worthy of the monarch. Bernini, disgusted, as he

alleged, with the workmen of Paris, departed from the country without leaving any ex-

ample of his architectural powers. That he did so France has no reason to lament, since it

gave Perrault the opportunity of ornamenting the capital with one of the most splendid menu -

nients of the art which Europe can boast. To Perrault is the credit due of having given

an impulse to French architecture it has never lost, and of having changed the heavy style

of his time into the light and agreeable forms of the Venetian school. The beauties of the

fa9ade of the Louvre (Jig. 176.) are so many and great that its defects are forgotten, 'llie
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proportions are so ex(iuisite, tliat tlic eye c.innot rest on the couiiled cohinins and the arch

of the i)rinci|ial gate rising into the story of the colonnade. The original profession of

Perrault was that of medicine, which, however, he only exercised for the benefit of his

friends and the poor ; hence the design he made with others in competition for the above

work having been successful, he was associated for its execution with Louis le Veau, tlie

king's princii)al architect. From the variety of sciences in which Perrault excelled, it is

not probable that the assistance of a practical architect was actually necessary ; indeed the

four volumes which he published under tlie title Essnis de Physique, and the collection ol

machines for raising and removing great weights, which he also published, show that he

was, without assistance, (|uite competent to the charge which was committed to him with

others. He built tlie observatory at Paris, possessing an originality of character

which Milizia says is very conformable to its purpose. But however suitable it may have

been considered at the time of its erection, and it cannot be denied there is a tine masculine

cliaracter about it, it is for its purjjose in tlie present age altogether ill adapted for the ob-

jects of astronomy. Perrault died in 1688. Cotemporary with liiin was Le IMercier, the

architect of the church de I'Oratoire, in the Rue St. Honore. Le JMercier died, however,

in 1660; eight and twenty years, therefore, before the decease of Perrault. Among the

architects whose practice was exceedingly extended was Jules Hardouin INIansart, the

architect of Versailles, and the especial favourite of Louis XIV. He was principally em-
ployed between the years 1675 and his death in 170S. His ability, as Milizia observes,

was not e(jual to the size of liis edifices; though it is hardly fair for that author to liave

made such an observation on the architect of the cujiola of the Invalides at Paris. Of this

church and dome De Quincy has most truly stated, that though nothing that can be called

classic is to be noticed about it, yet it contains nothing in dissonance with the principles ol

the art. It is a whole in wliich richness and elegance are combined ; in which lightness

and solidity are well balanced ; in which unity is not injured by variety ; and whose general

effect silences the critic, however he may be disinised to find fault. In Versailles, the taste

which we have above noticed as introduced by De Brosse is jirevalent ; but the interior

of' the chipel displays to great advantage the great genius of Mansart, and shows that lie

wa^ not incapable of the most refined elegance.

360. Jacques Aiige Gabriel was the relation and <vorthy luipil of .Mansart. The colon-
nades to the Garde .Meiible in the Place Louis X. V. (now the Place de la Concorde) exhibit
a style which, with the exception only of Pcrrault's facade of the Louvre, nut all tl)e

patronage of Louis XIV. was capable of eliciting. To Gabriel almost, if not perhaps a.s

much as to Perrault, the nation is under a debt of gratitude for the confirmation of good
taste in France. He has been accused of pirating the Louvre; but reflection and com-
parison will show that there is no nal ground for such an accusation. The difliirence be-
tween the two works is extremely wide. The basement of Perrault is a wall pierced with
windows; that of Gabriel is an arcade: in the upper stories the columns are not coupltd,
which is the case at the Lou\re. From these circumstances alone the character of the two
works is so different, that it is (juite unnecessary to enter into other detail. Architecture
m I- ranee at this |)eriod, the commencement of the eighteenth century, was in a palmy
state, and has never before or since risen to higher excellence ; though the I'Vench are stili,

from the superior method of cultivating the art there, and the great encouragement it re-
ceives, the first architects in Europe. The great extent of the Place Louis XV. (744 ft.

long, and 522 broad) is injurious to the effect of the Garde Meuble, which, as the reader
will recollect, is rather two palaces than one. Its basement is perhaps, s])eakiiig without
reference to the vast area in front of it, too high, and the intercolumniations too wide, for

the order (Corinthian) employed ; but it is easier to find fault than to do equally well ; and
we cannot leave the subject without a declaration that we never pass away from its beauties
without a wish to return and contemplate their extreme elegance. Tliev are to us of that
class to which Cicero's exjjression may be well applied : " pernoctant nobiscum, peregri-
nantur." Gabriel died in 174'Z Antoine, the architect of the Mint at Paris, was another of
the choice spirits of the period : he continued the refined style whereof we are speaking

;

and though the age of Louis XV. was not destined to witness the erection of such stupendous
edifices as that of Louis le Grand, it displayed a purer and far better taste. This architect
was the firet who employed in his country the Grecian Doric, which had then becomeknown,
though not perfectly, by the work of Le Roy. Antoine used it at L' Hospice de la Chmitt ;

and De Quincy cites it as a circumstance which called forth the approbation of peojile of
taste, and observes that the attempt would have attracted more followers, if, instead of exciting
the emulation of architects in the study of it and its judicious application to monuments, to
which the character of the order is suitable, fashion had not applied it to the most vulvar
and insignificant purposes. Antoine lived into the present century, having died in 1801, at
the age of 68.

361. Louis XV., during a dangerous illness at Metz, is reported to have inade a vow
which led to the erection of the celebrated church of St. Genevieve, or, as it has since been
called, the Pantheon: the largest modern church in France, and second to none in simplicitv,



Ciur. II. FRENCH. \5l'

elegance, and variety. Another cause may, however, with as much jirohahility, he assigned
;

the inadequacy of accommodation for the religions wants of the po])utation, and especiallv

c<( that appertaining to the patroness Saint of Paris. Alany projects liari been presented

yift- 177.
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for tliL- |)m-))o>c, hut that of .Si)u(Ilot roii'ivuil tlic prcfoii'iicc. 'I'his t.ik'iitcd aitlst, ulio «;i'i

Ixirii in 171:!, :it Iramv near Aiixone, atUT passing some time in Italy, liad l)ccn settled al

Lyons, and tliere met with eoiisidcrable and deserved employment. In tliat city tlic <;reat

liospltal had deserve lly iiroufjlit him into notice, for liis knowledge in providing against tlic

miseries of mankind, not less than had his heaiitifnl theatre for jiroviding for its pleasures.

'l"he ])lan (Jtij. 1 77. ) of the Pantheon (so it is now usnally called) is a sjjeeies of Greek cross.

'I'lie interior is divided transversely into two equal ])arts on each side, and a central one

inucli larger, hy isolated columns, instead of the ])lans previously in use of arcades decorated

with pilasters. It is however, strictly, in its internal as well as external character, to he

classed as helnnging to the Venetian school. Its west front and transverse section are

given in _fip. 178. 'I'he light effect, which is so striking in the interior, produced hy the

employment of columns instead of the old system of arcades, is extremely pleasing, though,

as has often hecn truly urged, they have no office to i)erform. Objeitions, moreover, have

l)een taken to the wide intercolumniations of the ])ortico, and to some other ])arts, which

here it is iniiiecessary to ])artieularise. It is, notwithstanding all that has been written

against it, iriost certainly entitled to take the foiu'th ))lace of the modern great churches in

I'.urope; whicli are, Santa Maria del Fiore at Florence, St. IVter's at Rome, St. Raul's at

London, and then the church in (juestion. Its gieatest fault is instability about the jiiers

of the cupola,— the old fault, from which not one is altogether free, and one which gave

Soufllct so much uneasiness that it is said to have hastened his death. This fiilure w.is

afterwards rectified by his celebrated pui>il Rondelct, who, with consummate skill, imparted

perfect and lasting sectu'ity to the edifice.

:i(>2. We ought perhaps before to have mentioned the name of Servandoni, ;is eminently
inlluencing, in his day, the taste of Paris, which, as the world knows, is that of France. A
I'lorentine l)y birth, and a scholar of the celebrated Painiini. he, in 17.'il, exhibited a tnodel

for the facade of St. Sulpicc ; and after a year's prolnition before the juddie, it was adopted.

On an extended front of 196' ft. he succeeded in im])arting to it, as a whole, an air of great

majesty, and of giving to the church a jjorch of vast extent without injury to the general

effect. Servandoni was very extensively employed : his style was that of the Venetian
school; and his death occurred in 176f).

;ifjf?. To write an history of the modern architech/re of I'rance, and at the same time to

do its ])rolessors justice, wcnild require a much larger volume than fh.it under our ])en :

we ])rofess to give no more than a bird's-eye view of it, so as to bring the reader generally

acquainted witli its jirogress; and it is not without much regret that we proj)o.se closing our
account of it in the person of Jaciiues Gondouin, who died at Paris in 1818, at the age ot

eighty-one; an architect vvhose veneration for the works of Palladio was so unbounded, that

for the study of thein exclusively he performed a second journey into Italy: a strange
infatuation in a man of great acquirements, if the oi)iiuons of some of our anonymous
critics are of any value. When Gondouin was em|)loyed, the heavy style of Louis XIV. had
passed away, and the suitable and elegant style of the \'enetian school had been adopted.

The |)U|)ils of IJlondel, among whom he was eminent, were stimulated by the patronage of

the whole cajjital ; and even in the jjresent day, so far capable are its inhabitants of appre-
ciating the merits of an architect, regret as we may to record it, that it is from that cireum
stance alone likely to maintain its superiority over all others in l'',urope. 'I'he most celel)rated

work of Gondouin is the Ecole de Medeeine, whose am])hitheatre for lectures, cai)able of

holding !'_'()() persons, is a model for all buildings of its class, without at all entering oji

the great merits of the other p.nts of the building. lie was one of those ujx)!! whom the

effects of the French Revolution fell with |)articular force, though, upon the re-establish-

ment of order, he in some measure recovered his station in society. He was entrusted with

the erection of the column in the Place Vendome, but merely as respected its preparation for

the sculpture.

.'i64. In Paris is to be found some of the most beautiful street architecture in Europe.
I'liat of Rome and I'lorence is certainly of a very high class, and exhibits some examples
which will |)r()l)alily luver be e(iuailLd. These, moreover, have associations attached to

them which spread a charm over their existence of which it is not easy to divest one's sell-

ajid which, ))erhaps, contam some of the ingredients which enter into our high admiration

of them. Hut, on a great and general scale, the most l)eauiiful street architecture in

Europe is to be fjund in Paris; and so great in this res|)ect do we consider that city, that

we are certain the education of an architect is far fiom complete if he be not intimately

ac(|uaiiited with the exain])les it affords. In that, as in most of the cities of iMirope,. the

re(|uirenients of the shopkeeper interfere with the first principles of the art; but in this the

violation of tlie rules of sound bidlding, so as to comiect them with his accouiinod.ition, are

less felt by the critical observer than clse« lure. Tlie spirit which seems to actuate the

I'rcncb nation is to ])rodiice works which may pro))trly be called monumeutnl ; in this coimtry,

the govermnent has never applied itself to a single work worthy of that epithet. The prin-

cipal care of an Lnglish minister seems to be that of keei)ing his place as long as the n.itioii

will endure him. ('(inmierco and |)olitics are the only subjects whiili such a ])i.'isoua;;e
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sc'cnis to think worthy liis attention, and tlie scicnci's have only been iiatroniscd by tlic

government in ijroportion to their l)eaiin>5 on those two absorbing points. lUit wu .shall

perhaps revert to this in the following ehapter.

S« r. XVIII.

(;i;ii.MA.N AKC1111'I':CTUH.E.

(\r,5. No country exhibits more early, beautiful, or interesting specii;iens of Roniane.«;(|ue

nnd jjointcd architecture, than Germany. The Uhine, and the soutliern parts of it which

were under the sway of the Romans, are those, as we have already observed, in

which tiiese are ])rinci])ally to be found. Their history, however, has, sufficiently fov

general ))urposes, been traced under the sections of Byzantine or Romanes(|ue and I'ointed

.Architecture. The revival of the arts in Italy, as it did in other nations, here equally brougiit

in the styles of the Italian schools, which, as elsewhere througliout Europe, have lasted to

the jjresent period ; and will certainly endure until some general change in the haljits of

its diderent nations renders necessary or justifies some other style as a worthy successor to

them. On this to speculate were a waste of time; thougii there be some, and tliose men of

talent, who c()ntein|)late a millemnnm of architecture, hy making every thing in style de-

pendent on tiie new materials (cast-iron for instance) whicii it is now the pr.utice to employ,

and often, it must be conceded, most usefully. Whilst tlie ])ointed style lasted in iMi'-ope,

Italy was occasionally indebted to the Geriuans for an architect, 'i'hus, notwithstanding the

denial of iMilizia, Lapo, a German architect, was employed in the early stages of construction

of .Santa Maria del Fiore ; and it is well authenticated that Zamodia a German, Annex of

Eriburg, and Ulric of Ulin, were employed on the cathedral at Milan. I'ranchctti (Storiu

e Dcst'rizione. del Diiomo tli Mi/iiiin, 4t(). I\Iilan, I8'il) asserts, tiiat the first of these was

engaged on it about l.SHI, the jieriod of the golden age of pointed architecture in Germany;
anil the reputation of the (lermans in this respect was at that time so great, that John
and Simon of Cologne were actually carried into S]iain for the jjurjjose of designing and

carrying into execution the catliedral at Burgos. It is at this period diflicult to assign

the cause of the nation so comi)letely drop])ing astern, to use a nautical ))hrase, in the line

arts, and more jiarticidarly architecture. It was most jjrobably the result of their political

condition, and tiie conse(|uent relative position they occu])ied in the ali'airs of J^uroiiO.

But, whatever the cause, it is, in fact, most certain, that from the revival of the arts in Italy

until near the end of the ISth century, Germany furnishes the names of few, if any, architects

who are known l)evond the limits of the comitry. Italy during the time in (|uesti()n seems

to have rejiaid the nation for tiie early assistance received from them. At Eiilda and X'ielina,

Carlo Eontana was extensively engaged ; Guarini on the church of Santa Anna at Prague
;

Seamozzi on the cathedral at Salzburg; Andrew I'ozzo, who died at Vienna in 1709, was

there employed on several of the churches : Martinelli of Lucca was another of the number
that were solicited to decorate the country with their works. Eischers, indeed, was a na-

tive ; but his works, and especially his palace at Schiinbrun, begun in I()9() tor the Ei)i))eror

.loseiih, thougli not aitogetlier without merit, is but a reiietition of the extravagances of the

school of Borromini : and equally so was the jialace built by the same artist for Prince

iMigene at Vienna, in 1711. (Essni d/lrc/iitnture Ilistitr'KjHc, Leipsig, 172,5.) Pietro

Cart, who built the bridge at Nuremberg, Neiiman, Bott, and Eosan^ler of Prussia, are the

only native architects of the period recorded by Milizia.

:i6fi. But it was not only from Italy that the Germans drew their architects : France

contributed a sujijily to the country in the persons of Bloiulel, who Mas there much em-
ployed towards the end of tiie 17th century ; Robert de Cotte and BollVand in the first part

of that following. It is therefore, from what has been stated, impossible to give any

independent account of the architecture of Germany. The (iermans had none. Whoso
were th.eir architects, they \\ ere the followers of a style which contemporaneously existed

in France and Italy even down to the bizarreries of that which prevailed in the time of

Louis XV.; and it is a very curious fact, that whilst Germany was seeking the aid of

architects from France and Italy, England could boast of jnofessors of the art whose fame
will endure while printing remains to sjiread knowledge amongst mankind. During the

last century, Germanv appears to have risen in this respect from its slumber, and to have

produced some men of considerable architectural abilities. Of these was Carl (iotthard

Langhans who was born in 173'i, and built the celebrated Brandenburg gate at Berlin,

whicli, though formed much on the model of the Propylea at Athens, and therefore on the

score of originality not entitled to that praise which has been so u'lsparingly exhausted upon

it, proves that a vast cluinge hal begun in Germany as respected matters of taste in ar-
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chitecturo. Copies prove sad poverty of imagination on the part of the artist copying ;
and

all, tlierefore, that can be said in favour of sudi an expedient as that under consideration

is, that hettor forms being submitted in this example to the Germans, it created a dawn of

taste to which thev had long been strangers. The inaccurate work of Le Roy, which had

preceded that of Stuart and Revett on tlie anticjuities of Athens, was the means through

which Langhans wrought and tried his successful experiment. In Trance, as we have

already ol)s^rved, Antoine had tried the emi)loyment of the Grecian Doric at Paris, but

without the impression produced by Langhans. This architect died at Beilin in 1808,

and is, perhaps, entitled to be considered as the father of good architecture in Germany,

where' he met the highest patronage and encouragement. Knoblesdorfl", who died in 175.T.

had, it must be allowed, prepared in some measure the change which was effected ; but

neither he nor his successor are known in the world of art beyond the confines of their

own country. The names of Boumann, Goutard, Naumann, and others of much merit

occur to ui ; but the examples which they haVe left are not of the class that justify

cpcrimens for presentation to the reader in a general %vork of this nature. None of them

rise so hi<-h as to be put in competition with the examples of the French school; and from

tlie circumstance of the principal works of Germany at Mimich, Berlin, &c. having heen_

executed by artists still living, we feel precluded here from allusion to them; l)ecause, il'

we were to enter on an examination of them, we must detail their defects as well as their

beauties. An extraordinary species of bigotry has laid hold on some in relation to them,

which lime will temper; and the world, as it alv/ays does, will ultimately come to a right

judgment of the rank tiiey are entitled to occupy as works of art. In the other branches

of the arts the Germans are lising fast; l)Ut there is withal an affectation of the works ot

the middle aies in their productions, which, impressed as they are witli great beauties,

are not sufficiently pure to prognosticate the establishment of schools which will sweep all

S-fore them, as did tho-ie of Italy.

Sk(T. MX.
SPANISH AND POlirUGUESE A UClll r Ecri; HE.

M67. What has been said in the preceding section on the architecture of Germany Is

etpially applicable to that of Spain and Portugal, whose architects were educated, if not in

the schools of Italy, yet on the jirinciples that guided them. Still, the pre-eminence in

architecture on the revival of the arts must be given to these countries over the con-

temporaneous buildings erected in Germany, and more esjiecially to those of Spain.

Under Ferdinand and Isabella, both greatly attached to the tine arts, the pointed style

<;ave way to the architecture then in esteem in Italy ; and Juan de Olotiaga, a native of

Biscay, is, we believe, entitled to the merit ot having first introduced it about 1400 in the

design for the cathedral of Huesca in Ara^on. Pedro de Gumiel is supposed to have

l)een the architect of Sinta Engracia at Zarigossa, 1476-1517, but is known as the artist

who desigred the college of S. Ildef >nso at Alcala. a splendid building in a mixed and

impure style, commenced INIarch 14, 1498. In this the orders were employed. The

edifice consists of three courts- the first Doric, with an arcade and two orders above, in

the lower whereof the Doric was repeated, and the iip|)er was Ionic; the second comt
iiHS thirt\-two Composite columns, with arcade-, ; and the third is designed with thirty-

six Ionic columns, beyond which is the theatre. The church is of the Ionic order, and

contains the monument of Cardinal Ximene-, the founder, considered one of the finest iu

Spain. The names of Juan, Alonso, and Fra Juan d'Escobedo continue in their works

the histiry of the art in Spain, wherein a style between the pointed and Italian prevailed

during the gre.ter part of the reign of Charles V. Juan Gd de Hontaiion, at the end of

the 15lh century, apjiears in Spain as an architect of much celebrity. He made a design for

the cat'iedral at Sahimanca, which was submitted to the jiir'gment of four of the then

most eminent architects of the country—Alonso de Covarrubias, the architect of the

church at Poledo; Mae tro Filippo of that of Seville; with Juan di Badajoz of that of

Burgos. Tliis cathedral at Salamanca is 378 ft. long, and has a nave and t«o series of

aisles on each side. The nave is 130 ft. high, and 50 ft. wide. Ilodri^'o Gil de Hontanon,

'on ol the above-named architect, had the execution of this church, which was commenced
in I5I3. Juin Gil de Hontanon commenced 15'J2-25 the cathedral of Segovia, very

similar to that of Salamanca, except that it is more simple, and in a purer style. It is

equal in si^e and grandeur to those of Toledo and Seville. Between 1560 and 1577

it was continued by Rodrigo Gil; then carried on by Francisco Campo Aguero,

who died in 1660; to whom succeeded F. Bialero, who died in 1678. Repecting

Hontanon, Don Antonio I'onz observes, in the 10th volume of his Travels in Sfjun,

that he must have been a clever architect, and well acijuainted with th-- Greek and
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[{oinaii styles wliitli in liib time were beginning to revive ; but that, like many otlier artists,

lie was obliged in some measure to humour the taste ot those who employed him : he
therefore adopted tlie Gothic style, without the ornaments and details. The efforts of tl:e

11 cliitects of t lis period were not confined altogether to church building ; for in 1552
Pedro de Uria constructed a bridge at Almaraz over the Tagus. wliich may vie with the
most extraordinary works of that class. Two large pointed arclies form the bridge, whieli
is 5S0 ft. long, 25 tt. wide, and l.'?4 ft. Iiigh. The opening of one of tlie arches is 150 ft.,

tliat of the other 119 ft. The piers are lofty towers, that in the centre standing on a hi rh

lock. An inscription gives the date of erection 1552, and imports tliat it was constructed
at the expense of the city of I'lacentia.

368. Alonso de Covarrubias, the architect of the church of Toledo, seems to have usel
in it a Gothic sort of style, though when he flourished the Koinan onlers had become
known and used. This Alonso was in considerable employ, as was his assistant, Diego
Siloe, who built the church at Granada, with the monastery and church of San Girolamo
in that city. This cathedral has a nave and two aisles ; and in it the ("orinthian order,

though defective in height, is used. The cupola is well designed. Hoth Siloe and his

master loaded their buildings with sculptures to excess, from a seeming notion that beauty
and richness were the same or inseparable. Alonzo Berruguette was another architect of

the 16th century who was deservedly employed. He went to Italy in 1500, there to

pursue his studies in the arts of painting and sculpture as well as architecture, and was
at Florence when Michael Angelo and Leonardo da Vipci exhibited their cartoons.

He was the architect of Charles \. ; and it is supposed that he designed the palace at

Madrid, begun by Henry II., continued by Henry III., and splenilidly iei)uilt by
Charles V., but no longer in existence. Hcrniguette erected the gate of San Martino,
which is the principal one at Toledo. It is of the Doric order, with the royal arms on
tlie exterior, and a statue of Santa Leocadia in the interior. 'I'here are great simplicity
and elegance in the composition of this work. The palace of Alcala, the residence of the
arclibishoj) of Toledo, is attributed to him ; a building not wanting in magnificence,
though defective in its detail. A great ])ortioii of the cathedral of Cueiiya is said to be
by 15erruguttte ; but not the facade, which was creeled in 1699 by Josef de Arroyo, ana
afterwards continued by Luis .ArriagJi. There is c;>nsiderable etf'ea about the elwisier,

which is well and ingeniously decorated. This arcliittc t, it is thought, had some
| art in the

Pardo, wliich vras rebuilt in 1.'47
; where are still allowed to remain,—notwithstanding the

additions by Philip II. of the miserable eastern and "estern fac,'ades—the porticoes of Ionic

columns, with their low stone arches. Tliougli the windows are greatly too tar apart, and
too sm,- 11 in the lower story, the stairs d fficuh of ascent, yet, upon the whole, the edifice

is not ill arranged or executed. /\t the period whereof we here speak tliere was a jiro-

digious passion among the Sjianiards for large screens and altars In the churches ; in tlies;

the taste of Berruguette was most conspicuous. In the use of ihe orders, which he fully

understood, he «as remarkably fond of employing them over one another. The cathedral
at Seville was principally rebuilt l)y Fernan Ruiz, who was much engaged in the city,

and e'lieciaily on enlarging or raising the "ell known tower called " La Giralda." Tins
siii'iular tdificf "as begun in the I 1 ill century, the original idea of it being given liy the
i>rchitect Geber, a native of {ieville, to «liom the invention of algebra is attributed; and
also the (icsign of two other similar towers, one in ^Morocco, and the other at R.bata.
The tower of which we aie now speaking was at tint 2.50 ft. Iiigh, and 50 ft. wide, and
was without diminution as it rose. The walls are 8 ft. thick of squared stones from the
level of the pavement ; tlie rest for 87 ft. is of brick. In the centre of this tower is t

smaller one, the interval between the two towers being 2.3 ft., which serves for the ascent

—

one so convenient that two persons abreast can mount it on horseback. The central tower
dues not diminish ; but as the edifice rises in height tiie walls gather over, so as to allow
the passage of only one i)erson. Upon the Moors of Seville negotiating their surrende',
one of the con<litinns of it was, that this tower should not be destroyed; to which Don
.Alfonso, the eldest son of the king, answered, that if a portion of it were touched, not
a man in Seville should survive. In the earthquake of 1,395 it was partially injured, and
remained in the state of misfortune that then occurred until 1568, when, by the authorities,

Fernan Ruiz received the commission to raise it 100 ft. higher. This height he divided
into three parts, crowning it with a small cupola or lantern : the fiist division of his

addition is of equal tliickness with the tower on a plinth, vvheni.e six pilasters rise on each
fa(|-ade, between which are five windows, over which is an entablature surmounted by
balustrades; the second division is lower, with the same ornament; and the third is

oitagonal with jjilasters, over which the cupola rises, crowned witii a bronze statue ot

Faith, vulgarly called " La Giralda." Ruiz by this work augmented his fame ; and not-

wthstanding the earthquakes which have since occurred, it has, fortunately enough, been
preserved. We ha^e, however, to apologise to our readers for this, which is anecdote, and
not qni'e in order to be placed here, because paitly connected with a period we have long
since left. I'ictorially speaking, the tower of " La Giralda " is a splendid object, and fhe
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ii))()l()<>;v was, ptrliap<!, unnecessary. Tlie a<?e of Charles V. in Si)ain was Augustan for

its arcliitetture. By liis mandate the palace was raised at Granada, a work of Machuca,

anoilier ;ir, hitect of this period. I'he principal i'a(;adi; is rustic, with three large ccatis, and

ei<rht Doric columns on i)eQts'als sculptured with historical bassi-rilievi The sicond

sturv is loni;; with eiglit columns, over which are pilasters. The internal vestibule is on

a circuliir plan, with a portico and gallery on columns of the same order. Milizia, from

whom we have extracted all our notices on the architecture of S|)ain in this age, regrets

that tile arches spring from tlie columns. Though we cannot commend such a practice,

we should be sorry, in certain cases, to see a veto put upon it, because the practice is

oci'asionally compatible with fine effect.

;JG9. Towards the end of the sixteenth century appears in Spnin an artist, by name

Domingo Teotocopuli, by birth a Grecian, and a disciple of Tiziano V Cvlli. He became,

under his master, a good painter; but is known in Spain rather as a eel brated architect

in his day. At Mad'-id, and in Toledo, lie extcnted many works of merit; hut his grand

work was the church and monastery of the Btruardine monks of San D.imingo di Silos,

in which he employed his talenti in architecture, painting, and sculpture, the whole being

from his hiuid,

.'570. G>irzia d'Emere and Bartolome <li Bustamante, the latter tspecialiy, would re-

quire ati extended n.itice in the history ot the art in Sp.iiii, if our limits periiiitted us lo

enter on their merits. The latter was the architect of the hospital of San Juan Bautista,

founded by its archhishop in 1545, near Toledo. We should continue the account if build-

ings exiNted from which features dilferent from the contemporaneous works in the re^t

of Europe could be extracted ; but the fact is, that the progress of the art has ^lr<-ady

been told in otlii.r countries, and its success in Spain would be but a repetition in minor

degree of what lias already been said. Still we consider sotne notice must be taken of

Juan Biutista .-f 'I'oiedo, who died in 1567, an arciutect and sculptor of surpaNsing merit;

and as he was the architect who gave the designs ior the Escurial, we shall not apologise

Jor transcribing the account of him given by INIilizia.

371. Havi.ig studied at Rome, he was invited to Naples by Don Pedro di Toledo,

then viceroy there, who employed him as architect to the Emperor Charlis V. in

many important works in that city,, whence he was called by Phili|) II. to become
architect of all the rojal works in Spain, and especially of the Esciirial, which that

iiionaich was anxious to erect in the most iiiagnitiient style. For this purpose he left

N.iples, and in 156:5 commenced, upon his own design, the Escurial, which he continued

lo superintend till his death in 1567. In this great undertaking he was succeeded by

Juan de Herrcra, his pupil, vvho finished it, Tliose, therefore, sa\s the author whom we
<|uole, that attribute this work to Luis de F'ox, to Br3'«iante. to Vignola. and other archi-

tects who may have given designs for it, are unacquainied with the subject. The wonders

related ot the Escurial, as to the number of its doors and windows, are not tales to be here

recounted; and the attemjit, indeed, at exaggeration is vastly silly, because it is on so grand

a scale that the s m|)le troth imparts quite sufficient knowledge for conveying an idea of

its splendour. The motives of Philip li. in founding this structure were twofold,— first,

the injunction of his predecessor Charles V., who was desirotis of constructing a tomb for

tiie royal family of Spain ; and secondly, of erecting an edifice of colossal dimensions to

commemorate the famous victory of S. Quintin, achieved on tiie festival of San Lorenzo,

liie saint to whose interposition the king attributed his success. 'i he situation chosen to

receive it was beautiful. It is at the distance of a fiiw miles from Madrid, at the foot of the

C'arpeKtani mountains, by which the two Castiles are divided. I he plan of the edifice is

Slid to resemble a gridiron, the instrument of martyrdom of San Lorenzo, of which the

handle is the projection in the eastern f.ii^ade ; we co.iles^, however, we have some ditiieidly

ill tracing the resemblance. It is divided ii.ternally into fifteen courts, varying consider-,

ably in size; many of them are decorated with porticoes and galleries, and contain in nil

upwards of eighty fountains. The materials are granite very well wrought ; the roofs

partly covered with lead and ) artly with >laie. The cupola of the church is of stone. 'I lie

four angles of the ii aiii plan are distinguished by towers r sing four stories, besides tho.se

in the roofs, above the general fronts; besides wliicli there are four others fiankiug the

cupola. Piirts of the building aie in much better taste than others ; but such an enormous
pile of iiiiildmg cannot l)e otherwise than iin])osing, more especially, too, if there l;e any-

thing like syniuietry and regularity in the parts. Towards the west the princijial fayade

is 740 feet long and 60 feet in height. The towers at the angles just mentioned rise to llie

height of yoo feet This fayade, like the others, has five stories of windows, which neces-

sarily of themselves, from the w.iy in which they are arranged, have the effect of cutting

it up into minute divisions. Tiie central compart'.nent of it is 140 feet in length, and con-

sists cif two orders of half columns; the lower lias eight seini-columns, which are Doric

standing on a plinth, and in the central intercolumniafion is the door ; the other inter-

coliimiiiatioiis are filled with niches and windows in three stories. The upper order con-

sists of four Ionic colun.ns on pedestals, and is surmoiiiiied by a pediment. This upjier
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order has two stories of nicnos in its intcrcoliimniatioiis. in tlie upper central one wlicreof
is placed tlie statue of San Lorenzo. 'I'lie two minor doors in tliis fa<;adc are also made
features in tlie design. The facade towards the east has the projecting handle of the grid-

iron to which we have alluded, in which part is contained the palace ; and westward of it

tlie great chapel or church, with its cupola rising above the mass, to complete the com-
position, lowards the south the length is .580 ft., similar to the length on the north. On
entering from the central gate of the western facade, the monastery is divided from the col-

lege by a large vestibule, from which three large arched openings lead into the king's court

:

this is 2.'iO ft. long, and l,'5f) ft. wide, surrounded by liuildings of five stories, and orna-
itiented with pilasters. At the eastern end of this court is the entrance to the church, over
whose vestil)ide or ])ronaos are the libraries. To it a flight of seven stejjs crosses the whole
width of the court; and from the landing ri.ses a Doric arcaded porch of five openings, three

whereof belong to the central compartment and lead to the church, the other two leading
to the monastery and the college. IJehind the porch the fa<^ade of the church rises, and is

Hanked by two towers, which res])ectively belong to the monastery and college, and are

ornamented above the general height of the building*; of the court with two orders of

pilasters, being terminated by small cu])oIas. The interior of the church is Doric, and is in

plan a Greek cross. The nave is 5:5 ft. and the aisles are .'50 ft. wide. Its whole lengtii

is 3G4 ft., its width 230, and height 170. From the intersection of the nave and transe])ts

tlie cupola rises, 6G ft. in diameter, and ?,S0 ft. in height from the pavement to the cross.

Its exterior is composed with a square iundxmr or drum, if it may be so called, from which
the order rises. The choir is only .SO ft. high, and its length but 60 ft. In point of taste

and dimensions, the church is inferior to several in other ])arts of Europe. The pres-

bytery, we should have stated, is raised, so as to form almost another church, and seemingly
without relation to the ])rinci])al one. The staircase which leads to the Pantheon, and
which possesses considerable magnificence, is placed between the church and the ante-

sacristy : we are not aware why this name has been given to the .sepulchre of the kings of

Spain. It is nearly under the high altar. The chamber ajjjjropriatcd to the reception of
the kings is .SG ft. diameter, and .S8 ft. in height, richly encrusted with various marbles and
metals, and ornamented with sixteen doid)le Corinthian pilasters on pedestals, arranged
octagonally ; and between them are recesses, with the sarcophagi, amounting to twenty-six,

that is, four in each of six sides, and two over the entrance which faces the altar of the Ke-
burrection. This is a fair specimen of the style which prevailed in Spain imder the reigns
of Philip IV. and Charles II. The college, the seminary, and the royal palace occupy the
rest of the building. In 1773, many additions were made to the buildings about the Es-
cnrial for the Infants Don Antonio and Don Giibriele, by Villaneuva, an Italian architect,

and by them the palace was much imjiroved. Juan de He-rera, who died in 15^7, besides
his employment at the building just described, contributed greatly to the advancement of
the art by the execution of the many commissions with which he wasentrusted. Thebridge
of Segovia, at Madrid, is by him ; as is the royal pleasure-house at Aranjuez, begun under
Philip II. and finished l)y Charles III.,—a work which, though far from pure, exhibits
great arciiitectural ability. His successor at the Esfurial was Francesco de Alora, by
whom, at Madrid, is the Pal ice de los Consejos, the most splendid edifice which that
ca))ital can boast Inste:<d of a central doorway, it has two at its flanks, of the Doric
order, with appropriate decorations. In the be'iiiining of the seventeentli Centurv, the
great square of Madrid was erected after the designs of Juan Gomez de Mora, and is ad-
mirable for is grandeur and symmetry. This architect built at Alcala the church and
college of the Jesuits, which, Milizia says, is a magnificent and well-proportioired edifice.

It is of two order^;, and the material emphiyed in th° fii^ade is granite. The rojal convent
of the .\iigustii:s, at Madrid, is also attr-buied to him.

37"2. Early in the eigh.einth century Felipe Ivara, or Juvara, a native of Messina,
had very great eirnploy, we mi.iht almost >ay tlirou.;hout Europe. He became the pupil
of Fontana. and attirwards, on his \isiting Spain, seems to have established a school there.

He built the facade of the royal palace oi S. Ildefi>nso, looking towards the gaidens.

I

Ivara died in 173.5, at Madrid, whither he hnd l)een invited by Philip V. to rel)uild the
palace, which had been consumed by fire. The work was afterwards entrusted to Sacchetti,
ja pupil of Ivara. It is on a very large scale, and was most solidly constructed.

373. We have thought it necessary to give the above succinct accouirt of the architecture
lof Spain, which did not, however, produce, after tlie revival of the arts in Europe, any
jworks, except in respect of dimensions, omparable with those of Italy. The abuses in

Ihem are almost universally carried to an extent scarcely credible; it is, therefore, useless
to refer the reader or student to them as models. It almost seems as if from Italy pure
iirchitecmie had not had time to spread itself before' it became tinctured with the corrup-
tions of Borromini ; which, not only in Sjiainand Portugil.but throughout Germany, and
l?»en P'rance, were diffused with incredible rapidity. Llaguno and Cean-Bermudez,
^^oticiiis de los Arquitectos, Sfc , de Espana, 4 vols. 4to., Madrid, 1829. G. E. Street, Suiiie

Account of Gothic Architecture in Span, 8\o.. 1865.
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Sect. XX.

RUSSIAN ARCHITECTURE.

.•374. We scarcely know wlicther we .ire justified in making a sliort section witli this

heading, inasmuch as there is not known to us, up to the end of the eigliteenth century,

tlie name of a single Russian architect. English, French, Italian, and German artists have

been employed in the decoration of the city of Petersburg, though we believe that the

nation is now beginning to ))roduce jiersons capable of conducting their ])ublic works.

Russia has received all its iini)rovement from abroad, and has used every exertion to com-

municate it to an uncivilised people.

375. Tlie ecclesiastical architecture of Russia is of course coeval with the introduction of

Cln-istianity into the country, which was not earlier than the time of Vladimir the Great,

although the Princess Olga had been baptized at Constantinople as early as the year 964.

Vladimir, to display his zeal in behalf of Christianity, had a church, sujiposed to be the

first built by him, erected at Cherson ; a year after which the church of St. Basil, which, as

well as the first named, was of timber, was erected under his command. 'I'his prince also

built a church at Kief, where, it is said, there were already at the time 500 churches.

After Vladimir, Prince Yaroslaf apjiears to have bestowed great attention on the erection

of ecclesiastical edifices. At Kief he founded a church, dedicated to St. Sophia, and at No-
vogorod another to the same saint : these partly exist in the present day. By him also

were reared the convents of St. George and St. Irene. The celebrated convent of

Peteliorsky, at Kief, was erected in 1075, subsequent to vv'hich period the Russian metro-

politans continued subject to those of Constantinople till the capture of that city by Mahomet
the Second. Between this last capital and Kief the bonds of amity of their rulers were
drawn closer by many intermarriages; but in the year 1 124 a fire desolated tlie latter city,

which must have risen into great importance, inasmuch as 600 churches and monasteries

were destroyed in the conflagration. Afterwards, again, in the civil war under Yisaslaf,

Kief was taken and fired; a calamity to which it was again subject at the same period that

{?onstantiiio|)le was taken by the Venetians. After this Kief never again recovered its

ancient magnificence. In 1 154, at which period INIosciw is first mentioned in history, it was
but an insignificant village. It received great additior.s under Daiiitl of Moscow; and in

l.'?04, under John Danielowitz, it became tlie capital of the em])ire. On the 4th of August,

1,S26, tlie first stone was laid of a church in the Kremlin there in honour of the Assumjition

of the Virgin. The palace of the Kremlin was a timber structure until the reign of Deiaetri

Donskoi, when it was reconstructed ofstone. On the capture of Constantinople by Mahimet
the Second, the Russian church ceased to be dependent on tiiat of Constantinople, The
palace of the Kremlin, known by the name of the granite palace, rose in 1487; and, in

twelve years afterwards, the Belvedere palace was raised. Ivan IV., whose sway was of

extended duration, was a great patron of the arts; his decease took place circa 1584. He
renewed the laws relative to the paintings in the new churches, whence arises their so close

resemblance to each other that it is difHcult to judge of the epochs of their execution. The
celebrated clock tower Ivan Valiki. at the Kremlin, was erected by the Czar i5oris, in 1600,

at which time Moscow contained 400 churches, whereof 3 5 stood in the Kremlin alone.

After the time of Peter the Great, a change of style was introduced, (1696'-17'25).

.376. lire Church of the Assumption above mentioned, as respects the plan, is an oblong
square divided ; the vaulting whereof is supported by six columns in the interior. Though
at the first glance it be not perceived, the arrangement of the cupolas soon points to the

form of a Greek cross. In the earlier churches the plan was a square, with a porch in

front of it ; but, in the Church of the Assumption, the porch is a portion of the clniroh,

the arches of the cupolas being placed in the same way as if the church were of the ancient

form. The six columns just mentioned divide the church into four parts,— from tast to

west, and then from north to south. At the eastern sides are three ai)sides, divided by the

witltli of a column, the middle one being of larger dimensions than the other two; an

arrangement which prevails in most of the Greek churches. The apsides contain altars,

which are frequent, except in the small chapels. The altar in the Greek church is not

exposed to public view ; it is concealed or covered by the iconostasis (image-bearer), a very

large screen, which, from occupying the whole width of the church, divides it into two parts.

This screen has a central principal and two side smaller doors ; behind which latter, on each

sido, stands a second and smaller iconostasis, of the width only of the smaller ajisis, but

whose plan with three doors and an altar behind is similar to the great one. This was the

distribution in the early churches ; but, in the more modern ones, there are, at nearly the

extremity of the edifice, three distinct iconostases. The i)lace for the choristers is on each

side in front of the iconostasis, between its principal and side doors. The principal cupola

rises in front'of the iconostasis ; and, in cathedral churches, at the foot of the apsis on the

left a canopy is jjiaced for the emperor, opposite whereto Is one for the metropolitan.
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'I'licre is generally one priiicip:»l and four subordinate ciipolas round it, which stand on the

tour feet of the Greek cross. Tiie iconostasis is a i)rineipal object in every c'.iureli. It is

usually in four or five horizontal comjiartments, each containing an une(iual number of

pictures of saints painted on tablets or long square jianels, whose jjlaces are fixed with great

precision. In the first story, if we may so call it, are the three doors; the centre one, being

in two foldings, is decorated with the subject of the Annunciation, accompanied with tin;

heads of the four Evangelists or their emblems. To the right of the door is a picture of

Christ, and of the Madonna on the left. To the right of the Christ is the saint or festival

of tho church, after which the doors are inserted. Above the doors, on the left hand, is

|)laced a Greek cross; on tl'.e right hand the cross of IMoses,— as symbols of the Old and

New Testaments. The paintings are all on a ground of gold. In the middle of the second

story is Christ on a throne ; on the right Saint John the Baptist ; on tlie left the JMadonna

without Child; then, on each side, two archangels and six apostles. In the third story or

horizontal compartment, the INIadonna is introduced with the Infant on her knees, sur-

rounded on each side by the ])roi)bets. In the fourth story is painted God the Father on

a throne, with the Infant Jesus, surrounded on each side by jjatriarchs of the church.

Occasionally a fifth story appears, upon which is jiainted tlie history or Passion of onr
Saviour. Paintings on a gold ground abound in the other jjarts of the church. The
exteriors of these churches are extremely simple ; cornices or other horizontal crownings

are not to found, but the coverings follow the cylindrical forms of the arches to Avhich they

are the extradoses, and are variously painted. The Russian churches built in the eleventh

century, which from the number of their cupolas resemble, and indeed were imitated from

those of the East, give a pecidiar effect to the architecture. The forms of these cnjiolas

are varied, but they generally stand on an octagonal tamhotir ; some are hemisi)lierica],

others in cin-vcs of contrary flexure, and a number of other figures.

377. The type of the Russian church, which is on plan a Greek cross, is to be finmd in

Santa Sophia at Constantinople. After the dis])utes between the Iconoclasts and Iconolaters,

which, at the close of the seventh century, ended in the separation of the Eastern and
Western churches, sculpture of statues dlsap])eared from the Greek church, statues of angels

excepted. Again, at this period, the altars on the side of the principal one were established,

not, as in the Catholic churches, at the extremities of the transejjts ; their j.-lace Is always in

a niche or apsis. This arrangement is found in the churches of the eleventh, twellth, and
thirteenth centuries, at Bari, Trani, Malfetta, Otranto, tS:c., while the Greek worship existed;

and a similar disposition is even seen at Palermo and other ))laces where the worship has

been Catholic. In the Catholic churches a sacristy, for the use of the jniests in robing,

iS(c., is always provided on the side of the church ; in the Greek church, however, the priests

robe themselves behind the iconostasis on the left of the altar, another altar being placed on
the right for the consecration of the elements ; and this arrangement exists in the present day.

The (Jreek church has no gynjeceum, or separate place for the women.— l-'or the above we
*are indc4)ted to the researches of M. Ilallmann, an ingenious architect of Hanover.

.'578. It is in Saint Petersburg ])rincipally that we are to look for edifices which deserve

mention. The foundation of the city was laid in 1703, by the Czar Peter, when he con-

structed a fort on an island in the Neva for defence against the Swedes. Buildings, both
public and private, were soon erected ; and the nobility and merchants being induced to

settle there, the place quickly assiuned the ap])earance of a considerable city. In the reigns of

Catherine the Second and Alexander it reached a degree of great magnificence, from which
It has not declined, but has rather advanced. Magnitude, rather than beauty of form, marks
the public l)uildings of the city. The church of our I.ady of K^zan is of great dimensions :

for which, and its fifty-six granite columns with bronze capitals, it has obtained more cele-

brity tlian it will ac(piire for the beauty of its comi)osition. Some of tlie palaces in the

city are of colossal dimensions ; that of MichailofT, built by Paul, is said to have cost ten

millions of rubles. It was under the reign of Peter the Great that the great change took

place in the national character of Russian church architecture by the introduction of the

classical orders. The bulbous cupola, though at this period not entirely laid aside, fell irito

comparative disuse, being replaced by a green painted dome of which tlie Italian form was
the model. The tasteless custom of painting the exteriois of buildings with bright and in-

congruous colours was retained ; and, though well enough suited to the barbaric structures

of the Muscovite czars, it ill accorded with the purer style of Italy. It is unnecessary fur-

ther to detain the reader by any observations on the cliiirclies of the modern capital. In

l])oint of style or of history, they possess little or no interest for an English reader. To
Ithose who wish to become better acquainted with the architecture of Russia, we recommend
la reference to Geissler's T(dilc(i7t.v I'ittoresqiiex rics Manrs, &-c. rles liusses, Tartares, ^[omjolex,

1 ait es Xatiofis de C Empire Hrcsse; to Lyall's Character of the Rits^iane, &c., 4t(), IS'23 ;

nd Ricaid de INIontferrand's L'Ef/lixe de S. Isaac, fol. 184.'). The ess^iy by the laie

I. Hallinann above noticed, was printed in the Tr.utsaction.s of the Institute of British

rchiteets, 1842.
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CHAP. III.

AKCIIITECTUUE OF J511ITAIN.

Sect. I.

EAllLY HOUSES AND AKCIIITECTU KE OF THE BRITONS.

.3"9. On tlie invasion of Britain by Julius Cajsar, in tlie year 55 b. c, the inhabitants

dwelt in lunises resembling those of Gaul ; and in Kent, and other southern parts of the

island, their houses were more substantial and convenient than those in the north. Caves

or earth houses seem to have been tlieir original shelter ; to which had preceded the wicker

enclosure, whose sides were incrusted with clay. These were thatched with straw. The

wooden houses of the ancient Gauls and Hritons were circular, with high ta])ering roofs,

at whose summit was an a\)erture for the admission of light and emission of smoke. 'I'hese,

where the edifices were grander than ordinary, were placed upon foundations of stone.

There is no instruction to be derived from pursuing this subject further. 'J'hat the arts at

tlie period in question scarcely existed, is ipiite certain ; and Caractacus may, when carried

prisoner to Rome, have well expressed surprise that the Romans, who had such inagniticent

palaces of their own, should envy the wretched cabins of the Rritons.

:i80. If the Britons were so uninformed in architecture as to be satisfied with such

structures for their dwellings as we have named, it will hardly be contended that they were

tlie builders of so stupendous a fabric as Stonehenge. On this subject we have already

stated our opinion in Chaj). II. From the distant period at which we believe this and

similar edifices to have been erected up to that of which we are S])eaking many cen-

tin-ies must have elapsed, during which tlie mechanical knowledge which was employed in

their erection might have been lost, and indeed must have been, from the condition of the

inhabitants, of wliich mention has been made.

:i81. The Romans, after their invasion of the island, soon formed settlements and ])lanted

colonies; and it is not dilflcult to imagine the change which took place iu its architecture.

Tlie first Roman colony was at Camalodunum. This, when it was afterwards destroyed

by the Britons in the great revolt under Boadicea, apjiears to have been a large and well-

built town, adorned with statues, temjiles, theatres, and other public edifices. ( Tacit.

Annul, lib. xiv. c. 32.) In the account given of the prodigies said to have haiipened at

this jilace, and to have announced its approaching fall, it is mentioned that the statue of

\'ictory fell down without any visible violence ; in the hall of iniblic business, the confased

niiuMiiurs of strangers were perceived, and dismal bowlings were heard in the theatre. At
Camalodunum the temple of Claudius was large enough to contain the whole garrison,

who, after the destruction of the town, took refuge in it ; and so strong was it, that they

were enabled to hold out therein against the whole British army for a ])eriod of two days.

London, however, exhibited a more striking examjilo of the rajiid ])rogress of Roman
architecture in Britain. At the time of the first Roman invasion it was little more than a

British town or enclosed forest ; and there, seems to be ground for sujiposing that at the

time of the second invasion, under Claudius, it was not much improved. But when, about

sixteen years afterwards, it came into the iiossession of the Romans, it became a rich, ]>o-

pulous, and beautiful city. Not only did the Romans raise a vast number of solid and

magnificent structures for their own accommodation, but they taught the arts to the Britons,

and thus civilised them. Agricola, of all tlie Roman governors, took means for that pur-

pose. That they might become less and less attached to a roaming and unsettled life, and

accustomed to a more agreeable mode of living, he took all opportunities of rendering them
a&sistance in erecting houses and temples, and other public buildings. He did all in his

power to excite an emulation amongst them ; so that at last they were not content without

structures for ornament and pleasure, such as baths, porticoes, galleries, banqueting houses,

iS:e. FVom this time (a. n. 80) up " to the middle of the fourth century," siys Henry
{Hist, of England), " architecture, and all the arts immediately connected with it, greatly

flourished in this island ; and the same taste for erecting solid, convenient, and beautiful

buildings which had long prevailed in Italy, was introduced into Britain. Every Roman
colony and free city (of which there was a great mnnber in this country) was a little Rome,
encompassed with strong walls, adorned with temples, palaces, courts, halls, basilica?, bath.s,

markets, aqueducts, and many other fine buildings both for use and orn.ament Tlie

country every where abounded with well-built villages, towns, forts, and stations ; and the

whole was defended by that high and strong wall, wiih its many towers and castles, which
reached from the mouth of the river Tync on the cast to the Solway Firth on the west.
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This spirit of l)uililing, wliicli was iiitrodueod and cncounigcd by tlie Uoinaiis, so imicli

uni)roved tlie taste and increased the number of the Britisli builders, that in the tliird

century this island was famous for the great number and excellence of its architects and

artificers. When the Emperor Constantius, fatlier of Constantino the Great, rebuilt the

city of Autun in Gaul, a. d. 296, he was cliieHy furnished with workmen from 15ritain,

which (says Eumenius) very much abounded with the best artificers. It was about tiic

end of the third century that in Britain, as well ?.s all the other provinces of the Western

empire, architecture began to decline. It may have been that the building of Constanti-

nople drew ort' tlie best artists ; or that the time left for the peaceful culture of the arts may
have been broken in upon by the irruptions of invaders from the north. According to tlie

Venerable IJede {Hist. Ecclts., lib. i. c. 12.), the Britons had become so ignorant of tlie art

before tiie final departure of the Romans that they, from want of masons, repaired tlie wall

between the Forth and Clyde with sods instead of stone. Henry observes, however, on

this, that " we cannot lay much stress on this testimony ; because it does not refer to the

jirovincial Britons, but to those who lived beyond the Wall of Severus, where the Roman
arts never much iirevailed ; and because the true reason of their repairing that wall with

turf, and not with stone, was that it had been originally built in that manner. Besides, we
are told by the same writer, in the same jilace, that the provincial Britons, some time after

this, with the assistance of one Roman legion, built a wall of solid stone, 8 ft. thick and

12 ft. high, from sea to sea."

.S82. The departure of the Romans, and that of the fine arts which they had introduced,

were occurrences of almost the same date. We must, however, recollect that architecture

was beginning to decline at Rome itself before the departure in (]uestion. The inhabitants

uf the country who remained after the Romans were gone had not the skill nor courage
to defend the works with

which the Romans had pro-

vided tliem ; and their

towns and cities, therefore,

were seized by invaders,

who plundered and de-

stroyed them, throwing
down the noble structures

with which the art and in-

dustry of the Romans had
adorned the country. 'I'he

vestiges of Roman architec-

ture still remaining in Bri-

tain are pretty nmnerous ;

but scarcely any of them
arc of sufficient interest to

be considered as studies of

Roman architecture. Even
in its best days, nobody
would study the works of

art m the colonies in preference to those in the parent state. We have here (Jii/. 179.)

inserted a representation of a small portion of the Roman wall at Leicester, as an exam])le

of the construction. Temples, baths, and villas of the time have, moreover, been brought

to light not unfre()uently.

38;5. The arrival of the Saxons in this country, a. n. 449, soon extinguished the very

little that remained of the arts in the island. Tliis people were totally ignorant of art ; like

tlie other nations of Germany, they had been accustomed to live in wretched hovels formed

out of the earth, or built of wood, and covered with reeds, straw, or the branches of trees.

It was not, indeed, until 200 years after their arrival that stone was employed by them for

their buildings. Their cathedrals were built of timber. The Venerable Bede says there

was a time when not a stone church existed in all the land ; the custom being to build

them of wood. Finan, the second bishop of Lindisfarne, or Holy Island, built a church in

that island, a. n. 652, for a cathedral, wliicli yet was not of stone, but of wood, and covered

with reeds ; and so it continued till Eadbert, the successor of St. Cuthbert, and seventh

bishop of Lindisfarne, took away the reeds, and covered it all over, both roof and walls,

with sheets of lead. Of similar materials was the original cathedral at York, a church of

stone being a very rare production, and usually dignified with some special historical

record. Bede, for instance, says of Paulinus, the first bishop of York, that he built a

church of stone in the city of Lincoln, whose walls were standing when he wrote, though

the roof had fallen down. Scotland, at the beginning of the eighth century, does not seem

to have had a single church of stone. Naitan, king of the I'icts, in his letter to Ceolfred,

abbot of Wereinonth, a. d. 710, iiitreats that some masons may be sent him to build a

church of stone in his kuigdom, in imitation of the Romans.



166 HISTORY OF ARClll'lECTUUE. Book I,

S8I. We luTo think it necessary to notice tliat we h;ive thoiiglit proper, under this

cli.i|)tiT, to prisurvo tlie periods, or ratlier styles of tlie periods ofarcliittcture, according to

tlicir or(iin:iiy arrangement in En.^lisli works, namely, tlie Anglo-Saxon and Normal), ill

distinct sections. It is a matter of little importance to the reader how he ac^nires his

knowledge, so that his author do not uiinecessiirily i)rolong the ac(|uisition of it. Though,

therefore^ the Anglo-Saxon and Norman architecture are neither of them anything more

tiian Romanesque or Byzantine, to which we have appropriated rather a long section, wc

have here separated them into two distinct periods.

:585. Ah;)iit the end of the seventh century masonry, as well as some other arts con-

nected with it, was once more restored to Engl.ind, by the exertions of Wilfred, bishop of

York, and afterwards of Hexhani, and of Benedict Biscop, the founder of the abbey of Were-

nioutli. The former, who was an uidefati'^able builder, and one of the most munificent

prelates of the seventh century, erected edifices, which were the admiration of the age, at

Ripon, York, and Hexham. The cathedral of the latter place obtained great celebrity.

Eddins, speaking of it ( Vita JFi/fridi). says, that Wilfrid " having obtained a plot of ground

al the place from Queen Etheldreda, he there founded a very magnificent church, and dedi-

cated it to tile blessed apostle St. Andrew. The plan of this holy structure appears to have

been inspired by the sjjirit of God; a genius, therefore, sujjerior to mine is wanting to de-

scribe it properly. Large and strong were the subterraneous buildings, and coiisti iicted of

the finest polished stones. How magnificent is the supersiructure, with its lofty roof rest-

in<' on many )>illars, its long and lofty walls, its sublime towers, and winding st lirs ! To
sum all up, tiiere is not on this side of the Alps so great and beautifid a work." Biscop

was a zealous coteniporary and companion of Wilfrid, and had also a great love for the

arts. He travelled into Italy no less than six times, chiefly for the pur])ose of collect-

ing books and works of art, and of endeavouring to induce Avorkmen to come over to Eng-
land. An estate of some extent having been obtained by him from Ecgfrid, king of

Northumberland, near the mouth of the river Were, he founded a monastery there in 674.

Relative to this monastery of Weremouth, thus writes Bede : — " About a year after laying

the foundations, Benedict passed over into France, and there collected a number of masons,

wlioni be brought over with him to build the church of his monastery of stone, tifhr the

Jioinan manner, whereof he was a vast admirer. Such was his love for the apostle Peter, to

whom the church was to be dedicated, that he stimulated the workmen so as to have mass
celebrated in it but a little more than a year from its foundation. When the work was
well advanced, he sent agents into I'rance for the ])urpose of procuring, if possible, glass

manufacturers, who at that time were not to be found in England., and of bringing them
over to glaze the windows of his monastery and church. Ilis agents were successful, having
induced several artisans to accompany them. These not only executed the work assigned

to them by Benedict, but gave instructions to tlie English in the art of making glass for

windows, lamps, and other uses."

;i8G. The Bishop Wilfrid, as we learn from William of INIalmesbury, with the assistance

of the artificers that had been brought over, eflected great reparations in the cathedral at

York, which was in a decayed and ruinous state. He restored the roof, and covered it

with lead, cleansed and whited the walls, and put glass into the windows; for, before he
had introduced the glass makers, the windows of private dwellings as well as churches
were filled with linen cloth, or with wooden lattices. It will be observed that the improve-
ments we here mention were introduced by the bishops Wilfrid and Biscoj) towards the

end of the seventh century ; but, from our ancient historians, it would ajipear that, in the

eighth and ninth centuries, stone buildings were rarely met with, and, when erected, were
objects of great admiration. The historian Henry observes, that " when Alfred, towards
the end of the ninth century, formed the design of rebuilding his ruined cities, churches,

and monasteries, and of adorning his buildings with more magnificent structures, he was
t)bliged to bring many of his artificers from foreign countries. Of these (as we are told

by his friend Asser) he had an almost innumerable multitude, collected from diU'erent na-

tions ; many of them the most excellent in their several arts. Nor is it the least praise of

this illustrious prince, that he was the greatest builder and the best architect of the age in

which he flourished." His historian, who was an eyewitness of his works, s])eaks in the

following strain of admiration of the luimber of his buildings, " What shall I say of the towns
and cities which he rejiaired, and of others which he built from the foundation?" Henry
continues, — " Some of his buildings were also magnificent for that age, and of a new and
singular construction ;

jiarticularly the monastery of vEthelingay. The church, however,
was built only of wood ; audit seems probable that Alfred's buildings were, in general,

more remarkable for their number and utility than for their grandeur ; for there is suf-

ficient evidence that, long after his time, almost all the houses in England, and the far

greatest part of the monasteries and churches, were very mean buikiings, constructed of

Mood and covered with thatch. Edgar the I'eaceable, who flourished after the middle of

the tenth century, observed (see Wiltimn Mdms. lib. ii. p. .'!'2.), that, at 'us accession to

the throne all the monasteries uf England were in a ruinous condition, ami consisted only
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of rotten hoards." The taste, liowever, of the Anglo-Saxons was not indulged in mag-
nllicent buildings ; and the incursions of tlie Danes, wlio destroyed wherever tliey came,
togetlier with the unsettled state of the country, may account for their revenues being ex-

pended on mean and inconvenient houses.

387. Under the circumstances mentioned, it may be safely inferred that the art was not
in a very flourisliing state in the other parts of the island. Indeed, the ancient Britons,

after retiring to the mountains of Wales, appear to have lost it altogether ; and, as the

Honourable Daines Barrington ( Ai c/ucoloffia) has thought, it is very probable that ihw, if

any, stone buildings existed in Wales previous to the time of Edward I. 'I'he chief palace,

called the White Palace, of the kings of Wales, was constructed with white wands, whose
bark was peeled otf, whence its name was derived ; and the price or penalty, by tlie laws of
the comitry, for destroying the king's hall or palace, with its adjacent dormitory, kitchen,

chapel, granary, bakehouse, storehouse, stable, and doghouse, was five pounds and eighty

l)ence, e(|iial, in ([uantity of silver, to sixteen pounds of our money, or 1 GO/. Tlie castles

apjiear also to have been built of timber ; for the vassals, ujion whoin fell the labour of
building them, were required to bring with them no other tool than an axe.

.S88. Neither do the arts of building appear to have been better understood in Scotland
at the former part of the period whereof we are speaking. The churcli built at Lindis-
farne by its second bishop, Finan, in 652, was of wood, — more rcntoruni ; and it has already
been mentioned that, for the stone church which Naltan, king of the Picts, built in 710, he
was under the necessity of procuring his masons from Nortliumberland. In Scotland, there
are still to be seen some stone buildings of very high anti(juity, which Dr. Henry seems
inclined to attribute to this period ; we, however, are inclined to place them in an a^e far

anterior, later (hut not much so) than Stonehenge. We have never seen them, and there-
fore form our opinion from the description given in Gordon's Itinerariuni Sepientriona/e.

These buildings are all circular, though of two diHerent kinds, so different from each other
that they seem to be the works of different ages and of different nations. The four prin-
cipal ones are in a valley, called Glenbeg. Of a different period, too, we consider tlie

circular towers which are found as well in Scotland as in Ireland. It is true that in both
countries these are found in the neighbourhood of churches ; but that does not the more
convince lis that they were coiniected with them.

389. Ducarel, in his Norman Ant'upih'us, enumerates some of the churches in England
wh.ich belong to the ages anterior to the Norman conquest. Among them are those of

Stukely in Buckingham-
shire, Barfreston {Jjg. 1 80. )

in Kent, and Avington in

Berkshire. Other exam-
ples may be cited as at

Waltham Abbey; the tran-

sept arches at Southwell,
Notiingliamsliire; the nave
of tiie abliey cliurch at St.

Alban's, Herts; tower at

Clapham, Beds, &c. The
Anglo-Saxon a;ra, tliougli

it, perhaps, properly com-
prised the time between
A. D. 600 to A. n. 1066 ;

that is froin the conversion

of the Saxons to the Nor-
man conquest, is not known
with any thing apjjroaching

to certainty, from the reign

of Edgar in 980 to the last-

named event ; immediately
lirevious to which Edward
the Confessor had, during
his lifetime, completed
Westminster Ahliey in a

style then prevalent in Nor-
mandy, and with a inagni-

ficenee far exceeding any
other then extant. No le;is

than eighteen of the larger

monasteries, all ofthem 15e-

nedictine, had been founded
by the Saxon kings in
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tliL-ii sucpcss'ivo leJftns; and it is cvi.leiit tliat tlic d.urclies attacliccl to tlium were tlic niosj

" 'i'lie six jjiiiicipal of tlicse were. St.

Gennaiii's, in Cornwall; Col-

cliester, in Essex ; Tewkes-

biirv, in Gloucestershire ; St.

decorated parts, as respected their architecture.

Fig. 181

Frideswide and St. .Alhan's,

already mentioned ; and Glas.

tonbury, in Somersetshire.

King selects the western por-

tion of Tewkesbury as the

grandest in England for eHeci

and extent. The characteris-

tics of Aiiijlo- Saxon Ariliitcc-

ture are detailed in tlie follow-

ing para,::;raph.

390. Arches. — .Always se-

micircular, often i)lain ; some-

times decorated with a variety

of mouldings on the sofite as

well as on the face, the former being often entirely occupied by them. They are found

double, triple, or quadruple, each springing from two columns, and generally cased with a

difFerent moulding, which is frequently double, thus

making six or eight concentric circles of them ; and

as each of them projects beyond that luuler it, a

moulding is placed under them, generally the same as

that used upon tlie face. {Scejir/. 18i.) Culnmus. —
Single, cylindrical, hexagonal or octagonal, on sciuare

])liiiths ; very few diameters in height. Shafts often

ornamented with spiral or fluted carving, with lo-

zenge, herring-bone, zigzag, or hatched work. (7-V(/.

182. ) Capitiil.1.— Indented with fissures of diHerent

lengths and forms, and in diHerent directions. The
divisions thus formed are variously slojJed off, or

hollowed out towards the top. (See the two exam-

ples, /)^. 18:5., from the conventual church at Ely.)

Occasionally the capitals have rude imitations of

some member of a Grecian order, as in the crypt at

Lastringhain in Yorkshire, where volutes are used.

{Fiy. 184.) In their ornaments much variety is dis-

jilaved, but the oi)i)osite ones are mostly alike.

Windows. — Semicircular-headed, extremely narrow

in jiroiJortion to their height, being sometimes not

more than six or eight inches wide to a heiglit

of more than three feet, and si)layed or bevelled

otr on the inside through the whole thickness of

the wall. Walls.— Of very great thickness, and

without any buttresses externally. Masonry of solid construction. CtiUnys tuid Roofs.

— Almost always open timbering. In crypts, as at York, Winchester, and a few other

FlR. 183. I CAPITAI.S, CONV AI. CHURCH, l-'i{{. ISl. CAPirAL FRUU l.A

places, vaulting is to be found. Ornaments, except in cajiitals, in arches and on

shafts of columns are very sparingly employed. (See Norman Ornaments also, in

the following section on Norman Architecture, par. 307.) Plans, — Rectangular

and parallelogrammic ; being usually divide.! into a body and chancel, separated by an

ornamented arch The chancel sometimts of ea'ial, and sometimes of less breadth than
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tlie nave, :ii:d tcnnliiatecl towards the east in a semicircle. In larger cliurclies, tliere

is a nave and two side aisles, the latter being divided from the former by ranks of co-

lumns ; but no transe])ts appear till towards the latter part of the period. " WI e-

ther," observes JNIr. Millers, in his account of Ely Cathedral, whose system we ado])t,

" their cimrches were ever higher than one tier of arches and a range of windows
Rbove (as at Ely), may be questioned. Richard, prior of Hexham, speaks of three stories,

which implies another tier of arches ; but if he is rightly so understood, this seems an ex-

ception from a general rule, for the church at Hexham is spoken of by all writers who
mention it, as the glory of Saxon churches in the seventh century. Afterwards, about 970,

a considerable change took place ; transepts came into general use, with a s(|uare tower at

the intersection, rising but little above the root^ and chiefly ustd as a lantern to give light

to that part of the church. Towers were also erected at the west end : the use of them
coincides with the introduction of bells, at least of large and heavy ones." The churches

of this period were of small dimensions, and the comparative sizes of the Saxon and the Nor-

man churches which followed is almost a criterion of their age.

;591. King {^Muuiiiiniita .inttqua, vol. iv. p. '2-iO.) gives three aras of the Saxon sTy'e,

From Egbert, 59S, to the Norman ion()uest. It has been questioned by antiquaries

whether any Saxon rciniiins actually exist in tliis country; but, admitting their arguments,

which are founded on reterencis to records—no mean authorities,—it must be recollacted

that, on their own showing, some of these trencii so dose upon the period of the Conquest
as to show that the Saxon style miglit have prevailed in them, for ihe general change of

style in any art is not effected in a day. If we look for examples coeval with tlie Saxons

themselves, and without controversy to be attributed to them,, they will, perhaps, be found

only in crypts and baptismal fonts; for many churcht-s were rebuilt by the Noimais,
who left these parts untouched. The principal characteri-tics of the style now called

Anglo-Saxon, are a debased copy of Uoman details, comprisintr long and short masonry,

the ahsencH of buttresses, semicircular and triangular arches, rude balustres in the window
openings, hammer dressed wt)rk and unchiselled sculptures. Also the occasional use of

a rude round staircase to the west of the tower. A list of jJorlioiis of about one luindred

and fortv buildings is gi\en by Godwin, in English Archa:i>loijisCs HaiuUmoh, 1 SG7. The
CMstles oF Roman or Saxon foundatioji were, liichborough, in Kent ; Castletown, in

Uerhysliire ; Porchester, in Hampshire; Pevensey, in Sussex ; Castor, in Norfolk ; Burgh,
in Suttwlk ; Chesttrford, in Essex; Corfe, Dorset; Exeier Castle gateway; Dovir, in

Kent ; and Beestoi), in CXe-.hiie. (See also Pniportion in Architecture, Book III.)

Sect. II.

KOU.MA.V AKCHlTECTUltE.

392. From the landing of William in 1066, architecture received an impulse, indicated

in various styles, which lasted till the time of the Tudors; when, as we shall hereafter see,

it gave way to one altogether different. That called the Norman style, which continued

from 1066 to nearly 1200, comprised the reigns of William I., William II., Henry I.,

Stephen, Henry II., and Richard I. The twelfth century exhibited a rage for building

in Britain more violent than has been since seen. The vast and general improvements that

were introduced into fabrics and churches in the first years of this century are thus de-

scribed by a contemporary writer ( Order/c. Vital. Hist. Eccles.,\\h. x. p. 788.): — "The
cathedrals, and abundance of churches, newly built in all parts of the country, the great

number of splendid cloisters and monasteries, and other residences for monks, that were
there raised, sufficiently prove the happiness of England under the reign of Henry I.

I'eace and prosperity were enjoyed by the religious of all orders, who lent their whole power
to increase the magnificence and splendour of divine worship. '1 he ardent zeal of the faithful

prompted them to rebuild their houses, and especially their churches, in a more suitable

manner. Thus the ancient edifices raised in the days of Edgar, Edward, and other Chris-

tian kings, were taken down, and others of greater magnitude, beauty, and more elegant

wi>rkinanship, were reared in their stead to the glory of God." As an example of the fervour

with which these objects were carried into effect, we cite the following instance, (juoting

from Dr. Henry, upon whom we have drawn, and shall draw, rather largely. " When Jollred,

abbot of Croyland, resolved to rebuild the church of his monastery in a most magnificent
manner (a.r. 1 106), he obtained from the archbishops of Canterbury and York a bull dis-

pensing with the third part of all penances for sin to those who contributed any thing

towards the building of that church. This bull was directed not only to the king and
people of England, but to the kings of France and Scotland, and to all other kings, earls,

barons, archbisiiops, bishops, abbots, priors, rectors, presbyters, and clerks, and to all true

believers in Christ, rich and poor, in all Christian kingdoms. To make the best use oi
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this bull, lie sent two of his inost eloquent monks to proclaim it over all France and Flan-

ders ; two other monks into Scotland; two into Denmark and Norway ; two into Wales,

Cornwall, and Ireland; and others into dillerent parts of Kngland. 15y this means (says

the historian) the wonderful benefits granted to the contributors to the building of this

3hurch were jmblished to the very ends of the earth; and great heaps of treasure, and

masses of yellow metal, Howed in from all countries upon the venerable abbot JoffVed, and

encouraged him to lay the foundations of his church. Having spent about four years in

collecting mountains of different kinds of marble from quarries, both at home and abroad,

together with great quantities of lime, iron, brass, and otlier materials for building, he fixed

a day for the great ceremony of laying the foundation, which he contrived to make a very

elleetual mean of raising tlie superstructure; for on the long-expected day, the feast of

the holy virgins Felicitas and l'er])etua, an immense multitude of earls, barons, and

knights, with their ladies and families, of abbots, priors, monks, nuns, clerks, and persons

of all ranks, arrived at Croyland to assist at this ceremony. The pious abbot JotlVed began

by saying certain prayers, and shedding a flood of tears on the foundation. Then each of the

carls, barons, knights, with their ladies, sons, and daughters, the abbots, clerks, and others,

laid a stone, and upon it deposited a sum of money, a grant of lands, titlies, or patronages,

or a ])romise of stone, lime, wood, labour, or carriages for building the church. After this

tlie abbot entertained the whole company, amounting to five thousand persons, to dinner.

To this entertainment they were well entitled ; for the money and grants of difiTerent kinds

which they liad deposited on the foundation stones were alone sufficient to have raised a

very noble fabric." This sjjirit extended throughout the island ; for, in Scotland, David I.

raised tliirteen abbeys and priories, some of them on a scale of considerable magnificence,

besides several cathedrals and other churches.

393. The common peojile of the country, and the burgesses in the towns, were not

much better lodged than in the previous age ; their condition, indeed, was not i\n))roved.

In London, towards the end of the twelfth, century, the houses were still built of timber,

and covered with reeds or straw. The palaces, however, or rather castles, of the Anglo-
Norman kings, nobility, and prelates, were on a very superior construction. William of

INIalmesbury says that the .\nglo-Saxon nobility squandered their amjjle means in low and
mean dwellings ; but that the French and Norman barons lived at less ex])ense, though
dwelling in large and magnificent palaces. The fact is, that among these latter the rage for

erecting fortified castles was quite as great as that of erecting ecclesiastical buildings

among the prelates. The system became necessary, and was induced as well by the pre-

vious habits of the country they had left, as by their situation in the island. Surrounded
by vassals whom they held in subjection, and whom they dejjressed and plundered in every

way, they were so detested by them that deep fosses and lofty walls were necessary for

their security. The Conqueror himself, aware that the want of fortified places had no less

assisted his conquest than it might his expulsion, resolved to guard against such a contin-

gency by the strong castles which he placed within the royal demesnes. IMatthew Paris

observes that William excelled all his predecessors in the erection of castles, in executing
which he harassed his subjects and vassals. So much was the practice a matter of course,

that the moment one of the nobility had the grant of an estate from the crown, a castle was
built u])on it for his defence and residence; and this spirit was not likely to be diminished
by the disjuites relative to the succession in the following reigns. William liufiis, accord-

ing to the statement of Henry Knighton, was as much addicted to the erection of royal

castles and ])alaces as his father, as the castles of Dover, Windsor, Norwich, and others

surticiently i)rove ; and it is certain that no monarch befjre him erected so many and noble
edifices. Henry I. followed in his taste; but in the reign of Stejjhen, 1135 to 11.54, says

the author of the Su.ron C/irnnicle, every one who had the ability built a castle, and the

whole kingdom was covered with them, no fewer than 111.5 having been raised from their

foundations in the short space of nineteen years; so that the expression is by no means
stronger than is justified by the fact.

tiOl. It will he proper liere to give the reader some concise general description of these

structures, which served for residence and defence. Tlie situation chosen for a castle was

iLSUallv on an eminence near a river. Its figure on the jilan was often of great extent, and
irregular in form ; and it was surrounded by a dee|) and broad ditch, called the fosse,

which could be fillei with water. An outwork, called a barbican, which was a strong and

lofty wall, with turrets upon it, and designed for the defence of the great gate and draw-

bridge, was placed before the hitter. Within the ditch, towards the main building, was

placed its wall, about 8 or 10 ft. thick, and from '20 to 30 ft. high, with a parapet and

embrasures, called crenneh, on the top. At proper intervals above the wall square towers

were raised, two or three stories in height, wherein were lodged some of the jnincipal

officers of the proprietor of the castle, besides their service for other purposes ; and, on the

inside, were apartments for the common servants or retainers, granaries, storehouses, and

other necessary offices. On the top of the wall, and on the flat roofs of the towers, the

defenders were placed in the event of a siege ; and thence they discharged arrows, darts,
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,iiid stones on tlieir assailants. The great gate was placed in some part of the wall flanked

ivitli a tower on each side, with rooms over the entrance, which was closed with massive

oak folding doors, freiiuently plated with iron, and an iron grate, or portcullis, which, hy
machinerj', was lowered from above. ^Vithin this exterior wall, or hallinm, was, in the

more extensive castles, the outer ballium, which was a large open s])ace or court, wherein
a church or cl.apel was usually placed. Within the outer ballium was another ditch, with
wall, gate, and towers, iiiclosing the inner ballium or court, in which was erected the

large tower, or heap. It was a large fabric, some four or five stories high, whose enormously
thick walls were pierced with very small apertures, serving barely as windows to the gloomv
apartments ui>on which they opened. Tins great tower was the dwelling of the owner of

the castle; and in it was also lodged the constable, or governor. It was provided with
luuierground dismal apartments for the continement of prisoners, whence the whole build-

ing received the appellation oi dutu/eon. In the keep was also the great hall, in which the

friends and retainers of the owner were entertained. At one end of the great halls of

castles, palaces, and monasteries, a low platform was raised a little above the rest of the

floor, called the dais, on which stood the principal table whereat persons of higher rank
were placed. The varieties which occurred in the arrangement and distribution of castles

were, of course, many, as circumstances varied ; but the most magnificent were erected nearly

on the plan we have just described, as may be gathered as well from their ruins as from an
account by Matthew Paris of the taking of Bedford Castle by Henry III., a.d. 1224.

This castle, we learn from him, was taken by four assaults. In the first was taken the bar-

bican ; in the second, the outer ballium ; in the thiril attack, the miners threw down the

ivall by the old tower, where, through a chink, at great risk, they ])ossessed themselves of

the inner ballium ; on the fourth assault, the miners tired the tower, which thereby became
so injured antl split that the enemy thereon surrendered. The keejjs of which we have

si)()ken are such extraordinary edifices, that we think it right to place before the reader,

the following table of some of the principal uiica ol the Gorman a;ra, as given in DaUa-
w;>y's Discourses u/iou Architecture.

Internal Square, or Oblong.

Names. I.en^ll.. lire.idlh. liei^'hl. Division of Rooms. 1 Dates ami Koujulurs.

Tower of London 11(1 ft. [1(1 ft. — ft. By semicircular arches. William the Conqueror.
I'orclie.ster - Hi Co Kour floors.

Canterbury ' 88 80 50 Two walls continued
from the base to the
top.

liocliester

Dover -

- 75 72 104 Uy semicircular arches. Gundulph (Bishop). |

- 'Si

Colcliester - 140 1C2 — Three lar^'e rooms on
each floor.

Norwich • 110 'J2 70 .... Roger Bigod.
I.uillow - — — 110 Kour stories. Roger de Laci.
llediiigliain 62 5.T 100 Three tiers above base,

meiit.
Gi.ilillbrd . 42 47
Oxford . - -

I Robert DOiley. !

1070.liiiiiiborougli - - . .

Uicliiuoiid " " Vault supported by aj 1100.
single octangular pil.

lar.

By internal arches and 1080. liobert, son ofNewcastle upon Tyne 82 C2 54
door cases in Nor- William I. 1

man style.
("orfe • 72 no .SO

Hound, or Polygonal.

.\rundel - m 57 - Uoof open in the centre,
straight buttresses.

1070. Rog»,r Montgo-
meri.

Coiiisburgh - 23 diameter. Three Boors, two of 1070. W de Warren.
them state apart-
ments.

York 64 45 - Four segments of
circles

1068. V lUiam the Con.
queror.

Tunbriilge 64 50 —^
15(;rkeley - - Circular, tlanked by

four small towers.
1120 Rob. Fitzharding.

Lincoln * — 1086. William the Con-
queror.

Oxford - - - Polygon, flanked by
three square towers.

Windsor 00 85 — - - . . . 7.ebuiltby Kdw.IM.
|

Dnrliara " 03 01 — Heightened in 1830. |

'M)n. Gundulph is said to have introduced the architectural ornainents of the Nor
style into the interior a^J well as on the exterior of castles. The use of L.;ltleiiicnt.s, I

man
oup-
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holes, anil open !r:illerles, or machicolations, was certainly, as our author above quoted re-

marks, knov/n to the Romans.
Troes contra, defendere sax is

I'eique cavas densi tela intorquere fenestras. M)t. 1. ix. 'ViZ.

The architects and artiKcers by whom the Norman works were planned and executed were

men of <jreat science and skill, and the names of several have most deservedly obtained a

place in history. Gervase of Canterbury records that William of Sens, the architect of Arch-
bishop Lanfranc in building his cathedral, was an artist of great talents ; and that he not

only made a complete model of the cathedral upon which he was employed, but of all the

details of sculpture necessary for its execution, besides inventing muchines for loading and
unloading the vessels, and conveying the tieavy materials, many whereof were brought from
Normandy. Of Walter of Coventry, another architect of the age, ^latthew Paris speaks in

the highest terms, saying that '• so excellent an architect had never yet appeared, and pro-

bably never would apjjcar in the world." Dr. Henry on this very properly observes,

" That this encomium was undoubtedly too high ; but it is imiiossible to view the remauis

of many magnificent fabrics, both sacred and civil, that were erected in this ])eriod, without
adnruing the genius of the architects by whom they were jjlanned, and the dexterity of the

workmen i)y whom they were exeeutel." (See par. .'521 et se(].)

:396'. Of the twenty-two English cathedrals, fifteen retain i)arts of Norman erertion,

whose dates are pretty well ascertained ; and by them the Norman manner was progressively

brought to perfection in England. We subjoin the following enumeration of Norm ui

bishops, who were citlier patrons of the art, or are supposed to have jiractised it themselves.

A. I). Bislirj,. AVoiks.

WhO to 1080 AMred, Bishop of Worcester. St. I'eter's, Gloucester.
1077 to 1107 Guiululiih, of Kochester. Kocliester, Canterburv, and Peterborough.
108G to 1108 Maurice, of London. Old St. Paul's Cathedral.
10'J3 to ii;« William de Carilepho. Cathedral of Durham, but completed by Ka-

nulph Flambard.
iflsn to 1100 Lanfranc, of Canterbury.
1107 to IHO Roger, of Sali.-bmy. Cathedral at OUl Sarum.
1115 to iris Krnull, of Kocliester. ('(impleted (Jundulf 's works at Kocliester.
112:) to 1147 Alexander, of Lincoln. liebuilt his cathedral.
1129 to 11G9 Henry of Blois, IJisliop of Wincliester. Conventual churches of St. Cross and Kum-

sey, in Hampshire.
ll58toini IJoger, Arclibishop of York.

sub-Of Norman architecture the principal ciiaracleristics are subjoined in tlw follow!

section. (See also Book III., chap, iii.)

397. Arches Generally semicircular, as in the nave of Gloucester, here given {Jig. 1S5. ),

Of larger opening than the

Saxon, and their ornaments
less minute ; often boinid-

ed by a single moulding,
though sometinies by more
than one ; occasionally with-

out any moulding at all
;

the soHitt always plain.

In the second story, two
smaller equal arches under
one larger, with a column
of moderate size, or even

comparatively slender, be-

tween them. In the third

story {sec Jiff. 186.), gene-

rally three together, the

centre one higher and
broader than the others, and
opened for a window ; but

the whole three only oc-

cupy a space equal to that

of the lower arch. Arches of entriiiice are profusely decorated

(./?(/. 187., from Ely) with mouldings, foliage, wreaths, masks,
figures of men and animals in relief, and all the fancies of the
wildest imagination, in which every thing that is extravagant,
grotesque, ludicrous, nay, even grossly indecent, is to be found.
Before the end of the ])eriod — and we may almost say early in

it— it exhibits examples oi jminted arches. They are, how- F'K->sfi. thhrb .stohifs uf *

ever, sparmgly introduced : one or more tiers apjjear in the up-
per stories of a building, whilst all the lowei- ones are circular. Sometimes thev are intro-

FiK. ISj.

J
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duccd alternafcly, soinctiincs \vc fuul one capriciously inserted between several round ones

Iheso are, for the most part, obtusely pointed, thongli occasionally tbey are the reverse.

'i'hey are always wide, stand on
1 ,

~~
liea\y columns, or are decorated

_^ ' ^_ ^^
,. with mouldings, or both. The

apjiroaches to the pointed style

were not strongly marked, but

they were indicated ; for the

pointed style cannot be pro-

noiniced to have commenced
until the sharp-pointed arch

sprung from a slender column
graced with a ca])ital of carved

foliage, and this it is not safe

to ])lace earlier than the reign

of John. The arch which rises

more than a semicircle does

not very often occur ; but it

must be mentioned as exhibit-

ing one of the varieties of the

period. Columns.— These are

of very large diameter re!ative

to their heights and intervals.

Their shafts are circular, iiexa-

gonal, and sometimes octago-

nal, on the plan ; fluted, lo-

zenged, reticulated, and other-

wise sculjitured. Sometimes

they are square on the jilan,

and then accompanii;d I)y ))()r-

tions of columns or pilasters

a|)])iied to them. Sometimes

four coliunns are connected

together, with or without an-

gular pieces. They are mucii

liigher in proportion to their

diameters tlian the Saxon co-

lumns heretofore described ;

and though their capitals are

not unfreqiientiy quite iilain,

they are more commonly deco-

rated with a species of volute,

or with plants, flowers, leaves, shells, animals, /tc. The bases stand on a strong plinth,

adapted on its plan to receive the combined and varied forms of the columns. Windows, are

stiil narrow, and semicircular-headed ; Init they are higher, andoften ingroupsof two or three

together. Ceilings, usually, if not always, of ti)nber, except in crypts, in which they are

vaulted with stone, with groins mostly plain, yet sometimes ornamented on the edge, but uni-

versally without tracery. The White Tower of London, however, exhibits an examjjle of a

centre aisle covered with vaulting. Our belief is, and in it v/e are corroborated by the Rev.

Mr. Dallaway, whose judgment we hold in no small esteem, that there is no instance of a

genuine Anglo-Norman building which was intended to be covered with a stone roof or

ceiling. This is not only indicated by the detail, but by the circumstance of the walls

being insufficient (tliick as they are) in solidity to resist the thrust. Peterborough, Ely,

St. I'eter's, Northami)ton, Steyning. Romsey, ^c. are calculated and constructed to receive

wooden roofs only. Walls, are of extraordinary thickness, with but few buttresses, and

those of small projection; flat, broad, and usually without ornament. Ornaments.—Among
these must be first named the ranges of arches and pilasters which had nothing to support,

already incidentally mentioned, and which were intended to fill up void spaces, internally

as well as externally, for the ])ur])ose of breaking up large masses of surface; they are

very common on the inside of north and south walls, sometimes intersecting each other so

as to produce those compartments that are alleged to have given rise to the pointed arch.

The mouldings of the Saxon period continued much in use, and we ought, perha])s, to

have given some of them, as belonging to tiie jneceding section ; and, indeed, should have

so done, if, in the Norman style, they had not increased in mnnber and variety, and had

not also been employed in profusion about the ornamental arches just named, especially in

conspicuous places on the outside, as in the west front especially. The most usual orna-

ments (Ji'j. 188.) were, 1. The chevron, or ziyzag mouliling ; 2. The embaUleJ fretle

i

Fig. 187
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3. The trianipdur fietle ; 4. The nail head ; 5. The hillet ; 6. 'Die cnb/e; 7. Tlie hatched,

S. The hizeiige; 9. The ivavy ; 10. The jwlht mouldhig ; 11. Tlie nehide. The t^rta was
used, as was also the cavetto, which were both of Grecian extraction. The chief of tliese

ornaments, perhaps all, were used in the Saxon age, besides others wliich were oc-

casionally employed, and wliich to designate by name would be difficult ; such, for in-

stance, as the ci)rhel-tal)le (1-), which consists of small ranges of arches, resting on consoles

sometimes decorated with carved heads, often introduced along tlie whole L'uiiding im*
meiliately below tiie eaves or battleinent. Sometimes carved heads are observed in the

s|)Miulrels of arches, and are abo used as capitals of the ornamental pilasters, or as cor-

bels, to support what is called th"^ can.ipy, or exterior semicircle of moulding on arches

of entrance, or above tlie keystones of those arches. There are instances of whole figures

over doors in mezzo-rilievo which Millers observes was the nearest approach the Normans
seem to have made to a statue. Plans.— The churches of this period are always with

transepts, and a tower at the intersection, loftier than heretofore, but without spires over

them. There are rising from them stories of arches, one above the other ; and the eastern

ends are semicircular. Though much of the Saxon style is retained, there is, from the

larger dimensions of the edifices of this period, a much more impressive air of mag-
nificence than had before appeared. Millers very truly says, that the churches were
" in all dimensions much amjjler. with a general air of cumbrous massive grandeur.

'I'he Normans were fond of stateliness and magnificence ; and though they retained the

other characteristics of the Saxon style, by this amjilitication of dimensions tlicy made such

a striking change as might justly be entitled to the denomination wliich it received at

its first introduction among our Saxon ancestors, of a vnv style of architecture.^' The
criterion between the Saxon and Norman styles, of enlarged dimensions, is too vague
to guide the reader in a determination of the age of buildings of this period ; for it is only in

large edifices, such as cathedral and conventual churches, with their transepts, naves, side

aisles, and arches in tier above tier, that this can be perceptible. There are many parish

churches of this age, whose simplicity of form and small dimensions have been mistaken

foi Saxon buildings ; and which, from not possessing any of the grander Norman features,

have been assigned to an earlier age. The distinction ascertainable from heights of co-

lumns,— naiuely, taking the height of the Norman column at from four to six diameters,

and that of the Saxon at only two,— will, we fear, be insufficient to decide the question in

caf.es of doubt; but it must be admitted this is one of the means which, in some measiu-e,

would lead us to an approximate judgment of the matter, and a careful observation and
comparison of specimens would make it more definite. We shall here merely add, that the

first Norman architects, by the lengthened vista of the nave, uninterrupted by any choir

scteen, produced a sublime and imposing effect by the simple grandeur and amplitude of

dimensions in their churclus.

;i98. E.vinnples.—Examples of Norman architecture in English cathedral churches are to lie

found at E/y, in the western towers and nave; at Bristol, in the elder Laily Chapel, and Chap-
ter House; at Canterhiiri/ in the choir, and the roinid part called Ikcket's Crown ; at Norwich-
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in the nave and clioir ; at ITereford, in the transept tower and choir ; at Wells, in the nave
and elioir ; at Chester, in tlie Chapter House; at Chichester, in t'ne presbytery; at Peier-

bnrmtgh, in the transcjJt. In the conventual chnrclics, for examjiles we may refer tlie reader
to Lhintoiiy, near 3Ioninouth ; the nave and west front of Finintains, Yorkshire ; the nave
and cliapel of St. Joseph, at GUistonbury ; the west front at Selby, in Yorkshire ; many ])arts

at St. AlbniLS ; tlie choir at Wenlock, in Shropsliire ; CartineU, in Lancashire; Fiiriiess ; West
End, at Byland, with the wheel window, and the south transept

; parts of Ilulton, in York-
sliire

; part of Brinhhonrn, in Northumberland; part of Edmondshuri/, in Siillolk; and St.

Johns Church, at Ciiester. For examples of parocliial churches. Melton, Suifolk ; Sottertoii

and Sleaford, Lincolnshire; Chris'church, Hampshire; Sherhouru Minster, Dorset; Win-
chelsea, Steyning, and New Shoreluim, Sussex ; chancel of St. Peter's, Oxford ; Karl's Burton
yVwrer, Northamiitonshire ; West W(dton 7'o;fer, Norfolk ; //^(//.Oxfordshire; Castle Risiuf/

Norfolk ; St. Margaret's Porch, at York ;
5'^ Peter's Church, Northampton ; besides several

round or polygonal bell-towers, both in Suffolk and Norfolk,— may be referred to. Ex-
am))les oi military Norman architecture, from 1070 to 1270, were at Lavnceston, Cornwall ;

Arundel, Sussex; Windsor, in Berks (rebuilt); Toiver of London; the square keejis of

H'.iinghaw, Essex ; Caerphilly, Glamorgan ; Carishrook, Isle of Wight ; Porchester, Hants
(1160); Guildford, Surrey; Danihorotigh, Northumberland; Keudworth, Warwickshire;
Jiichmond, Y'orkshire ; Cardiff, Glamorganshire; Canterbury, Kent; Oxford (1071);
AV)ccas//e, Nortluimberland (1 1'iO) ; Gisborough, Yorkshire (II 20); Ca tie Rising, Nor-
l>lk ; Middlcham, Y'orkshire ; Cochermouth, Cumberland ; Durham ( 1 1 5.'^

) ; Lincoln ( 108(j) ;

Berkeley, Gloucestershire ( I 153) ; Lancaster; Orford, SuiVolk, jjolygonal ( 1 I 20) ; Ludlow,
Salop (1120); Kenilwortli, enlarged (1220); Wurhworth, Northumberland, scjuare, with the
angles cut off; Denbigh; Beeston, Cheshire; Ilawurden, Pembrokeshire.

Skct. in.

EAllLY ENGLISH A KCHITECTTIBE.

399. The next period of architecture in Britain which comes under our consideration,
following, as we consider it, the sensil)le classification of the Rev. INIr. Millers, is that
which he has denominated the eai-ly English style, whose duration was from about 1200 to

l:!00; extending, therefore, through the reigns of John, Henry III., and Edward I.,durin"
which the building of churches and monasteries was still considered one of the most
ulfectual means of obtaining the pardon of sin, and conseciuently the favour of Heaven. In
the thirteenth and fourteenth centuries, the churches built in Britain were almost
innumerable.

400. We have already noticed (chap. ii. sect. xv. )the introduction of the pointed arch into
architecture ; a feature which comjiletely changed, from all that previously existed, the cha-
racter of the edifices to which it was a])i)lied. If any service could be rendered to the history
of the art, or if the solution of the problem, "who were its inventors?" could throw any
useful light on the manners and customs of the people that first adopted it, we should be the
last to n-linquish the investigation. Tlie cjuL-stiou has furnished employnunt to many
literary idler-*, but the labour they have bestowed on the subject has nut tlironn any light

on it; and excepting the late Mr. Wliitiington and the late Prof, Willis, of Cambiidge,
on whose valuable en(iiiiries we cannot sufRcienily enlarge, they might have bem more use-
fully eng.iged. This statement must necessarily be modified in consequence of the publica-
tions (f the leaned labours of Mr. Fergusson, of which we have so largely availed our-
silves in the above-named section; besides those of Thomas Rickman, of Mr. Sharpe, and
of other ardent enquirers on this and kindred subjects.

401. During the reign of Henry III. alone, no less a number than 157 abbeys, priories,

and other religious houses were founded in England. Several of our cathedrals and con-
ventual churches in a great part belong to this peiiod, m which the lancet or sharp-jjointcd

arch first ap])eared in the buildings of this country, though on the Continent it was used
nearly a century earlier. The great wealth of the clergy, added to the zeal of the laity,

furnished ample funds for the erection of the magnilicent structures projected ; but it was
with extreme difficulty that workmen could be ]irocured to execute them. With the popes
it was, of course, an objict that churches should be erected and convents endowed. On the

subject of the employment of Freemasons we have already expressed our views (jmr. SOS,
f>< .vfii/. ), therefore we cannot coincide with Wren, Pa/e/talia, in stating that they ranged
from one nation to another, their government was regular, and they made a camp of
huts; a surveyor governed in chief; every tenth man was called a warden, and over-

looked each nine. " Those who lave seen the account in records of the charge of the
fabrics of some of our cathedrals, near 400 years old, cannot but have a great esteem for

their economy, and admire how soon they erected such lolty structures." It was in the
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coui-se of tliis period tliat sculpture was first made extensively available for areliitectuvai

decoration. Tiie cathedral, conventual, and otlier cluirclies built in Britain, began to be

ornamented on the outside with statues of various dimensions in basso and alto rilievo.

They wuie not ecpial in execution to those of France, whieli have also had the additional

good fortune to have been better jireserved, from their exposure to seasons less inclement

and to an atmosjihere unimpregnated with tlie smoke of coal.

402. Great imi)rovements seem to have taken place in the castles of the time ; they still

continued to serve for the dwelling and defence of tlie prelates and barons of the country

'i'iie plans of them were generally similar to tliose already described ; but it must still be

conceded that the inliabitants and owners of them sacriiiced their convenience to their

security, which seems to liave been the chief concern in the construction of their castles,

whose apartments were gloomy, whose bed-chambers were few and small, wiiose passages

were narrow and intricate, and their stairs steep and dark. The plan, hmvever, as

iNIr. Dallaway ol)serves, " which
allowed of enlarged dimensions,

and greater regidarity and beauty
"^ in the architecture of the towers,

"- - ^ -^ owes its introduction into Eng-
land to King Edward 1. We

j^ may, indeed consider his reign as

the epoc'i of tlie grand style of

accommodation and ma'jnificence

combined in castle architecture.

^^ lien engaged in the Crusades, he

surveyed with satisfaction the supe-

rior fomi and strength of the castles

in the Levant and in the IIolv
Fig. 1S9 CAKKNARVOS CASTLE. . 1 „ ,\,- .1 r; ^1 .. j

i..an«l. Ot the five castles erected

by him in Wales, Caernarvon {Jjq. \S9. ). Conway (fif/. 190 , showing the suspension bridge,

and the raihvay bridge beyond it), Harlech, and Bjauniaris still retain traces of their an-

cient magnificence; but that of Aberystwith has scarcely a feature left. Caernarvon Castle

oonsisted of two distinct (larts :

one military, and suited to the

reception of a garrison; the other

palatial. The ground jdan was
Diilor.g. une<pially divided intoa

lower and an upper ward. Of the

towers, which are all polygor.al,

tl;e largest, from some tradition

lalled the Eagle Tower, has

threesmall angular turrets rising

tioni it ; the others having l)ut

line of the s.ame description.

' I'he enclosing walls,'' conti-

nues ^Ir. Dallaway, *'are seven

feet thick, with alures and para-

pets ])ierced frequently with
Fig 190 CIVWV^ C* ILE

ailltt holes. A ";reat singularity is observable in the extreme height both of the great

entrance gate aniltr.at which is called the Queen's. I.eland observes of the i)ortcuUises at

I'embroke, that th.ey were composed ex solido ferio. In confirmation of the opinion tiiat the

royal founder adopted the form of such gates of entrance from the East, similar ones are

almost universid in the castles, mosijnes, and palaces of the Saracens, which lie had so fre-

«]ueiitly seen during the Crusades. The tower of entrance from the town of Caernarvon is

still i)erfect, and is the most handsome structure of that age in the kingdom. It is at

least 100 ft. high; and the gateway, of very remarkable dejjth, is formed by a succession

of ribbed arches, sharply pointed. The grooves for three ])ortcullises may be discovered ;

and above them are circular perforations, through which missile weapons and molten

lead might be discharged upon the assailants. In the lower or palatial division of the

castle stand a large polygonal tower of four stories, which was appropriated to Queen
Eleanor, and in which lier ill-fated son was born, and another which was oecujiied by

the king, of a circular shape externally, but square towards the court. Tlie apartments in

the last mentioned are larger, and lighted by windows M-ith square heads, and intersected

with carved mullions. There is a singular contrivance in the battlements, each of which

had an excavation for the archers to stand in, pointing their arrows through the slits

;

and, a curious stratagem, the carved figures of soldiers witii helmets, apparently looking

over the parapet. This device is repeated at Chepstow." The ornamental character ot

the architecture at (.'^ernarvon and Conwav is rather ecclesiastical, or conventual, thou

inilitarv. At Conwav, as has been well observed by an anonymous autlior, '• what w
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o;illo(l tlie Queen's Oriel is remarkable for the fancy, luxuriance, and elegance of tlie work-
ni.uisliip. Nor is tlie contrivance of the little terraced garden below, consideriii"- tlie

history of the times, a matter of small
curiosity, wliere, thougii all the sur-

rounding country were hostile, fvesh

air might be safely enjoyed ; and the
commanding view of the singularly

beautiful landscape around, from both
that little herbary or garden, and the

bay window or oriel, is so managed as

to leave no doubt of its purpose."
40:>. The model of Conway Castle

has little resemblance to that we have
just left. It resembles rather the
fortresses of the last Greek emperors,
or of the chieftains of the north ot

Italv. The towers are mostly cir-
Kt;;. lL)l. CAKR-PHILLV CASri.K. 1 ' ^1 • .

'. ,

cular, as are their turrets, with a
single slender one rising from each ; and machicolations, not seen at Caernarvon, are in-

Irudiiced. 'ITie greater part of the castler of Wales and Scotland for the defence of the

marches were built

in the reign of Ed-
ward I. On tlie

subjugation of the

former country, a

:

its partition i;.:

lordships among
Edward's follow-

ers, many castles

were reared upon
Fi^. 192. TBKFotL *ND ctytivrroit. heads. {|,g ireueral plan of

those he had erected, though varying in dimensions
and situation, according to the means of defence pro-

posed to be secured to their founders and possessors.

We may here observe, that in the castle at Conway
Edward I. erected a hall 129 ft. by SI, and 2'2 ft.

higli, which is formed to suit the curvature of the

rock ; and that from that period no residence of
consequence, either for the nobility or feudal lords,

was erected with-

out one, varying,

however, of course,

in their minuter
parts, according to

circumstances, and
in degree of niag-

niKcence.

404. Caer-Phil-

ly Castle, in Gla-

morganshire (jic/.
,^,'^^ ^, tig. lyj. Cm.VMNS (>F UhSTMINSTER AHHliV.
191 . ), was another

of the castles of this period. It was the strong-hold of the De Spencers in the reign of

the second Edward. Its vallatlons and remains are very extensive. 'I'he hall was imicli

larger than that at Conway.
405. The characteristics of this style are, that the arches are sharply (lancet) pointed, and

lofty in proportion to their s])an. In the upper tiers

two or more are comprehended under one, Huished in

li-i foil or cinquefoil hvads (Jig. 192.) instead of points, the

separating columns being very slender. Columns on whicli

the arches rest (Jig. 193.) are very slender in proportion

to their height, and usually consist of a central shaft sur-

rounded by several smaller ones (Jig- I 94. ). The liase

takes the general form of the cluster, and the capital (_/?</.

195.) is frequently decorated with foliage very elegantly

composed. The tci/idoics are long, narrow, and lancet

shssped, whence some writers have called this style the

Lunctt Gothic. Thev are divided bv one plain mullion,

N

y«. 191.
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or in nppiT tiers 1)V two at most, fiuishcHl at the toj) with some simple ornament, as a lozenije

or a trefoil. Tliey liave commonly small marble shafts on each side, both internally and ex-

ternally; two, three, or more together at the east or west end, and tier above tier, linofn

.'ire high pitcheil and the ceilings vaulted, exhibiting the first examjiles of arches with cross

springers only, which in a short period diverged into many morn, rising from the capitals of

the columns, and almost overspreading the whole surface of the vaulting. The longitudinal

horizontal line which reigned along the apex of the vault was decorated with bosses of flowers,

figures, and other fancies. Walls much reduced in thickness from those of the preceding pe-

riod : thev are, however, externally strengthened with buttresses, which, as it were, lean

against them for the purpose of counteracting the thrust exerted l)y the stone vaults which

form the ceilings, and which the walls and piers by their own gravity could not resist, i he

buttresses are moreover aided in tlieir office by the pinnacles, adorned with crockets at theii

angles, and crowned with tinial flowers, by which they are surmounted. The ornaments now
become numerous, but they are sim|)le and elegant. The moiddiiigs are not so much varied

as in the Norman style, and are generally, perhajis universally, formed of some combination

of leaves and flowers, used not only in the circumference of arches, esjiecially of windows,

but the columns or pilasters are comjiletely laid down with them. Trefoils, quatrefoils,

cinquefoils, roses, mullets, bosses, patera;, &c. in the spandrils, or above the keystones of

the arches and elsewhere. The ornamental pinnacles on shrines, tombs, &c. are extremely

high and acute, sometimes with and .sometimes without niches under them. In east and

west fronts the niches are filled with statues of the size of life and larger, and are

crowned with trefoil, &c. heads, or extremely acute pediments, formed by the meeting of

two straight lines instead of arcs. All these ornaments are more sparingly introduced into

large entire edifices than in smaller buildings or added i)arts. SV/e ;;/(ins are generally

similar to those of the second period ; but that important feature the tower now begins to

rise to a great height, and lanterns and lofty sjiires are frequent accompaniments to the

structure. It will naturally occur to the reader, that in the transition from the second to

the third style, the architects left one extreme for another, though it has been contended

that the latter has its germ in the former. However that may be, the period of which we
are now speaking was undoubtedly the parent of the succeeding styles, and that by nc

very forced or unnatural relationsliip. (See Book III. Chap, 3.)

406. The ]n-incipal examples of the early English style in the cathedral churches of

England are to be seen at Oxford, in the chapter-house. Lincoln, in the nave and arches

lieyond the transept. York, in the north and south transept. At Durham, in the additional

transept. Wells, the tower and the whole western front. Carlisle, the choir. Ely, the

jiresbytery. Worcester, the transejjt and choir. Salislmry, the whole cathedral ; the only

unmixed example. At Rochester, the choir and transept. " It is well worthy of observa-

tion," says INIr. Dallaway, " that though the ground plans of sacred edifices are, generally

s])eaking, similar and systematic, yet in no single instance which occurs to my memory do

we And an exact and unvaried copy of any building which jireceded it in any part of the

structure. A striking analogy or resemblance may occur, but that rarely."

407. The exami)les of conventual architecture of this period, to which we beg to refer

the reader, are those of Lanercust, in Cumberland ; Rivavlx, Yorkshire ; Westminster Ahhei/.

At Fountains, the choir and east end ; Tinterne Ahheij, in INIonmouthshire ; Netlnj, Hamp-
shire ; Whitby, in Yorkshire ; Valle Crncis, in Denbighshire ; liipon Minster and the

south transept of Beverley Minster, in Yorkshire ; Milton Abbey, Dorsetshire ; part of the

nave of St. Albans ; Tynemouth and Brinkbonrn, Northumberland ; Vale Royal, in Cheshire;

and the eastern fa9ade of Hoivilen, in Yorkshire.

408. Among the examples of parochial churches in this style are Grantham, in Lincoln-

shire, whose tower is 180ft. high; Attelborou^h, in Norfolk; Highani Ferrars, in North-

amptonshire; St. Michael, Coventry; Truro, in Cornwall; Witney, in Oxfordshire; Strat-

ford upon Avon, in Warwickshire ; St. Peter Mancroft, Norwich ; Boston, Lincolnshire,

remarkable for its lantern tower rising 262 ft. from the ground, and perhaps almost

belonging to the succeeding period ; St. Mary, Edmund's Bury, SuHblk ; Maidstone, in

Kent; and l.ndlow, in Shropshire.

Skct. IV.

ORNAMENTEn ENGLISH A RCHITECTtr RE.

409. The fourth period in the architecture of Britain is that which Mr. Millers calls the

Ornamented Enylish Style, which begins about 1:300 and lasts till 1460, and comprises,

therefore, the latter portion of the reign of Edward I., and the reigns of Edward II..

Edward III., Richard II., Henry IV., Henry V., and Henry VI.

410. This aM-a iias by Dalluwav and others been subdivided into two parts, viz. first
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from 1300 to 1400, which tliey call that of the Transition Style or pure Gothic, and from

1400 to 1460, called the Decorated Gothic ; but the change between the latest examples

of the first and the earliest of the last is marked by such nice and almost imperceptible

distinctions, that it is next to impossible to mark their boundaries with precision ; and we
have therefore preferred adhering, as we have in the other ages of the art, to the arrange-

ment adopted by Mr. INIillers. In the early part of the period the change, or rather pro-

gress, was extremely slow, and marked by little variation, and, indeed, until 1400, the

style can scarcely be said to have been perfected ; but after that time, it rapidly attained ail

the improvement whereof it was susceptible, and so proceeded till about I4G0; after

which, as we shall hereafter see, it assumed an exuberance of ornament, beyond whicli as

it was impossible to advance, it was in a predicament from wliich no change could be

elTected but l)y its total abandonment.

411. Notwithstanding the wars of the rival houses of York and Lancaster, which occu-

pied a considerable portion of the interval whereof we are s])eaking, and deluged, as the

reader will recollect, our land with the blood of the bravest of men, the art did not a])pear

to suffer ; a circumstance apparently extraordinary, but satisfactorily accounted for by the

zeal of both the contending parties for the religion they in common professed. True it ii

that the taste for founding and building monasteries and churches was not so universal as

in the period last described ; the decline, however, of that taste might in some measure

have arisen not only from the unhappy state of the country just alluded to, but also from

the doubts raised in the minds of many persons of all ranks by Wickliffe and his followers

as to the merit attached to those pious and expensive works. " It cannot," says Henry,
" be denied that the style of sacred architecture commonly called Gothic continued to be

greatly improved, and in the course of this period was brought to tlie highest perfection."

To account in some measure for this, it must be recollected that during the civil wars the

superior ecclesiastics were confined to their cloisters, as few of them had taken an active

j)art in the dispute which agitated the realm ; and, indeed, some of tlie finest structures now
remaining were reared from the accumulation of wealth amassed by instigating the noble

and affluent to contribute to churches built under their own inspection. The choir at

Gloucester, a most beautiful example, was completed during these turbulent times by

Abbot Sebroke, together with the arcade that supports the magnificent tower of that

eatliedral.

412. During this period the efforts of painting and sculpture were superadded to those

of architecture ; and to these must be joined the enchanting effects produced by expanded
windows glowing with the richest colours that stained glass could bestow on them. To
enter into a history of the rise, progress, and perfection of this art, would here be out of

place. A separate work would be required to trace it from its introduction in this country

as connected with our art in the reign of Henry III., to that point when it reached its

zenith in the fifteenth century. Dallaway observes, with much truth, that it is a vulgar

error to suppose the art was ever lost, inasmuch as we had eminent professors of it in the

reign of Charles I,

413. In military architecture, from the reign of Edward TIL to the close of the con-

tention between the houses of York and Lancaster, many improvements were effected.

Within that period a great number of the castellated edifices of which the country could

boast were erected or renewed. Their style is marked by turrets and hanging galleries

over the salient angles and gateways, of great variety in design. In the fortress at Am-
berley, in Sussex, built by William Rede, Bishop of Chichester, about 1370. and one of

the ablest geometricians of the age, the ground plan is nearly a parallelogram with four

large towers at the angles, not projecting externally, but inserted into the side walls. Of
this ara is also, at Swansea Castle, the lofty perforated parapet or arcade, through wliicli

the water was conveyed from the roof Upon this plan Henry Gower, Bishop of

St. David's, in 1335, improved, in his magnificent castellated palace at Llanphey Court.

414. From the circumstance of the circuit of many of the castles encompassing several

acres of ground, the base court was proportionably spacious ; hence the hails and other

state apartments were lighted by windows, smaller, but similar in form to those used in

churches. Tlie rest of the apartments were imavoidahly incommodious, defence i)eing the

chief consideration. In the castles and palaces of the period, the halls, which formed a

principal feature in them, require some notice. The earliest whereof mention is made was

that built by William Rufus in his palace at Westminster. Hugh Lupus erected one at

Chester, and one was executed for Robert Consul at Bristol. Others we find erected by

Henry I. at Woodstock and Beaumont in Oxford ; probably of rude construction, and

divided into two aisles by piers of arcades or timber posts. In the following century,

when castles began to be constantly inhabited, and space became retjuisite for holding the

numerous feudal dejjendents on various occasions, the size of the hall was of course in-

creased, and internal architecture and characteristic ornaments were applied to it. At the

upper end, where the high table was placed, the floor was elevated, forming a hunt pus or

diiis, a little above the general level of the floor. Tlie example afforded bv Edward I J I. af

N 2
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\Vindsor was followed during his own and tlie succeeding reign. Tlie balls of Westminster

a-d Eltliam were rebuilt by Kichard II. ; Kenil worth by John of (Jaunt ; Darlington, in

I>e%o?j;lnre, by Holland Duke of Exeter. Crosby Hall, in London, was finished by the

Duke of Gloucester, afterwards Richard III. We here subjoin the dimensions of some

)f the principal halls in castles and palaces before the end of the fifteenth century, rangtd

in order' of their size, as partly revised :
—

I,pngth Breadth Height
in feet. vin feet. in feet.

Wtstminster (1.S97) - •238-9 67 to 68 90
Durham Castle ... r,i^0, now 180 50 36
London, Guildhall - - - . 153 £0 60 (Wrens roofi

Conway (roof laid on stone ribs) - 129 31 22
I'ristol (divided by upright beams of timber 108 50
Eltham Talace . 101-3 35-3 54
Chester .... - 99 45
Haby Castle . £0 36
Kenil worth Castle (1300) - - 88-8 45 32-3 walla

Swansea - . . . . 88 30
Leicester Castle Hall (oak pillars) - . 78 51 24
SpofTorth .... . 7(5 36 —
Dartington (147G) - . 70 40 44
Caerpliillv - - - - . 70 SO 17 walls

Crosby Place (14^6-70) . 69 17 38-6

Mayfield Hall (stone ribs) - . 68 38 —
Goodrich Cas'le . . . - 65 28
Warwick Castle ... . 62 35 25
Berkeley Castle ... - 61 32
Second one at Swansea . 58 S3 —

415. Generally, in respect of plan, tlie internal arrangement of these halls was very
similar. The high table, as we have observed, was elevated on a platform above the level

of the floor, and was reserved for the lord and his family, with the superior guests. Round
the walls separate tables and benches were distributed for the officers of the household and
dependents. The centre was occupied by the great open fire-place, directly over whiL-li

in the roof was placed a turret, denominated a louvre, for conveying away the smoke. At
I'olton Castle we find the chimneys in the walls ; but, pcrh.nps, those at Conway and
Kenilworth are earlier proof of the alteration. Ilie roofs with which some of these halls

are spanned exhibit mechanical and artistic skill of the first order. The thrust, by the

simplest means, is thrown comparatively low down in the best examples, so as to lessen

the horizontal etfect against the walls, and thus dispense with considerable solidity in

the buttresses. Fig. 196. is a section of the celebrated Hall of Westminster, by which
(lur observation will be better understood. These roofs were framed of oak or ches-

iiut. Whether, when of the latter, it was imported from Portugal and Castile, is a

question that has been discussed, but not detennined, by antiquaries. Large stone corbels

and projecting consoles were attached to the side walls, and were disposed in bays called

severeys between each window. Upon their ends, demi-angels were generally carved,

clasping a large escochion to their breasts. Near to the high table, a projecting or bay
window, termed an oriel, was introduced. It was fully glazed, fre(]uently containing
stained glass of the arms of the family and its alliances. Here was the standing cupboard
which contained the plain and parcel-gilt plate. The rere-dos was a sort of framed canopy
hung with tapestry, and fixed behind the sovereign or chieftain. The walls were gcnerallv
lined to about a third of their height with panelled oak or strained suits of tapestry. It

was during this aera that privy chambers, parlours, and bowers found their way into the
castle. Adjoining to, or nearly connected with the hall, a spacious room, generally with a

bay window, looking on to the quadrangle, was planned :is a receiving-room for the guests,

as well before dinner as after. This was decorated with the richest tapestry and cushions
embroidered by the ladies, and was distinguished by the name of the presence or privy-
chamber. Tlie females of the family had another similar apartment, in which their time
was passed in domestic occupations and amusements. This last room was called my ladifs

hoiccx or parlour, and here she received her visitors. Bay windows were' never used in

outer walls, and seldom others, excepting those of the narrowest shape.

416. The dawn of improvement in our domestic architecture opened in the latter part o/

theperiod, during which also brick camevery much into use inEngland as a building material.
" Michael de la Pole," as we learn from Leland's Itinerary, " marchant of Hull, came into

such high favour with King Richard II. that he got many privileges for the towne. And
in hys tyme the toune was wonderfully augmented yn building, and was enclosyd with
ditches, and the waul begun ; and in continuance endid, and made all of brike, as most
part of the houses at that time was. In the waul be four principal gates of brike." After
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ciiuineratiiig twentv-five towers, " ]\I. de la Pole," we find froin Iceland, " buildid agoodlie

lioiise of brike, against tlie west end of St. IMarye's churclie, Ivke a palace, with goodly

orcliarde and garden at large, also three houses besides, every on of which hatli a tower of

l)vik." {Itin. vol. i. p. 57.) This was the first instance of so large an application of brick

in England.

417. One of the most important parts of the castle was the great gateway of entrance,

in which were combined, at the same time, the chief elements of architectural beauty and

military defence. It usually occupied the central part of the screen wall, which had the

asjject whence the castle could be most conveniently approached- Two or more lofty towers

flanked either side, the whole being deeply corbelled; a mode of building brought by tiie

.Arabs into Europe, and afterwards adopted by the Lombards and Normans. 'I'he corbel

is a j)rojectiiig stone, the back part whereof, which lies in the wall, being balanced by the

superincumbent mass, it is capable of supporting a parapet projecting beyond the face of the

wall rising from the horizontal course laid immediately on the corbels, between which the

s;iid horizontal course was pierced for the purpose of enabling the b**-sieged to drop missiles

or molten metal on the heads of the assailants. The corbel is often carved with the head

of a giant or monster, which thus seems attached to the walls. In John of Gaunt's entrance

gateway at Lancaster, the arch is defended by overhanging corbels with pierced apertures

between them, and on either side are two light watch-towers crested witli battlements.

418. Of the military arcliitecture of this time, a perfect idea may be obtained from

the two remarkal)le tcnvers of Warwick Castle {_Jig. 197.), which were erected (in

1395) by Thomas de Beauchamp Earl of Warwick, 'llie taller one rises 105 ft. above

its base, and is :5S ft. diameter, having five stories, which are separated from eacli other

bv groined ceilings. In tiie interior, the walls of tiie state cliami)ers were painted ; a jjrac-

t'.ce introduced into Enghiiul in the beginning of the thirteenth century ; and they were
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sometimes lined with wain-
scot of curious carved hois-

serie on the panels, whif.'h

afterwards became more
adorned, and were hung
with tapestry. At War-
wick was a memorable suit

of arras whereon were re-

presented the acliievements

of the famous Guy Earl of

Warwick.
41 9. The period of wliich

we are treating was as ce-

lebrated for its bridge as

for its military architecture,
'^*'-""" WARWICK CASTLE.

^^^^ cxliibits 38 one of its

examples that famed curiosity the triangularly formed bridge of Croyland in Lincolnshire,

erected over the confluence of three streams. Bridge architecture was in many instances

so necessarily connected with the construction of

a fortress, that it may almost, in this age, be taken

as a branch of military architecture.

420. This style exhibits Arches, less acute and
more open {Jig. 19B, from York IMinster), the

forms varying. Columns. — The central and de-

tached shafts now worked together into one, from
experience of the weakness of those of the pre-

vious style, exceedingly various in their combina-
tions. The Jl'in/lows are larger, divided by mid-
lions into several lights spreading and dividing at

top into leaves, flowers, fans, wheels, and fantilul

forms of endless variety. 'J'hese marks are con-

stant, but in the proportionate breadth there is mucli

variation, for after having expanded in the reigns

of Edward I. and II., they grew narrower again in

proportion to their height in that of Edward III,

and also sharper. The head was then formed of lines

just perceptibly curved, sometimes even by two
straight lines, sometimes just curved a little above
the haunches, and then rectilinear to the apex.

Eastern and western windows very lofty and ample,

and splendidly decorated with painted glass. Hoof
or Ceiling. — The vaulting more decorated. The
principal ribs spread from their imposts running
over the vault like tracery, or rather with transoms
divided into many angular coinpartments, and orna-

mented at the angles with heads, orbs, historical or

legendary pictures, &c., elaborately coloured and
gilded. Ornaments.— More various and laboured,

but not so elegant and graceful in character, as

in the preceding style. Niches and tabernacles with statues in great abundance. Tiers

of small ornamental arches are frequent. The ])innacles are neither so lofty nor tapering,

but are more ricldy decorated with leaves, crockets, &c. Sculpture is introduced in much
profusion, and is frequently painted and gilt. Screens, stalls, doors, pannelled ceilings,

and other ornaments, in carved and painted wood. (See Book III. Chap. 3.)
421. The principal examples of the ornamented English style in cathedral churches, are

at Exeter, the nave and choir. Lichfield, luiiformly. At Lincoln, the additions to the
central tower. At ll'orcester, the nave. Fork, nave, choir, and western front. At Canter-

bury, transept. At Gloucester, transept and cloisters begun, Norwich, the spire and tower.
Salisbtiri/, spire and additions. Bristol, the nave and choir. Chichester, the spire and choir.

Ell/, Our Lady's Chapel and the central louvre. i/ere/orc/, the chapter-house and cloisters,

now destroyed. In the later part of the period, the choir at Gloucester ; the nave at Can-
terburrj Bishop Beckington's additions at Wells, and from the upper transept to the great
east window at Lincoln. In conventual churches, for the earlier part of the period, the
western facade of Howden (1320,), Chapel of Merton Co'ler/e, Oxford. Gishorne Priori/,

Yorkshire, Chapel at New College, Oxford. St. Stephen's Cha/iel, Westminster, The ad-
ditions to the pediments of the choir at Kirkstall, Yorkshire. St. Mary's in York.
Kirkham in Yorkshire, and the choir of Selby, in the same county. For the later part of

FiR, 198,
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t);e pt'iioti, at Ttwiusburtj, the cliolr. At Ehj Cuthcdral, St. Mary's Chiij,il. Ci jijIiiikI

fn-adt in Lincohishiie. Beverlei/ Minster in Yorkshire. Clutpd uf Maydukti Collvye, t)\i'orcl.

FAon Ctilltrje Chapel, Bucks. C/uipel on t/ie Brulge at JI'akeJ!eld in Yoik.shire, built by

]>(i\vard IV'. in memory of his father Edward Duke of York; and the Beanchamp Cliapul

•It Warwick. In parocliial churches, for tlie early part of the period, examples may be

referred to at Grantham, Lincolnshire. Attdhoriniyk, Norfolk. Higham Ferrers. North-

umptonshire. St. Michael, Coventry. Truro, Cornwall. Witney, Oxfordshire. StratJhrU-

I'pon-Avon, Warwickshire. 5^ Ptter Mtntcroft, Norwich. Boston, Lincolnshire ; its re.

markable lantern tower, which is -262 ft. high, was begun in 1:509, and was in progress

of execution during the wliole reign of Edward III. The expense of it having been

cliieHy defrayed by the mercliants of the Hazise Towns. St. Mary, Edmunds Bury, Suffolk.

Maidstone, Kent ; and Ludlow, Salop. For the later part of the period, St. Mary Overy,

.Southwark. Thaxted and Saffron Walden, Essex. Loicth and Stamford, Lincolnshire.

(''amp'len, Gloucestershire. St, Mary RedcUff and the tower of St. Stephen, Bristol.

Tuvnton and Churton Mendip, Somersetshire. Lavenham, Suffolk. Manchester Cotlec/e.

St. Mary's, Oxford. IVhittlesea, Cambridgesiiire. Wakejield, Yorkshire. Duuc<ister,

Yorkshire. Newark-upon- Trent. 7/et7;/«^<OH, Lincolnshire. Moidd Gresford and Wrex-

Idani in Flintshire. Meltun lilotvhray, Leicestershire. Uctanyular towers of St. ]\Liryaret's,

Norwich, and Jtl Saints, York.

Sk( r. V.

tl.OKII) KNf.l.lSII Oil Tt;noii SIVl.K.

li"-'. " Tiiere is," as Dr. Henry observes, " a certain perfection in art to which Ijummii

genius may aspire with success, but beyond which, it is the apprehension of luany, that

improvement degenerates into false taste and fantastic refinement. The rude simplicit\ of

Saxon architecture was (ultimately) supplanted by the magnificence of the ornamental

Gothic; but magnificence itself is at last exhausted, and it terminated during the ))resent

period in a style, which some, with an allusion to literature, denominate 'the Fh)rid.' It

is a style censurable as too ornamental, departing froin the grandeur peculiar to the Gothic,

without ac([uiring proportional elegance ; yet its intricate and redundant decorations are

well calculated to rivet tlie eye, and amaze, perhaps bewilder, the mind." The |)eriod of

tlie style is from 1460, to the dissolution of the religious houses in 15:57, and c(im))reliends,

therefore, the reigns of Edward IV. and V., Richard III., Henrys VII. and VIII.
423. The ecclesiastical buildings of this sera are ftiw. Somersetshire, a county devoted

to the cause of the House of Lancaster, from the gratitude or policy of Henry VI I., l)oasts

perhajis inore churches than any other county in the florid style ; still they are very few,

and the sui)crb chapel which that monarch erected at ^^'estminster is the best specimen
tiiat can be adduced for giving the reader a proper and correct idea of the Florid or Tudor
style. There is doubtless an abundance of examples in oratories, porches, and small

chapels, sepulchral sacella and the like ; but beyond them we could cite very few entire

sacred buildings ; and those will be hereafter appended to this section as in the preceding
ones. In civil, or rather domestic architecture, the case was far different : a very great

change took place ; and we shall endeavour to place a succinct account of it from the Rev.
i\Ir. Dallaway's work, to which we iiave alrcatly been much indebted. The fifteenth cen-
tury exhibits to us a number of vast mansions of the noble and opulent, wherein the cha-

racteristic style of the inunediately preceding castles was not entirely abandoned, but
sujierseded and mixed up with a new and peculiar one. 'I he household books of the

nobility which have come to our knowledge, indicate a multitudinous set of servants and
retainers, for the reception of whom a great area of ground must have been covered, and in

which provision, by the number of apartments, was made for a noble display of hos])ita'.ity.

I iiis circumstance, of course, induced a gorgeous style peculiar to the earlier Tudor ivrn, of

most of whose splendid mansions no memorial now exists but in the records of the times.

But for the ]un])ose of bringing a view of the whole subject under the eve of the reader, a

brief reca])ilulation will here be necessary. The tirst palace of the Norman kings was the

Tower of London, which was a strictly military residence. At Westminster was a palace

of William Rufu.s, to whom Westminster Hall owes its original foundation. At Oxford
a palace was built by Henry I., and at that place he kept his Christmas in 111,), as in

I'iL'O and It2()7 Henry III. did in the vicinity at Woodstock. It was at this place that

Henry 11, built a house of retirement, which has furnished the subject of some well-known
legends. Henry III. is said to have refound(Hl the palace at Westminster, which was
much enlarged by Edward III. This, from the time of Rufus, its foimder, to the reign of

Richard II., to whom it owed its completion in the state apartments, with its magnificent
hall and bijou of a chapel ( St. Stephen's), had attained a greater extent than any contem-
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jioraiy ])al;ice in I'Airope. Edward 1 1 1., bosidcs erecting his siibinhan palace at Keiiningtoii

liad re-edified and greatly extended Windsor Castle as a liabita))le fortification. Henry IX.

inherited John of Gaunt's castle of Kenilworth and the Savoy in London, to hoth of whieii

lie made great additions. His gallant and victorious son was too mucli occupied with his

military aliliirs to pay much attention to such matters; but many of his commanders, by
tlie exorbitant ransoms they exacted of their French prisoners, were enabled to construct

mansions of vast extent in those counties where their revenues commanded influence. Of
these, as signal exam])les, may be cited Hampton Court in Herefordshire by Sir IJowland

Lenthal ; and Ampthill, Bedfordshire, by Sir John Cornwal Lord Fanhope At Cireenwich,

a palace of great beauty, in the early part of the reign of Henry VL, was built by the

regent Humphrey Duke of Gloucester, which, from its superiority over others, was by its

founder called Phicen/iu or Plaisance. This was completed by Edward IV., and is now
remembered as the birthplace of Queen Elizabeth. The Lord Treasurer Cromwell
expended a large sum on his residence at Tattershall in Lincolnshire, and at \Vingfield

IManor iri Derbyshire, as did Lord Say and Sele, and Lord Boteler, respectively, at Sudley

in Gloucestershire, and Hurstmonceaux in Sussex, all of which are now either destroyed

or only in ruins. Additions were made by Edward IV. to Nottingham Castle, and by his

brother Richard III. to Warwick Castle and that of Middleburg in Yorkshire.
4'24. Upon the establishment of the Tudor dynasty, Henry VII., on the ruins of a

former jialace at Shene in Surrey, which after the rei)airs he bestowed upon it was destroyed

by fire, built a palace, whereto he gave the naine of Ricliinond, in allusion to his former
title, a name which was afterwards given to the l)eautiful town on tlie Thames, in its

vicinity. The dimensions of the state apartments in this splendid building, whereof not a

vestige now remains, are to be found in the Survey of 16"49, when it was offered for sale by the

Commissioners of Parliament. They abounded with bay windows of capricious formation,

with rectangular and semicircular projections, producing a picturesque effect ; and to add
to its fantastic appearance, there were many octangular towers, surmounted with cupolas of

the same plan, whose mitres as they rose were fringed with rich crockets. 1 hey were
bulbous in their general form, thus bearing a resemblance in contour to the royal crown of

the period.

42,5. Tile Tudor style, in domestic architecture, is thus divided by I\Ir. Dallaway. " 1.

That just alluded to; 2. The variations under Henry VIII. ; :3. The Elizabethan style"

(which will form a separate section), " as it admitted of Italian ornament in the designs

of John of Padua and his followers, until the time of Inigo Jones.

426. 'Ilie reign of Henry VIII. supplies numberless instances of the gorgeous expense
to which the nobility and gentry proceeded in the productions of our art. The example
set by the monarch himself was witnessed in no less than two royal mansions, each large

enough to contain his numerous retinue. The following are the palaces that were built

or repaired by Henry VIII. : —
1. Beaulieu, or Newh.ill, Essex.
2. Huiisdon, Herts, originally built by Sir John Oldliall, teinp. EJw. 1 V
3. Ainplhiil, Bedfordshire.
4. Nonp.uch, Surrey.
5. York Place, Whitehall, Westminster.
P. Pridewell and Blackfriars, London, for the recpjition of the emperor Charles V.
7. St. James's, Westminster.
8. Kimbolton, Htnitingdonshire, thejnintiire of tlie divorced Queen Catharine of .A rragon.
9. Slieiill' Hutton, Yorkshire, given lor the residence of Henry Duke of llichraoiid, the king's

natural son.

10. King's Langley, Herts.

It was natural that the courtiers of such a monarch should vie with each other in erect-

ing sumptuous houses in the provinces where tliey w^ra seated. Wolsey, besides the

progress he had made, at the time of his fall, in his colleges at Christchurch, Oxford, and
Ipswich, had comjileted Ham])ton Court, and rebuilt the ejiiscopal residences of York
House (afterwards Whitehall), and Esher in Surrey. Edward Stafford, Duke of Buck-
ingham, in his palace at Thornbury, Gloucestershire, almost rivalled the cardinal, and
perhaps might have done so entirely if he had not been hurried to the scaffold before his

mansion was completed. Grimsthorpe, in Lincolnshire, rose under the orders of the Diike
of Suffolk (Charles Brandon). The Duke of Norfolk and his accom])lished son, the Earl

of Surrey, were, as appears from the descriptions of Kenningliall, Norfolk, and Mount
Surrey, near Norwich, magnificent in the mansions they recjuired for their occupation. Wc
shall merely add the following list (which might, if it were necessary, be much augmented)
of some other mansions of note. They are— ]. Haddon Hall, Derbyshire. 2. Cow-
dray, Sussex, destroyed by fire in 1793. f5. Hewer Castle, Kent. 4 Gosfleld Hall,

Essex, perfect. 5. Hengreave Hall, Suffolk, perfect, and whereof a beautiful work has

been ])ublished by John Gage, Esq. (now Ilookwode), a descendant of its ancient possessors.

6. Layer Marney, Essex, now in ruins. 7. Raglan Castle, Monmouth.shire, in ruins.

8. Huiisdon House, Herts, rebuilt. 9. South Wingfield, Derbyshire, dilapidated.

10. Hill Hall, Esse.\, built by Sir Thomas Smyth, in 1542. 11. Wolterton (seejir;. 199.)
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ill East Baisliam, Norfolk, in ruins. 12. Harlaxton, Liiicohishire, perfect. 13. West-

w'ootl, Worcestershire, perfect.

427.

Fig. I'M. WOI.TF.RTDN IIOITSR.

Ill a very curious tract, entitled, " A Dyetorie or Regiment of Ilealtli," by

Andrew Boorde, of Pliysike Doctor, 8vo., first printed in 1547, the following directions

are given how a man .should build his house or mansion; from whicli it appears that there

were certain leading ))oints for the guidance of the arcliitect, fovinded, of course, they were

on tlie habits of the time. " Make," says our friend Andrew, " tlie hall of such fashion

tliat the i)arlor be annexed to the head of tlie liall,aiid the buttyre and pautrye at the lower

ende thereof; the cellar under the pantrye sett somewhat at a base ; the kechyn sett some-

what at a base from the buttrye and pantrye ; coming with an eiitrie within, by tlie wall

of the buttrie ; tlie jiastrie house and tlie hirder annexed to the kechyn. Then divyde the

logginges by tlie circuit of the (luadrivial courte, and let the gatehouse be o])posite, or

again.st the hall dooie ; not directly, but the hall doore standyng abase of the gatehouse, in

the middle of the front enteringe into the place. Let the prevye chamber be annexed to

tlie great chamber of estate, with other chambers necessary for the buildiiige ; so that

many of the chambers may have a jirospecte into the chapell." Some of the principal in-

novations in the early Tudor style, were the introduction of gatehouses, bay windows, and

i|uadrangular areas, matters rather incompatible with buildings constructed for defence. The

materials of these palaces and mansions were of freestone and brick, according to the facility

with which from the situation they could be ])iocuied. Sometimes, indeed often, these

materials were mixed. IMoulded brickwork and terra cotta were introduced for ornamental

jiarts by Trevigi and Holbein towards the end of the period, or, perhajis strictly si)eakiiig,

at the end of it. Tlie brickwork was occasionally plastered and pointed as at Nonsuch.

At Layer Marney and other places, bricks of two colours highly glazed were used for

variegating the surface, and were formed into lo/enges. 'i'lie chimney shafts seem to have

exhausted invention in the twisted and diapered patterns into which they were wrought, and

decorated with heads and capitals and cognizances of the founders. The gateways weie

inominent features in these edifices, and the most exjiensive ornaments were lavished on

them. Tliat at Whitehall, designed by Holbein, was constructed with ditfereiitly coloured

glazed bricks, over which were appended four large circular inedalliuns of busts, still

preserved at Hatfield Peveril. Herts. This gateway contained several apartments, among

which not the least remarkable was the study wiierein Holliein chiefly received his sitters.

The ga*^''ways at Hampton Court and Woolterton were very similar to this.

428. '^V'e will here digress a little on the bay window which, as generally understood.

wa3 sill, ply a jirojecting window between two buttresses (whence its name, as occupying a

bay of the building), and almost universally placed at the end of the room. It was invented

about a centurj before t'.ie Tudor age, in which it usually consisted on the jilan of right

angles intersected by circles, as in the buildings at Windsor by Henry VIII. , and at

Thornbury Castle. When placed at the end of a great hall, it extended in height from the floor

to the jeiling, and was very .simple and regular in its form. In a MS. at the Herald's College

relating to an entertainment given at Uiclimond by Henry VII., tlie following passage

occurs, and may lie taken as descriptive of one of the purjioses to which it was ajiplied.

" Agaynst that his grace had supped: the hall was dressed and goodlie to be scene, and a

rich cupboord sett thereup in a baye window of I X or X stages and haunces of higiit,

furnissed and fulfilled with plate of gold, silver, and regilte." Carved wainscottiiig in
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panels, "TLMiorally of oak, lined the lower part of tlie halls with greater unity of design and

execution than lieretofore ; and it now found its way into parlours and nrc.-.cuce chambeis

witli every variety of cypiiers, cognizances, chimeras, and mottoes, which in the castles of

France about the age of Francis I. were called Boisna-ics. Of these some curious speti-

nieus still remain in the liall and chambers of the dilapidated mansion of tlie Lords lie La

Warre at Ilalnacre in Sull'olk. 'Ihe area or court was (juadrangular, and besides the great

staircase near the hall, there were generally hexangular towers containing others ; indeed,

ti-ey were usually to be found in each angle of the great court, rising above the parapets,

iuii)arting a i)leasant and ])ictures(jue eHect to the mass of building, antl grouping well with

the lofty and ornamented chimneys of which we have above s])oken.

4'i9. It is melancholy to reflect upon the dls-

ajjpearance of these mansions which were once

tlie ornaments of the provinces, and now one by

one falling fast away by the joint ojjeration of

what is called repair and by decay. IMost of their

remains have been removed to raise or to be in-

corporated with other buildings for which they

might have well been spared.

'l:!0. The characteristics of the style are cnc/u's,

universally flat, and wide in jiroportion to their

height (_/;i;. 200. ). Il'iiidows, much more o])en than

in the last period, flatter at the top, and divided in

the upper part l)y transoms, which are almost con-

stantly crowned with embattled work in miniature.

'I'he ceilings or vaultings spread out into such a

variety of parts, that llie whole surface ajjpears

covered with a web of delicate scul])ture or

embroidery thrown over it; and fiom different

intersections of this ribbed work, clusters of pen-

dant ornaments hang down, as j\lr. Millers ob-

serves, like "stalactites in caverns." The .///'-

ijiff buttresses are eijually ornamented, and the

external surfaces of the walls are one mass of deli-

cate sculpture. The ornaineuts, as may be de-

duced from the above particulars, are lavish

and i)rofuse in the highest degree. Fretwoik,

figures of men and animals, niches and taber-

nacles, accompanied with canopies, pedestals, and

traceries of the most exquisite workmanshij),

carried this style to the summit of splendour;

and all these combined, had, perliaps, no small

share in producing the extinction it was doomed
FiK.Mo. TUD,m AH=H, sT.„K,m<,E's^nAPH>,.

tu under-o. (See Book III. Chap. 3.)

431. Scotland boH<-ts of many fine specimens of ecclesiastical arcliitecture. 'i'he abijcys

of Melrose and Kelso, founded by David L, as well of those of Drybiirgh and Jedbu gli.

all in Roxburghshire, prove that the art advanced to as great perfection north of the Tweed,
as it did in England. Roslln chapel, erected by Sir William St. CLiir, for richness and
variety of ornamental carvings cannot be exceeded; its plan is without ])arallel in anv otlur

specimen of the fifteenth century. Holyrood chapel was finished in 1440 by J.inies II.. and
is a beautiful example; the flying buttresses are more ornamented than :iny even in England.

432. Examples of the Florid Gothic or Tudor style are to be seen at the cathedral

churches—of G/oncester, in the chapel of Our Lady; at Oxford, in the roof of the choir;

at Ely, in Alcock's chapel; at Pettrbnrma/fi, in Our Lady's thapel, arul at Hereford, in the

north porch. In conventual churches, at Wiri.dsor, St. George's chapel ; at C(irnbri<L,e,

King's College chapel ; at IVestminster, King Henry Vi I. 's chapel; at Great Malrern, in

Worcestershire, the tower and choir ; at Christ Church, Oxford, the roof of the choir, and

at Evesham Al)bey, in Worcestershire, ihe campanile and irateway.

433. F'or parochial churches, we are unal) e to refer the reader to a complete specimen,

in all its parts, of the Tudor style. The pulpit and screen at Dartmouth in Devonshire, are

worthy of notice, and Edyngdnn Church, Wilts, for its transitional feature-;.

434. Tills section will lie closed by a tal)ular view of the promoter", dates of ereciion,

and dimensions, of the difl'erent cathedrals of England, arranged from the best modern
authorities, such as The Cuthedruls of Eii()laiid, by John Britton ; Wurcister itnd Lincoln,

by C. Wild; Carlisle, by R. W. Billings; CaiUerbary, by W. Woolnolh ; which are the

I)est architectural Illustrations of these strucluri s ; Piof. Willis's Arcliifcrtiual Histonjof
< 'foilerbury Cfilhtdral, 1845, must i)e referred to by all students; while Murray's Hundbocks

lu the Enylish and Jf'clsh Calhidrals, besides the carelul liL^torical liifurm.ition contained iu
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tliein, are profusely illu->tr.itL'd with woodcuts of extc'ri ir and interior views, toinl.s, shrines,

and other interesting details. Tlie Jmrnals of Uia iwo Ai'cha;jIj,:^iL'al Societies also con-

tain carefully prepared accounts of many of these structures. (All inside dinie:isions.)

BRISTOL

—

Conventual Church, Augustinian (Ho y Trinity).

Dates and Founders. jSave. Choir. Aisles. Transepts. Tower.

Abbots.

1142-70 Robert Fitzharding

1:506
~( Edmund Knowle,

1341 / John Snow and others

,
.'. . '. Jolin Newland

1 .5 1 5 J
1515-26 Rohert Elliot

L. B. H.

Destroyed

16 cent

L. B. H.

100
l\

«

L. B. H L. B. H.

s.ll8-4;5

N. groined

s. Vault.

L. B. H.

30| 29 1 22

See founded 1541. The chapter lioiise and vestibule, U/i.5-7fl, isnow 42 fc. byio ft. The EMur Lndy elumtd

dates ll'JG-lilS, and the roof, 1283-91. The stills were put up by 11. Elliot. The internal length is 173 ft.,

the breadih lIH ft. The chapter house rebuilt 1833 bv Mr. Pope; 1855, choir rearranged and sedilia restored

by T. S. Pope ; tower arches rebuilt about 18G5 by J. foster ; nave building 1875 by G. E. Street, R.A.

CANTERBURY

—

Cathedral Church, Benepictine (Christ Church).

See fiiunded 6 '1. The original Norman structure of Archb'shop Lanfranc, 10711-80, was rebuilt alter the
canonisation of Thomas a Bfikct. The architects ol the new choir were VNilliam of Sens, 1175-78. and
William the Englishman, 1179-84 The chapter house, dating 12114 and 1391-1411, is h7 It. long hy 35 It.

wide and 52 ft. high The cloi>ters are 134 It square. Tnis cnthedral forms a double cross, and has a
lofty cypt. At the eastern end ^nd projecting beyond the general line of tlie jilan is the " corona " or
" liecket's crown," of the shape of about three lourths of a circle, the internal length it 514 It. and ureadth
148 It. 6 in. Kesloratiuns 18i;0-48 bv G. Auitin, and later by H. G. Austin.

CARLISLE— Cathedral Church, Augustinian Canons (S. Mary ).

Dates and Founders. Nave. Choir. Aisles. Transepts. Towers.

Bishops.

ins2'\ 1

1130/ "1

lll^'X
<^''^^'''' '1*-^ Welton

1395 J Thomas de Appleby
1400-19 Williani Strickland

L. B. H.

:<7
«?J52i

135 Or?gln-
ally.

1

L. B. H.

Aisles and
arcade of
choir.

Upper part.

1 '14 '~3 7;iIJ4 ^^, ,.i

Compleled.

L. B. H.

Included

134 14.i -

L. B. H.

South.

1I3-J22 42

N. restored

L. B. H

Piers of

centre.

Krimilt
above rool

- - 128

See founded 1 133. The east window, of late Decorated work 32 ft. wide, is perhaps the most beautiful in
the world: see 'BiUings's Cai lisle Cnt/ipdial. The refectory is 79 ft long iind 27 ft. wide. The internal
length is 205 ft. and breadth 131 ft. ti in. Kestorations 1853-57 l>y ICwan Chiistian.
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CHESTER— Conventual Church, Benedictine (S. Werburgli).

1

Book I.

Dates ami Founders. Nave. Clioir. Aisles. Transepts. Tower.

L. B. H. L. B. H. L. B. H. L. B. H. L. B. H.

1128 Raiuilf, earl of Chester

1211 /i

cir. 1 r T5

1320/ \: '^^3^178

Partly.

Com|iletfcd.
<I2 32i 70
117 mnv.

Transepts
disslmiUr.
i'.l 22 N.

Completed.

1485 Simon Ripley, abbot ")
1 Upper

1492 — Oldham, do. jj P^'s.

S. now St.

Oswald's ch.

781 77 _
- - 127

! W. front

1537 John Birchenshaw, abbot sa"(l clear-
(. story.

Finished.

See founded l!>i]. The chapter bouse was built, cir. 1128, by Earl Rnnulf. The refectorv, n >w the King's
School ; other remains of the monastery. The internal lengili is 34H ft. G in. and breadth ISO ft. Restoia-
liou of the choir, 1844, by R. C. Hussey ; 1855, Lady chapel j 18C8, by Sir G. G. Scott.

CHICHESTER

—

Cathedral Church, Secular Canons (S. Peter).

Dates and Founders. Nave. Choir. Aisles. Transept. Towers.

Bishops. L. B. H. L. B. H
1
L. B. H. L. B. H. L. B. H.

1 1 o'i (
I^alp''> 3rd bishop

First church partly burnt, 1114, and restored by

him. Consecrated 1148.

;j^:} s.™., „. m^,o. 105 .^2 S9
Included.

1223-44 Ralph de Neville Retro-choir.

Lady chapel.

Two outer
of nave.

1.9 341 _
north.

1305-26 John de l.angton r
Detached at

W. end.

, 32 32 120

1329 ^ S. and Central 107.

13S0J window. Spire 271

1507-36 Robert Sherborne Upper part of choir, stalls, and decorations of S transept.

See founded 707. The church founded by bishop Seffrid II. upon that of bishop Ralph. There are four
aisles to the nave. The external length is 411 ft. 3 in. ; internal length 380 ft. and breadth 129 It. Restora-
tions 1847-56 by R C. Carpenter ; since 1859 by W. Slater, Tlie central tower fell March 21,l.S61,and
rebuilt by Sir G. G. Scott, and W. Slater.

DURHAM — Cathedral Church, Benedictine (S. Cuthbert).

Dates iind Founders. Nave. Choir. Aisles. Transept. Towers.

L. B. 11.Bi^hops. L. B. H. L. B. II. L. B. U. L. B. H.

1093-5 William de Carileph Rebuilt and
,

IV^^]- Ralph Flambard
I I ~o J

~ > Richard le Poore

».il " 175 77 71 Included.

Kast or Nine
A It.irs.

r.gi M — \V. - 14.f

14561
148o/ —

!
—

17-^ 33.1 —
C. rebuilt

34 33 2i7

See founded (i35. The chapel of the Nine Altars was begun about 1:30, foriniiig a sort of transept at the
end of the choir. This cathedral is rem ukable from the pillars nf its. nave, which are curioirsh striat-d.
'I'he Galilee or Ladv chapel, at the west end, begun by Hugh de I'lidspy (115.'!-95), 4S rt. by 76 ft. 6 in., and
finished by Bishop Langley (14nG-37). The chapter h.iuse dates 113.1-4,1. 'I'he cloisters erecttd by Bishop
Skirlaw, 1388-1405-37, are about 140 ft. square; the dormitory is now the new library. The iiiternaflength is

420 It. and breadth 172 ft. Repairs were made 1778-1*^00 by Jaiues Wyatt, and since 186-) by Sir G. G. Scott.
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ELY— Cathedral Chl'kch, Benf.dk tine (S. Etlieldreda and S. Potcr).

Dates and Founders. Nave. Choir. Aisles. Transepts Tower.

L. B. H. I.. B. H. L. B. H. L. B. II. L. B. H.

1082 Simeon, abbot, "1

foundations /

1107 Ilicbard, abbol

203i;;M3

17S1 73 — S.W. Trans
- - 120

jjggj
Geoffry Riddell, bishop -

1

C.ofWrront
- - 215

1

1229-54 Hugh de Norwood,)
bisliop /

1322-28

1?3^^|70
Oclagiin.

7U -
Gi| clear.

1328-42 Simon Moniacute, bishoj) - \

I>antprn.
311 30 14-i

1321 49 John Wisbeacli, prior LaJy cli:ipt'l )
' Inside

1337 John de Hotham, bishop W. portion

See founded 1108. The octagnn tower and choir stalls were designed by Alan de Walsingham, a monk,
132i-42 ; and perhaps the Lady chapel 1321-49, which is witliout aisles, and is internally 100 ft. long, 46 Ir.

wide, and 60 ft. high to its vaulting. The Galilee chapel, at the western end, by Bisliop Eustace, 1 1'j8-121.^,

Is 40 tt. long. I'he chantries, are Bishop Alcock's 1486-1500, and Bishop West's 1515—S3. The exterior
length is 365 ft. from the west front to the east face of buttresses ; the iiiternal length is 517 ft. ami breadth
178 ft. C in. Restorations from 1830 by John Bacon, clerk of the woiks ; and 1852 by Sir G. (J. Scott.

EXETER

—

Catheprai. Church, BENEDirriNE (S. Peter).

Dates and FounJers. Nave. Choir. Aisles. Transepts. Towers.

Bishops. L. B. H. L. B. H L. B. H. L. B. H. L. B. H.

,r.^ > William Warehvast 2^ 28 14-^

1136/ to transepts.

1258 1
f Ladi chapel

y f
VValter BroiiLSComb -

1

and
completed.

139 29 68

;g^^} Peter Quivil formed i-ut

of the

1308 1 ,,r ,
cninmenccd

^ tower.-.

13''fi 1

'•"''s'" "'^ Stapt'ldon ~
121 ^-^6.

132 14 Si) ^""^

1327 ~l T 1 /- 1,„,_) John Grandson
l3o9J

.40 7^^ 6,-, 148 14 35

See founded 1050. The general plan of the church is that designed by Bishop Quivil. The west front
is celebrated for the displ.iy of a series of statues of kings, warriors, saints, and apostles, guardians as it

were of the entrance, arranged in three rows. The lower ]iart of the ciiapter house dates from about Bishop
Brewer's time (1224-14) ; the upper part is by Bfhop Lucy (1420-55) ; the ceiling richly decorated by Bishop
Bothe (1465-78). The cloisters, which are only perfect on one side, are by Bishop Brantyngham, 1370-94.

The " Fabric Rolls" of this Cathedral are interesting records. The internal length is 378 ft. 5 in. and the
breadth 139 ft. The Lady chapel was restored, 1822, by John Kendall.

GLOUCESTER— Chitrch OF BENEnicTiNEs. INLtred Abrey
<^ S. Peter).

D.lte^ and Founders. | Nave. Choir. Aisles. Transepts. Tower.

Abbots. L. B. H L. B. H L. B. H. L. B. H. L. B. H.

5088"]
1

1 100 I Serlo

1242 J

180
^f

671 W. 180 21 39

1318 J Tliokev —

-

S. 180 5S 4!

1329-37 J. Wygeniore S. 53 35 78

1337"! .Adam de Stanton and / Upper part

1351/ — Horton —
1

l.io 3.T 86

and stalls.

"~™ W. 53 35 78

1420-37 — Morwent W front and

1450-57 — Seahroke
1

— o6 3^ 176

to leads.
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See fntin(loinr)41. The cliapfr Imusp (Vorman) i« 72 ft. Ion?, 31 f. wide, and 3 ft. G in. high. The
Lady cli.i])!'! was <omnienird In Abbot Hauley, 14.57-72, and finished by Abbot W.Farley, l47-'-98. The
cloisters are the most pi-rfect anil lieautiliil of anv in Englaml, and are unusually placed, being on the north

Bide. They were commenced bv Abbot Horton, i3.')l-77, and comnleted by Abbot Fronrester, 1381-1112; in

them is a m'onk's lavatory, and the " carols." The internal lergth is 40ii ft. and breadth HI It. Restorations

were commenced lS.i3 by F. S. WalUr, who published a work on the cathedral in 1856.

HEREFORD— CATHEriR.^r. Chi; HCM, Secul-^r Canons (The Vir Tin and S. Ethtlbert)

Dates and Founders. Nave. Choir. Aisles. Transepts. Tower.

Uishops, L. B. H. L. B H. L. B. H. L. B. H. L. B. H.

1079] Robert de Losiiiga f

1096 I and

74
1;?0 70 97 33 70 130144— W. 1 17 53 -

SS

1 1 1 .5 J Reynelni orRcinlielm [
Uoformerh

Cir. 11901 ,,., ,
„

Cir.1220/
<^'il^'s 'ie Braose -

1

Vestibule &
Lidychapel

1260 —
)

Clerestory
and vaulting

12821 Rlcliard de Swineficld

1287
j> and

1,320 J Adam de Orleton

. . F.109 -
j

C. Upper
part.

J

— 31 141

43 exter-

14921 r 1 J t jt
,,.^^ > i/diriund Audley Chantry. - nally i

1

See founded 680. The Lady chapel is 93 ft. by 31 ft. The octagoml chapter house, 1330, with a central pillar.
^0 ft. diam., was taken down by Uish >p Egerton, 1724-46. Th- great viest tower, 130 ft. high, fell 17S6, and
destroyed a great porticni of the nave and aisles, which were then st.oitened about 1.5 ft. The length between
the external faces of the buttresses is 344 ft. ; the internal length 325 ft., the breadth 109 It. at les-er
transepts and 147 ft. at larger ones. Restorations 1786 by James Wyatt ; from 1841 by L. N. Cottinghara
and his son ; from 1858 by Sir G. G. Scott.

LICHFIELD— Cathedral Church, Sf.cit.ar Canons (The Vir-in and S. Clu-d).

Dates and Founders. Nave.

L. B. H

Choir. Aisles. Transepts Tower.

C.r. L. B. H. L. B. H. L. B. H. L. 15. 11.

1200

1220
1240

Lower part
3 W. bays.

S. - -

149 28 -

N. -

W. Spire.s

195

1250

1275

139 64^60

W. front

78 - -

N. aisle 12^ S aisle 13
~

1

C. Spire

- -ui|
and 138

1325 — 137 28 67 Included
\

See founded 65H. The cliurch is very uniform, having been, like Salisbury and Exeter, built on one jilan.
" A dated record would render this cathedral one of the most valuable for the history of the development'
of style*:" Professor Willis. The polygonal apse is a special feature of this cathedral, and is unique in
England : the triple sr'ires is another feature. Ihe arches in the triforia show the dog-tooth mouldins in
greet perfection. The Lady chapel by Bishop \V. Langton, 1296-1321. The chapter bou.-e, cir. 1240, is

an ebnitiated octacon, 40 ft. 3 in by 27 It. 5 in., with a central pillar. The internal length is 371 ft. and
breadth 149 ft. Restorations since lS60 by Sir G. G. Scott.

LONDON-Oi.n Cathedr.^l Church (St. P.aul).

Dates and Founders.

Bishops.

1087 1 MauritiiiP

1 , QQ \
Richard de Reaiimes (^

1 EiLStace de Faiuonberge
1222-40

j

and

t Roger de Bileye

1255-83

Nave. Choir.

L. B. H. L. B. H.

93 i

280 „,, 93

25ft^-^10li

Lady Chapel

Ai.-les. Transept.

L. B H. L. B. H.

Incliid d. 280 ^f 93
39

L. B. H.

I
1

I'"

C. 47 285
re 1315

204
rnt 1561
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See founded 604. The chapter house was built 1332, and was octangular, 32 ft. 6 in. diam., and placed
in the cloisters, 91 ft. squai-e, erecteil by Henry de Wingham, 1260. Inigo Jones commenced the restora-
tions 1633, and added in 1636 the beautiful Corinthian portico at the western end. The Church was burnt
1666, and was taken down 1675. Dugdale's History of St. Paul's has numerous plates by Hollar. Tlie
external length was about 590 ft. and of the transepts 290 ft. ; the breadth across the nave 101 ft. ; these
dimensions are obtained from Longman's Three Cathedrals of St. Paul, Svo., 1873. The lengths in the
above table are approximate only, arising chiefly from the error of 690 ft. as given by Dugdile for the
length. The dimensions of the present edifice are given in paragraphs 470-174.

LINCOLN —C.^TOEDKAL CmiiicH (S. Mary).

Dates and Founders. Nave. Choir. Aisles. Transepts. Towers.

Bishops. L. B. H. L. B. H. L. B. H. L. B. H. L. B. H.

l]2;5-'58 Alexander Vaulting

1

170 44 72 E.andE side

I 18(^1 Hugh de Grenoble or
158 40 72

ofW. trans, and W. side
as high as second tier of

1200 J S. Hugh of Lmcohi { windows.

]

Com pi. W
1203-9 William of Blois

trans, and
r.aliiee.

i 222 66 74

1209-35 Hugh of Wells 213 .?, SO and upper part

of W. front.

1235-53 Rjhert Grostete

(
Presbytery

\V. Trans.
One story
of C tower.

bef. 1282
]

or Angel
Choir.

. 1280"! ^,. c .,
,^/^,^ / Oliver Su ton

C. Upper
part.

1300 J 53 — 270

{
W. south

13^2-47 Thomas Bell

1

end and its

circular
window.

( VV. front 173 ft. and S3 f,

1438 William Alnwick j high, and large W. —
W. Upper

1450 part.

- - ISO

See founded 634. The plan is a double or Lorraine cross. The architect of S. Hugh's work is said to
be Geoffry de Noiers. The chapter house, cir. 13th century, is a decagon with a central pillar, 60 ft. diam.
and 4U ft. high. The central spire was blown down in 1547 ; the others were removed in 1808. The
Galilee porch nn W. side of the S.W. transept is later than S. Hugh's work. The facade is decorated
with statues and sculpture, like Wells and Exeter. The cloisters were built by Bisliop .Sutton and are
^ery slight. There is a curious " stone beam" over the vaulting and between the west towers. Total
internal length 482 ft. and breadth 222 ft. at west transepts. The west front was restored about 1862.

M.\NCHESTER CoLt.EciATE Church (The Virgin, S. Denis of France, and
S. George of England).

Dates and Founders.

1424 T John Huntingdon, 1st

145SJ warden

L. B. H.

North, now
Sf. James's
Chantry
16 17 -

B. H. L. B. II. L. B. H.

I'si 251 - !81 16 —
1 i""

^^ inclnsiveof aisles.

( A crypt under it.

1-190 James Stanley, hLshop I j^^ 29 -
I _

l88 18^ —
L 1 10 inclusive of ai.sks and cliapels.

1518 |LadyChapelorClieihamChapcl
1810

I
,

I __

Transept.

VV. Rebuilt
27 27 137

Parish church ; made collegiate 1422 ; see founded 1847. Lady chapel 16 ft. square. St. John Baptist
or Derby chapel, cir. 1500, 80 ft. by 26 ft., and the chapter house 22 ft. by 13 ft. 6 in., having an unequal

The Oldham chapel, 1518, is 15 ft. by 12 ft. The internal length, 215 ft. and breadth 112 ft. ; externally'
232 ft. and 130 ft. Restored and portions rebuilt by J. P. Holden. Tower rebuilt by him, but not a copy!
The later restorations have been carried on by J. S. Crowtlier.
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NORWICH — CATHF.naAi, Cnuitcii, Binkdktink (Holy Trinity).

Dates anil Founders. Nave. Choir. Aisles. Transept. Tower.

Bisliops. L. B. H. L. B. H. L. B. H. L. li. H. L. B. H.

10961 TT , , 1 T •

• Htibcrt (le l.osinga ]65 45 83 Included. 180 3oi73
- - 140
- 4"5 ext.

112n T- , I

200 to screen
250 to fwer

llll'j
John of Oxford Restored.

1

Spire

1356-69 Thomas Percy _ 1

- - 140
and 169

1426-36 William Alnwick [
W. front

8:! - — ^

= 309

1446-72 Vaulting.

1472-99 Clere.-tnry
and vaiiltin;;

See founded ''30 and a^^iin (i7!. Before 1272 the catliedral was so dilapidated as to render it necessary to

be rebuilt. The cloisters commenced by Bishop Walpole in ^2^7, were completed by Bishop Alnwick in

1-130; they are the most snacious in England, being about 176 ft. square and 14 ft. 9 in. wide. The Lady
chapel was de-troyed. The external lengtli is 414 ft. G in. and breadth 11)1 It. ; the internal length is 4C4 It,

and breadth 180 ft. The length from the west door to apse is 3S3 ft. 7 in.

OXFORD— PiiioRY Church of Aitgustinian Cakons
(S. Frideswide, or Ch.rist Church).

D ites and Foiuiders. Nav e Choir. Aisles. Transeiit
Tower and

Spire.

L. B. H. L B. H L. B 11. L. B. H L. B. H
1 150_P0 Canutus, prior

•^S 2U 44 6.S 5'.i 37.

i

Included. 102 2 143.

J

12.50
Lady

Cliapel.
f In-ide

r - £0 Mr,

1325 Latin cliai)el —
!

1528 Cardinal Wolspy Hoof.
Koof of
Ch.iir.

—
See founded 154.5. It is the smallest cathedral in England. The chapter house (Early English), oblong

in form, 54 ft. ly 21 ft., mav be compared with those of Lincoln, Salisluiry, and Chester, belong n;; to far

wealthier communities. Wolsey destroyed the west front :incl the greater i art of the na\c '1 hree sides of

th- small cloister {^'4 ft. wide) remain Internal length 154 ft. (it was 2(12 ft. when complete) and breadth

102 ft. Interior res:orations, 185G, by R. W. Billing.

PETERBOROUGH— Conventual Church, Benedictine (SS. Peter, Paul, and
.'Andrew).

Dates and Founders. Nave. Choir. Aisles. Transepts. Towers.

Abbots. L. B. H. L. B. H. L. B. H. L. B. H. L. B. H.

Ills') John of Seez and

11 33 J Martin of Bee 119 79 78 F. aisles

1155 1 William de Water-

1177/ ville
Portion -{ Transepts

185 57 71

C. Lower
part

;;.^n. Benedict 2.'6 ^3 73i 226 13 71 w. trans.

1200-37 w. front Remain of

Lady chapel Lantern of

1370

1438) _ Ashton& Robert

w. porch ~
E. aisle or

C Tower 124

\V. spires 153

1528/ Kirton new building

See founded 1-545. The three arches forming th- west front, 1-53 ft. long, are 73 ft. high m the opening

and •• as a portico it is the finest and grandest in Europe :
" Fergusson. There are o dy the remains of the

cloisters 132 ft. wide The ex'ern.il length 480 (t. and 203 ft. wide. The intern il length is 42<i It. and the

breadth 'iRi ft. Paley. I!cmarl.s on the Arch, of Pe/erborounh Cathedral, 1859. It was under restoration by

Edward Blore from 1832 ; and from 1«59 by G. G ScoU, K.A., to hi. death, 1S78. Tne central tower was

rebuilt by John L. Pearson, R.A., 18s.5-(j.
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R IPON—Collegiate Chukch (by James I.); (S. Wilfrid).

193

Dates and Founders. Nave. Choir. Aisles. Transepts. Towers.

L. B. H. L. B. H. L. B. H. L. B. H. L B. H.

— Wilfrid Cypt.

1 154-81 Roger, Archb. of York 169^87 88 Part N. side. Included. I32 36N-
33 s-

- - 110
(Spires now
removed

were 110 It.

higher.)

1215-55 Walter Gray w. front ?
^^^

1288-1300 E. part.

1317-40 P^^'!'7?
de Melton,

i Archb. or lork
101 67 79 Included.

Choir screen
2 bays on

8. side.

K. side S. R. and S.

1454-59
lienioved &

~ transept. sides of C,
rebuilt.

Perpend.
1 500-20 work siibsii-

tuted.

1660 Ronf rpsid

See founded 18o6. The chapter house, 34 ft. 8 in., 2!) It. wide, by bS ft. 8 in. high, with an apsidal end,
by Archb. Roger, but tlie two central pillars and vaulting are later. The crypt under it is perhaps the
original church of Archb. 'J'homas of Bayenx, 1070-1100. '1 he I.ady cliapel, 14K2, is over it, a most
unusual pcsition ; it is now the library. Melton extended the church eastward to twice its foimer
length. C.reat east window, •>) ft. by 51 feet high, dates at the end of i4th century. The crypt under the
centre tower is 11 ft. .t in. by 7 ft. 8 in, and 9 ft. 4 in. liigli ; it is dedicated to the Holy Trinity. The
ii>ti'rnal length is 270 ft. ^ in. and breadth 132 ft. In 18i.'9 the nave was new roofed and ceiled; and from
I8t)i the choir groined in wood and otiier restorations by Sir G. G. Scott.

ROCHESTER

—

Cathedral Church, Benedictine (S . Andrew).

Dites and Fuunileri. Nave. Choir. Aisles. I'ran septs. Tnwer.

Bishops. L. B. H. L. B. H. L. B. H. L. B. 11. L. B. H.j

1077-80 Gundulf, commenced 128!;^* 5.
Nortli 95
now 40

1130 John w. front ^

1200 New roof New roof

oQci <^i
r^^'l!''''™ (I'-' IIoo. sacrist

\ and prior -! 44LHdv cli])!

Included. v..^-i% .
Central
- - 1.56

cir. 13.50

lir. 1400
Chapel St.

M.irv.

W.12'>i'29-

See founded H(I4. Ihecript (liarly English) is one ol the best bf the class. The walls of" Gundull's
tower," 24 ft. square and 9.'> ft high, are 6 ft. thick, the entrance is supposed to have been from the top
Of Bishop ErnuH's work 1114-24, tne west front (perhaps), dormitory, refectory, and chapter house alone
remain: the door to the 1 dter is of Uecorated work and remarkable. The chapel of .'St. Mary is 45 ft.

Iiy 30 ft. The internal length is 31:! ft. ui. and breadth 122 ft. 3 in. Restorations 1825-30, by L.N.
Cottingham, and of late years by Sir G. G. Siott.

SALISBURY—Cathedral Church, Secular Canons (S. Mary)

Dates and Founders. Nave. Choir. Ai-lcs. Transepts, i Tower.

Bishops. L. B. H. L. B. H. L. B. H. L. B. H. L. B. H.

\lll 1 Richard Poore( 1220)
|

KM 3^, 84 •

- - 207
out. .50J

-

1229-46 Robert Bingham 140 78 84 - 16}, 38'

1246-56 William i)f York R. 145 44 81

1236-62 Giles of Bridport ,\V.20(i 57 81

1330-75 Robert de Wyvil 1

Spire

- - 400

See founded 705. This is the most uniform of tlie cathedrals ; the origii\al pi in given by Bishop Poore
was carried out by bis successors. Elias de Dereham was cleik of the woiks f.ir the first twenty yeart, and
Robertus for the following twenty. The great regularity of the masonry is a distinctive peculiarity of
Early English work. According to the account rendered to Henry 111., it appeared that 40.0 marks
(22,r,fih/. I3,s'. id.) had up to 12.58 been expended on the fabric. The cliaptnr house is an octagnn 58 ft. diam.
and 53 ft high, with a central shaft; tliis with the cloisters, 182 ft. square, were commenced by Bishop
Walter de la Wyle (1263-70 , and completed byBishopR.de Wickliampton (1270-84). The latter were
restored 18nn-.5fi, by Mr. Clutton for Bishop Denison. The sculptures in the former were painted, 18i9,

Ac, bv Mr. Hudson, and have been explained bv W. Burges. The stone spire is described in 15 3,ch.iv. The
cxiertial length is 480 ft., the breadth 230 ft. The internal length is 450 ft., and breadth 200 ft. The west

front is 112 ft long. Sir C. Wren effected some repairs. Itestoj-ations. 1782-91, by James Wyatt.

o
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WELLS— CATHFniiAi. Church (S. Andruw).

Dates and Founders. Nave. Choir. Aisles. Transepts. Tower.

Bishops. L. B. H. L. B. H. L. B. H. L. B. H. L. B. H.

1148-66

1174-96

Robert

Reginald Fitz Jocelin IGl 3^- 08

3 w. arches
Nave

- Uh -
Inchided.

135 %^ 67 To roof.

1206-42 Jocelvn of Wells
w. front am",

o arches.

1309-29 Jolin de Drokmsford
(

103 69 73

And Lady
chapel.

47 33 -

Included
- Vii -

J complied
• - 158^

136fi-S6 John Harewell 3. W. "CTppei

1407-24 Nicholas Hiihwiih N.W. 23 125

See founded f 09, and with Bath lO'iO. 'i'hnugh one of the smallest cathedrals, it is a very extraordinary
example. Its western fa^ide is decorated with six rows of scidpture in a very perfect state, and somewhat
similar to Exeter and Lincoln. The suhjecis are angels, siU jects from tlie Old and New Tt-stamonts, kings,
bi-hops, and warriors, amounting to over 300: tliey have been explained by C. R. Cockerell, in his
Iconograp/it/. 'I'lie original plan se^ms to have been can ied out to its completion. The chapel or room
under tlie chapter house and the curious staircase, were completed about 1V86, by Bishop Burr.ell ; and
the chapter house, octagon, 52 ft 6 in wide and 42 ft. high, witli a central pillar, by Bishop William de la

March, l'JS3-1302; see figs. 1275-7. The east walk of the cloisters, 163 ft, and library, date 1407-24; the west
166 ft. and part of the south, dite 1443-64, and completed for 130 ft. more, soon after bv Thomas Henry,
Treasurer. Tlie support ol the central tower is assisted by an invertpd arch as at Salisbury. The internid
length is 385 ft. and the breadth 135 ft. The west front is 147^ ft. long. Kestorations, 1842, by C. K.
Cockerell, and later by B. Ferrey.

WINCHESTER

—

Cathedral Church, Benedictine (S. Mary).

Dates and founders.

Bishops.

1079-98 Walkelin

i204}^°'^^'"'-'y
^'^ ^""'^y

1320

1345-66 William de Ediiigdon

1.366 ) William de Wykeliatn f

1404
\

(Figs. 1302-4.)
|

1404-47 Cardinal Beaufort |

1447-86 William Waynflete

1500-28 Richard Fox

E. additions.

2tO to choir

264 3^ 78

Completed
118 ft. long

ln5 86 78
Lady rhapel
54 28 -

Included
- 13 4U

Completed.
Presl)ytery
& hevond.

Transepts Tower.

L. B. H.

2n>» 78

(Fig. I2G6.)

L. B. 11.

50 48 l3Si

See founded 648 The west front was originally the work of Bishop Edingdon. The nave, which w.is
" transformed " (Prof. Willisl by Wykeham is, with Ely and Canterbury, probably the longest in the
world, S. Peter's at Rome excepted. The Cloisters are 180 ft. by 174 It. The exterior of the choir is of the
finest Gothic of the fitteenlh century. The choir as at Gloucester, is under the tower. The chantries "f
Waynflete and Beaufort are fine examples. The crypt is an interesting example, and more so now that
the chalk, 4 ft. deep, filled in about 400 years since, has been removed, 188u-7. There is no chapter house.
The external length is 557 ft. 9 in. ; tlie internal I ngth is .525 ft , the breadth 208 ft. The stone screen and
the episcopal throne are by Garbett. The west front restored 1860.

WORCESTER—Cathedkal Church, Benedictine (S. Mary).

Dates and Founders. N.ive. Choir. Aisles. Transepts. 'lower.

Bishops. L. B. H. L. B H L. B. H. L. B. H. L. B. H.

1804 S. Wujfstan Crvpt.

1094 (
William de Blois -{ 113 \* 62

&Ladvchpl.

E. 120 25 -

Included

." _ [ T. Coliham and Henrv

\lf^ j
Wakefield

L 172 - -

170 78 68 Included. W.I28 32 66J

1372 W. de Lynn
1 - 44 166

J^J^ j. Henry Wakefield
^fave vaulting and altera-

tions at W. end.
—
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See founded GSO. The chapter house is circul.ir (sometimes calli-d a decagon) 55 ft. diam., 45 ft. liigh,
with a plain cential pillar. The cloisters (Perpendicular) about 120 ft. square, were erected in the time of
Bishop Lynn. They were restored 1860. The refectory, now the King's School, 120 ft. by 38 ft., is still

perfect. The external length is 405 ft. ; the internal leiiglh 388 ft. and the breadth 128 ft. Itcstoratiops
since 1837 by R. E. Perkins.

YORK—CATHEnKAi. Church, Skcular Canons (S. Piter the Apostle).

Dales and Founders.

Archbishops.

1215-55 Walter Gray
1228-56 JohnleRomeyn (trtas.)

1285-06 John le Romain

1355 John do Tlioresby

1361-73 John de Thoresby

1373 "1 Alex, de Neville

1400/ Thomas Arundul

1405
1420 JohnBenninjfham(treas.
1432 ^

1457

205 '-93

Completed.

Completed
VV. front.

L. B. H.

Lady chapel
04 <J4 102A
Presbytery'

99
43

146 101

Transepts.

L. B. H.

S.223 ^g 94

N. - - 91;

C. recased.
44 42 19!

S.W.
N.W.
32 32 172

See founded 622 or 626. The octagonal chapter house, 57 ft. diam. and 67 ft. 10 in. high was perhaps
erected at the same time as the nave

; it has no central pillar. The choir and crypts were rebuilt on a
larger scale, 1 l.-il-Sl. by Archb. Roger

; some parts are earlier. The aisles surrounding the church in every
part are of similar dimensions and were built at same time. The open central tower is 188 ft high froiii
the floor. The Rose window in the S. transept is the finest in England, it is 22 ft. 6 in. diam. The five lancet
lights, dating 1250, In the N. transept are each 5 ft. 7in. wide and 54 ft. high. The church was consecrated
July 3, 1472. The " Fabric Rolls' of this catliedral are valuable records of building operations. The
evternal length i* 518 ft. The internal leujjth is 486 ft. and the breadth 223 ft. The choir roof was burnt
1829, and restored by Sir R. Smirke ; the nave roof burnt 1840, and restored by S Smirke Ihe S tr uisent
was restored 1875, by G. E. Street. t

WESTMINSTER—Abbey Church, Bfnedictine (S. Peter).

Dates and Founders.

12^51
1269 f

1272
j

1307 /'

1413/
1509 '^j

1713-35

1490

King Henry III.

King Edward I.

( Hve bays)

King Henry V. and
Edward IV.

(six bays and towers)

Additions to west front and towers, by Sir C. Wren and others.

King Henry VII.'s Chapel, 100 ft. long, 35 ft. wide, and 66 ft.

with aisles, and 54 ft. high (figs. 1325-6).

),-,

11^ lOli

136

L. B. H.

156 38 101

(fijr. 1278)

16iL

16.^

I

Transepts. W. Towers,

189 77105* 5

82A 38 78 N

- - 122.^

- - 102.V

i See founded 1540, annulled in 1550. The flying buttresses of Henry VII.'s chapel are among the most
beautifully decorated in England. The triforia of the church are "lighted from a range of windows
externally, each consisting of three circles, inscribed within a triangle. The chapter house, an octagon
3f 58 ft in diameter, is of the same date as the choir ; the two sides of the cloister, which is 135 ft. hy

I

HI ft., date as the western part of the nave. Portions of the " Fabric Rolls " have been printed in Scott,
' .fleainngs, 8vo., 1863, 2n i edition. The total length interna'ly is g.ven as 489 ft. and 511 ft. 6 in. These
I'linionsions are from Neale's History, those "corrected " in Ackermann's //jrfo/'?/ are smaller. The outside

I

>f the chapel was restored 1809-22 by Thomas Gayfere, mason, under James Wyatt, R.A. ; the building
puerally by Edward Blore, and by Sir G. Q. Scott, R.A., 1848-62. Later by J. L. Pearson, R.A.

o 2
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KATII

—

Abbfy Chiiuch, BENrmrTiNK (SS. IVter and Paul).

Patos atul Founiicrs, Nikve. Choir. Aisles. Transepts. C. Tower.

L. B. H. L. B. H. L. B. H. L. B. H. L. B. H.

1 195 1 Bishop Oliver KiiiL', but
143

^J,
7S

150:5 / not rooted
75 - 76 v::i - 10 .SO 108

1572"^ Bishop Peter Chapiran,

to |- Bishop Montague, anil

16 16 J others

General Repairs, Stc.

1535 Prior Birde's chapel

See founded 070, and with Wells 1050. Considered to V-e the l;ist bnildinjrin the Terpendieuhir ]ioviod,

of great niasrnif udo. Edward Loycesti-e, niast<?r of the works, succoodod l.");!7 by ,)ohn Multon, f iveiuason,

It iins o'J lai-ge sized wiudows. Its internal lonarth is 21S ft. and breadth 74 ft. lutei-ior remoilelled 18;i5

by U. P. Mannei-s, and restored lSGS-71 by Sir (>. Q. Seott, R.A.

S. ALB.AN'S— ABBF.r Church, Beneuictine (S. Alban),

Dates and Founders. Nave. Choir.
Aisles.

Nave.
Transepts. C. Tower.

L. B. H. L. B. H. L, B. n. L. B. H. L. B. H.

1077 "1 Abbot Paul (east part of

I07vSJ nave) 275* 77J G- 70
-J

C5i 275J 15 - 175i 32
11

45 47 -

outs. 143J
ins. 102

1195 1 Abbot John de Cella f
to 1 235 ( &; W. de Trumpirgton \

3 w. portals
and w. end
of nave.

I'JGOcir.John de Hertford Sanctuarv.

y;!i 35 ti7

Uu\y chI'JOOcir. Roger de'Nortone apel and ant '-chapel.

l;UiS\^John de Marynes
1;5'J6 1 Hugh de Eversdone OG 23 3U 44 ^ 24

Founded 793. See founded 1S77. Abbot John de Whethanistetle, 1420-40 and 1451-64. altered tin-

pround story windows north side of nave and choir, added the hwsre windows in nave and transepts, and
the watching loft. The internal length is 520 ft. SJ in. Outside length, MO ft. from plinth of bnttivs:

of cast wall of Lady chapel to plinth of west porch. Kestoration was connnenced 1S70 to the tower, ic.
by Sir G. G. Scott (died lS7,s). The west front and part of south transept were pulled down and rebuill

1S84-7 by direction of Sir E. Becket Deuisou, now Lord Grinithorpe.

TRURO— Catheprai, Church (S. Mary)

D.atos and Founders. Nave. Choir. Aisles. Transepts. Tower.

L. B. H L. B. II. L. B. H. L. B. 11. L. B. H.

May 20, 1879, "1 Bishop Benson
to |» and

Nave.

95 ^^ 30 110 27 70

15 15 -

50 30 out

isn •>'' TO 113 ^^ 70 Choir. 0. to be 22.')

Nov. 1, 1887. J Biihop Wilknison -'i'
'

Choir. - ''2 70 \V. 24 2(15

112 \^ 28 Clock towoi

- - i;55

See founded 1884. South of south choir aisle is a second aisle 7 ft. wide, and south of this is the olc
aisle of the p.arish church (Karly English and Decorated periods). This is 76 ft. long, 17 ft. wide, am
29 ft. high. A western tower has been added to this aisle, and forms a feature in connection with tlu

south transept. The external length is 284 ft., 73 ft. across the nave and aisles, and 117 ft. acro.ss tran
septs. The internal length is 276 ft. by 110 ft. The arcliitcct is .Tohn I.. Pt arson. R.A. At present, Nov
1887, are erected only the choir, the great transepts and aisles, the east transept, the baptistery, two navi
bays up to the triforinm, the clock tower at south transept, and the central tower, including the lirsi

stage of the lantern with temporary roof.
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SOUTHWELL— Collegiate Church, Secular Canons (S. Mary the Virgin).

Dates and Fouiulers.

1110

12.30 T ,,. .

to 1250 j
' °

12S5 )

to 1 .300 J

13.35-40 Organ Screen

Early Decorated

L. B. H

150i2^j48

A- N. porch

Aisles.

L. B. H.

- 16 -

Transepts.

L. B. H.

12.3 28^ •

114 28i 48

1270-85 Cloister to chapter house
1294 Chapter house, .32i ft. dia-

meter, and vestibule.

IA5) Larsie windows and west window.

L. B. H.

C. Towers.
- - 105

2 west 99

Spire 50

See founded 1886. Repairs carried on steadily since about 1856 by John Gregory and his labourers.
From 1875 the roofing, restoration of the west spires and of the chapter house, were completed under
Mr. Ewan Cnristian, who (1886) has commenced the stalls and restoration of the screens ; and the flooring
of stone and marble. The perfect condition of this structure, erected of magnesian limestone similar
to tliat of Bolsover Moor, attracted the attention of the Commissioners in their Report on Stone for the
Houses of Parliament, fol., 1839. Its internal length is 306 ft. It was reopened February 2, 1888.

NEWCASTLE-ON-TYNE-

LIVERPOOl

Sect. VI.

ELIZABETHAN ARCHITECTURE OR LATE TUUOR STVLE.

436. The revival of the arts in laly has furnished the subject of Chap. II Sect. XVI.
It commenced, as we have there sen, wiih its autlior Brunelleschi, who died in 1444

;

and it was not till nearly a century afterwards tliat its influence began to be felt in this

country. The accession of Queen Elizabeth took place in 1558.

437. Whilst the art here, tliough alwi.ys, as respected its advancing slate, much behind
tliat of the Continent, was patronised by the clergy, it flourished vigorously ; but when
tliat body was scattered by the dissohition of the religious housts, no one remained to foster

it; and though Henry VIII. delighted in spectacle, and a gorgeous display of his wealth,

he was far too great a seiisuali-t to be capable of being trained to reflnement in the arts.

There is in England no gt-neral pervadini* love of tlie arts, as among .dl classes on the

Continent. The Elizabethan, or as some have, pcriiaps more properly, called it, the last

Tudor style, is an imperfectly understood adaptation of Italian forms to the habits of its

day in this country. It is full of redundant and unmeaning ornament, creating a restless

feeling in the mind of the sp-ctator, vvhih, in ihe cinque-cento work, the renaissance of
Italy, was in some degree atoned for by excellence of design, by exquisite execution of the

subject, and by a refinement in the forms which some of the first artists the world ever

saw gave to its productions. In Italy, the orders almost instantaneously rose in tiieir
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jjropL'r proportions, soor. leaving notliing to be desired ; but in England they were for a

l(nig time engrafied on Gothic plans and forms.

4:58. The %vork. of Andrew Borile has lieen before mentioned; huttlie earliest publiuHtion

in England relative to practical architecture was, " Tl'.e first and cliiefe Grounds of Arelii-

lectiire used in all tlie ancient and famous Monyments witii a fartlier and more ample

Discourse uppon the same than lia> hitherto been set forihe by any other. Hy Jolin Sliute.

paynter and archi ecte." '' Printed by John INIarshe, fol., 1563." Tliis John Shute iiad

been sent by Dudley, Duke of Nortliumlnrl uid. to Tt:ily, probal)ly with the intention of

afterwards emplov ing him upon the works wliicl) he was projecting. His work, though

re|)ublished in 1579 pnd 15S4, is now so rare tliat only two copies are known to exist,

one of which is in the library of the Royal Institute of British Architects, and the otlier

in the Bodleian Library at Oxford. From tliis and tiiany other circumsiancfs, it

is easy to disjovtr that doinestio architecture under Elizabeth had assuiued a more
scientific cliaracter. Indeed, there is ample evidence that no building was now under-

taken without the previous arrangement of a digesttd and regulated plan ; for early in

the reign of this sovereign the treatises of Lomazzo and many otliers «ere translated

into English ; and in the construction of the palatial houses of the aristocracy, the

architects had begun to act upon a system. The principal deviation from the plans of

the earlier Tudor houses was in the bay windows, parapets, and porticoes, whereof the two
latter were intensely carved with all the forins that the most fantastic and grotesipie

imagination could supply. The exteriors of these porticoes were covered with carved

entablatures, figures, and armorial bearings and devices. The galleries were loft)', wide,

and generally more than a hundred feet in length ; and the staircases were spacious and
magnificent, often occupying a considerable portion of the mansion. Elizabeth herself does

not appear to have set, during the passion of the period for architecture, any example to

iter subjects. She might have thought her father had done sufficient in building palaces

;

but, however, be that as it may, she encouraged tlie nobles of her court in great expenditure
on their residences. With the exception of the royal gallery at Windsor, siie herself did

actually nothing ; whilst on Kenilworth alone. Lord Leicester is supposed to have expended
no less a sum than 60,000/., an almost royal sum of inoney.

439. Before proceeding further, it becomes our duty here to notice a peculiar construction

which prevailed in the large manor houses of the provinces, and more especially in the

counties of Saloj), Chester, and Staflbrd, the memory of many whereof, though several are

still to be seen, is chiefly preserved in engravings ; — we allude to those of timber frame-
work in places where the supply of stone or brick, or both, was scanty. The carved
pendants, and the barge-boards of the roofs and gables, which had, however, made their

appearance at a rather earlier jieriod, were executed in oak or chesnut with much beauty
of design, and often with a singularly pleasing effect. The timbered style reached its

zenith in the reign of Elizabeth, and is thus illustrated in Harrison's description of

England : — " Of the curiousnesse of these piles I speake not, sith our workmen are grown
generallie to such an excellence of devise in the frames now made, that they farre jiasse the

finest of the olde." And, again : "It is a worlde to see how divers men being bent to

buildinge, and having a delectable view in s])ending of their goodes by that trade, doo
dailie imagine new devises of thylr owne to guide tlieir workmen withall, and those more
curious and excellent than the former." (p 336.) The fashion was no less prevalent in

cities and towns than in the country ; for in them we find that timber-framed houses
abounded, and that they also were highly ornamented with carvings, and exhibited in tlieir

street fronts an exuberance of extremely grotes<]ue figures performing the office of corbels.

The fashion w^s imported from the Continent, which supplies numberless exainiiles,

especially in the cities of Rouen, Bruges, Ulm, Louvain, Antwerp, Brussels, Nuiem-
burg, and Strasburg, very far surpassing any that this country can boast. We have,

however, sufficient r.niains of them in England to prove tliat tlie wealthy burgess

affectfd an ornamental display in the exterior of his dwelling, rivalling that of the aris-

tocracy, and wanting neither elegance nor elaborate finishing, whilst it was productive of

a highly picturesque effect in the street architecture of the day. "Tliis manner," says

Daliaway, " was certainly much better suited to the painter's eye than to comfortable

liabitation ; for the houses were lofty enough to admit of many stories and subdivisions,

and being generally jiiaced in narrow streets were full of low and gloomy a])artments,

overhanging each other, notwithstanding that they had fronts, which with the projecting

windows and the interstices were filled for nearly the whole space with glass." Fiy. 201 is a

representation of Moreton Old Hall, Cheshire, built circa 1550-59, partly rebuilt 1602.

440. A better ide i of the architecture of this age cannot be obtained than by a notice

of the principal architects who have furnished materials for the toregning observations
;

for this purpose we shall refer to Walpole's Anecdotes A folio book of drawings,

belonging to the Earl of Warwick in the time of VValpole, enabled him to bring to

the knowledge of the world, and pi rpetuate the memory of, an artist of no mean
powers, whose name, till that author's time, was almost buried in oblivion, and of



Chap. III. ELIZABETHAN. 199

vvlioin little is still known, though his work contains memoranda relating to many of

t.ie princijial editices erected during t!ie reigns of Elizabeth, and James, her suc-cessor.

rig. '201. Tl.MBER-FRAMED HOU.-E, Moreton Od Hall, Ch^

His name was John Thorpe; and at the sale of the library of the Hon. Charles

Greville in 1810, the MS. in (jiiestion came into tiie possession of the late Sir John
Soane, Professor of Architecture to the lioval Academy. It is a folio, consisting ot

'J80 pages, wherein the plans, often without a scale, are nevertheless accurately executed.

Several of the subjects were merely designs for proposed mansions. The elevations are

neatly drawn and shadowed. The general form of the plans is that of three sides of a

quadrangle, the portico in the centre being an open arcade finished by a turreted cupola.

\\'lien the quadrangles are perfect, t\y;y are, for convenience, surrounded by an open
oiridor. The windows, especially in the principal front, are large and lofty, and mostly
alternated wltli bows or projecting divisions, and always .so at the flanks. Great efforts

were made by Thorpe to grouj) the chimneys, which were embellished with Roman Doric

columns, and other conceits. Portions of the volume have been engraved by INIr. C. J.

Richardson in the first part of his Architect ii?-al Remains of the Reiyns of Elizabeth and
Jame-i /., fol. 1838-40. Amongst the contents of Thorpe's volume (wliicli has bt'cn col-

lated for this edition, 1866), are :— Outlines of a " jambe mould," '• muniell," " rayle mo. for

stay re," " corbell table," paiapets, &c. ; and the five Orders, with rules for drawing them.

Pao'e 19, 10. Plan and elevation, " Buckhurst bowse, Sussex." Built, 1565, by Thomas
Sackville, Eail of Dorset, Lord High Treasurer to Queen Elizabeth. The front ex-

tends 230 ft. The courtyard is U)0 ft. by 80 ft , and the hall 80 ft. by 50 it.

24. " :^ a front or a garden syde for a noble man," dated 1600

37, 38, 50. " The wav how to drawe any ground plot into the order of peispcctive," with

descriptions, the front being parallel with the spectator.

39, 40. I'lan, with a courtyaid in front. " Sr Geo. Moores howse."

44. Plan. " Cannons, my La: Lakes howse."

45. Plan. " Copthall, 16 fo. 8 ynch. This cort should be 83 (or 8'-^) fo. square." Built

for Sir Thomas Heneage. The gallery was 168 ft. long, 22 ft. higli, and 22 ft. wide.

4y. Elevation. " Woollerton. Sir Fraunc. W'lloughby," Nottinghamshire, which has the

inscription, " li.choata:, 1580-1588." Mr. Dallaway notices that the tomb of

l{obert Smithson, in Wollaton church, calls him "architector and surveyor unto

the most worthy house of Wollaton, with divers others of great account. Ol). 1614,'

which would appear to invalidate Thorjie's claim ; Smithson was probably Thorpe's

)iupil and successor. The projierty now belongs to Lord Middleton. {See Jig. "203.)

54. Plan, rough. " Sr Jo. Bagnall." A gallery 60 ft. long.

">7, 5S. Two plans. " Burghley juxta Stamford." Built, 1578-80, for William Cecil,

Lord Treasurer. (See 105.)

67,68. Two plans. "Thornton CoUedg. Sr Vincent Skynners." A gallery 113 ft.

lonir, and 25 ft. « ide.
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69. Plan of Henry VII. 's Chapel. " Capi'lla ista II. 7nii inipensis 14,000 lb. adiecit

ijise Ao 150'J."

77, 78, Plan. Chateau tie Madrid. Bois de Boulogne, near Paris, now pulled down.
S8, 89, Plan and elevation. Old Somerset House.

93. Plan. " Sr Walter Coap at Kensington, ptected p me J. T." Holland House,
finished in 1607, and added to by Inigo Jones and N. Stone.

94. Plan. "St George Coj pin," Hertfordshire, cir. 1608 (?)

109. Plan. "A London house, I^a Darby, cl)annell row" (?)

105, 106. Plan. " Duke of Buckingham at BurghKy,"or Burley-on-the-Hill. (See 57.)

113,114. Plan. " W'ymbleton. An howse standing on the edge of an hie liill." Built,

1588,foi SirTho. Cecil. Fuller says it was "a daring structure, nearly ecjual toNonesuch."

123, 124, 127, 128. Plans. " Queene niotlier's howse, fabor St. Jarmins, alia Paree,

altered p Jo. Thorpe."
136. Plan. " I^ondon howse of 3 bredthes of ordy tenemts." Supposed design for Sir

Fulke Greville's (Lord Brooke") house, near Gray's Inn.

139, 140. Plan. " Kerby whereof I layd ye first stone, Ao 1570," Northami)ton-
shire, for I^ord Chancellor Hatton.

150. Plan. "Bichmt. Lodge, Sticles" (?). ( Robert Stickles ')
151. Plan. " Sr Pcival Hart," LuUingstone, Kint.

Fig. '202. L(PMaii]a> CASTI.K.

155-158. Plan and elevation. " Longford Castle, Wiltshire (_fiff. 202). A diagram
of the Ti inity is drawn in the middle of the triangular court. Built for Sir Thomas
Gorges and his wife, the Marchioness Dowager of Northampton, in 1591 ; now the

Earl of Radnor's. The plan differs from that given (1766) in Britton's ^4/cA. Antiq.

Plan. ' Mounsier Janmiet in Paris, his howse, 1600.

Plan. " Gyddye Hall, 84 fo. square," Essex. Altend for Sir Anthony Coke.

168. Plan. "St. Jarmin's howse, V leagues from I'aris, Ao 1600."

203, 204. Plan. " Audley end ;" and later, " Audley End in Esse.x, seat of Lord Suffolk."

now the property of Lord Braybrooke. Thorpe's jiart was completed about 1616.

216. Three plans. Greek cross. Lyveden.co Northani. (?). Built by Sir T. Treshani.

Two plans. " Mr. Tayler at Potter's barr, 1596."

Plan, H shape, with a courtyard, " 94 fo. square," and a gatehouse. " This plot

drawne after 8 fo. 8 inche, p Jo. Thorpe," (? his own drawing).

Two elevations. " Heddington Jo Chenyes," (? Toddington, co Bedford).

239, 2-iO. Two plans. " Sr Walt. Covert, Sussex," at Slaugham, near Horsham.
267,272. Two plans. " Ampthill old howse, enlardged p J. Thorpe." "Duke of

Bedford " (?). It was the residence of Queen Catherine, first wife of Henry \T 1 1.

265, 266. Plan and elevation, "'for Mr. Willm Powell," or Howell; of timber.

Amongst the general designs, which are chiefly plans, are, page 21, " Sir Jo. Danvers,
Chelsey;" 28, " Sr Wm. RuHden"(?); 31, "Mr. Johnson ye Druggyst ;

" 43, "Sir
Walter Rawley — Sir James ;

" 45, " Sir The. Dorrell, Lincolne shire ;
" 46, and half eleva-

tion, " Godstone ;
" 59, two plans, " Sr George Set. Poole ;

" 62, a long-fronted house at

" Higate ;
" 65. " Sr James (?) Clifton's howse ;

" 121, " Mr. Keyes ;
" 132, " Mr. Den-

man ;
" 147, 1-18, and elevation, " Sr William Haseridge ;

" 176, " Mr. Panton ;
" 182,

" Holdenby banquetg at 16 fo ;
" 185, " Mr. Folte"(?); 187, " Mr. W. Fitwilliams; " 199,

Sr Hen. Nevile ;
" 201,202, "Jo. Clanricard;" 205, " Sr Tho. Holt, 12pte;" and

2.33, " Hatfield lodge." 275-278, has a gallery 160ft. long and about 25ft. wide; 116

153.

164.

167,

215,

225.

232.

234.
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is designed within a circle ; and 161, on a triangle with a hexagon interior court ; l.'>5 is

also a triangular plan, as named. Many of these designs might probably be identified, but

it would entail much labour.

441. Walpole, upon I'hurpes Compositiotis, observes, that the taste of this master's man-
sions was that " bastard style which intervened between Gothic and Grecian architecture,

or which, perhaps, was the style that had been invented for the houses of the nobility when
they first ventured, on the settlement of the kingdom after the termination of the quarrel

between the Roses, to abandon their fortified dungeons, and consult convenience and mag-
nificence." The same author continues, " Thorpe's ornaments on tlie balustrades, j)orclies,

and outsides of windows are barbarous and ungraceful, and some of his vast windows
advance outwards in a sharp angle ; but there is judgment in his disposition of a])artnient.'>

-jnd offices, and he allots more ample space for halls, staircases, and chambers of state. He
ppears, aLso, to have resided at Paris, and even seems to have been em])loyed there."

Among the designs he made is that of a whimsical edifice, designed for himself, forming on
the plan the initial letters of his name \^, which are joined by a corridor, the

[]
being

tlie situation of the offices, and the ~r being skilfully distributed into large and small

iipartments. The epigraph to the design is as follows :— (i)ages 30 and 50)

" Tlies 2 Letters I and T
ioviied togetlipr as you .'ee

Is ment a dwelling liowse for irpe

John Thorpe."

Walpole truly observes of this volume, that " it is a very valuable record of the magnifi

cence of our ancestors, and preserves memorials of many sinni)tuous buildings of whijh no

other monument remains." We ought, perhaps, to have suHered our account of 'I'horjie

to have been preceded by those of others, but the conspicuous rank lie holds in the list

of English architects of this period induced us to place him before another, for a little

time his jjredecessor in the works of the country. We allude to the name of Robert
Adams, who translated L'baldini's account of the defeat of the Siianish Armada from the

Italian into Latin ; a feat which we fear but few architects of the present day would easily

accomplish, such is the fall of education for artists, notwithstanding all the boasts of march
of intellect. This translation appeared in 4to., 1589. He was surveyor of the queen's

buildings, and a])pears to have been a man of considerable ability. His place of sepulture

« as in an aisle on the north side of the old church at Greenwich, with this inscription,

" Egregio Viro, Roberto Adams, operum regiorum supervisor! architectura", peritissimo,

ob. 1595. Simon Basil, operationum regiarum contrarotulator, hoc posult monumentum
1(301."
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4-i'2. Ik'rnard Aihiiiisaiid L.'iwrence Bradsliaw wpie also eminent am(>n<T the arcliitccts

«)f' tlie jieriod under our consid«'ration ; but we must notice more jiarticidiiily Gerard

Clirismas, wlio was associated with Bernard Jaiisen in the erection of Noithampton, after-

wards SulT'dlk, and now Northumberland House, not strictly belonging in time, though in

style, to the reign of Elizabeth. Both of these architects are considered to have been much
employed. In the balustrade and on the stnet front were the letters H. N. and C. JE.,

wliich iio doubt stood for Henric. Howard, Northampton. Conies ..Edificavit. Yet C. ^].

has been supposed to denote " Chrisinas ^dificavit." Sucli letters were repeated, a

practice then much in vogue, for there are many examjjles of inscripti<jns of letters en-

closed witliin the balustrade, as if within lines, and pierced so tliat the sky seen through

iliem renders them distinct from almost every point of view. Bernard Janseii was probably

the architect first employed at the splendid mansion of Audley Inn in Essex, f<T Thornas

Howard, Earl of Suffolk ; and, besides the association with Clirismas aliove mentioned,

was joined with Moses Glover in completing Northumberland House, and was prol)al)ly

the architect who finished Sion House in Middlesex, for Henry Earl of Northumberland,
who had at the time exjiended 9000/. in the work.

44:5. Robert and Huntingdon Smithson, fatlier and son, were engaged on WoUaton Hall

(fit/. 20:3. at the foot of the preceding page), in Nottinghamshire, as also at Bolsover in

Derbyshire. The former died in IG14, at the age of seventy-nine, and the latter in 1048,

but very possibly John Thorpe was consulted in this splendid work, for among his designs,

as the reader will recollect, are some for WoUaton.
444. Thomas Holt, a native of York, was the architect of the public schools at Oxford

(Ji(j 204.), of which the hint might have been taken from the Cam])anile of Santa Cliiara at

Naples, and of the quadrangles of Merton and Wadham colleges. He was the first in this
country who introduced the classical orders in series above each other. He evidently bor-
rowed the practice from Philibert Delorme, who had done the same thing at the Chateau
d'Anet, near Paris, one of the victim edifices of the Revolution. We apprehend any
argument to prove the absurdity of such conceits is imnecessary.

445. i\Jany of the grandest works of what is termed the Elizabethan, or, in truth, the
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last Tudor style, were not completed before the middle of the reign of James I. ; so that it

may be said to have been practised until the days of Inigo Jones, in whose early works it

may be traced. " This fashion," says Dallaway, " of building enormous houses was ex-

tended to that period, and even to the civil war. Audley Inn, Hatfield, Charlton, 'Wms,

and particularly WoUaton, are those in which the best architecture of that age may be

seen. Others of the nobility, deserting their baronial residences, indulged themselves in a

rivalship in point of extent and grandeur of their country-houses, wliich was, of course,

followed by opulent merchants, the founders of new families Sir Baptist Hickes, the

kino-'s mercer (afterwnrds ennobled ), built Campden House, Gloucestershire, which was

scarcely inferior to Hatfield, afterwards burnt down. There is scarcely a county in

England which cannot boast of having once contained similar edifices; a very few are stil

inhabited ; others may be traced by their ruins, or remembered by the oldest villagers, wlio

can confirm the tradition ; and the sites, at least, of others are pointed out by descriptions as

having existed within the memory of man."

446. The following is a list of some of the principal palatial houses finished before IGOO.

Others of the reign of Elizabeth's successors will hereafter be noticed. Of so many of

them are the names of the architects undetermined, though many are assigned to those we

have already mentioned, that we shall not attempt to assign a column to the artists in

question, for fear of misleading our readers.

Name. Date. County. Founder. Present State.

Catledge - 1560 Caml)ridge- Lord North - - . Taken down

Basing house )560 Hants Marquis of Winton In ruins

Kelston - 1587-92 Somerset - Sir J. Harington - Uebuilt

Gorhambury 1565-68 Herts Sir N. Bac(Hi In ruins

•Buckhurst 1 560-67 Sussex Lord Buckhurst - Destroyed

Knowle - 1570 Kent Lord Buckhurst - Perfect

I'enshurst- 1570-85 Kent Sir H. Sydney Perfect

Kenilivorth 1571-75 Warwick Earl of Leicester - In ruins

Hunsdon - l.'^75 Warwick - Lord Hunsdon Rebuilt

Wanstead - 1576 Essex Earl of Leicester - Destroyed

Hurleiirb . 157.5-80 Lincoln Lord Burleigh Perfect

Osterley - 1577 Middlesex - Sir Thomas Gresham Rebuilt

Longleat - 1567-78 Wilts Sir J. Thynne Perfect

Stoke Pogis 1580 Bucks Earl of Huntingdon Rebuilt

Toddingion 1580 Beds Lord C'heyney Destroyed

Theobalds 1570-SO Hens Lord Burleigh Destroyed

Wimbledon 1588 Surrey Sir T. Cecil Rebuilt

Westwood 1590 Worcester - Sir J. Packiiigfon - Perfect

Hardwick Hall- 1590-97 Derby Countess of Shrewsbury In ruins

447. Relative to Osterley, in the above table, a curious anecdote has been preserved by

Fuller, in his Worthier of Middlesex. Queen Elizabeth, when visiting its magnificent

merchant, the owner, observed to him that the court ought to have been divided by a wall.

He inunediately collected so many artificers, that before the queen had risen the next

morning, says tlie historian, a wall had been actually erected.

448. JMany of these houses possessed terraces of imposing grandeur, which were con-

nected by broad or double flights of steps, with balustrades, whereof, if we may judge from

Winstanley's print of Wimbledon, the seat of Sir Edward Cecil, it was a very fine exam])le.

Tile following extracts from the ))arliamentary survey of it in 1649 will convey some

notion of its extent. " The scite of this manor-house being i)laced on the side slipp of a

rising grownde, renders it to stand of that height, that betwixt the basis of the brick wall of

the lower court, and the hall door of the sayd manor-house, there are five several ascents,

consisting of three score and ten stepps, which are distinguished in a very graceful manner.

The platforms were composed of Flanders brick, and the stepps of freestone, very well

wrought. On the ground floor was a room called the stone gallery, 108 foot long, pillared

and arched with gray marble." The ceiling of the hall " was of fret or parge work, in the

middle whereof was fixed one well-wrought landskip, and round the same, in convenient

distances, seven other pictures in frames, as ornaments to the whole roome ; the floor was
of black and white marble."

449. As we have above observed, the Elizabethan style is a mixture of Gothic and Italian.

It is characterised by orders very inaccurately and rudely profiled ; by arcades whose openings

are often extravagantly wide, their height not unfrequently running up into the entabla-

ture. The columns on the ))iers are almost universally on pedestals, and are often banded
in courses of circular or square l)locks at intervals of their height ; when square, they arc

constantly decorated with prismatic raisings, in imitation of precious .stones, a species of
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ornament wlucl. is of very iVc(|ueiit iccunxMice. Nothing like unbroken entablatures
appear

; ail is frittered away into small parts, especially in scrolls for the reception of in-
•'^riptions, which, at their extremities, are voluted and curled up, like so many pieces of

scorched leatlier. All these ec-

centricities are so concentrated
in their sepulchral monuments
that no better insight into the
leading jjrinciples of the style

can be attbrded than an example
from Westminster Abbey, here
given in the monument of Queen
Elizabeth herself {jig. 'J.05.).

In this it will be seen that the
taste is cumbrous and confused

;

and to add to the anomalies, the

figures were coloured, and the

ditterent sorts of marbles and
alabasters of numberless hues.

The general composition consists

in a large altar tomb under an
ojjeii arcade,with a rich and com-
plicated entablature. The co-

lumns are usually of black or

white marble, of the Doric or

Corinthian order. Small jiyra-

niidal figures, whose sides were
richly veneered with variously

coloured pieces, disposed in or-

namented squares or circles sup-
porting globes, are of continual

occurrence. Armorial bearings
in their various colours were in-

troduced to excess. When the

monument is placed against a
wall, which is more usually the

case, the plan was accommodated
to it, and the alcove with its

columns universally retained.

Among the best examples are

those of Thomas Ratclifle Earl of Sussex at Boreham in Essex, to cost 1500/., and of liis

countess in Westminster Abbey; of Robert Dudley Earl of Leicester at M'^arwick ; and
of Henry Carey Lord Hiiiisdon in Westminster Abbey.

450. It seems droll in this age, when throughout Europe the principles of good taste in

architecture are so well understood, that fashion, induced by the cupidity and ignorance of

ui)holst';rers and decorators,— the curses of the art,— should again sanction an adoption of

the barbarous forms and unmeaning puerilities which it might be supposed Jones and Wren
Iwd, by their example, consigned to a merited oblivion. We fear our warning voice will

do little to suppress the rage till its cycle is completed. We have, in the prolongation of

the subject, sacrificed our own feelings to the rage in the present day for designs of this

class, and have assigned to it a far longer descriiition than it deserves. The wretched

cockney imitations of it iJerjietrated for retired shoi)keei)ers in the insignificant villas of the

suburbs of the metropolis, and occasionally for the amusement of country gentlemen a

little more distant, as well as the use of what is called Gothic, appear to us in no other

light than mockeries of a style which is repudiated by the maimers of the nineteenth century,

'i'he style called Elizabethan we consider (juite as unworthy of imitation as would be the

adoption in the present day of the model of the shi])s of war, with their unvvieldly and lop-

heavy ])oops, which encountered the Armada, in iireference to the beautiful and compact

form of a well moulded modern frigate.

1- ig. 2U4.

Sect. VII.

JAMKS I. TO ANNE.

4,)1 . The first of the reigns that heads this section has, in some measure, been anticipated

m our notice of Elizabethan architecture, which it was impossible to keep altogether distinct
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from tlie following reign. The angular and circular bay windows now disappeared entirely,

and were sujjplanted by large square ones, of very large dimensions in tbeir height,

unequally divided by transoms, and placed in lengthened rows, so as to form leading

features in the several stories of the building. Battlements were now entirely omitted,

and the general effect of the pile became one of massive solidity, broken by a square turret

loftier than those at the angles. The houses built in the reign of James I. are deficient in

the picturesque beauty found in those of his predecessors. ^lany of them were finished by

the architects named in the last section, and they were on a larger scale than even those of

the age of Elizabeth. Audley Inn in 1616, Hatfield in 1611, and Charlton House in

Wiltshire for Sir Henry Knevett, were, perhaps, the best specimens. The house at

Campden, Gloucestershire, built by Sir Baptist Hickes, and whicii was burned down during

the civil wars, consisted of four fronts, the principal one being towards the garden, upon the

ground terrace ; at each angle was a lateral projection of some feet, with spacious bay

windows; in the centre a portico, with a series of the columns of the five orders (as in the

schools at Oxford), and an open corridor. The parapet was finished with pediments of a

capricious taste, and the chimneys were twisted pillars with Corinthian capitals. A very

capacious dome issued from the roof, which was regularly illuminated for the direction

of travellers during the night. This immense building was enriched with friezes and

entablatures, most profusely sculptured ; it is reported to have been erected at the expense

of 29,000/., and to have occupied, with its offices, a site of eight acres."

452. The use of the orders became more general. In Glamorganshire, at Beaupre

Castle (1600), which has a front and porch of the Doric order, we find a composition in-

cluding that just named, the Ionic and the Corinthian, wherein the capitals and cohnnns

are accurately designed and executed. The following table exhibits some of the principal

houses of the period :
—

House. Date. County. Founder.
Present
State.

Architect.

Holland House - 1607 Middlesex - Sir Walter Cope - Perfect J. Thorpe (?)

Bramshill - 1607-12 Hants Edward Lord Zouche - do. Uncertain

Castle Ashbv 1625-35 Northmptn. Herbert Lord Compton do. (lo.

Summer Hill 1624 Kent Earl of Claiiric.irde do. J. Thorpe (?)

Charlton - 1615(?) Wilts Sir Henry Knevet Kestored Uncertain

Hatfield - 1607-12 Herts Robert Earl of Salisbury Perfect do.

Longford Castle - 1691-1612 Wilts Sir T. Gorges do. do.

Temple Newsham 1612-19 Yorkshiie - Sir Arthur hmram do. do.

Charlton, Great - 1607-12 Kent Sir Adam Newton do. do.

Bolsover 1607-18 Derby Sir Charles Cavendish
j

Dilai)i-

dated

i Huntingdon
^ Smithson

.\udley Inn 1610-16

(1580)
1 1588)

Essex r. Earl of Suffolk Perfect B. Jansen

J. Thorpe (?),

Wolhiton - Notts Sir Francis Willoughby do. R. and H.

( Smitlison

453. Under James, the pride and magnificence of the aristocracy was as equally dis-

played in the sumptuous monuments erected to the memory of the departed as in their

statelv palaces; and we can scarcely point to a county in England whose parish churches

do not attest the fact by the gorgeous tombs that exist in villages where the mansions of

those thus commemorated have not long since passed from the memory of man. A year's

rental of an estate, and that frecjuently under testamentary direction, was often squandered

in the sepulchral monument of the deceased lord of a manor.

454. In the reign of James I. properly commences the career of Inigo Jones, to which

we hasten with delight, as indicating the dawn of true architecture (for the Gothic had irre-

trievably passed away) in England. It resembles the arrival of a traveller at an oasis in the

desert, after a parching and toilsome journey. " Jones, if a table of fame," says Walpole,
" like that in the Tatler, were to be formed for men of real and indisputable genius in

every country, would save England from the disgrace of not having her representative

among the arts. She adopted Holbein and Vandyck, she borrowed Rubens, she produced

Inigo J. nes Vitruvius drew up his grammar, Palladio showed him the practice, Rome
displayed a theatre worthy his emulation, and King Charles was ready to encourage,

employ, and reward his talents. This is the history of Inigo Jones as a genius." Gene-

rally speaking, we are not admirers of Walpole, who often sacrificed truth to fancy, and the

character of an artist to a prettily-turned period ; hence we are disinclined to concur in his

criticisms without many qualifications; but in this case he has so well expressed our own
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feelings, that we regret we eaiiiiot add force to the observations in which we so fully

concur.

A.')'). Inigo Jones was the son of a clothworkcr, and was born about 1572. From the

most probable accounts he appears to have been apprenticed to a joiner, in which state he

was, from some accounts, discovered by the Earl of Arundel, from others by William F^arl

of Pembroke, and by one or other of these noblemen sent to Italy, rather, liowever, accord-

ing to Walpole, to study the art of y)ainting, than that of arcliitecture, for the former of wliicli,

tlie author named says. Nature ajipears not to have fitted him, inasmuch as " lie dropped the

pencil, and conceived Whitehall." But our own belief is, that though he might have after-

wards been patronised by both the noblemen above mentioned, he owed this part of his

education to neither of them ; for, considering that at his first visit to Italy, before 160.),

Lord Pembroke was but just of age, and that Lord Arimdel was somewhat younger,

there is no great probability that either of them thus assisted him in his studies on the

Continent.

4,56. Of his employment as an architect nothing can be traced previous to the visit of

James I. to the University of Oxford, in 1605, at which time he was thirty-three years old ;

and then, according to Leland (Collectanea, App. vol. vi. p. 647.), "They" the Univer-

sity) " hired one Mr. Jones, a great traveller, who undertook to further them with rare

devices, but performed little to what was expected. He had for his ])ains, I have con-

stantly heard, 50/. ;" from which it is certain that his earliest visit to Italy was before

1605. At Venice he became acquainted with the works of Falladio ; and there, .as

Walpole observes, " learned how beautifully taste may be exerted on a less theatre thar

the capital of an empire." In this city his reputation was so great, that Christian IV.

ajipointed him his architect, though of the buildings erected by him in Denmark we know
nothing. In this country's capital, however, he was found by James, and by his Queen
(Anne) was removed from Copenhagen to Scotland, in the quality of her architect. By
I'rince Henry he was employed in the same capacity, and about tliis time had the grant in

reversion of surveyor general of the works. On the luitimely and lamented death of that

prince, he once more visited Italy, where he perfected his taste and rijiened his judgment
It ajipears more than probable that it was previous to his second journey that he designed

those of his buildings that partake of a bastard style. These buildings, however, are such

as could, under the circumstances, liave been designed only by a great master in a state of

transition from one style to another ; such, for instance, are the north and south sides of

the quadrangle at St. John's College, Oxford, in which he seems to have copied all the

faults of the worst examples of his great master Palladio ; still the com])osition is so

picturesque, that, though reluctantly, we caimot avoid admiring it. In the garden front of

Fig 2Uti GAKUbN n OM 01 il JOHN a tOLLbOt O\F0Ul>, (1 jl— ,JJ

the same college (Jiff -06 ) notu ithst mduig its impurity, theie is a breadth and giandtur

which subdue criticism, and raise our admiration; and we by no means subscribe to Horace

Walpole's dictum, that " Inigo's designs of that period have a littleness of parts and a

weight of ornament." Previous to his second return to England, tlie surveyor's place had

fallen in, and finding the office in debt, he prevailed, as Walpole observes, with an air of
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Iloinan disinterestedness, and .showing that architecture vas not the only thing he had

learned in Home, on the comi)troller and paymaster of the office, to give up, as he did, all

the profits of the office till the arrears were cleared.

457. By the Fvedera, vol. xviii. p. 99., we find that there was issued to him, in conjunction

with the Earl of Arundel and others, a coipmission to prevent the building on new found-

ations within two miles of London and the palace of Westminster ; and in 1620 he was, if

possible, more uselessly employed by James I. in guessing, for it was no more, who were

the builders of Stonehenge. For this last, the necessary preliminary information had not

even dawned, although Walpole, in his usual off-hand manner, loses not, in alluding to it, tlie

ojjportunity of displaying his own dreadful ignorance on the subject. (See Chap. II. Sect. II.,

where this monument has been examined. ) In the year last named, Jones was one of the

commissioners for the repair of old St. Paul's, though the repairs were not commenced till

16:3.5, in which year Laud, then Bishop of London, laid the first stone, and Inigo Jones

the fourth. Our architect was now too much disinclined to Gothic to bend his genius to

Fro nt to the Park

Front to *»iftr-«>j<n^.jj| the Hi V er
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aiiytliing in tlic shape of a restoration ; and tliouf^li the Roman portico which he placed

licfore the cliuicli was magnificent, the application of Roman to Gothic architecture of

course ruined the cathedral. Tlie reader' will find a representation of this ])ortico in

Dugdale's St- Punl's. Ai)stractedly considered, it was a fine composition ; and its dimen-

sions, of a length of 200 ft., a depth of 50 ft., and a height of 40 ft., were calculated to give

it an imposing etfect.

4.)8. The Banqueting House at Whitehall, which we have pride in quoting as one of

the most magnificent works in Europe, has generally been supposed to have been erected in

the reign of Charles I.; but there is sufficient reason for assigning the period of its execution

to the preceding reign. It was begun in 1C19, and finished in two years. The designs

for the palace of Wliitehall, whereof/?^/. 207. at the foot of the preceding page, exhibits a

block plan, on which the banqueting-house (at A), it will be seen, forms a very inconsi-

derable portion, would, had they been executed, have formed, beyond all comparison, the

finest in the world. In magnitude it would have exceeded even the palace of Diocletian.

The form, as will be observed, was an oblong square, and consisted of seven courts, whereof
six were quadrangular. The central one was larger than the other two chief divisions

;

and these were again subdivided into three courts, the centre one of which, on the north

side, had two galleries with arcades, and that on the south a circular Persian court, as it

was called, whose diameter was 210 ft. Surrounded on the ground floor by an open
arcade, the piers between the arches were decorated with figures of Persians, with what
propriety it is useless to discuss ; and the upper story was ornamented between each

window with caryatides, bearing Corinthian capitals on their heads, surmounted by an

entablature of that order, and the whole was finished by a balustrade. Towards West-
minster, the front extended 1152 ft.; and that towards the park, in which the length of

the bantiueting-house is included, woidd have been 720 ft. With the exception of

Westminster Hall, the banqueting-house (now used as a chapel) was, until of late years,

t)ie laigest room in England, its length being 115 ft., breadth 6'0 ft., and height 55 ft.

459. In 1632, Jones was employed on Somerset House, to the garden front whereof he

executed (Jig. 208.) a fa9ade of singular beauty, lost to the world by its demolition on thn

rebuilding of the edifice for its present purposes. On the ascent of Charles I. to the

throne, our architect seems to have been very much employed. As surveyor of the public

buildings, his stipend was 8s. 4d. a day, besides an allowance of 461. per annum for house-

rent, a clerk, and incidental exjjenses.

460. In the passion for masques which prevailed during the reign of Charles I., Jones was
a principal contributor to their splendour. They had been introduced into this country by
Anne of Denmark ; and Walpole gives a list of thirteen to which he furnished the sctues

and machinery,
461. They who have seen Wilton can appreciate Tnigo's merit for having introduced into

England, in the seats of our aristocracy, a style vying with that of the villas of Italy.

Some disagreement appears to have arisen between him and Philip Earl of Pembroke,
which here it would be irrelevant to dwell on; we will merely mention that in the

Harleian library existed an edition of Jones's Slonehenge, which had formerly be-

longed to the nobleman in question ; and that its margins are filled by the former
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possessor with notes, not on the substance of the work itself, hut on its author, ana anything

else that could he injurious. He calls him " Iniquity Jones," and says he had 16,0(X)/.

a year for keeping the king's houses in repair. The censures were undeserved ; and the

accusations, unwarranted by facts, are extremely discreditable to the memory of Earl

Philip.

462. The works of Jones
were exceedingly numerous

;

many, however, are assigned to

him which were the jjroductions

of his scholars. Such buildings

as the Queen's house at Green-
wich (much altered, and, indeed,

spoiled, of late years, for the [lur-

pose of turning it into a public

naval school); Coleshill,in Berk-
shire, built in 1650; Shaftes-

bury House, in Aklersgate

Street ; the square, as planned,

and Church of St. I'aul, Coveni
Garden ; and many oilier works,
are strong proofs of the advance-
ment of architecture during liis

career. York Sfdirs (Jiff. 209.),

another of his examples, exhibits

a pureness and propriety of cha-

racter which appears to have
l)een afterwards unappreciatrd

by his successors, with ^\'ren at

their head, whose mention by
the side of Jones is only justified by the scientific and constructive skill he possessed.

463. Jones was a follower of the Venetian school, which we have described in a previous

section. His respect for I'alladio is evinced by the circumstance of a cojiy of that great

master's works being his companion on his travels tin-ough Italy. It is filled witli iiis

autograpli notes, and is now deposited in the library of Worcester (College, Oxford. Lord
Burlington iiad a Vitruvius noted by him in a similar manner. It is curious to see the

amateurs and pseudo-cricics of the present day decry these two authors, whom Jones, a

genius of the first order, thought his best instructors. The class in question are, however,

no longer considered wortliy of being listened to on matters of the art; and the i)ui)lic

taste is, in tliis respect, turning once more into the proper channel. Palladian architecture,

thus introduced by Jones, would have reac-hed a splendour under Charles I. perhaps ecjual

to that whicli Italy can boast, had not its progress been checked by public calamities, in

which it was the lot of the artist to share the misfortunes of his royal master. In addition

to being the favourite of the king, he was a Roman Catholic ; and for tliis (as it was then

curiously called) delinquency, he had to pay 545/. in the year 1646. He died, a|red

9 years, at Somerset House on the 21st of June, 1652 ; and left 4,200/. in legacies, anti

00/. for a monument, so tliat he did not die in poveity as usually stated.

464. The plans of houses introduced from Italy by this master were not, perhajis, alto-

igetlier suited to the climate or habits of the English. One of his greatest faults was that of

aiming at magnificence under circumstances in which it could not be attained. Thus, liis

ooms were often sacrificed to the show and effect resulting from a hall or a staircase, or

lioth ; sometimes, to gain the appearance of a vista of ajjartments, they were made too small

for the scale of the house. His distribution of windows is purely Italian, and the piers

between them consequently too large, so that the light is occasionally insufficient in

(uantity. The iiabits of Italy, whicii enabled Paliadio to raise his principal floor, and to

lave the farm offices and those for the vintage in the same range of building as the

nansion, impart an air of great magnificence to the Italian villa. Jones saw that this

irrangement was not required for English convenience, and therefore avoided the Palladian

iractice ;
" but," says Mitford, " the architects who followed him were dazzled, or dazzled

lieir employers. To tack the wings to the centre with a colonnade became a phrase to

ixpress the pur])ose of plan of the most elegant eflbct ; and the effect, provided the com-
tination be harmonious, will be elegant ; but the arrangement is very adverse to general

lonvenience, and especially in the moderate scale of most general use. Where great

plendour is the object, convenience must yield to it. Magnificence must be paid for in

lonvenience as well as monev." Webb and Carter were the pupils of Jonet. The fi)rmer

eill furnish us presently with a few remarks. During the time of the Commonwealth, the

istory of architecture in this coinitry is a comjjlete blank. We know of no pul)lic work
f consequence that was designed or executed in the interregnum. On the restoration of
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the monarchy, liovvever, the art began to revive ; but it was much tinctured witli the

contemporary French style, which Lord Burlington, on its reappearance many years after-

wards, li.id tiie merit of reforming, and of bringing back the public taste to the ))urity

uhicli Jones had introduced : but tliis we shall iiave to notice hereafter.

465. John Welih was nephew as well as scholar of Inigo Jones, wliose onlv d.uighter

he married. He built a large seat for the Bromley family at Horseheath, in Cambridgeshire
;

and added a portico to the Vine, in Hampshire, for Challouer Chute, the S])eaker to

Richard Cromwell's parliament. Ambresbury, in Wiltshire {fig- 'ilO. ), was only executed

Fig. 210. AUSBESBUIiY. (Before its alterations in 1853.)

by him from the designs of his master, as also the east side of the court of Greenwich
Hospital. Captain William Winde, a native of Bergen-op-Zoom, and pupil to Sir Balthazai

Gerbier, was, soon after the Restoration, in considerable employ as an architect. He bui 1

Cliefden House, Bucks, which was destroyed by fire in 1795 ; the ])uke of Newcastle's, ii

Lincoln's Inn Fields; Combe Abbey, Warwickshire, for Lord Craven; and for the same
peer he finished Hempsted Marshall, which had been begun by his master. But the chie

and best work of Winde was Buckingham House, in St. James's Park, on whose site non
stands a palace, larger, indeed, but unworthy to be its successor. It is known from prints

and not a few of our readers will probably recollect the building itself It was erected foi

John Sheffield, Duke of Buckingham ; and on its frieze was the inscription " sic sn i

i.yi':TANTUR LARES." The arrears in the payments for this house, according to an anecdott

in Walpole, were so distressing, that when it was nearly finished, " Winde had enticed lii?

Grace to mount upon the leads to enjoy the grand prospect. When there, he coolly locked

the trap-door, and threw the key to the ground, addressing his astonished patron, ' I am
a ruined man, and unless I have your word of honour that the debts shall be paid, I will

instantly throw myself over.' ' And what is to become of me,' said the duke? ' You sliall

come along with me.' The promise was given, and the trap-door opened (upon a sign

made) ijy a workman in the secret, and who was a party to the plot." We do not voucli

for the truth of the tale.

466. An architect of the name of Marsh is said, by Vertue, to have designed the additional

buildings at Bolsover, as also to have done some considerable works at Nottingham Castle ;

and Salmon, in his account of Essex, mentions a Doctor Rlorecroft, wiio died in 1677, as

the architect of the manor-house of Fitzwalters. Of the works of the French taste about
the middle of the period under discussion, a better notion cannot be obtained than from
Montague House, late the British Museum (//^ 211.), the work of a Frenchman here

whose example had followers ; indeed. Wren himself, in some of his works, has caught the

vices of the French school of the day, thongii he was a follower of tlie Venetian and lloman
schools. The fire which destroyed London in 1666, a iaw years after the death of Jones,

brought Into notice the talents of Sir Christopher Wren, whose career was opened undf.r
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tlie reign of Charles II. " Tlie length of his life enriched the reigns of several princes and
disgraced the last of them." (At the advanced age of 86 he was removed by George 1. from
the office of Surveyor General. ) " A variety of knowledge proclaims tlie universality, a mul-
tiplicity of works the abundance, St. I'aul's the greatness, of Sir Cliristoplier's genius. Tlie
noblest temple, the largest palace, the most stu])endous hospital, in such a kingdom as

Ikitain, are all works of the same liand. He restored London and recorded its fall." As
the boast of England is tlie Cathedral Church of St. Paul, it will be necessary to dwell a
little on a description of it.

467. The larger portion of this cathedral stands on part of the site of the old one, as

shown by the annexed diagram (/</. 212.), which also exhibits their comparative sizes. It is

co))ied from a drawing by Sir Christopher in the library of All Souls College at Oxford.
The instructions to the surveyor, according to the C()m])iler of the I'arentalia, were— " to

'.'ontrive a fabric of moderate bulk, but of good ])roportion ; a convenient (]uire, with a

vestibule and porticoes, and a dome conspicuous above the houses:" and in conformity with
them, a design was made which, from various causes, does not appear to have given satis-

faction ; whereon tlie com])iler observes, that " he endeavoured to gratify the taste of tlie

connoisseurs and criticks with something coloss and beautiful, with a design antique and
well studied, conformable to the best style of the Greek and Roman architecture." Tiie
model made from this design st'U exists. This however was not approved, and "the sur-

veyor then turned his thoughts to a cathedral form, .so altered as to reconcile as near as

possible the Gothic to a better manner of architecture." A design was approved by the

king, who issued his warrant under privy seal Htli May, 1675, for the execution of the

"orks. This design (en;;ravtd for the first time in Longman's The Three Cathedrals,

187:^) was wholly departed from by Wren, in execution.

468. Much trouble was experienced in removing the immense ruins of the old church, for

the de-.truction whereof recourse was liad to many expedit nts. On the north side, the fi)iiiida-

lions are [daccd upon a str.ituin of hard pot earth about 6 feet in thickness, but not more

P 2
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tli;m 4 ft. thick on tlie south side; and iijion this stiatiiin, from the experiL-nc-c of tlie ol

church having firmly rested, the architect wisely determined to place the new one. 'I'i

work was commenced on the western side, driving eastward to the extremity of the sitt

at which, on the northern side, a pit was discovered whence the hard i)ot earth h;i

been extracted, and the vacuity so made filled up with loose rubbish. Tlie length of th

hole in the direction of the foundation was not more than 6 or 7 ft., and from the fear i

piles, if driven, becoming rotten, tlie surveyor determined to excavate through the .sail

and to build up from tlie stratum solid for a dejjth of 40 ft. 'l"he jiit sunk here was IS t

wide; in this lie built up a jiier, 10ft. square, till it rose to within 15 ft. of the jiresei

surface. At this level he introduced an arch from the pier to the main foundation, and «

this arch the north-eastern quoin of the choir is founded.

4f)9. On the 21st of June, 1675, the first stone was laid ; and, within ten years, the wai

of the choir and its side aisles, and the north and south circular porticoes, were finished ; tl

piers of the dome also were brought up to the same height. The son of the architect la

the last stone in 1710. This was the highest stone on the to]) of the lantern. Thus tl

whole edifice was finished in thirty-five years, under the remarkable circumstances of havii

only one arcliitcct, one master mason (Mr. Strong), and the see being occupied the wliol

time by one bishop. Doctor Henry Compton. The master builder's name was Jennings.

470. The plan of St. Paul's is a Latin cross, and bears a general resemblance to that <

St. Peter's. A rectangular parallelogram, 480 ft. from east to west (measuring from tl

top of the stei)s of the western portico to the exterior of the eastern wall of the choir j,

crossed by another iiarallelogram, whose extremities form the transepts, L'50 ft. in .lengt

from north to south. At the eastern end of the first parallelogram is a heinicylindric:

recess, containing the altar, and extending 20 ft. further eastward ; so that the whole lengt

is 500 ft., exclusive of the fiight of steps. At the north and south ends of the transe])

are porticoes, segmental on the plan, and projecting 20 ft. The centre of the intersectic

of the parallelograms is 280 ft. from the western front. Tlie width of each parallelograi

is 125 ft. At tlie western end of the edifice, on the north and south extremities, are towe

whose western faces are in the same plane as the general front, but whose northern an

southern faces respectively project about 27 ft. from the walls of the aisles of the nave ; s

that the whole width of the western front is about 180 ft. In the re-entering angles c

each side, between the towers and the main building, are two chapels, each 50 ft. long an

20 ft. broad, open to the aisles of the nave at their western end Externally two ordei

reign round the building. The lower one Corinthian, standing on a basement I Oft. abo^

the level of the ground, on the western side, where a flight of steps extending the who!

Iireadth of the front, exclusive of the towers, leads to the level of the church. The lieigl

of this order, including the entablature, is 50 ft. ; and that of the second order, which

composite, is one fifth less, or 40 ft. ; making the total height 100 ft. from the ground to tl

top of the second entablature, "i'he portico of the western front is formed with the tw

orders above mentioned, the lower story consisting of twelve coupled columns, and tl

upper one of eight ; which last is surmounted by a jiediment, whose tympanum is scul]

tured with the subject of the Conversion of St. Paul, in pretty high relief. Half of tl

western elevation, and the half transverse section, is given in Jig 21.3. At the norther

and southern ends of the transepts the lower order is continued into porticoes of six flute

columns, standing, in plan, on the segment of a circle, and crowned with a semi-doine abu

ting against the ends of the transejits.

471. The porch of the western front is 50 ft. long and 20 ft. wide : the great doorwa;

being in the centre of it, leads to a vestibule 50 ft. square, at whose angles are four piei

connected at top by semicircular arches, under which are placed detached coujiled columi

ni front of the piers. 'I'he body of the church is divided into a nave and two side aisle

decorated with pilasters supporting semicircular arches ; and on each side of the porch an

vestibule is a jiassage which leads directly to the corresponding aisles. The choir is similarl

disposed, with its central division and side aisles.

472. The entrances from the transepts lead into vestibules 25 ft. deep, and the who'

breadth of the transejit in length, each communicating with the centre by a central passafj

and its aisles formed -between two massive piers and the walls at the intersections of tl

transepts with the choir and nave. The eight piers are joined by arches springing froi

one to the other so as to form an octagon at their springing points, and the angles betwee

the arches, instead of rising vertically, sail over as they rise and form ])eni/eiitiv(s, whic

lead, at their top, into a circle on the plan. Above this a wall rises in the form of a trui

eated cone, which, at the height of 168 ft. from the pavement, terminates in a horizont;

cornice, from which the interior dome springs. Its diameter is 100 ft., and it is 60 ft. i

height, in the form of a paraboloid. Its thickness is 18 in., and it is constructed of bricl

work. From the haunches of this dome, 200 ft. above the pavement of the church, anotlu

cone of brickwork commences, 85 ft. high, and 94 ft. diameter at the bottom. This coi

is pierced with apertures, as well for the ])iir])ose of diminishing its weight as for distr

buting light between it and the outer dome. .\t the to)) it is gathered into a dome, in tl
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form of ;i liypcrboloid, ])ierce(l near tlie vertex witli an ajierture 12 ft. in diameter. 'lie

top of tliis cone is 285 ft. from tlie jiavement, and carries a lantern 55 ft. liigli, termiiiatiiij;

in a dome, wliereon a ball and cross is raised. 'I'lie last-named cone is provided with

corbels, sufficient in number to receive tile hammer beams of tiie external dome, which is

of oak, and its base 220 ft. from the pavement, its summit being level with the top of tiie

cone. In form, it is nearly hemispherical, and generated by radii 57 ft. in length, whose
centres are in a Iiorizontal diameter, passing through its base. The cone and the interior

dome are restrained in their lateral thrust on the su))i)orts by four tiers of strong iron

chains, ])laced in grooves prei)ared for their reception, and run with lead. The lowest

of these is inserted in tlie masonry roimd their common base, and the other three at diH'erent

heights on the exterior of the cone. Externally the intervals of tl.e columns and pilasters

are oceujiied by windows and niches, with horizontal and semicircular heads, and crowned
with pediments. In the lower order, excepting modillions under the corona, the ental)la~

ture is quite plain, and there are also console modillions in the upper order. The edifice,

in three directions, is terminated with pediment roofs ; and at the extremities, on each of

those faces, are acroteria, supporting statues 25 ft. above the roof of the edifice. Over the

intersection of the nave and transepts for the external work, and for a lieight of 25 ft. above
the roof of the cliurch, a cylindrical wall rises, whose diameter is 146 ft. Between it and
the lower conical wall is a space, but at intervals they are connected by cross walls. This

cylinder is (juite plain, but jierforated by two courses of rectangular apertures. On it

stands a peristyle of thirty columns of the Corinthian order, 40 ft. high, including bases

and capitals, with a plain entablature crowned by a balustrade. In this peristyle, every

fourth intercohunniation is filled up solid, with a niche, and connection is provided between
it and the wall of the lower cone. Vertically over the base of that cone, above the

peristyle, rises another cylindrical wall, ajipearing above the balustrade. It is ornamented
Willi pilasters, between which are a tier of rectangular windows above, and one of blanks
below. On tiiis wall the external dome is posited. As will be seen by reference to tlie

section, the lantern which we h.ive before notii ed receives no support from it. It is mere y
ornamental, ditleriiig entirely in that respect from the dome of St. Peter's.

47.3. The towers in the western front are 220 ft. high, terminating in open lanterns,

covered with domes formed by curves of contrary flexure, and not very purely composed,
though perhaps in character with the general ficade. The total height to the top of ihc

cros-. from the pavement outside is 401 ft., but usually stated as 305 It.
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474. 'n e intciior of tlie nave aiul choir are each designed with three arches longitu-

dinally springing from piers, strengtliened, as well as decorated, on their inner faces, by an

entablature, whose cornice reigns throughout the nave and cliurcli. Above this entabla-

ture, and breaking with it over each ))ilaster, is a tall attic from projections on which

spring semicircular arches which are formed into arcs dotthleau.v. Between the last, pen-

dentives are formed, terminated by horizontal cornices. Small cupolas, of less height than

tlieir semi-diameter, are formed above these cornices. In the upriglit plane sjiace on the

walls above the main arches of the nave, choir, and transepts, a clerestory is obtained over

the Attic order, whose form is generated by the rising of the pendentives. The inner

dome is plastered on the under side, and painted by Sir .James Thornliill, with subjects

relating to the history of St. Paul.

475. For external elegance, we know no church in Europe which exhibits a cupola

comparable with that of St. Paul's, though in its connection with the church t)y an order

higher than tliat below it there is a violation of tlie laws of the art. The cost of the church

was 7:56,752/., exclusive of the stone and iron enclosures roiuid it, which cost 11,2()'2/.

more; in all 747,954/. About nine-tenths of that sum were raised by a tax on coals im-

ported into liOndon. As compared with St. Peter's, we subjoin a few of the principal di-

mensions of the two churches.

Direction of Measure. .St. Peter's in En-
glisli Feet.

St. Paul's iu En.
glish Feet.

Excess of the former
in Feet.

I.,ength within 669 500 169
Breadth at entrance 226 100 126
Principal facade ^95 180 215
Breadth at the cross 442 22.3 219
Cupola, clear diameter l;i9 108 :5I

Cupola, height of, with hmtern 4.'V2 330 102
Church in height 146 110 liG

476. If we suppose sections to be made through the transepts of the four principal

churches of Europe, we have their relative sizes in the following ratio : —
St. Peter's, Rome - - - - - . - 1 -0000

Santa Maria del Fiore, at Florence .... •5358

St. Paul's, London - . . - - - "4166

St. Genevieve (Pantheon), Paris ..... -3303

477. Notwithstanding its imjiosing effect as a wliole, and the exhibition in its construc-

tion of a mechanical skill of the very highest order ; notwithstanding, also, the abstract

beauty of the greater number of its parts, it is our duty to observe that many egregious

abuses are displayed in the fabric of St. Paul's, the first and greatest whereof is tiie great

waste of interior effect as compared with the total section em])loyed. If we su])])ose, as

before, sections from north to south to be made through the transe])ts of the four prin-

cipal churches, the following table will exhibit the pro])ortion of their clear internal to their

external areas: —
St. Peter's, Rome----.. 8,3J5 ; IO,0OO

Santa INIaria del Fiore, Florence .... 8,855 : 10,000
St. Raid's, London ..... 6,865 : 10,000
St. Genevieve (Pantheon), Paris .... 6,746: 10,000

M'hence it is seen how highly in this respect the Duomo of Florence ranks above the others.

The defect of St. Paul's in this respect is mainly induced by the false dome ; and though
we may admire the ingenuity that provided for carrying a stone lantern on the to]) of a

truncated cone, deceitfully appearing, as it does, to stand on the dome from which it rises,

we cannot help regretting that it afl'orded the opportunity of giving the building a cupola,

liable to the early attack of time, and perhaps that, more to be dreaded, of fire.

478. In the skill required for raising a building on a minimum of foundation. Sir Cliris-

topher Wren appears to have surpassed, at least, those who preceded him. In similarly

or nearly so formed buildings, some criterion of the comparative skill employed in their

construction may be drawn from comparing the ratio between the area of the whole plan,

and that of the sum of the areas of the horizontal sections of the whole of the piers,

walls, and pillars, which serve to support the superincumbent mass. The similarity of thr.

four churches already compared affords, therefore, a criterion of their respective merits in

this respect. We hardly need say that one of the first qualifications of an architect is to

produce the greatest effect by the smallest means. The subjoined table is placed before the

reader as a comparison of the four churches in reference to the point in question.
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Cliurcli. Whole Area in
Knglish Feet.

Area of Points of
Support.

I

Rutio.

1 : 0-261

I : 0-201

1 : 01 70
1 : 0154

St. Peter's at Rome
Sta. IVIuria del Fiure, Florence

St. I'aul's, Eoiicloii

St. Genevieve (rantlieoii), Paris

227,069
84,802
84,025

60,287

59,308

17,0.30

14,311

9,269

I'iie merit, therefore, shown in the cousdnctiuii of the above edifices will be nearly as 15,

1 7, 20, '-'6, or inversely proiiortional to the numbers in the last column.
479. We must here mention one of the most unpardonable defects, or rather abuses,

which this cluirch exhibits, and which must be learnt from reference to Jig. 214, 'llierein is

SlS^

VITH BUTTRKSSBI.

given a transverse section of the nave and its side aisles. From this it will be seen that the

enormous expense of tlie second or upper order all round the church was incurred for no

other purpose than that of concealing the flying buttresses that are used to counteract the

thrusts of the vaults of the nave, choir, and transepts,— an abuse that admits of no apology.

It is an architectural fraud. Wc do not think it necessary to descend into minor defects

and abuses, such as vaulting the church from an Attic order, the multiplicity of breaks,

and want of repose ; the general disajjpearance of tie and connection, the piercing, as

practised, the piers of the cupola, and mitering the archivolts of its great arches, and the

like, because we think all these are more than counterbalanced by the beauties of the edi-

fice. We cannot, however, leave the subject without observing that not the least of its

merits is its freedom from any material settlement tending to bring on ])remature dilajiida-

tion. Its chief failures are over the easternmost arch of the nave, and in the north transept,

for the remedy whereof (the latter) the architect left written instructions. There are also

some unimportant failures in the haunches of most of the flying buttresses, which are

scarcely worth notice.

480. The wretchedly nakeo apjiearance of the interior of this cathedral is a disgrace

neither to the architect nor to the country, but to the clergy, Terrick, bishop of London,
and Potter, archbishop of Canterbury, who lefused to sanction its decoration with pictures,

gratuitously proH'ered by artists of the liigliest reputation; and this after the cujxila itself

had been decorated. The colour of the sculpture is of no use in heightening the ellect of

the interior.

481. The Pdrcntalia contains a description of the manner in which the walls of the old
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catlu'dial were destroyed, and tlio.se of the present one raised ; whieli sliould be read l)j

all tliose engaged in the practice of arcliitecture.

48'2. Wren, having lived to see the completion of St. raid's, was, as liefore st:ited, dis-

placed from the office of surveyor of Crown buildings to make room for an incom|)etent

pretender, named Benson. Pope, in the Dniiciad, has left a record of the job, in the lines

—

Wliile Wren with sorrow to tlie grave (Uscemis,
(Jay dies iiniipiisioned ivilli a liundred friends.

Wren died at tlie age of 91 years, and was biiriid under the faltric, "with four words," saya

Walpole, " that comprehended his merit and his fame."

" SI QUiERAS MONUMENTUM CIRCUMSPICE."

483. It will be impossible, consistently with our space, to describe the works of Sir Chris-

topher Wren. One upon which his fame is as justly founded as upon St. I'aul's itself, is

St. Stephen's Church in Wallbrook, in which, on a plot of ground 80J ft. by .594 ft., he

has contrived a structure wliose elegance is not surpassed by any one we know to iiave

been raised under similar restrictions. The church in (juestion is divided longitudinallv

into five aisles by four ranks of Corinthian columns standing on pedestals ; the i)laces of

four columns near the centre being unoccupied ; the surrounding central columns form the

angles of an octagon, 45 ft. diameter, on which arches are tinned, and above which, by
means of pendentives, the circular base of a dome is formed, which is in the sha|)e of a seg-

ment of a sphere, with a lantern thereon. The ceiling of the middle aisle from east to

west is vaulted in groins. The rest of the ceiling is horizontal. Tlie interior of St. .Faines's,

Westminster, is another beautiful example of the master, though recently underrated by
an ignorant critic.

484. One of tlie peculiarities remarkable about Wren's ))eriod is the investment of the

form of the Gothic spire with a clothing of Italian ar(.'hitecture, by which the modern
stee])le was produced If any exam])le could reconcile us to such a practice, it might
be found in that of How Church, another of Wren's works, which rises to the height
of 197 ft. from the ground, .the sides of the souare from which it rises beint; 'V2 ft. (> i::.

There are in tlie leading proportions of this tower and spire, some exir.iordin irv examples
in relative heights as compared with widths sesquialterally, which would almost lead one

to suppose that, in this respect, our architect was somewhat sujier'-titioiis.

485. In St. Dunstan in the East, Wren attempted Gothic, and it is the least ofTc'iisive

of liis productions in that style. It is an elegant composition, but wants the claim to ori-
ginality. St. Nicholas, Newcastle, and the Iligh Church, Edinburgh, are its prototyiie.s.

486. The IVIonument of London is original, notwithstanding columns of this sort had
been previously erected. Its total expense was 885G/., and it was commenced in 1G7I,
completed in 1677. The height is 202 ft. ; hence it is loftier than any of the historical co-
lumns of the ancients. The pedestal is about 21 ft. square, standing on a plinth 6 ft.

wider. The lower diameter of the column on the upper part of the base is 15 ft., and the
shaft incloses a staircase of black marble, consisting of S45 stejis. It was fluted after the
work was carried up. The quantity of Portland stone whereof it is compo.sed is i8,196
cubic feet. The Antonine column at Rome islS.SJ.and that of Trajan 132 ft. high. That
erected by Arcadius at Constantinople, when perfect, was of the same height as that last

mentioned. The structure of which we are speaking loses much by its situation, which
has neither been improved nor deteriorated by the streets consequent on the rebuildiii<r of
London Bridge: and though it cannot compete with the Trajan column in point of in-
trinsic beauty, it is, nevertheless, an exquisite and well-proportioned work, and seems much
better calculated with propriety to record the object of its erection, than the other is to be
the monument of a hero. In these days, it is singular to see that no other mode than the
erection of a column could be found to record the glorious actions of a Nelson. Such was
the poverty of taste that marked the decision of the committee to whom that object was most
improperly entrusted.

487. Among the works of Wren not to be passed without notice is the Library of
Trinity College, Cambridge. It is one of his finest productions, and one with which he
himself was well satisfied. It consists of two orders ; a Doric arcade below, ojjcn to a
ba.sement supportedby columns, which hasa flat ceiling, exceedingly convenient as an ambula-
tory, and itself simple and well proportioned. The principal story is decorated with three-
quarter columns of the Ionic order, well proportioned. From their volutes, festoons are
l)endent, and the key-stones of the windows are carved into cherubs' heads, Ike. This is

the elevation towards Nevill's Court ; that towards the garden has three Doric doors below,
but above is without columns or pilasters in the upper stories. Without ornament, it

is not the less graceful and imposing. The interior, as a single room, is designed with great
grandeur and propriety.

488. We cannot further in detail continue an account of the works of this extra-
ordinary architect, but shall now proceed to submit a list of his principal works, together
with a catalogue of those of his principal churches whose estimates exceeded i,lie tost of
5000t
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Palace at Greemvicli, for Cliailes II.

Theatre at Oxford...
The IMonument . - -

Temple Bar - - .

St. Paul's Cathedral

Library at 'J'rinity Colleyo, t'aiiil)ridge

Campanile at Christ Church, Oxford

Ashmolean Library

I'alace at \\'inche.ster

College of Ihysicians

College at Chelsea - - -

Palace at IIami)ton Court - .

Towers of Westminster Ai)bey

Greenwich Hospital

Churches :
—

AUhallows the Great

Allhallows, Lombard Street

St. Andrew Wardrobe
St. Andrew, Ilolborn

St. Antholin . . -

.St. Bride - - - -

Christ Church, Newgate Street

St. Clement Dane's

St. Dionis Backchurch
St. Edmund the King
St. Lawrence Jewry
St. James, Garlick Hill

St. James, Westminster
St. jMicliael Koyal - - -

St. IVIartin's, Ludgate
St. INIargaret, Lotlibury

St. INIary, Somerset

St. Mary, Aldermanbury
St. Mary le Bow

The steeple

.St. Nicholas, Coleabbey

St Olave Jewry ...
St. Peter, Cornhill - - .

St. Swithin's, Cannon Street

St. 3Iagnus, London Bridge

Devlin.

1 6G:i

16G8
1671

1670
1675

1679
1681

1682
168:5

1689
1690
1690
1 696
1698

'I'hne of erection

- 1697
- 1694
- 1692
- 1687
- 1682
- 1680
- 1687
- 1680-82
- 1674-84
- 1690
- 1677
- 1683

circa 1689
- 1694
- 1684
- 1690
- 169.5

- 1677
- 1673
- 1680
- 1677
- 1673
.1681
- 1679
- 1676

Completed.

1 669
1677
1672
1710

1682

Unfinished.

1694

1703

Coa.

.5,64 1 /. 9.S-.

8,().-38

7,060

9,000

5,685

1 l,4:i0

11,778

8,786

5,737

5,207
11,870

3,.35 7

8,500

7,555

5,378

5,340

6,579

5,237

8,071

1,388

5,042

5,580

5,647

4,687

9,579

15

16

O
5

5

9

17

10

1 I

1

10

7

9

8

18

.3

18

8

6

4

8

4

18

'M
a

II

()

10

1

1

6

o
8

9

8

O
9

7

1

1

6

1

7

I 1

10

6

10

489. We must here close our account of Wren. Those of our readers who desire further

information on the life and works of this truly great man will do well to consult the

Pureiitulia, or Mfinoirs of the Faiiiilij nf the Wrens, comj)iled by his son, and published by hi.s

grandson Stephen Wren. Fol. Lond. 1750.

490. Among the architects of Wren's time, there was a triad of amateurs who would
have done honour to any nation as professors of the art. The first of these was Ilenrv
Aldrich, I). D., Dean of Christ Church, Oxford, who died in 1710. He was attached to the

Venetian school, as we may see in the three sides of Peckwater quadrangle, and the garden
front of Corpus Christi College, a facade which for correct taste is not surjiassed by any
edifice in Oxford. 'I'iie second of these amateurs was Dr. Clarke, one of the Lords of the
Admiralty in the reign of Queen Anne. This distinguished amateur sat for Oxford in

fifteen sessions. The Library of Worcester College, to which he be(]ueathed his valuable
architectural collection of books and MSS., was from his design. He built the library at

Christ Church. Tiie third was Sir James Burrough, Master of Cains College, Cambridge;
by whom, in 1703, the chapel of Clare Hall in that University was beautifully designed
and executed.

491. We now approach the works of a man who, whatever some have thought of them,
has a stronger claim on our notice as an inventor than any of his i)redecessors. It

must be anticipated that we allude to Sir John \'anbrugl). U|)on no other artist has
Walpole delivered criticisms more unworthy of himself, nor is tliere any one of whose
genius he had less cajiacity to a])i)reciate the powers. 'I'lic singular mind of Vanbrugh
was distracted by control : his buildings are the result of a combination of forms and anti-

cipation of efU'cls, originating solely from himself; cflects which none before had seen lor
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contemplated. .As a wit, he was inferior to none that levelled its shafts at lilm, and hence

his novel compositions in architecture became among the professed critics of the day so

much tlie more an oi)Ject of derision, as, in their jniny notions, liis only assailable ])oint.

Attacked from i)arty feeling, the public allowed itself to be biassed by epigrams and smart

verses from the pens of I'ope and Swift ; and when the former, in his fourth epistle, in allu-

sion to Vanbrugh'b works, exclaims,—
" I.o ! what huge heaps of littleness around,
The whole a labuured quarry ahove ground," —

he little thought he was leaving to posterity a record of his consummate ignorance of art,

and of Ills total insensibility to grandeur, iii all that relates to composition in architecture.

492. The opinion of Sir Joshua Reynolds first enlightened the public upon the thitherto

condemned works of this extraordinary architect. " I pretend," says Reynolds, in his fifth

discourse, " to no skill in architecture. I judge now of the art merely as a painter. When
] s])eak of \'^anbrugh, I speak of him merely on our art To s])eak, then, of Vanbrugli
iii the language of a |)ainter, he had originality of invention, he imderstood light anti

shadow, and had great skill in comi)osition. To support his principal object, he produced
his second and third groups of masses ; he perfectly understood in /lis art what is most dif-

ficult in ours, the conduct of the backgrounds l)y which the design and invention is (are)

set off to the greatest advantage. What the background is in painting is the real ground
ii|)on which the building is erected; and as no architect took greater care that his work
should not ajjpear crude and hard,— that is, that it did not abruptly start out of the ground,
uithout exj)ectation or pre]iaration,— this is the tribute which a ])ainter owes to an
architect who c()m|U)ses like a painter." The testimony of Mr. Payne Knight, a person of

a taste highly refined and cultivated, in his Principles of Ihste, is another eulogium on
the works of this master. And again we have the concurrence therein of another able

writer on these subjects, who, tliough frequently at variance in ojiinion with I\Ir. Knight,
thus ex])resses himself in his Essay on the Picturesque, vol. ii. p. 'ill. : " Sir J. Reynolds
is, I believe, the first who has done justice to the architecture of Vanbrugh, by showing it

was not a mere fantastic style, without any otlver object than that of singidarity, but that he
worked on the principles of jiainting, and that he has ])roduced the most i)ainter-like effects.

It is very probable that the ridicule thrown on Vanbrugh's buildings, by some of the

wittiest men of the age he lived in, may have in no slight degree prevented his excellencies

from being attended to ; for what has been the subject of ridicule will seldom become the

object of study or imitation. It ajipears to me, that at Blenheim, Vanbrugh conceived and
executed a very bold and difficult design, that of uniting in one building the beauty and
magnificence of the Grecian architecture, the picturesqueness of the Gothic, and the mas-
sive grandeur of a castle ; and that, in spite of many faults, for which he was very justly

re|)roached, he has formed, in a style truly his own, and a well-combined whole, a mansion
worthy of a great prince and warrior. " His first point ajqiears to have been massiveness,

as the foundation of grandeur : then, to prevent the mass from being a lump, he has made
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various bold i)i-ojections of various lieights, which seem as foregrounds to the maiu build-

iiio-; and, la^tly, having been probably struck with a variety of outline against the sky in

many Gothic and other ancient buildings, he has raised on the top of that part where the

slanting roof begins in any house of the Italian style, a number of decorations of various

characters. These, if not new in themselves, have, at least, been ai)|)lied and combined

l)y him in a new and peculiar manner, and the union of them gives a surprising splendour

and magnificence, as well as variety, to the summit of that princely edifice The study,

tiierefore, not the imitation, might be extremely serviceable to artists of genius and dis-

cernment."

493. Vanbrugh's principal work was Blenheim (whereof we give, m figs. '21.5. and 216.,

the plan and principal elevation), a monument of the victories of IMarlborough raised bv a

grateful nation. Its length on the north front from one wing to the other is ;i48 ft. The
internal dimensions of the library are 1:50 by ,'';2 ft. The hall is jjerhaps small compared
.vith the aiKirtments to which it leads, being only ,5S ft. by 44, and 60 ft. high.

494. The execution of his design for Castle Howard, in Yorkshire, was commenced in

I 702, and, with the exception of the west wing, was completed by him. The design possesses

much greater simplicity than that of Blenheim Tiiere is a portico in the centre, and a

cui)ola of considerable height and magnitude. The galleries, or wings, are flanked bv
pavilions. The living ai)artments are small; but for the comfort and convenience of the

house, as an habitation, many improvements have been made since th'! time of \'anbrugh
49.5. At Eastbury, in Dorsetshire, he built a S]iacious mansion for I\Ir. Doddington.

The front of it, with the offices, extended :570 ft. We regret to say that it was taken down
by the first Earl Tem])le, about the middle of the last century.

4 96. King's Weston, near Bristol, erected for the Honourable Edward Southwell. A
beautiful feature in the house is the grouping of the chimneys, in which practice no artist

has surpassed, nor perhaps equalled, him. This house is not, however, a favourable spe-

cimen of our architect's powers.

497. In the front which he executed to Grimsthorpe, in Lincolnshire, lie indulged him-
self in an imitation of Blenheim and Castle Howard. The hall here is of noble dimen-
sions, being 1 10 ft. in length, and 40 ft. in height, surmounted by a cupola.

498. Charles Howard, the third Earl of Carlisle, Deputy Earl Marshal in i 70.3, ajijiointed

\'anbrugh, Clarenceux king of arms, over the heads o"f all the heralds, who remonstrated,
without effect, against the aiijjointment. The cause of such an extraordinary promotion is

supposed to have had its origin in the Earl's satisfaction with the works at Castle Howard.
It was, however, altogether unjustifiable, for \'anbrugh was, from all accounts, totally ig-

norant of heraldry. He held the situations of surveyor of the works at Greenwich Ilos-

pital, comptroller general of the works, and surveyor of the gardens and waters. Though
perhaps out of place in a history of architecture, we cannot resist the opi)ortunity of men-
tioning that our artist was a dramatist of genius. The Relapse, The I'rovoked Wife, 'i"he

Confederacy, and yEsop, according to Walpole, will outlast his edifices. He died at

Whitehall, IMarch 26. 1726. Vanbrugh can hardly be said to have left a legitimate fol-

lower; he formed no school. Archer, indeed, attem])ted to follow him, and seems the only
one of his time that could appreciate the merit of his master. But he was too far behind
him to justify our pausing in the history of the jjrogress of British architecture to say more
tiian that his best works are Heythrop, and a temjjle at Wrest. St. Philip's Church at

Birmingham is also by him. " A chef d'auvre of his absurdity," says Dallaway, "was the
church of St. John's, Westminster, with four l)elfries," a building which has not inaptly been
likened to an elephant on his back, with his four legs sjjrawling in the air.



220 HISTOUY OF AUCHITECTUIIE. H.x^K I

Sect. VIII.

c.i:()iu;k i.

I!)!). Tliougli the exami)le of Wicn was highly beiitricial to his art, he does not scein to

have been anxious to propagate his doetrines by precepts, for he had but one pu|)il who
deserves a lengthened notice. That pupil was Nicholas Hawksmoor, who, at tile age of

eighteen, became the disciple of Sir Christopher, "under whom," says Walpole, "during
life, and on liis own account after his master's death, he was concerned in erecting many
public edilices. Mad lie erected no other than the church of St. Mary Woolnotii, Lom-
bard Street, his name would have deserved with gratitude the remembrance of all lovers of

the art. This church has recently (on the opening of King William Street) been unfor-

tunately disfigured on its southern side by some incompetent bungler on whom the patron-

age of tlie cliurcl vvarden lucklessly fell. Such is the fate of our public buildings in this

country. Tlie skill displayed iiy Hawksmoor in the dis-tribution and design of St. INIary

J,
Woolnoth is not more than

'iTr^t^-, rivalled by the best [iroductions

of his master and instructor.

We here give, in ,A(/'>'. ^217. and
21 8., a halfsection, elevation, and
plan of it. It was commenced
in 1716, and finished in 1719.

Not until latelj' was it seen to

advantage, Lombard Street, in

uhiili one side still stands, was
narrow, and its northern eleva-

timi, the only one till lately pro-

perly seen, required, from its as-

pect, the boldest form of detail to

give it expression, because of its

lieing constantly in shade, and
therefore experiencing no jilay

of light except such as is re-

flected. This is composed with

three large semicircular rusti-

cated niches, each standing on a

lofty lu^ticated pedestal, relieved with blank recesses, which are repeated in the intervals

hcliiw between the niches. The whole rests on a basement, whose openings, of course,

correspond to those above. Tiie

niches in the recesses are de-

corated M-itli Doric columns
on ])edestals, and the toji of

the entajjlature of the order is

level with the s])ringing of each

niche head running through on
each side, so as to form an im-
post. The front is crowned

'J with a block cornice, continued
; -

'' round the building, and the cen-
Fig.'^lS. PLAN OF ST. MARV WOOINOT.t.

t,..^l j,_.^,.t „f jlj^ noitliem flOUt

is surmounted by a balustrade. We are not prepared to maintain tliat the whole of

the details are in the purest taste ; but the masses are so extremely i)ieture.s(|ue, and
so adapted to the circimistances of the aspect and situation, that their faults are forgotten.

Not so the interior, which needs no apology. It is a combination of proportions,

whose beauty cannot be surpassed in any similar example. The plan is nearly a square,

whose nortli-west and south-west angles are truncated at angles of forty- five degrees,

for the introduction of stairs. The leading lines are an inscribed square whose sides

are equal to two thirds of the internal width, the remaining sixth on each side being

assigned to the intercolumniations between the columns and the pilasters on the in-

ternal walls. The columns, twelve in number, are placed within the sides of the inscribed

sipiare, and at the angles are coupled at intervals of one diameter. The order is Corinthian ;

the columns are fluted, and crowned by an enrichpd entablature one quarter of their height.

The space thus enclosed by the columns continues in a clerestory above, pierced on the

tour sides by semicircular windows, whose diameters are ecjual to one of tiie wide interco-

lumniations below. The height of this, including its entablature, is one half tiiat of the

lower order ; thus, with its pedestal, making the total height of the central part of the
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churcli, equal to its extreme w'ultli. A sestjuialtcral proportion is thus obtained in section

as well as plan. 'I'he eastern end is recessed s(]iiare tor an altar piece, and arclietl with a

semicircular ceiling enriched witli caissons. The galleries are admirably contrived, and in

n) way interfere with the general effect, nor destroy the elegance and sim])licity of the

iesign. The ceilings throughout are horizontal, and planned in compartment's whose
parts are enriched. As regards construction, there is a very unnecessary ex]>enditure of

materials, the ratio of the su])erficies to the points of support being l;0-'iG;3. Ilawksmoor
wa.s not so iiappy in the church of St. George's, Bloomsbury, in wliich he hu) really made
King George I. the head of the church by ])lacing him on the to]) of the steeple, whicli we
must, with Wali)ole, term a master-stroke of absurdity. But many i)arts of the building

are higlily ('(.-serving tlie attention of the student ; and if the commissioners for new churches

in these days had been content with fewer chiKches constructed solidly, like this, instead

of many of the pasteljoard monstrosities they liave sanctioned, tiie country, instead of re-

gretting they ever existed, which will at no very remote period be the case, would have

owed them a deep debt of gratitude. The only gratification we have on this point is, that

a century, and even less, will close the existence of a large portion of them. Ilawksmoor
was deputy surveyor of Chelsea College and clerk of the works at Greenwich, and in that

post was continued by William, Anne, and George I., at Kensington, Whitehall, and St.

James's. Under the last named he was first surveyor of all the new churches and of West-
minster Abbey, from the death of Sir Christopher Wren. He was the architect of the

churches of Christ Church, Spitalfields, St. George, Middlesex, and St. Anne, Limehouse
;

rebuilt some jiart of All Souls, Oxford, particularly the new quadrangle coni|)leted in 17.34,

and was sole architect of the new quadrangle at Queen's. At Blenheim and Castle

Howard he was associated with Vanbrugh, and at the last-named place was employed on
tlie mausoleum. Among his private works was Easton Nestoii. in Northamptonshire, and
the restoration to per])endicidarity, by means of some ingenious machinery, of the western

frgnt of Beverley JMinster. He gave a design for the Radclifii; Library at Oxford, and of

a stately front for Brazenose. His death occurred on the 'i5th of IWarch, 1736, at the

age of seventy-five.

500. Those acquainted with tlie condition of the country will be prepared to expect that

the arts were ni>t much ])atronised by George I. Tiie works executed during his reign

were rather the result of the momentum that had been imparted i)revious to his accession

than of his care for them ; ap.d it is a consolation tliat the exam])les left by Inigo Jones had
an effect that has in this coiuitry never been entirely obliterated, though in the time of

George III., such was the residt of fashionable patronage and misguided taste, that the

Adamses had nearly consununated a revolution. That reign, however, involved this country
in so many disasters that we are not surjjrised at such an episode.

501. After the death of Hawksmoor, succeeded to public patronage the favourite architect

of a period extending from 17l'0 to his death in 1754, whose name was James Gibbs, a

native of Aberdeen, wliere he first drew breath in 1683. Tliough he had no claims to the rank

of exalted genius, he ought not to have been the object of the flippant criticism of WaljJole,

whose ([ualifications and judgment were not of such an order as to make him more than a

pleasant gossip, he certainly hail not suihcient discernment properly to estimate the talent

displayed in Gibhs's works. Every critic knows liow easily phrases may be turned anri

antitheses pointed against an artist wiiom he is determined to set at noui;ht; of wliicli we
liave before had an instance in the case of Sir Jolin Vanbrugh; and «e shall not here
further dil.ite upon the practice. We will merely oljserve, that on tlie appearance of aiv
work cf art the majority of the contemporary artists are usually its best judges, and th.it in

ninety-nine cases out of a hundred the public afterwards sanction their decision ; and we
v\\\ add, in the words of old Hooker, that "the most certaine token of evident goodnesse ii.

if the generall perswasion of all men doe so account it;" and again, "although wee know
not the cause, yet this mucii wee may know, that soine necessarie cause there is, whenso-
ever the judgement of all m n generally or for the most part runiie one and the same way."
We do not, therefore, think it usef'id in resjiect of an artist of any considerable talent to

repeat a criticism more injurious to the wriier than to him of wliom it "as written.

502. 'l"he church of St. Martin's in the Fields is the most esteemed work of our archi-

tect. It was finished in 1726, as ajipears from the inscription on the frieze, at the cost of

33,017/. 9s. 3(/. Tlie length of it, including the portico, is twice its width, one third where-
of, westward, is occupied by the portico and vestibule. The portico is liexastyle, of the

Corinthian order, and surmounted by a pediment, in whose tympanum the royal arms aie

sculptured. Tlie intercolumniations are of two diameters and a half, and the jirojectioii of

the portico of two. Its sides are flanked by anta- in their junction with the main building,

one diameter and a half distant from the receiving pilaster. The north and south eleva-

licns are in two stories, sejiarated by a fascia, wivh rusticated windows in each. Between
the windows the walls are decorated with pilasters of the same dimensions as the columns
of the portico, four diameters ajiart ; but at the east and west ends these elevations

ire marked by insulated columns coupled with antaj. The flanks are connected with the
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prevailing lines in tlie ])(>itico by columns placed r>p tlie- walls, recessed for the pur-

pose. i;nd coupled with aiit.e, wlierehy a play of light is produced, which imparts great

ellcct to the other parts. The interior is divided into three une(|ual jjortions by a range

on each side of four Corinthian columns, and two jiilasters ))laced on jjedestals, raised tc

the height of the ])ewing. From their insulated entablatures rises an elliptical ceiling,

covering what may be called the nave. This ceiling is formed by arcs doubleaux, be-

tween whicli the vaidt is transversely pierced in the spaces above the intercolumniations

by semicircular arches springing from the top of the entablature of each column. Over
wiiat may be called the aisles, from the entablatures of the colinnns, semi-circular arches

are turned and received northward and southward on consoles attached to the walls, and
by their junction with the longitudinal arches from column to column pendentives arc-

evolved, and thereby are generated small Hat domes over the galleries. 'J'he altar is

recessed from the nave in a large niche formed by two quadrants of circles, whose radius

is less than one fourth of the whole width of the niche. It is vaulted semi-(;lHi)ticaHj-.

Galleries are introduced on the north, south, and west sides of the church. On the two
former sides they extend from the walls to the columns, against which the continuity of

ti)eir moiddings is broken. The interior is highly decorated, perha|)s a little too tiieatri-

cally for the sombre habits of this country ; but its effect is, on the whole, extremely light

and heautifnl. The tower and s])ire are, as in all the English churches of the Italian stvie,

a sad blemish; but the taste of the day compelled their use, and we regret that the clergy

still persist in considering them re(juisites. The length from the front upi)er step to the

east wall (inclusive) is 159 ft. 6 in., and the breadth from north to south 79 ft. 4 in. The
total area of the church is 12,669 ft., whereof the points of support occujjy tiSOS ft. The
ratio, therefore, of the former to tlie latter is a I ; 0'220, from which we may infer that the

edifice exhibits no very extraordinary constructive skill. The span of the rooi' (Jic/. 696.),

which is of the common king-post form, is 38 ft. Gibbs, unlike Wren, does not appear to

have been guided in his leading jirojiortions of this work by a series of ratios. The only

point in which we perceive an ajiproximation to such a system is in the length from the

l)linths of the columns of the portico, being just double the width of the church measured at

the same level. The ))ortieo is well designed, and hitherto has not been equalled in London.
503. In the church of St INIary le Strand, Gibbs was not so successful. There is no

portion of its space on which the eye rests with pleasure. It is cut up into littlenesses,

which, though not individually otfensive, destroy all re])ose or notion of mass in the fabric.

He built the new church at Derby, and executed some works at King's College, Cam-
bridge, which last were not calculated to raise his reputation ; but in the senate house of

that imiversity, he was more successful. In the Itadcliffe Library at Oxford, his fame was
maintained. It was comjileted in 1747. and thereon he was complimented with the degree

of Master of Arts. This library is on the plan circular in general form, and rises in the

centre of an oblong S(]uare, 370 ft. long, by 110 in width. Its cupola is 100 ft. in dia-

meter, and 140 ft. high. It ])()ssesses no features of striking beauty, and yet is a most
valuable addition to the distant view of Oxford, from whatever point of view it is seeji.

Tiie mterior is pleasing, and the disposition good. The books are arranged in two circular

gidleries. round a large central area. A description of this celebrated building was pub-

lished with plans and sections, fol. 1747. Gibbs was the arcliitect also of St. Bartholo-

mew's Hospital. In 1728, he published a large folio volume of designs, including several

of his works.

4^1 ( [ I III
i !J^-' 3"*^^ ""^& --K



Chav. I it. CEOllGK II.

504. Some works of coiisiilerable importance were erected dining the reign of George I.,

by a countryman of the last-named architect, Colin Cami)bell, who is, liowever, more

esteemed for'thvee volumes he published of the principal buildings in England, under the

name of the lltniviim Britaimicus. Of this work Lord Burlington was the original pro-

jector and patron. Afterwards, in 1767 and 1771, it was continued in two volumes, undei

the superintendence of Wolfe and Gandon, two architects of considerable reputation.

Cami)beirs talents were not of a very high order, though Mereworth, in Kent, an imitation

of the Villa Capra, built for Wildmay Earl of Westmorland, and Wansted House, in

Essex, built in 1715, and pulled down in 1815, the latter esjjecially, entitle him to be con-

sidered an artist of merit. Foreigners, whilst this last was in existence, always preferred

it to any other of the great mansions of the country. Gilpin says of it, " Of all great

liouses, it best answers the united purposes of grandeur and convenience. The plan is

simi)le and magnificent. 'I'he front extends '260 ft. A hall and saloon occupy the body of

the house, forniing the centre of each front. From these run two sets of chambers. No-

thinT can exceed their convenience. They comnnuiicate in one grand suite, and yet each,

by the addition of a back stair, becomes a separate apartment. It is difhcntt to say wlie-

ther we are better jileased with the grandeur and elegance without, or with the simplicity

and contrivance within. Dimensions: Great hall, 51 ft. by 36; ball room, 75 by 27 ;

Kaloon, ?,0\\. square." As the building no longer exists, we give, in fys. '219. and 2'20., a

ground plan and elevation of it. The towers at the angles were never executed. CampbtU
was surveyor of the works of (ireenwich Hospital, and died in 1734.

505. The church at Greenwich, and a very large mansion at Blackheatli for Sir Gregory

Page, in the latter whereof mucli is said to have been borrowed from Houghton, but which

lias many years since disai)peared, were, about 1718, erected by John James, of whom very

little more is known than tliese works, and, in London, the churches of St. George, Hanover

S(juare, and St. Luke's, iNIiddlesex, the latter whereof has a fluted obelisk for a steeple.

We ought, besides, to mention tliat he is generally stated to have been employed l>y the

Duke of Chandos, at Canons, in IMiddlesex. another building no longer in existence, and

showing the frail tenure upon which an architect's reputation and fame is held At the

latter place, however, it may he questioned whether the remark strictly ap|;lies, in. )smiich as

the architect, whoever he may have been, appears to have set taste and expense equ.dly at

defiance.

Sect. IX.

C KOliOF. II.

506. We do not altogether agree with Walpole in the observation that architecture

resinned all her rights during this reign, though there is no doubt that the splendid (for the
time) publications of I'alladio, Jones, and examples of the anti(jue recalled the ta.ste of
artists and their jjatrons tlie i)uhlic. I\Ien of genius were doubtless found to sup))ort the
arts by their practice, and some high-minded ]iatrons to encourage them in their labours.
" Before," observes Walpole, " the glorious close of a reign that carried our arms and
victories beyond where Roman eagles ever fiew, ardour for the arts had led our travellers

to ex])lore whatever beauties of Grecian or Latin skill still subsisted in provinces once
subjected to Rome, and the fine additions, in consequence of those researches, have esta-

blished the throne of architecture in Britain while itself languishes in Rome."
.'i07. Among the earliest of the architects of this reign was Thomas Ripley, a native of

Yorkshire, at whom Foiie sneers in the lines —
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" Who builds a bridge that never drove a pile ?

Sliould Uipley venture, Ul the world would smile."
Imil. Horace, Kp. ii. S. 18fi.

Ilil)ley, it must l)e confessed, failed at tlie Admiralty, which was afterwards veiled hy Mr.

Adam's jjeautlfid skreeii since cruelly "cheated of its fair proportions" by the late architect

to that Hoard, in order to make two coach entrances, which might, with the exercise of a

little inf^enuity, liave been managed without defacing tlie design. It is difficult, now, to

decide tlie exact share that llipley had in the house for Lord Orford, at Houghton, for

which Campbell appears to have furnished the original design. Walpole, whom we may
presume to have known something about the matter, says they were much improved by

llipley. He published them in two volumes, folio, 1755—60. It is to be regretted that

scarcely a single line of I'ope, in matters of taste relative to the artists of his day, is of the

.smallest worth, so much did party and politics direct the shafts of the poet's malice. The
])lain truth is, that Ripley was the rival of Kent, the favourite of Lord Burlington, whose
patronage it was absolutely necessary to enjoy before he could ensure the smiles of Pope.

Ripley was conii)troller of the Board of Works, and died in 1758.

508. Henry Herbert, Earl of Pembroke, an amateur of this reign, cannot pass unnoticed

in the History of its Architecture. He much improved Wilton, where he built the Pal-

ladian Bridge; and it is highly honourable to his memory that, owing to his exertions, the

i|ualitications of Labelye for building Westminster Bridge were acknowledged in opposition

to Hawksmoor and Batty I^angley, the latter of whom was an ignorant pretender. Of
this bridge Earl Henry laid the first stone in 1739, and the last in 1747. His works,

i)esides those at Wilton, were, the new lodge in Richmond Park, the Countess of Suffolk's

house at Marble Hill, Twickenham, and the Water House at Lord Orford's Park at

iloughton. He died in 1751.

509. Before advancing our history another step, we have to notice another noble-

man, whom to enrol among the number of her artists is an honour to England ; and in

speaking of Richard Boyle, the third Earl of Burlington and fourth Earl of Ossory,

we so entirely agree in Walpole's eidogy of him, that we shall not apologise for tran--

.scribing it from that author's pages : .— " Never was protection and great wealth more
generously and judiciously ditVu.sed than by this great person, who had every ([uality of a

genius and an artist, except envy. Though his own designs were more chaste and classic

than Kent's, he entertained him in his house till his death, and was more studious to extend

his friend's fame than his own." Again, he continues, " Nor was his munificence confined

to himself and his own hou.ses and gardens. He spent great sums in contributing to

jjublic works, and was known to chuse that the expense should fall on himself, rather than

that his country .should be deprived of some beautiful edifices. His enthusiasm for the

works of Inigo .Tones was so active that he repaired the church of Covent Garden, because

it was the ])roduction of that great master, and purchased a gateway at Beaufort Gardens,

in Chelsea, and transported the identical stones to Chiswick with religious attachment.

With the same zeal for pure architectiu-e, he assisted Kent in publishing the designs for

Whitehall, and gave a beautiful edition of the ' Antique Baths, from the Drawings of

Palladio,' whose papers he procured with great cost. Besides his works on his own estate,

at Lonsborough, in Yorkshire, he new-fronted his house in Piccadilly, built by his father,

and added the great colonnade within the court." This liberal-minded nobleman g;ive the

credit of this design to Kent, though, as Kent did not return from Italy before 1729, it is

certain that architect could have had little to do with it. His villa at Chiswick, now that

of the Duke of Devonshire, was an original design, and not, as is generally sujjposed, an

imitation of Palladio's Villa Capra at Vicenza. It was, liowever, too much in the Italian

taste to he suitalde to an English cliinate or to English comforts; hence its great external

l)eauty extracted from Lord Chesterfield the well-known verses—
" Possessed of one great house of state,

Without one room to sleep or eat.

How well you build let flatt'ry tell,

And all mankind how ill jou dwell."

Lord Hervey also sported his little wit upon this little bijou, which its subsequent

additions have not much improved, saying " that it was too small to inhabit, and too large

to hang one's watch in."

510. The dormitory of Westminster School, ruined by a late dean, and the Assembly
Rooms at York, are beautiful exunp'es of the great powers of Lord Burlington ; but the

house for Lord Harrington at Petersham, the Duke of Richmond's at Wiiiteliall (i)idled

down), and General Wade's house in Great Burlington Street were not v/ell phmneii, the

hitter especially, on which it was s^id by Lord Chesterfield, on account of its beautiful

front, that "as tlie geniral could not live in it to his ease, he had better lake a house ovei

against it, and look at it." Tiie Earl of Burlington was born in 1695, and died in 1 753.

51 1. William Kent, a native of Yorkshire, where he was born in 1685, if he did not ad-

v«nee the art, was at least far from retarding or checking any progress it seemed 'ilrely
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to make. Kent was a painter as u-cll as an arcliitect, tliongli as tlie former very inferior to
the latttr ; and to these accomplishmc-n's mu>t lie added those of a gardener, for lie was
iiu- father of modern picturesque gardeninor. Kent's greatest, and. out i)f many, also his
best work, was Holkham, in Norfolk, for the Earl of Leicebter. The designs were pub.
lished in 1761, by Matthew Brettingham, who had been engaged on the building,
Hpparenily as resident architect, as CKplained in the edition of 1773. The noble liall of
tliis building, terminated l)y a vast fligiit of steps, produces an effect unequalled by any-
thing similar to it in England. During, and, indeed, previous to, Kent's coming so much
into employment, a great passion seems to have existed with the arL-liitecls for ill shaped,
and, perhaps, almost grotesque, urns and globes, on every part wliere tliere was a resting-
place fir them. Kent not unfiequenily disfigured his works in this way, but more
especially so at the beginning of his career. The pile of building in Margaret Street
(part of which has been removed for additions to the new parliament houses), now con-
taining the law courts, a house at Esher for Mr. Pelham, the Horse Guards, and other
buildings, which it is neediess here to particularise, were erected under the designs of Kent,
upon whom unbounded liberality and patronage were bestowed by Eord Burlin<rt,,n durin"
the life of this artist, which terminated in 1748.

512. About 17.'i;5 appeared, we believe, the last of the stone churches with steeples,
wliich the practice of Wren had made commoir in this country ; this was the churcli of
St. Giles's in the Fields, erected by Henry Flitcroft. The interior is decorated with Ionic
columns resting on stone piers. The exterior has a rusticated basement, the windows
of the galleries have semicircular heads, and the whole is surmounted by a modiliion
cornice. The steeple is 165 feet high, consisting of a square tower, the upper part de'-o-
ratod with Doric pilasters ; above, it is formed into an octagon on the plan, the sides being
ornamented with three quarter Ionic columns supporting a balustrade and vases. Above
tliis rises an octangular spire. Besides this, Flitcroft erected the church of St. Olave,
Soutjiwark, and the almost entire rebuilding of Woburn Abbey was from the designs and
sujierintendence of that master, wlio died in 1 7C9.

513. During the reign under our consideration, the city of Bath may be said to have
ilmost arisen from the designs of Wood, who built Prior Park for Mr. Allen, the friend of
I'ojie, and Buckland was erected by him for Sir John Throckmorton. Wood died in I 754,
To him and to his scholars Bath is indebted for the designs of Queen Scjuare, the Parades,
the Circus, the Crescent, the New Assembly Boom, ^c. The buildings of this city possess
various degrees of merit, but nothing so extraordinary as to call for moie than the mere
notice of them. We are by no means, for instance, disposed to agree with Mitford, who
reckons the crescent of Bath among " the finest modern buildings at this day existing it]

the world !

"
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514. Though the works of the architects about to follow, belong partially to the
preceding reign, they are only properly to be noticed under that of George III. Without
a lengthened account of them, we commence with the mention of the name of Carr of York,
who was much employed in the northern counties, where he built several noble residences,
particularly that for Mr. Lascelles, afterwards Lord Harewood, and a mausoleum in York-
shire for the late Marquis of Rockingham. Paine was engaged at Worksop IManor, W ar-

dour Castle, and Thorndon ; and Hiorne, whose county sessions-house and prison at
Warwick exhibit considerable genius, was a promising artist, prematurely cut off. His
talent was not confined to the Italian style, as may be learnt from reference to the chureli
at Tetbury in Gloucestershire, and a triangular tower in the Duke of Norfolk's park at

Arundel.

515. At an early part of the reign of George III., architecture was cultivated and ])rac-

tised here with great success by Robert Taylor, afterwards knighted. His best conqiositions
were designed with a breadth and intimate knowledge of the art, that prove him to have
been abundantly acrpiainted with its principles. That he was not always successful, tlie

wings of the Bank, now removed, were a proof. Of his works sufficient would remain to
corroborate our opinion, if only what is now the Pelican Ofl^ce in Lombard Street existed.
VV'e believe it was originally built for Sir Charles Asgill, and ruined by the directors of the
Pelican when they took to the place. There are, however, also to attest the ability of Sir

liobeit Taylor, Sir Charles Asgill's villa at Richmond, and his own house in Spring Gardens.
After his visit to Italy he commenced his practice in sculpture, in which branch of the arts

he has left monuments in Westminster Abbey and elsewhere; but he afterwards devoted
himself to architecture alone. Among his works were a dwelling house for Sir P. Taylofj

Q
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near Poitsoown Hill, a house in riccadilly for tlie Duke of Grafton, a mansion in Ilcrts foi

Lord Howe; Stone Buildings, Lincoln's Inn; ICly House, Dover Street, a very clever

conii)Osition ; Sir Jolni Hoyd's at Danson, near Shooter's Hill; the beautiful bridge at

Henley on Thames, and Lord Grimstoue's at Gorhamliury. He had for some time a seat

It the Board of Works, was surveyor to the Admiralty, the Bank, and other jiublic bodies.

His reputation was unl)ounded, and met with reward from tlie ])ublic. Sir Ilobert Taylor

died in 1788 at the age of seventy-four.

516. Cotemjjorary with the last-named artist, was one to whom the nation is indebted foi

first bringing it to an intimate acijuaintauce with the works of Greece, to wiiich lie first led

the way. The reader will, of course, anticipate us in the name of James Stuart, who began
Ids career as a painter. After some time jiassed in Greece, he, in conjunction with Nicliolas

Uevett, about the year 176ti, published the well-known Antiquities of Athens, from which
he acquired the soubriijuet of Athenian. The ])ublic taste was purified by a corrected

knowledge of the buildings of Greece, csjiecially in res|)ect of the form, composition, and
arrangement of ornament ; but we doubt whether mischief was not for a time induced by
it, from the absurd attem))t, afterwards, to adai)t, without discriiuination, the ))ure Greek
porticoes of the temples of Greece to pidjlic and jirivate buildings in this country, often

with buildings with which they have no more natural relation than the interior arrange-

inent of a church has with that of a theatre. The architects of our own time seem, however,
at last to be aware of the impossibility of a])|)lying with success the forms of Grecian temjjles

to lOnglish habitations ; and a better system has been returned to, that of applying to every

object a character suitable to the ])iiri)oses of its destination. We consider Stuart's best

work the house, in St. James's S(|iiare, which he built for Lord Anson. Among other

works, he executed Belvedere, in Kent, for Lord Eardley ; a house for Mrs. Montague, in

Portman S(]uare ; the chajiel and infirmary of Greenwich Hospital ; and some ])arts of the

interior of Lord Spencer's house, in St. James's Place. Stuart died in 1788, at the age of

seventy-five. His colldhordteur, llevett, shared with him a jiortion of the patronage of the

public. He survived him till 1804, when he died at the advanced age of eighty-two years.

He was employed on the eastern and western porticoes of Lord l)e S])encer's house at

NVest Wycombe, and on some teni])les. For Sir Lionel Hyde he built the church of Ayot
.St. Lawrence, Herts, the front wl.ereto is a Doric portico crov/ned with a low Grecian
pediment, and on each side an Ionic colonnade connects the centre with an elegant
cenotaph. He also built a jiortico to the eaiiteru fiont of Standlinch, in WiJlshire, for

Mr. Dawkins.
.517. The chasteness and ])iuity which the two last-named architects had, with some

success, endeavoured to introduce into the buildings of England, and in which their zeal

had enlisted many artists, had to contend against the opjjosite and vicious taste of Ilobeit

Adam, a fashionable architect, whose eye had been ruined by the corruptions of the
worst period of Roman ait. It can be scarcely believed, the ornaments of Diocletian's

palace at Spalatro should have loadid our dwellings coiitem|ioraiieously with the use among
the more refined few of the exquisite exeinplars of Greece, and even of Rome, in its better

days. Yet such is the fact; the depraved coin|)ositioiis of Adam were not only tolerated,

but had tlieir admirers. It is not to be supjiosed that the works of a man who was content
to draw his supplies from so vitiated a source will here require a Itngtheiud notice. Yet had
lie his hap])y moments ; and th:it we may do him strict justice, we not only mention, but

present to the reader, \n Jigs. 221. and 222., the ground plan and elevation of Kedlestonc, iii

Derbyshire, which he erected for Lord Scarsdale. The detail of this is, indeed, not

exactly what it ought to have been ; but the whole is magnificently conceived, and worthy
of any master. Adam died at the age of ninety-four, in 1792 ; and, besides the Adelphi,

in the Strand, which he erected on speculation, he was engaged at Luton Park, in Bedford-

shire, for the Earl of Bute ; at Caenwood, near Hampstead, for Lord Mansfield ; at Sliel-

burne House, in Berkeley Stjuare, now Lord Lansdowne's, well idanned, but ill designed.

a meagre aflair ; the disgraceful gateway at Sion, near Brentford ; and on ])art of the

Register OHice at FJdiiiburgh. None, however, would now do credit to a mere tyro in the

art except the first named
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518. ricvious to the accession of George III. it had been considered by his tutors
necessary to complete liis education by the study re<|uisite to give him some ac(iuaintance
with the art. We venerate the memory of that monarch as an lionest good man, but are
compelled to say that the experiment of inoculating him with a taste for it was unsuccess-
ful, for during his reign all the hizareries introduced by Adam received no check, and
seeing that Adam and Bute were both from the north, we are rather surprised that his
education was not in this respect committed to the former instead of Sir William Chambers,
whom, as one of the first architects of the day, it is incumbent upon us now to introduce.
We l)elieve that whatever was done to forward tlie arts, owes a large portion of its eHect
to that celebrated man ; and it is probable, with the worthy motives that actuated the
monarch, and the direction of his taste by that individual, much more would have been
accomjilished, ))ut for the heavy and disastrous wars which occurred during his rein-n, and
the load of debt with wliich it became burthened. The works of Chambers are foutid in
almost every part of England, and even extended to Ireland; but we intend here chief! v to
restrict ourselves to a short account of Somerset House, his largest work, in which, tiio"i.<'-ii

there be many faults, so well did he understand his art, that it is a matter of no orriinarv
difficulty, and indeed requires hypercriticism, to find anything oflTensive to good taste in tlie

detail.

519. This work was commenced in 1776, and stands on an area of 500 ft. in depth, and
800 ft. in width. The general interior distribution consists of a quadrangular court,
34:^ ft. in length, and 21 Oft. in width, with a street or wide way running from north to
south, on its eastern and western sides. The general termination towards the river is a
terrace, 50 ft. wide, whose level is 50 ft. above that of the river, and this occupies the whole
lengtli of the facade in that direction. The front towards the Strand is only 135 ft. long.
It is com))osed with a rustic basement, supporting ten Corinthian columns' on pedestals,
crowned by an attii^*. extending over the three central intercolumniations, flanked by a
balustrade on each side. The order embraces two stories. Nine large arches are assigned
to the basement, whereof the three central ones are open for the purpose of attordiu^r an
entrance to the great court. On each side of them, these arches are occupied by win-
Aovs of the Doric order, decorated with pilasters, entablatures, and pediments. The key
ston>;s are carved in alto-relievo, with nine colossal masks, representing the ocean, and the
eight princijjal rivers of Great Britain. The three open arches of entrance befi)re men-
tioned lead to a vestibule, which connects the Strand with the large quadrangular court,
and serves also as the access to tliose parts of the building, till lately occupied by the Royal
-Academy, (18:>6'). and on the eastern side (lately to the Royal Society and) to "the Society
of Antiquaries, the entrances tliereto are within the vestibule. This is decorated with
columns of the Doric order, whose entablature supports a vaulted ceiling. We insert a
reduced woodcut {f;u 223) of INIalton's view of this "magnificent Doric arcade leading to
tlie great court, which conveys to the spectator a more ample idea than words can possibly
furnish, of this piece of grand and picturesque scenery." 'i"he front of this jiile of

Q 2
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Imililing towards the ()ii a(bangle, is 200 ft. in extent, lieing niucli more tlian tlie length of

that towards the Strand ; the .style, however, ot its deeorjtion is correspor.dent Avitli it, the

prineijial variation being in the use of pilasters instead of columns, and in the doors and

window.s. Tne front next the Thames is ornamented in a similar manner to tliat already

ilescribed. It was originally intended that the extent of tlie terrace should have beeii

1,1 OJ ft. This last is sujiported by a lofty arcade, decorated towards the ends with coupled

Tuscan columns, whose cornice is continued along the whole terrace. Tiie edifice was at

the time the suliject of much severe criticism, and ])articularly from the pen of a silly en-

graver of the name of Williams, under the name of Antony I'asquin ; but the censures he

passed on it, the author being as innocent of tlie slightest knowledge of the art as most of

tlic \vriting aicliitectuial critics of the present daj, were uitliout foundation, and have long

fcmce been forgotten At the tune, however tliev rectned a ludicious reply from the pen

of the late Mr. John

\\^=^^^SWlik ll il \ deservedly found a
place in our edition

of the work by Sir

W. Chambers, yet to

be noticed

520. Malton, in

his Loiidoti and fl'est-

iniiiiter, fol. 1792-7,

gives several care-

fully drawn view.s of

tliis noble edifice,

tlie design of whidi
he describes as be-

ing at that time

(1796), "far from
complete, and little

jirogress has been
made in t!ie build-

ing since the com-
mencement of t! e

present war ; the

exigencies of go-

vernment having <li-

verted to other uses

the sum of 25,OCO/.

which for several

years had been an-

nually voted for its

coniiniiance." Since
1.S 2^3 LNir.NO MST.LILL. .021U,.i.l HOUSE.

j|,gt j,^,.;^^! ^|,g j.;^,^,.

frontnge has been completed at the east end, by the additions in 18.31, under Sir II. Smirke,

for King's College : while new offices were skilfcilly added on the western side, during
tlie years 1852-56, by James Pennetiiorne.

521. In the y<car 1759, Sir W. Ciiambers published a Treatise on the Decorative Part of
Civil Architecture, in tblio ; a second edition apjieared in 1768 ; and a third, with some ad-

ditional i)lates, in 1791. Two others have since been published, in 1825. This work, as

far as it goes, still continues to be a sort of text-book for the student ; and much of it has

been adopted for that portion of this volume, entitled " I'ractice of Architecture " Cham-
be^s held the office of surveyor-general in the Board of Works, and to him inuch is

owing for the assistance he rendered in establishing the Royal Academy of Aits, in 1768,

to wliicli institution I.e was treasurer. He died in 1796. He had many pupils, several of

whom we shall name.
522. Robert IMylne, the descendant of a race of master masons and architects in Scot-

land, designed Blackfriars Bridge, having been tlie successful competitor, a preference he
obtained while yet unknown and abroad. It was built between the years 1760 and 1768,
at an expense of 152,840/., a sum which was said to be somewhat less than his estimate.

He was voted an annual salary of 300/. and a percentage on tlie money laid out ; but to

obtain his commission of 5 per cent, he had a long struggle with the city authorities, his

claims not being allowed until 1776. This bridge was pulled down in 1865. At the time
when the designs were under consideration, a long controversy aro.se on the questions of tlie

t.iste exhibited, and safety in employing elliptic, in place of semicircular, arches, which had
been u)) to that time used in England for bridges. He was surveyor to the dean and chapter

of St. Paul's, London, and is said to have placed in that building, over the entrance to the
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I'hoir, tlie mL'iiiori;il tablet witli the celei)iat(.d inscription {pur. 482) to tlic nieniory of Wren,
lately removed. He was appointed, in 176'i, engineer to the New River Conijjany ; and dying

in 1811, was buried in tlie crypt of the cathedral, near to the grave of Sir C. Wren.

52:5. George D.mce, being nominated, in 17;53, by the corporation of the city of London,
to the oftice of cljrk of the City Works, and appointed thereto in December 17;i5, de-

signed St. Luke's Church, Old-Street; St. I^eonard's Church, Shoreditch, a bold example
of the Doric order; and the Mansion House, or official residence of the Lord JMayor fur

the time being, during the years 17.'59-53, at a cost of about 42,039/. This edifice ba.s

received many alterations, including tiie removal of the lofty attics in front and rear, which

has tended mucii to deprive the stru-ture of a large share of dignity. Its confined and low

bituatioa gives tlie building an appearance of heaviness , it would be free from this, if placed

on :ui elevated spot, or in an area ])roporti,)nate to its magnitude. It is substantially built

of I'ortland sione, tiie material used in most of tiie erections of this ptriod. The finely

di-'signed sculptin-e in the pediment, above tlie six columns of the Corintiiian order, was well

executed by Mr., afterwards Sir Ilol)ert, Taylor. Many other buildings in and about the

city are attributed to Dance, who died in 17(J8, and was succeeded in office by iiis son

George Dance, another of the first four aiehitLCt members of the Royal Academy He
designed Newgate ])rison, with tl e Sess ons House, &c. It was completed in 1778, at a

cost of upwards of 130,000/. ; besides Lei.ig sulisetjuenly repaiivd under his directions,

after the riots of 1780, when it suffered grcaily from fire. This edifice (fig. 224.) baa
become a chief example of the theory of the observation to " apjily to every object a cha-
racter suitable to the purposes of its destination" {page 224.). The walls, which are con-
structed of I'ortland stone, without apertures, or any other ornaments than rou»-li rustic
work and niches, are 50 ft. in height. The principal front is 300 ft. in leno-th. Dance
also designed St. Luke's Hospital for Lunatics, Old Street, built in the years 1782-1784,
at a cost of about 40,000/. It is of brick, with a few plain stone dressings, three stories in

height ; the spaces between the centre and ends are formed into long galleries for tlie

females on the western side, for the males on the eastern. The simple grandeur of the de-
sign of the ra9ade. the length of wliicli is 493 ft., produces a very agreeable effect o(
jiropriety upon the mind. He rearranged the south front of Guildhall in a style of archi-
tecture neither Gothic nor Giecian, the capabilities of which his pupil, John, afterwards
Sir John, Soane. largely availed himself in after life. He also designed the elegant council
chamber attached; together with many country residences for the wealthy citizens and
others ; and dying in 1825, was buried in the crypt of St. Paul's. Upon tiie resignation by
him of his city appointment in 181C, he was succeeded therein by his other p'lpil, William
Mouiitague.

524. Henry Holland, in 1763, designed Claremont House, near Esher. for Lord Clive;
formed, 1788-90, Cailton House into a palace for the Prince of Wales, afterwards George
IV.; designed, in 1791, Drury Lane Theatre; the fa9ade of the East India Hou^e,
Leadenhall Street; the original ' Pavilion ' at Brighton, about 1800; improvements at
Woburn Abbey for the Duke of Bedford; and 1785, the vestibule, with its charming
portico in tiie Grecian style, to INIelbourne, now Dover House, Whiteiiall. for the Duke of
York. The fiy. 22.) is from I\falton's work already mentioned, and is given not only foi tlie

intrinsic merit of the design, but becau.se little else now remains, with Claremont, to demon-
strate the talents of this fashionable architect of his day. He was the chief introducer of
the so-called Greco-Roman style. Holland died in 180G.

525. Witii these architects should be mentioned Isaac Ware, "of His INIajesty's Board ol
Works," who published, besides other wcrks, a Complete Budy of Arcluteet'ire, folio. 1756.
This volume, relating to Italian des'gn only, contains much sound information, and is more
complete than Sir W. Chambers's publication, but it is not treaied .so artistically. He de-
signed Chests rlield House, May Fair. Willey Reveley. a pupil of Chambers, foUcived
the ste|)s of Stuart, and visited Athens and the Levant. He was the editor of the third
volume of the .-liiti'/iiities of Athens, and died prematurely in 1799. Lie built tlie new
church at Southami)ton, and offered some beautiful designs for the new baths at Bath, which,
however, were not ado|)ted. Joseph Bonomi, a na'ive of Ilome, an associate of the Royal Aca-
demy, amongst many largo structures composed chiefly in the Grecian style, designed the
gallery at Townley Hall, Lancashire, for th; collection now in the British Museum 1790.
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a small chiircli at Packington, Waiwick.sliire, solidly, vaulted tlirouglioiit ;
Eastwtll IIoti.se,

Kent; the mausoleum iirHlickling Park, Norfolk, to tlie memory otMohn, second Eail of

buckingliam; Longford Hall, Sliropshire, exl)ibi;ing jicrliaps the earliest ada|)tation of a

poriieo projecting sutticiently to admit carriages; additions

to I imbton H dl Duili-i ii and, besides many other works,

his ilief dceiaiL tlit Itali-m mansion at Roseneath, J)umbar-

toiisl lie for thL then Duke of Argyle, between 180:5-G, and

said to be still leiiidining incomplete. As will be seen from

tiic n.isi>tcti\e \iew (/i^ 227.), the entrance port co is re-

n aik-ii)le tor hi\ing a cei tral column ; the better to express,

as honomi stated thit tli" portico is intended for protecting

the visitors from the

wi-atiier, as tlie carriages

drive, and set down, un-

der it, 'i'hiis no (cen-

tral space is recpiiretl ;

while the column af-

fords sujjport for any

central object which

may be placed on tl e

e.itablature. Tiie apart-

ments are not very large;
"^-^ the music room, marked

u on the ])lan given in

fie/. 2'J6, being only :-G

f . long, and 'J'2 it. wide.

The central passage, /',

with barely any light ex-

cei>t at tlif two ends,

ai'pears a gnat defect.

l'iansweresubse(iuentlv
Fig. 225. MKLBOUnXE, S0«- DOVER HOUSE, WHlTKnAM,.

^^^^J^ J^j. ^ J^^ge SUllk

circular court at each end. from one of which a suI)terraneous jiassage led to the sea. '1 lie

name of Bonomi appears in the best novels of his period as the arcliitect consulted in

matters concerning a country residence. He died in 1808.

t^

(M^ei—m—m—m)
Fig. 226. PLAN OF r.OSKXEATlI, Dl'MBAKTOXSIIinE.

.'i'i'i. Of this period also are the works of James Gandon, a pupil of Sir \V. Chambers.

His name was first brought before the public, by the publication with ,7ohn Wolfe of a con-

tinuation of ("ampbeH's Fitruvli/s Britannini-, 2 vols fol. 1767 and 1771. Tlie design, by
him, for the county-hall and prison at Nottingham, is contained therein. He carried ( tt

the first gold medal given for architecture by th^ Royal Academy, at its foundation in 1768.

];i 1769 he obtained the third premium for a design for the R yal Exchange in Dublin ;

and in 1776 one of the premiums for the new Bethlehem Hospital. I^ondon ; both in com-

petition. At the instance of Lord Carlow, afterwards Lord Portarlington, he made plans for
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tlie new ducks, stores, ami Custotn-Hmisc. at Dublin, and proceeded there in 17S1 to carry out

the works. This building was not co;ii|ileted until 1791 ; it has a front of .S7.^ ft. in length,

extending along the (|uay of the river l.iffey, and is 209 ft. in depth. Standing in a fine

open j)lace, its admirable de.si rn and good execution cause it to rank as equal to otlier

works of a like nature, and to be esteetned as a noble pile that would do credit to any city

in the world He was well assisted in the decorative works by a young scidptor named

Edward Smith The great difficulties he exjierienced during its erection, both from the

nature of the soil, as well as from the workpeople, is well described in the memoir oi' him

\ \h\\ OV I.I ni, DL.Ml. VHIONMIII.E.

prepared by his son, aid publislied by the late T. J. Mulvany, in 1^4^, To the Houses of

Parliament in Dublin he aiUk'd tlie side or east portico, with an entrance for the Lords, wli >

agreed to Gand in's desire to iiave Corinthian columns to this portico, the addiiional propor-

tion in height of which w;is to make up for the great fall in the ground from the front, where

the Ionic is used. This portico entrance he joined witii tlie front by a circular wall witlto i

columns, so tiiat the two orders should not clash ; the present three (juarter Ionic colunms
to this circular wall o.i the one side, and tliose to the archway on the otlier side, are the

additions by a later hand wlie.i the building was adapted for tlie Hank of Ireland, which

lias posses.sed it since 18()'2. Gandon subsc(|iiently added the western portico for the Com-
mons' House. \ much larger work by hiui was the editice for the Four ( Law) Courts.

The foundation stone was laid March ?>, 17S6, and was tirst used at the end of ITOf!, but

the whole was not coinjileted until 1802. The frontage extends along the river (]uay. and

includes, on the east side, the Offices of Records, designed in 1776 by Thomas Co iley.

whom Gand(m succeeded. The whole extent of groi.ud was but 4.')2 ft , 294 ft. of wliich

being occupied by the offices, left but 140 ft. square for t'ue plan of the Courts, and this

had subsequently to be lessened in deji'li by the portico being set back, to appease the ire

of a Riglit Honourable gentleman whose opinion had been overlooked. I'liis centre

building consists of a moderate sized central iiall, 64 ft in diameter, with a dome whidi
forms exteriorly a marked feature of the design, and one of the most conspicuous objects

in the city. This central hall gives access to the four court.s. Eor the same city, he

designed Carlisle Bridge a.id the Inns of Court, but resigned the control over the latter

edifice to his pupil, H. A. Baker. He retired in 1808 to his country house near Lucan,

and died there as late as 182,'i, in the eighty seco. id year of his age.

527. Jair.es Wyatt, born about I 74.'S or 1746, accompanied, at an early age. Lord Bag >t

to Rome, and applied himself to the .study of tlie ancient monuments in that city and at

^'eaice. .^fter a i absence of six years, returning to London, lie was employed to design

t!ie I'antiieon Theatre in Oxfo. d Street, consisting of rooms for public assemblies, &c.

This was opened in January 1772, and its completion (yiy. 228, which shows the interior as

arranged fir the Handel festival, in May 1784), s|)reading his fame both far and wide, he

was eagerly sought after to superintend numerous public and private biiililings in Great

Britain and Ireland Walpole. writing to .Mann, in 1771, says of it; — ' The new winter

Ranelagli in Oxford Road is almost hnished it anazcd me, my.sijlf. Imagine Balbec in

all its gl.iry ! Tlie pillars are ol' artificial giallo antico. The ceilings, even of the passages,

are of the most beautiful stuccos in the best taste of grotcs(]ue. The ceilings of the ball

ro )ms aiui the panels painted like Raphael's loggias in the Vatican. A dome like the I'an-

liieon glazed. It is to cost fifty thoii.sand jjounds." I'art only of the Oxford Street front,

with the side entrance in Poland Street, now exist of tliis work, for the iiiteriir was gutted

by fire soon afier its erection Fkj. 7"0 shows the framing of a dome nearly the .same as that

for this edifice. The drawings he hr()u;j;lit home tlie knowledge he possessed of the arts in

general, ami Ids polished ma.iuers, secured for him a host of patrons, and he became llu
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cliief iircliitect of the day. Those critics, amateur or otherwise, who do not c))oo.se to niaka

allowances tor the state of the knowledge of the arts at the period under notice, iiold VVyatt

n|) to the execratio.i of the present generation, for his alterations and restorations of onr

ancient buildings Yer,

for King George 111.,

he restored |iarts t t

Windsor t'astle, to th'.'

entire satisfaction of all

tlie connoisseurs of his

day, keepi.g to the ori-

ginal style of the edi-

fice. ( r as nearly so as

the few studies of tiie

style permitted. His
(Jothic palace at Kew
lias been jiulled down ;

ana the western front

of the Houses of I'ar-

Hanient was buriit

down; bi)th unregrct-

ted. But liis liouses,

villas, and mansions,

are amongst the most
convenient and taste-

ful in the country; liis

own residencH." in Port-

land Place, near I.angliain Church, is a good ty]ie. Elmes has elaborately commented
u|)on tile peculiarities of Ardbraccan House, n.ar Navan, in Ireland, designed for tlie Bisho]i

of iVIeath, as aHbrding the moderate accommodation for a small family, or all tlie require-

ments of ail Irish ordination, wiiere hospitality has to be afforded to all comers.

.5^8. Jau es Wyatt "as among the earliest architects to employ every style of architecture

in his designs, yielding all individuality to the passing whims of clitMits. Among his other

buildings usually noticed are Lee Priory, Kent; and Castle Coote, in Ireland, for Viscount

Helmour, which for grandeur of elfect and judicious arrangement, deserves much commen-
dation. The a))artments are ujjon a moderate scale and
well disposed, and the wiiole designed after a Greek model,

in which style he also designed Bowden Park, Wiltshire,

for Barnard Dickenson, Escp {Ji(js.'2'29 and 'J.'JO). Another
of his large works
is Ashridge, situ-

ate in the counties

of Buckinglam
and Hertford, for

theEarlofBrid;je-

water ; it is a very

extensive and
highly decorated

mansion designed n.. 050. ei.lvat.o.n <>k dowi.k.x i-.u.k.

in the media val

castellated style. Fonthill Abbey, Wiltshire, for W. Beck-
ford, Es(|., was also another of his edifices in the same style.

The exterior n easiiren ents are 2"0 ft. from east to west,
ana ;3I2 ft. from north to south; the centre tower being
'.^76 ft. high from the floor to the top of the pinnacles. His
restorations ofour mediaeval buildings included that of
I 'enryVIIth'scharelat Westmin.ster Abbey, Thomas Gay-
fere being the intelligent master mason emjjloyed. As .so

many of his later works belong to tl e present century, no
more will be said here of this influential architect, except
that he succeeded Sir W. Ch?u hers as surveyor-geneial
to the Board of Works ; th;it tor one year he tilled the pre-
sidential chair of the Royal Academy ; and that, as before
stated, he died in IS 1:5, aged sixty-seven, in consecjuer.ce of

the overturning of his chariot near Marlborough.
S'JO. This architect must conclude our general view of the history of art in this country

to llie end of the reign of George III

PLAN OK BOWUEX PARK,
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CHAP. IV.

rOlNTED AKCHITKCTUKE.

530. The liistoi-y of the pointed styles on' the conthieiit of Europe is a matter which

may be treated in various ways, but the limit within which tiiis portion of our labour is

restricted, in order to render it concordant with the space allotted to other subjects, cbliges

the clioice of the headings France, Belgium, Germany, Spain, anil Italy, with as near an

aoproach to a chronological arrangement of the buildings tliat will serve for examjiles, as

t!ie looseness of annalists and the differences in clironicles will permit. This sequence will

l^ive the reader a general view of the subject, which will enable him to understand the

irregularity of the progress of pointed art in those countries in comparison with tlie gradual

transition and uniform character which are so generally observable in England ; and wiil

prepare him for his own particular study of the characteristics of the schools; these are as

numerous as the provinces, almost as numerous as the cities, in the countries to which we
refer. He may observe in the following notices .several examples of difficulties as to dates ;

the periods assigned to our examples have been determined by authors who, being

nati\es, may be supposed to have given as miicli time and lear..ing to the chronology,

as English critics have dedicated to the style, of the respective countries.

France.

5:51. The schools of jjointed aichitecture were confined to certain portions of tlie coimtry.

They arose in tlie He de- France, Cliampagne, Picardy, Burgundy and Bourbon, Maine ai.d

Anj.ou, and Normandy, here named in the order in which, before the middle of the ISth

century, tlie new style was adopted. This did not develope itself until a late period in

Bretagne, where a character, which corresponds (in the opinion of M. Viollet le Due) as

much to that of England as to that of INIaine and Normandy, was always preserved. The
style of the royal domain hardly penetrated into Guienne before l.'iTO; and even its cfficial

appearance after l'J-17 at Carcassonne did not jjrocure for it an influence in Auvergne and
Piovence; they can hardly be said to have ever adopted Gothic architecture. Indeed,

the latter district did not l)elong to France until 1481, and almost passed at oiice from

tlegeneiated romanes(]ue traditions to renaissance art, exliibiting scarcely any u^ark of

the inriuence of nortliern Gothic.

532. With regard to ecclesiastical architecture in the south of France, it may be said

that the bnildin s having arches tliat are positively jiointed, date principally in the Hth
and two subsequent centuries, as the cathedrals at Alby and Rhodez, the bell-tower at

Mende, and the fiont of the church of St. Maurice at \'ienr.e. In the south, where the

climate resembles that of Italy in not requiring high-pitched roofs, the pointed arch seems
a foreig 1 element; it is there in body, but not in spirit. The architecture is just as bef. re;

the ))illars are few and thick; the capitals are square, and have large leaves or scrolls ; the

ornaments are either barbarous or are imitated from classic works ; the towers are lew and
massive; and ihe fronts always have a pediment of steejier rake than any antique example
can show, under which is a doorway having a round arch, or else one so slightly pointed

that tlie point is only detected by a careful eye.

53;{. Until the middle of the l'2tli centuiy (a few ca.ses earlier may be exceptional),

the semicircular arch appears to I a\e been almost exclusively employed; but immediately

afterwards, the s^^/e ro;).a"o-'ijica/ or tti/le roman (/e fra«^/tw;i, exhibits tlie );ointed arch,

crocket capitals, and groined vaulting with diagonal ribs, on a crowd of civil and ecclesias-

tical buildings. There are purely romanesque chi:rches, where the small openings have
semicircular heads ; the four great arches carrying the pendentives of the ce.tial lantern

or dome, as has already been noticed {par. 307), being pointed. In the centre of Fiance
there are churches that are altogether romanesque in plan, in style of decoiation, and in

form of pillars, that have none but pointed openings, proving that a thoroughly deHned
arcliitectural system had been slowly constituted, which the architects of the I.'Jtli century

merely rendered m; re homogeneous and more perfect ; these buildings are rcmarestjue,

if style depends upon plan, capitals, and Ibrm of muuldii.gs; they aie p, inted, if it

depends upon the form of the arch.

534. Amongst the structures which date in the 12th century may be named St. Pierre-

lez-Bitry, with three circular windows in its a))se; St. Martin at Cuise, having a s(juare-

ended choir like Notre Dame at Conchy ; and St. Etienne near Pierrefonds ; the cathe-

dral at Tulle; St. Julicn at Brioude ; St. Nectaire, St. Symphoi ien, and St Genes at

Thiers ; St. Nazaire at Carcassonne ; with the churches at Mozat, Noirlac, and St.

Auiand, all being situate in Auvergne; St. iMartin at I>aon ; St. Pierre at L'.\ssant; St.

Pierre at Soissons ; and the churclies at Braisne and Coucy-lc- Chateau. Buildings in
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wliicli the i)ointi.'d arcli seems (lerfeefly secondary to its rival, are tlie jjortal of tlie cathe-

dral at Bayeiix and the churches at Conchy, Civray, Senlis, and X'czelay, with tliose of

St. Kenii at Reims, and of Notre Dame at Chartres, Noyon, and Poitiers.

5A5- 'Ihe churches which have domical coverings deserve a short noiice Thev are the

cathedral at Cahors, St. l'"ront (ftjf. 169 and 16"0;, and St. Jitienne de la Cite, bjth at

I'L-rijjneux, the cathedral at Puy, and the cluirclies at Sonillac (Jiff. 1.5S. ), Angoulenie, Le
Roulet, and Loches, with the fourteen-sided cliurch at Rienx-IMerinville.

5'36. A Fiench critic of considerable repute tliinks that necessity, facility, and solidity i.i

construction, and a gift of varying tlie decora'.ion, alone prompted the use of tlie |):)inud

arch in the soutli-east of France, where are buildings showing that arch in their lower

poitions, while the u|)|)er ))arts have semicircular work of the same age. It theref re

appears that if tlie architects in tlie southern provinces were the first to make the pointed arch,

tiiey were also the last to adopt the systematic and absolute use of it ; and the usual classi-

(ications of the pointed styles cannot serve as ptrfect indexes to the peri ;d of the evnploy-

uient of the subdivisions tiiat have been made, althougli it might iiave been su|)posed that

the spirit of methodical order which has eminently distinguished tlie French nation siitce

1 793 would have shown itself in an analysis of the architecture of their country Tiic

Conrite llistorique des Arts et Monuments, has issued the following table as in some sort

uuthoritative;—

Arciiitecture with the

roiuid arch.

Architecture with the

round and pointed arch.

Architecture with

pointed arches.

F.RST rEition

From the fourth to the eleventh

century ....
Eleventh, and first half of the

twelfth, century . . . •

SECOND FEIUOD.

Second half of the twelfth century

Tuiun i-Eiiion.

Tiiirteentli century . i

Fourteenth century . .
j

Sti/!c Latin.

Stjh Roman.

Style Ii'iiiut'io-nffii al OJ

Roman de transit OH.

Style offiral pii nai'e or

en lainette

Style o:/iial aecond'ii'e

or rayotuiant-

Style i:gi:-al tertiaire or

Jlamhoyant.

Fifteenth and early part of sixteenth

century, till 1480 (De Cauinont),
'' pure, afterwards transition .

5'M. But this list is not universally used, and in reading the works ofany French author
on niedia;val architecture, it is necessary toascertain whether he has followed it, or tliet;ible

propounded by IM. De Caununt as here given (with Mr. Poynter's parallel of Knglisli

periods)

In France.

Romanesque 9 50 to 1050
i'lansition 1030 to 1150

Primary (Gothiqne) i 150 to 1250

lOOD

1100

1 300

III Enylaiid.

Anglo-Saxon 970 to 1066

Norman 1066 to 1189
Transition 1189 to 1199

Early English—
First Epoch (lancet) 11 99 to 1215
Second Epoch 1245 to l.i07

Secondary (ra/onnant) —
Fir.st Epoch 1250 to 1300
Second Ei)0ch 1:300 to 1-iOO

Tertiary (Jla'nhoya'it)—
First E|,ocli i403 to 1460
Second Epoch 1 4 GO to ... .

For the chdtean, M. de Cauinont ;ilso ])roposed the subjoined classificafic

[ Decorated English 1:507

J

to .577

1400
150J

Perpe:ulicular English

1377 to ... .

or Tnd

5th class. Fourteenth and first lialf of fif-

te nth century ; Secondary
and tertiary pointed.

6th „ Second half of fifteenth and six-

teenth century: Quater-
nary pointed.

1st class. Fifth to tenth century: Primitive

Roman.
2nd „ Tenth and eleventh centmies:

First second iry.

3rd „ End of eleventh and twelfth cen-

tury : First tert aiy.

4th „ Thirteenth century : Primitive

pointed.

538. Before entering into the consideration of the style ogival. it will be desirable t)

explain that oyive, also written angite. designated originally a diagonal band in groined

vaulting formed by the inter.section either of barrel vaults or of keel vaults, to both of

which the terms loutc en croisee d'ogicea, or route d'oyiccs, were ap])licable. As equivalent
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to a pointed arcli, ogn-e is merely llie pojiuhir continuation of an error committed by tlis

ignorance of some writers in the present cenimy.

.539. Heavy roofs, liaving few ribs with great width of plain intrados, and carried bv
masses of walling, with small openings,

are cliaraeteristic of llomanesijue work.

Its successor was exactly the reverse :

the subdivision of' rooting into a col-

lection of liglit ribs with no marked

r^"^
1 f intiados, the growth of the engaged

ii |» I
or disengaged pillars into the lines of

-a-S
jjjy vaulting, and the carriage of the

weiglit of the ribs by buttresses tliat

fonn the resisting points of walls

I

I

I

which are merely frames to windows,

mJ A A ft 1^ jj,.g distinctive features of the Gotliic
' ^^^ I I architecture of the l;iih century, with

the addition of the pointed arch wiiich

had previously been emjiloyrd in ways
that tended to tlie d.vtlopement of the'

sti/le oi/ival primaire As an exam-
ple of the transitional character of the

style in this period, the two bays. Jig

i'31. from the catliedral in Paris, and

fiy. 2;i'_'. from the church of the abbey
at St. Denis, may be compared as

having been executed respectively at

the beginning and end of the period.

The sculptors do not seem to have

studied nature beyond exhibiting the

costume of th'iir period; and if they

chose models at all for the r foliage,

these were furnished by indigenous

plants. The great attention paid in the

II til century to ancient literature is

clearly responsible for the centaurs and
other fabulous creatures then used for

• ornament. In like manner, the devo- F'g- 232. st. dkxis.

tion of the 12th century to the sciences is expressed by the zodiacal signs and emblems
of the seasons sculptured on the jiortals and choirs of churches built in that and tiie suiceed-

ing century. The door-

ways at Amiens, Autun,
Avallon, Notre D.ime in

Paris, St. Denis, and
\ izelay, with the choir

of the chinch at Issoire,

supply curious examples
of this new branch of

decoration. This conti-

nuation of details, origi-

nally belonging to the

I'ith century, suggests

the remark that the edi-

fices constructid bj' the

Gotliic school, at the

commencement of the

13th century, do nut

possess features so dis-

tinct as to furnish al-

ways a means of dis-

tinguisliing them from
those belonging to the

jieriod of transition—

a

remark which may be
applied to the two exam-
jiles of domestic archi-

tecture at Caudebec,
which iov\u Jiy. 233.

NOTltK DAJIE, 1'^

lllJlbliS, CAUDtBl.C.
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6'iO. Out of the l.irge iiuinher of masterpieces in aicliitectiire in the IHth century may
be selected tlie catliedrals at Lisieux, Lyon, and Narhonne, executed in the early part of

tliat jieriod ; IJordeaux and Chalons-snr-S.ione behm;^ to the year r250 ; and Coulances

dates in tlie last half of that century. Great part of the cathedrals at Roiirgts, lyijon,

Laon, Nantes, Nevers, Senlis, and Sens; the elioir and aisles at Auxeire; tlie choir and
chaptis, with the upper part of the nave, at Bayeux ; the nave and choir at Seez ; the

churches at Ourscainp, St. Denis, St. Jean aux-Bois, and St. Maximin ; those cf St.

I'ieire at .\valon, and of St. Victor at Maiseilles ; the Ste. Chaptlleat Paris ; the choir of

the church at St. Nazaire at Carca'-scmne ; the nave and most of the choir of that of St.

Pierre at Lisieux ; tlie chapels, aisles, and choir of that of St .Tulien < t iVLins ; the choir ot

that of St. Nicaise at Rouen ; and tl-.e Hotel-Dieu at Louvres, were constructed in the

course of tliis ])triod.

5-11. 'I'he cathedrals wh'ch are usually taken as affoiding standards of the style are

Chartres, Beauvais, Reim.s, Pari.s,

Amiens, and Roiu-n, of which
Reims is perhaps more consistent

than Amiens. They aie univer-

sally considered to he two of the

finest exani))les of the style in the

world. The former, which was
he^un I 21'i, but not quite finislud

till 1430, is ill the form (.fa Latin

cross on the plan (_^(/. 234.); its

length from east to west is 492 ft.,

and its breadth, measured to the

extremities of the arms of the
transepts, is 190 ft. The width of the transepts is 98 ft, and the towers, 270 ft. from the
ground, are still impel feet, because their open spires have ne\er been erected

Fig. 234. PLAX OK I.IiI.1IS CATlUiDKAL.

;. -iob. CATnKDHAL AT REIMS. Fig 2.j(;. eATlUiUltAL AT AMI..XS.

342. The cathedral of Amiens, begun 1220 by Robert dc Luzarches, but cr ntinued and
completed. 12(79, by Thoii.as and
Regnault de Cormont, except tlie

west front that was not finished

imtil the end of the 14th century,

is 444 ft. long and 84 ft. wide
(./)(/. 237. ). and H 1 ft high in tlic

nave. It was commenced within

two years of the cathedral at

Salisbury. Of the two, Amiens
( A".(/.236.) is in a more per'ect and
advanced state of art than Salis-

bury, for the French were before
237. Pi-AN OF AMiE.vs cATHEiiKAi.. „s jn adding to the simple bcau-

thc former period many graces not adojjted by us until the latter.ties of
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.543. 'riie ; tyle ogiial seconilahe is considered by .some arcliiteets to be that in wiiicli ])ointed

art arrived at perfection ; for tliey deem that an increase of elegance compensates for a loss

of severity ; but witli the latter the ))urity of the preceding jjeriod seems to be wanting.

Nevertheless this !-t;/Ie rayonnaiit has no absolute character ; it is rather, as observed by I\I.

Schayes, a system of transition preserving the elements of the style of the l.Tth century, but

modiiying them by greater amount of ornament, and by more expansion and boldness in the

cur\e of the arch, for the arc en tiers point is the true arch of the time. This decoraiion,

this arch, and the tracery of the windows, chiefly mark the style : and in regard to the

latter point. Jigs. 'I'M and 232 show the difference between the works of the two periods.

The sculptois of the 14tli century were more skilful than their predecessors ; their carving

sliows more delicacy and tii.ish, while

their statues are no longer ideali-

ties : an important tendency of the
|.

(leriod was an attempt at portrait ^

busts, in sonie cases resulting in an

ajiproach to natural simplicity, al-

thougli the attitude niiglit be stiff

and constrained, as was the case in

almost all medijBval scul|)ture. 'I'he

statues assume greater length in the

body, and are dressed in ample dra-

pery, cast with some aflfedation, but

still having falling folds slightly

bent.

544. The comparison which was
recommended between ^;/s- -31 ^'id

232, may be paralleled with ad\an-

tage by ))lacing before the reader,

Jig 238. a fair example of the second

))eriod, in the choir of St. Ouen at

Rouen, and Jig. 239, an equally

modest work of the third epoch from

the church of St. Maclou, in tlie

sa.rc city.

545. Foreign armies and civil wars

caused the usual buildings of the

14th century to be fortified houses

and city gateways rather than ec-

clesiastical sttuctures. One church,

however, that of St. Ouen, at Rouen,

1318 39, (fgs. 238 and 240), exhi-

i^l bits the style in its choir aiid

chaiiels more perfectly than the ca-

thedrals at Clermont- Ferrand, Metz,

and Perjiignan. Other good exan pies are the transepts at Hayeux, the chapels at Narbonne,

and tlie chapter-house with tlie cloister at Noyon; besides the churches of the Dominicans

and of St. Didier at Avignon; that of St. Jacques at Compiegne, and of St. Nizier at

Lyon ; the cloister of St. Jean-

des-Vignes at Soissons; th.e palace

at Avignon; the hotel-de-ville

at St. Oiner ; tlie towers of St.

Victor at INIarseille, and of St.

Sernin at Toulouse ; and the

front of the church of St. Martin

at Laon.

54<>. The third period, the sti,le

oi/iial tertiaiie,Jleuri, or Jlwiibni/-

ant, as it was termed by ]\I, Aii-

;uste le Prevost, ustd the equi-

t'ig. 238. ST. OLE.N, AT lit . 239. ST. MACLOU, AT UOUES.

I'LAX OF ST. OUEX, AT ROUKN, (before file front \

remodelled by M. Viollit-le-Uuej.

lateral arch during the 15th and part of the 16th century; but more commonly one, in

some cases stilted, with the radii less than the width of the opening (ogive surliaissee ()r

ogire ohtu.e) : the elliptic arch (arc en anse de panier) ; the ogee arch (arc en accolade);

and its reverse (arc en doucinc), are not uncommon. Tlie pointed arch seeins crushed by
its canopies and finials ; and the system of false-bearing is carried to so great an extent

tliat the buildings mii;ht have been intended to delV the la»s of equilibrium. Tliere is

great skill shown in the cuvp,c des pierrcs. and in working them as decoration with extreme

delicacy into petritied leaves of the thistle and curled cabbage, or into imitations of
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pinbroiilery. Covered with cicsped nrclies, niches, I'lnnacles, and tracery, tlie buildings
of the time would be easily rec gni.sed even if they were not n ari<ed l)y tiie wavy or

broken lines of tlie arches; ihe vnmlures pri niatlijues or pear-sliapetl bolteis, projectii
j^

arrises, and deep hollows, which f.rni tlie inc.iildings ; and the boldly designed cor-

belling, pendcntlvcs. and vaulting so flat that it res-'mblos a ceiling resting u[)on ex-
'.remely thin j>illars. In/?;/. '241 we illustrate one of

the compartments of the sacristy of the clHirc!i at

Caudebec, which convi ys a fair notion of the pecu-
liarity of the style. During this jieriod the sculptors

lost uuich of the simi)licity noticed in the yirecedihg

centm-y; tiiey evidently copied tlie living model fir

at least the head a d lands, with great truth and
sometimes witii liapi ine--s in expressing stntiinent, but
they clothed it in heavy drapery cast with pretension.

'I'iie grotesque and monstrous figures almost excel the

statues, and seem to have sone analogy witii tliose

ivhich appear in the ba'ssi-rilievi of the 1 1th century.

Sucli were the last efforts of the pointed stvie, which
owed its jjrincipai character to its tendency towards
verticality, and finished by seeking horizontality.

.547, Atnongst the most remarkable works of the

1.5th century m;iy be mentioned the transepts 1400-.39,

and the nave 146'4-91, obviously modelled upon the

previous choir, of St. Ouen at Rouen; the upper
part and spire of the north-west tower at Chartres;

the central tower, tra:isepts, and chapels at £\reux
;

Limoges; the northet;n entrance at Sens; the churches
iit Noire- Dame de-l'Epine, St. Quentin, St. Riquier,

Than, St. Wulfran at Abbeville ; the Celestinians,

and St. Pierre at Avignon ; St Jean at Caen ; St.

.AiUoine at Compiegne ; Ste. Catherine at Honfleur

;

St. Germain T.-Vuxerrois at J'aris ; St. 'Vincent at

Kouen ; and St. Pierre at S.nlis , the choir and
apse of St. Trophime at Aries; the greater part of

St. INIartin at Avignon ; some ])ure portions (others,

/it/. f242, showing the dying 'tniggles of the style) of

St. Jacques at Dieppe ; the ch.iir and transepts of

St. Remi, at Reims; the pretty Bourbon chapel in

the cathedral at Lyon; t\\L' i-aHedes dievaliers at Mont
St. Rlichel ; and the tower of St. Jean at Elbeuf.

.54 8. Among the examples of the style, between
the years 1420 and l,5,'!l,are the Hotel des Ambassa-
deurs at Dijon, about 14'20; and the Fontaine de la

Croix at Rouen, i)etween H22 and 1461, lately re-

stored with the greatest success in all its delicate

details of ornament and tracery; as well as that which,

elected about 1512 oppo.site the eatliedral at Cler-

mont, in Auvergne, was iniich injured by its renewal

in 1799. The palace at Dijon dates about H67 ; and
in that city are the monuments of the Dukes of Uur-
gundy, Philippe-le-Hardi and Jean-.sans-Peur, wiiich

were in the church of the Chartreuse. That of the caudkiiec.

last-named was executed by Juan de Huerta. assisted by other artists, about 1473. They
are l)oth of the period and are perfect keys to the style that prevailed at the tiine. At
Nancy, the capital of Lorraine, still remains a portion of the ancient palace of its powerful

dukes. A representation of its portail is given in /?//. 243. What remains within

serves as barracks for the garrison. The date of it is about 1-176. The Porte du Callhau

at Bordeaux, H94, in meinory of the battle of Fornovo, shares the fate of the Tlotel de

Ville at St. Quentin, with its known date of 1495-1509, in not attracting so.much notice

as a verv ))eculiar instance of a castle in miniature built iiy Gerard de Nollent about the

end of tlie 15th century at Caen with four fronts, which from the statues of Neptune and
Hercules placed on the battlements, is commonly called the chateau de la gendarmerie. At
Orleans, the Hotel de Ville, finished in 1498, is now used as a museum. The Chateau de

Blois, with four facades of different design, the eastern work dating about 1498-1515, is

t >o well known to need here any further remark. Ten miles from Caen is situate the

Chateau de P"ontaine le Henri ; the greater portion is of ibis period. A part of the west

(ront is given, ^y. 244, as a characteristic specimen of the residences of the noblesse during

Fig. •iiU
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tlie latter ] art of

tlie 1.5lli cent my, at

wliieli pt'iiod it evi-

dently was erected.

Tlie well known
Hotil de CI liny at

P.ivis, possessing

poriions of" a:i e.ir-

'ier date, liad the

works rc-siinii d in

nOO l)y Jac(iues

d'Ainboise, Abhi
ofCluny, and al'ter-

waids l)isliop of

Cleimont. Tins

building now con-

taii^s the works of

art formerly belong-

ing to i\I. de Sf.iii-

nierard. Niar St.

Amand is the Cha-

teau de IMeilhint,

much resembling

the last named idi-

Hce, but more orna-

irer.ted

5.-19. Dm-ing the

last years of the

l.'th century, the

campaigns in Italy

ly the French made ^'" '-'••

them acquainted with tiie new style, the

imitation of the antique. At Hrst, some
mouldings and s:)me decorations only
were copiid. Thus seveial portions of

the cathedral at Oilcans exhibit the es-

ser.tial features o( decaded jjointcd archi-

tecture ; and while Bullant designed m
the Italian style the chateau at Ecouin,
he maintained in the appendent chapel
the Gotiiic taste, as being eminently ee

clesiastical, as he did in the parish church
at the same place. In the 16tli century
new churches were rare: sumptuous
palaces and pleasure-houses were the chief

works, in which great saloons hecane the

chief olyects ; and the middle class also

introduced luxury into tiieir dwellings.'

As th.> main object was the expression

of wealthy ease, not a character of gra\e
magnificence, the functions of the aichi

tect were assumed by the sculptor; and
at the .same moment sculpture, no longti

archicectural. alike commenced its dcca-
lence in France. The chief ecclesiastical

works of the period were the additions of
fronts, or restorations ; tho.se done at the
commencement of t!ie e|)ocli form a sort

of transilion l)etwern the xti/le flenri ai d
the Italian renaissance empl .yed towards
the end of the reign of Francis I. In
this category may be ranged the churches
of St. Patrice, St. Godard. St. Andre
de la-Cite. St. Nic las. St. Sever, and tlie

great portal of the catliedial at Rouen
the chuivh at Brou ; and the churches
of St. Etienne-du-Mont and of St Ens
tache at Paris. The latter lias the

ST. J.CCQCES, DIKITE.

fALicis. AT ^A^er
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{Tonotal forms of a Gotliic building with renaissance details, and as its side entrance was

coKstructi-d at the same time as the fine flamboyant side entrance to the cathedral at Bean-
^ais, it is char tl)at the archi-

tectural revolution was not si-

multaneously eillciive in all

p irts of the country.

550. As specimens of civil

irchitecture of tlie period, may
be named tlie town lialls at St.

Quentin, Compiegne, and Noy-
on ; with two of the finest ex-

amples of the art of this period,

tlie Palais de Justice and tlie

Hotel de Bouvgtheroulde, at

Rouen. Tiie first was begun
ni 14 99 and finished in 1508.

I he plot on which this beauti-

i 1 work stands, including the

court-yard, is about three-

*itths of an English acre, and
the arramjement of its plan is

given, tliat is, of ilie ancient

part of the building, in Jig. 24.5.

It is thus described by Dawson
Turner :

—" The palace forms
three sides of a quadrangle"
(two of them only are ancient).
' The fourth is occupied I y an
embattled wall and an elaborate

gateway. The building %vas

erected about the beginning of

the sixteenth century; and with

all its faults "
( we are not a ware

what they are) "it is a fire

idaptalion of Gothic architec-

ture to civil purposes." "The
windows in the body of the

Fig. 244. cu-tTBAU UE F0-NTA1.NE LK im.xm, .vEAK CAKX. building take flattened elliptic

beads, and they are divided by one mullion and one transom. The mouldings are highly

a=3&EE^EgSE3^S3&=5i5EEifacis33

Fig 245. PLAN OF THE PALAIS nE JUSTICE, EOITEK.

wrought, and enriched with foliage. Thelucarne" (dornu-r)'' windows are ofa difl^erent design,

suid form the most characteristic feature of the front; they are pointed, and enriched witlj
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miillicdis and tracery, and are placed within triple canopies of nearly tlie same form, flanked
l)y square pillars, terminating in tall crocketed |)innHcles, some of tiiem fronted with open
arches, crowned with statues. The roof, as is usu:il in French and Flemish buildings ol

this date, is of a very high pitch, and harmonises well with the |)roportions of the building.
An oriel, or rather towir, of enriched workmanship projects into the coi-.rt, and varies ihe
elevations" (an object the designer never once thought aliout, inasmuch as in all medicBval
buildings, the first consideration was convenience, and tiien tlie skill to make convt-nience
agreeable to the eye—an invaluable rule to the architect). " On the left iiand side of tiie

court, a wide flight of steps leads to the Salle des Procureurs" (marked A on the plan), "a
place originally designed as an exchange for the merchants of the city " (scd qucere), " who
had previously been in the habit of assembling for tliat purpose in the Cathedral." Its
dimensions are 13.5 ft. long, by 57 ft. 3 in. wide. The room 13 is now the Cmir d' Assises;
the ceiling is of oak, and is arranged in compartments with a profusion of carving and gilt

ornaments. The original bosses of the ceiling are gone, as are also the doars wliich were
enriched with sculpture, and the original chimney-piece. Round the room are gnomic
sentences, admonishing the judges, jurors, witnesses, and suiters of their duties." The
l)asement story of the salle is, or used to he, occupied as a ))rison. The southern and eastern
facades of tliis elegant edifice have lati^ly (1856) been restored under the direction of M.
Gregoire, who jirobably superintended the internal decorations.

.'5.31. Fig. 246 is a portion of the south front of the building. The ellip.se seems almost
to have superseded the pointed arch in the leading forms, over which the crocketed labels
or drips, in curves of contrary flexure, flow with surprising elegance. It is only in the
lucarnes we find the pointed arch ; and there it is almost subdued by the surroundinT ac-
cessories. The connection of the lucarnes with the turrets of the faoade by means of flyi.ig

buttresses is most beautiful, and no less ingenious in the contrivance : their height from

J . II J J II I
^''^. ground

\IIOV Of lilt

rondis, as usual in the style, those in the principal story being, besides, slightly sigmental. In
m the tracery ofthe parapet it is singular to find tiie quatrefoils centered throughout witli what
|j

is called the Tudor rose. The arches rising above the parapet, wliich are crocketed and
) ' of contrary flexure, have statues substituted for rtnials The richncssof tlieornamentation of

the whole is such that we know no other example, except that ol the Hotel de I5our"-the-
rouldein the same city that can vie with it. The v.ooAr\it, fig. 247, is a section of the'Id/Zr.
'J'he roof presents little for remark. It is bold and simple, and seems scarcely in harnionv
with tlie rest of the jilace. It is impossible to form an ade<iuate notion of this s|)lendi(l
monument from the figures here given, owing to the necessary smallness of tiie scale.
Those wlio are desirous of thoroughly understanding its details will be gratified by refer-
ring to the iihites of it in Britton's Sormandy.

t5'.^. There is no city where the style of the period whereof we are treating can be
better studied than Rouen. It possesses, both in seoular as well as fccle.siastical architeciure,

I
^
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all tliat the stiidi-nt c:in desire. Tlu- Hotel d.- BourgtiKroiikl', in tlie riacc de la Piicelle,

about tlic same a."c as tlie I'alais de Justice

SECTION CF U.VLL, I'ALAIS UK JUbTlCli, UOUEX.

we have just described, or perliaps

three or four years la'er in the finisli-

ing. In some res))ects it is inore

elabnate in the oriuunents and tlie

abundance of sculpture. The entire

front is divided into bays by slendr

buttresses or pilasters, the spaces

between them being filled with bassi-

rilievi , every inch of space, ind.ed,

in the building has been ornanuntcd.

'I'liis building still remains in a most

degraded condition.

jBeljiwn.

55;5. The table of styles given at

the commencement of the preceding

section applies to the ])rogress of

art in this portion of the history.

The first a))pearance of the jjointed

aieh is fixed in the first quarter of the

I'ith century, by Scliayes, U Archltec-

tiiie tn lielffirpie, 1850-53, who notices

that the semicircular arch did not

disappear until the middle of tlie

1 3il), and that only ecclesiastical edi-

fices can be adduced as examples of

the sti/le de transition. Tiie choir

aisles were continued round tl e

chevet, in the churches of Sie. Gu-
dule at Bruxelles, St. Quentin at

'J'ournai, and I'ainele at Audenaerde,

while Notre Dame de la Cbapelle

The division of the doorway by a i)ost

and the introduction, in Flanders, of

at Bruxellcs exhibits annulated rilis to (he vaulting,

is due to this period ; as are gargoyles in decoration

biickwork.

554. The chief structures are the tower of St. I'ierre at Yi>res; St. Sauveur at Bruges,

lllfi-27, tlie earliest piece of media3val brickwork in Belgium; St. Nicolas, and St. Jac(|ues,

at Gand or Ghent ; the abbey cliurch at Afflighem, ] 122-44 ; and the Cbapelle du Saint-

Sang at Bruges, 1150, despite the de-

t g S B corations added since the 15tli cen-

T^^^^^lfR^'^^n^^^^^^ tiir\, and the fac.id-- reconstructed

1824, being one chapel over iinotlier

( fiQ 248. ), with apeculinrly shajjcd

toucr wliicli is also double, one

poition being ciiciilar in jilan iipoii

a coibel, the other being square

in plan at base and attached to it.

Piolnbly St. Quentin at Toiiinai,

and St. Martin at Saint Trond, are

litLi. It is remarkable that the

bl mk arcade formed by crossed

se iii(ireular arches does not occur

in Belgium.

555. ."Amongst the chief struc-

tures in the fti/le de hansitinn which

« ere erected during the 13tli cen-

tury, are Notre Dame at Kure-
monde, 1218-24, which resembles the churcli of the Apostles at Cologne, and is the

first instance of a true cup. )la in Belgium; the cliurch at Lisseweghe, about 1250; and
the Abbey at Villers, which, ahhoiigh in ru'ns, is a perfect type of the style in the choir

and transe/its. and moreover retains more of the dejjcndent original buildings than any
other establishment in the country; the brewery dates 1197, and the church about
1225 ; the triforium range of windows to the choir are superposed circles, an idea

repeated in the end walls of the tiansepts; the three-aisled nave has a third triforium

a'ld is the most perfect type of tlie early part of the sti/le oi/iial jiriiiiaiie existing in

Bj^iuin, except that of Ste. Pamele ; the Hying buttresses are remarkable works; the

cloister belongs to the 14tli and i5th centuries. The ci.evet, 1220, of Ste. Gudule, anJ i

Fig. 2J8. ClIArELLK DU SAlNT-SAKO, EllUGKS.
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tlie eonteinporaneous clioir, wiili tlie transepts of Notre Damede la Cliapille at 1'riixi.lles; the
.Aliitkleine, alioiit V250, at Toiirnai; the choir, 1221, of St. Martin at Ypres, reinark'able
for the brandies of foliage along tiie strings; the crypt, 1228, of St. Bavoii at Gand, whuh
was the last (except one hereafter noticed) that was constructed in tlie kin"-dom; Ste.
Painele, huilt 12;'5-9, hy A. de Binclio, ;it .iudenaeide, which is

Slid to lie '-le type le jihis curieux qii'il soit possible de truuvur
de ce style; "and St. Jacijues at Tonrnai, which has one triforium
ovt r another, and exhibits in the tower a pointed trefoiled arvh
with columns to support the cusps; are also transitional.

55G. The chapel of tlie castle at Viauden, was about 50 ft.

long and :^fi ft. wide ; its plan was a decagon with one side open- ij

iiig to tlie castle and another to a pentagonal choir; divided
into three portions by columns engrtgtd in square piers; the
Centre was a hexagonal pit over the dui.geoi.sso that the prisoners
could hear prayers without leaving their cells; it is now in luiiis.

5,57. To the ati/le oi/ital jiruiaiie helt-ng the choir and lower
part of the nave of tlie cathedral of St, Paul at Liece ; the
choir and chief part of the transepts of Ste. Gudule at Bruxelles,
1250-80; great part of Notre Dame at Tongres ; the church

{fi(j. y'JO, width between the piers is 5:5 ft.) of the Dominicans
at Gand, 1240-75, with a single nave covered by wooden ceilin'^

(f(j. 250. ), on curves of 60 ft. radius; (both cuts from the Geittle-

iitud's Mai/azine for I8()2), that of the Dominiians at Louvain,
1230-50, or later; the three-aisled naves and the transepts of St.

Martin at Ypres, 1254-66, with one of the few rose windows,
existing in lielgium, over the porch to the south transept; the
choir- of St. Leonard at Lean; Noire Daine at Dinant; Ste. Wal-
burge at Furnes; the abbey and hospital called La Byloque at

Gand, '-with an oaken roof not ceiled where spiders have never come," and with a remark-
able brick gable to the refectory; the brick tower of Notre Dame at Bruges, 1230.07,
said to have been about 420 ft. high, including the spire, till 1818, when 50 11. were
removid; the choir of the cathedral at

Touinai, 197 ft. long, 121 ft. wide, a:.d 108
ft. (inside) in height, remarkable for its

stilled arches and for tlie means adopted to

strengtlun ther pillars ; as well as the choir

of St. Bavon at Gand, begun 1275 and not

finished in the 13th century, with its oppo-
site cl.arstories c^ nnectcd by iion ties. In

the Netherlands there area great number of

large cliurclies which have a singular identity

of apiiearance in the interior, and at the

same time a manifest peculiarity of charac-
ter. This appears to be due to the employ-
ment of pl.iin, well-proporiioned cylindrical

shafts f r tlicir jiiers; the style in other re-

spects being an elegant Gothic. 'J'lie prin-

cipal examples are Notre Dame, and the

cathedral at jMalines ; St. Paul at Liege; ^

Notre Dame des Victoires, La Chapelle,

a..d Ste Gudule, at Bruxelles; St. Jac()ues,

and the Dominicans, at .\ntwcrp; St. Michel
at Gand; ar.d Fuines near Bruges.

558. '\.'\\L'!-ti/lei)yirnl eroiidalie was chiefly

e^ll)l^yed liy the ecclesiastics in llnishiiig

structures or in commencing others conceived
on SI) large a scale that their supeistiucture
iiehjiigs to a later period. The chief edifices

of the style are the Kve-aisKd church of St.

Jean at Bois-le-duc, curious for the revoltii.g

obscenity of the laige statues to the but-
tie.sses of the choir— it was cominenjed 1280. but evidently was finished in the latter half of
the 15th century ; the five-ai.slcd choir of St. Siilpice at Diest ; the chinch of the Grand-
Beguinage at Louvain, commenced 1305, noticed lor the manner in which the twelve
pillars that divide it into three aisles have been strengthened by iron bars; the contempora-
neous church of the Beguinage at ])iest ; the church at Aerschot, built 1331-7 by J.
I'lckart

; and, finest of all, N6:re Dame at Iluy, begun 1311, with a spKndld roseuindow.

E 2
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'I'o tlicse may be ndtli'd tlie catlicdral at Saint Rombaut, bcffun about 1345-50; the nave

and soutbern aisle of Sie. Gudule at Bruxelles; tlie front of the cathedral at 'rournai ; and

Ste. Croix at ! lege, the only churcb in Belgium, since the destruction of that at Lubes,

that has tlic three aisles of e(]iial lieiLcht, and from which the arcbittct is reported to have

Hed ratiicr tlian superintend tlie striking of the centering to the vaulting, which in the

nave is corbelled out from the jiillais.

559. Some of the finest structures belonging to the atyle ocjival tertmhe axe ; great part of

Noire Dame at Hal, r',41-1409; the |)orch and towers, co npleled 14S9, to St. Martin at

Coiirtrai, 1390-1439; Ste.Walburge at Audenaerde, rebuilt, except the choir, 1414-1515,
with a tower 295 ft. iiigh, by J. van den Eecken; Noire Dame at Anvers, the only five-

aisled church (except tliai at Saint-Hubert) in the country, which is really seven-aiskd in

plan in the nave (the clioir belongs to t'ne jjreceding century, and the completion of the

tower, commenced 14'2'2-3, by J. Appelirinns, uith the cupola and the I>ady-chapel, to tlie

iirst half of the 16th century); St Gommaire at Lierre, b.gun 1425, and not

less than 250 feet long, with a high tower, finished 1455, but altered 1702; the porch
and tower of St. Martin at Ypres, 1434, by M. Utenhove; the chevet of the cathe-

dral at Saim-Rombaut, with 320 ft. of its tower, 1452-1 513, whicli was to have been
6'00 ft. high, according; to the preserved design; Ste. Wandru at Alons, which was build-

ing 1450 (with aisles 1525, and nave 1580-9. by J. de Tlinin and his son), and is supposed
to iiave been designed by the architect of St Pierre at Loinain, which was building 1433
with 1 iter nave, the design and stone model for the intended colossal triple-towered fa<^ade

is jireserved in' the town-hall ; St. Michel at Gand, 1440-1515; Notre Datue at Malines
abc)ut 1475-1550; the contemporaneous Notre Dame du Siblon at Bnixelles; the upper
church at Anderlicht, 1470-82; St. Jacques at Anvers, 1429-1560, with a tower, 1491,

by T. de Coffermaker ; and the tower, 272 ft. high, of St. Bavon, 1461-1534, by J.

Stftssins, with that of St. Nicolas, 1406, by T. de Steenhoukebelde, both at Gand.
560. As works of the 15t)i century must be named, the great entrance and its two

towers, with other portions, to Ste. Gudule at Bruxelles; the tower and eastern part of

Notre Dame at Tongns; thebiick tower of St. Jean at Bois-le-duc; and the tower cf

the church at Aerscliot, said to have carried a spire 488 ft. high, that was replaced, 1575,

by the present spire, which attains about 320 ft. In the same style are the five-aisled

abbey church (see Notre Dame at Antwerp) at Saint Hubert, about 1526-64; the brick

spire, 1524, of Notre Dame at Bruges, which is said to have been 422 ft. high, but lessened,

1818, by 50 ft.; the upper jjurt of the nave, the chapels, and the vaulting of the cathedral

of St. Paul at Liege, 1528-9; the nave of St. Bavon at Gand, 1533-53, with an iron

railing as triforium, and having the clearstories tied together by iron bars; St. Jacques at

Liege, 1513-18, the best sptcimen of the style ; with its rivals. St. Martin in the same
city, finished, 1542, by P. de Rickel ; the brick church at Hoogstratten. 1534-46; and
the church of the Dominicans at Anvers, 1540-71. Tlie cloisters of St. Paul, St. Barthe-
lemi, and St. Jean-en- Isle at Liege are rather later than that of St. Servais at Maestricht.

561. In the 13th century commences that long .series of splendid civil edifices which
Belgium possesses in greater number than any other country of its size—viz., the belfrys,

the markets, the town-halls, and the club-houses. The most remarkaiile of the heffrois are

nt Tournai (the oldest), Gand (the ori;rinal drawing is preserved) 1315-37, Ypres,
Bruges, Lierre (1369-1411). Nieupoit (1480), and Alost (1487). The enormous halh,

now hotel de ville, at Yj res, was commenced 12(;0, but not completed till 1230 in the

right wing, 1285 in the left wing, and 1342 at the back; the water halle at Bruges was
destroyed 1789, but another, which was attached to it, remains, with a tower, 1284-91, by
the priest Simon de Geneve; the lialle-aux-draps at Louvain was commenced, 1317, by J.

S'evens, A. Hare, and G. Raes (supposed ofh'cers), and was <ii\en, 1424, to the University

that, 16>0, added the second story. The hnlle, now boucherie, at Dlest. dates 1346, and
the fialk o«.r draps at Gand, 1424, the hiist in the pointed style. The boncherie at 'ipres

belongs to tiie 13th century ; that at Anvers 1501-3.

562. The li6tel-de ville at Alost has the right flank, built in the year 1200, remaining;

that at Bruges, commenced 1377, wi h its rich ceiling. 1398, was the only edifice of its

class raised during the 14th century; that at BruxelKs was begun on the left or eastside.

1401-2, l)y J. van Thienen. the tower was com|)leted, 1448-55, by J. van Ruysbrock,

the right side was conunenced 145) ; that at I^ouvain was erectid 1448-59, by M. de

Layens, and is unparalleled in any city ; tliat at Mons was built 1458 ; the old part of that

at Gand was begun, 1481, by E. Pol ley t ; that at Audenaerde was erected, 1.527-30, by

H. van Pede, and 1528- a painter and a scul|)tor were sent from that town to copy, for the

use ot the architect, the two chimney-pieces and the parapet of that at Courtiai, built

1526-7 ; and even that at Lean deserves attention. We refer our readers to the end of

Book III. for some further remarks on these very important buildings.

563. The maison de^ pois.oiiniers and the waisoii de-< huUUers at Gand d^ite in the first

part of the Id'th century. The p<ioitt:r's Uiffie (now ecole des beaux-arts) at Bruges was

erected at the end of tlic 15th century, or a little later. The inaisna du roi at Bruxelles,
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HOl'SK AT TOUIiNAT,

rebuilt 1514-23, by A. D and R. van Mansdiile, I). d« Wageniaker, L. \an Bendeghcm,
and II. van Pede, was much injured, 1695; and the HCtel

till Franc at Bruges d ites 1521-3. The steen (prison)

at Anvers was built 15'-'0. The episcopal palace at LiiJge

dates 1508-40.

564. According to a tradition preserved at Ypres, the

timber of whic)' the wooden houses of the 15th and 16th

centuries was built, was procured from Norway ; some of

these dwellings remain in Anvers and Ypres. Two stone

houses of tlie 13th century exist at Gand, and a couple

more dating 1250-1300 at Ypres. One of the 14th is

in tlie Phice du Vendredi at Gand, and many brick dwel-

lings of the 15th and 16th may still he seen at Anvers,

Ath, Bruges, Gand, Malines, Tournal (fig. 251. ), Ypres, &c.

The Porte de Hal at Bruxdles, 1381 ; the Porte de Dlest at

Louvain ( 1526) ; the Pont du Broel at Courtrai; the Pont

des J'rons at Tournal (1291-1300), with the kee),s of tlie

chateaux at Sichem and Terlieydin close the list of re-

markable works of ancient pointed art in this country,

with notice of the Chapelle de la Vierge attached, 164 9, to

the southern or right side of Ste. Giidnle at Brussels to

balance the chapel, built 1533—7, on the left side.

Gennatiy.

5('>5. In accordance with the opinion now usually adopted,

that Gothic art was received into tbe north of Europe from

Fiance, but that it was altered during the process of natu-

ralisation, the usual division of the styk's accords with th .t

used in France. But the jjeriods do not altogether match,

inasmuch as while examples of jjure tirst-pointed work
occur in the cathedrals at Paris and elsewhere, 1163-1212,

the German instances are, like those of Belgium, not earlier

than 1225. It is hardly possible, liowever, to refute the

doeuinentary evid 'uce for some buildings being very much
in advance of contemporaneous structures in England and France as to style. 'Ihis seems

ti) be admitted by Dr. Wliev.ell, whose valuable Architectural Sotes on German churches, 1K42,

third edition, condenses into a few lines the accomit of the chief pectdiarities of detail in the

two classes which he observed in tiiat country. lie first suggested the fact that English and

German architects, begimung frimi the same point—tbe llomanesque, and arriving at the

same residt—the cam/le e Cuthic, or decorated period, witii geometrical tracery, made tlie

transition each througii a separate style; one ot these being decidedly Gothic; the other,

which he calls early German, rather Romanesque tiian Gothic. They have in common their

slender shafts, clustered and banded, their i)ointed arches, and tlieir mode of vaulting ; but

we do not commonly find, in tlie interior of the tiansition cliurclies of Germany, the circular

cluster of shafts, the arches moulded into a broad and deej) mass of small rolls with deej)

hollows between, the circular abacus with its roundtd upper ed ';e, the simple lancet-headed

windows, tall and narrow, and the peculiar line of open flowers which is used so pro-

fusedly in all early English work. Nor do we observe, on the outside, the dripstone to

the window, the moulded or shafted window-sides or jambs, the projecting i)uttress with

its chamfered edge ar.d triangular head, or the jiyramidal pinnacles of our early cathedrals.

Vaulting shafts spring fom a corbel, or more usually, from an end liocked into the wall ;

the arch is often a squarL'-edged opening witb no mouldings, tiiough soinetmie-s a rebated

edge, sometimes a mil, is seen; the triforium is, in a large district, miant tor use as a

gallery by the bachelors; the fan-shaped window, a foiled horse-shoe arch ; and arch

mouldings with three bands, or two bands and a roll at the apex. The ditfeience between

e.irly English and larly German work is less obvious. The resemblance obtains not only

in the general foruis of the members and parts, but in the details also—-the canopies, bases,

profiles of mouldings, &c. The latter style, however, has double planes of tracery

—

i.e.,

two frames of tracery, one behind the other, in the same opening. Alter tiiis general

coincidence, the styles seem again to diverge, the later Gothic of Germany being quite

different from tbe contemporaneous or corresponding styles of England, France, and the

Netherlands; these again apparently lieing independent of tacli otber. Nevertheless,

a German author would inscribe at the head of this section the I'ollowiag table:

—

Early . . Fruehcjennani cher styl . . . Thirteentli century.

Decorated . . Ausgehi detijernuuiischer styl . . Fourteenth century.

Late . . Sjiiictycrmanischar ntyl . . . Fitteenth century and later.

566. 'I'he earliest truly painted buildings seem to be, the ciuircli of St. Mary at 'i'reves,
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Afra at IVI

said to resemble in plan the clmrcl) at Braine near Soissons ;
the clioir of St.

\Kissen, 12:55 ; and the nave of St. Elizabeth at Maiburg. 12.53-83, winch pro-

Fig. 252.

Grnenberj

SECTION OF THE ClUJIiCII OF SAUNT KLIZAUETII, JIAKEUIIQ.

bably was the first ia-

stance of tlie i)raetice

of erecting the nave

and aisles uniform in

height that is so com-
mon in Germany ( fiy.

2.52). The church of

the Minorites at Co-

logne was consecrated

1260, .o.nd is said to

have been built at

over- times liy thj

workmen of the ca-

thedral.

567. Tlie ciithedral

at Cologne, begun
1J4S, is held to owe
nuich of the plan to

that at Amiens, and of

the decoiation to tlie

Ste. Chapelle at Paris.

The abbey of AHen-
bnrg is said to be in-

dei)ted for i!s style

to Cologne cathedral;

the choir at INIeissen

to tliat at Nauinburg,

and Calinar to Stras-

burs: ; the churches v.t

Nienburg an der Saale, and Wetter, with St. Mnry at Frankenbergand at ]Mar-

biirg to that of St. Eliz iheth at Marburg. In the 14th century, the five-aisled church

at Kuttinherg was indebted to Prague cathedral ; the choir of tlie church of St. INIary at

Bamberg to Colog.ie cathedral, and (for windows) to the church at Oppenheim ; and tae

churches of St. ]Maiy at Rostock and Wisuiarto Sch\ierin cathedral. In the 15th century

the church at Stei r borrowed liom Vienna cathedral ; St. Mary at Bernbmg IVoui St.

Nicholas at Zerb.st and St. Maurice at Halle; Freiberg cathedral and St. Mary at Zwickau
from St. Nicholas at Zerhst; and the church at Elten from St. A'gund at Emmerich.
These cases of imitation may be deserving of attention.

568. The general character of the work of the first period is very much th.it of the

French buildings of the style : but wliere the German work is plain, it is much plainer

than the French; and where decorated, nuich richer. Its reminiscences of roniaues(|ue

art are more obvious in the profiles of mouldings, while the carved work in capitals is

almost an exaggeration of the crispness of the Fnnch woik.

5G'd. Amongst the remarkable buildings erected in the l;Uh century may he named tlie

old parish church at

l{atisl)on, with many
ronianesque details,

1250-63 or 1290-
1300, a diH'erence of

nearly half a century,

which occurs in the

dates given by eminent

writers to the whole, or

to ])arts, of many Ger-

man edifices. The very

remarkable cathidral

{fiu. 253), at Halber-

stadt has the lower part

of the west front older than the rest of the edifice, which dates 1235-1191 ; its secti;)n

{fg- 254.) is here given as being an instance of elegant proportions that enforce admira-
tion. The beautiful church at Oppenheim, dedicated to St. Catherine, is a Latin cross

on its plan. The chancel is five sides of an octagon. As in many of the churclies of

Germany, it has a second chancel for the canons at the western extremity, terminating in

three sides of an octagon. Tiie eatr.mces are on the north and south sides of the tran-

septs. From a IMS. chronicle of the ehuich, (luotcd by Moller, it is ascertained that the

T-g %S7,. ri.AN OK catiieiii;ai,, iiai.bekstadt
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nave and eastern chanctl were begun in I'iG'i, and tinislied in 1317. Tlie \vesti.rn chr.ncel,

now a ruin, was consecrated I 4:>9. The total length of the church, including the two

chiincels, is 268 ft. ; wliereof the western

ciiancLl, whose breadth is 46 ft, occupies

92 ft. The nave is 102 ft. in lenj^th, and its

breadth 86, tliat breadih comprising the two

side aisKs which are separated from the nave

by clustered columns; the aisles have small

chapels. The transept is 102 ft. long, a. d 31

ft. broad. In the viestern front, at the ex-

tremity of the nave, are two towers, standing

oa square bases, each of four storys, a. d

crowned by an octagonal spire. Over the in-

tersection of the transepts with the nave

stands an octagonal tower. This building

was erected (or Richard of Ccrnwall, em-

peror of Germany, and has 1 itely been re-

stored. The church at Wimiifen-im-l hal,

1262-78, is reioidedas built by a Parisian

'• opere francigeno ;
" the choir of IMeissen

catliedral 1274 ; the simple cliurclj of the Do-

minicans at Katisbon l'J74-77 ; and tlie c'noir

of tiie cathedral in the same city, 127j->-;0.

570. The western portal of Strasburg

cathedral was begun 1277 by Erwin von

Steinbach, an architect before mentionedCpar.

32'i'/) who died 1318, leaving tinfinislud part of the second story, which was compKted liy

his son Johann, who died 1339 ; the third story is an addition. The cathedral was carried

on under other architects till 1439, since which nothing has bein done towards its com-

pletion. Among tiie examples of pianted architecture, this is the most stu))endous. There

is a similarity of st>le bttween it and the cathedrals of Paris and Reims, except that the

ornaments are more minute. Tiie plan is a Latin cross, whose eastern end terminates in-

teriorly in a semicircle, but on the exterior in a straiglit line. Thehngth of the church

is 324 ft., that of the transept 150 ft. ; the height of the vault of tiie nave is 98 ft. The

nave lias one aisle on each side of it. On the nortli-west angle of the edifice, rises the

spire, whose lieight has l>een very variously represented; the correct heigiit is 466 ft., being

greater tlian tliat of any church in Europe except that of St. >Jicho!as at Ilaniluirgh,

which is 4T2 ft. To a certain heigiit the tower Ai

is square and tolid, being formed by one of the

vertical divisions of the western fa(,ade. Above the

solid part, the tower rises to a certain height octangu-

laily, open on all sides, and flanked by four sets of

open S[)iral staircases, which are continued to the

line whence the prinoipal tower rises conically in seven

stories or steps, crowned at the summit wiih a species

of lantern. John Hiiltz, sen.. Heckler, and Joim

Iliiltz, jun. continued tliis tine tower, wliicli was only

finished in 1439. In tlie interior of the church, near
j

one of the large piers of the tiansejit, is a statue of tiie

arcliitect Erwin, in the attitude of leaning over the

balustrades of the upper corridor, and looking at

the opposite piers. 'J'he ndiister at l"reiburg-im-

Breisgau, is remarkable as being almost tlie only

large Gothic cliurcli in Germany which is finished,

and has escaped destruction. It was begun 1152, as

appears in the roinanesque transepts witii their exter-

nal turrets ; the nave, west frcnt, the tower 380 (t. high,

skilfully changed from scpiare to ociagon, with open

spire, and rich jiorch below it, date 1236-72

;

clioir (see ./;.(/. 255.) belongs to the year 1513.

transiti in, whicii in France dales 1250, is seen m
llie west front, 1287, of the catliedral at Agrain, where

tiie choir dates 1305-19, with a later na\e.

571. In ihe second period elegance and richness

were sought; the latter was obtained, but tiie i'ormer

was lost in a manner whicii may easiest be expressed in tlie statement tiiat everylliiii;^

s»'ems to I.e an adtlilion as an al'.er tliougiit Decoration is spread on tiic work: witness tlie

h

'i»ni.rtnw*»'>.«wK>jgaiH

til

The
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crockt'ts and c:i])itals wliicli are only siiigk' loaves glued to tlieir places initead of the treelj

growing foliage of the previous period.

57".'. In the 1-ltii century occuired the construction of the nave at Meissen cathedral,

i'M2-42; the tower and clioir of St. Elizabeth at Kasciiau, 1321; St, Mary at Prenziau,

PLAN OF COL)(;NU CATI'.EDKAL.

urch at

Wisniar,

Friedeherg, 1328; St. Lambert at Muenster, 1335-75; the choir

1339-54; the live-aisied choir in Prague catliedral, 1343-85; the

choir in the catliedral at Aix-la-Cliapelle, 1353; and St. Mary at

Nuremberg, 1354-61, by G. and F. Iluprecht. To the end of

this century bi'longs the jientagonal church at Kirchheim-im-Ries,

with tlie convent's choir in the western poriion.

573. The plan of the cathedral at Cologne (fig. 256.),

exhibits a symmetry not surpassed by the buildings of

ancient Greece and Home. A church erecttd on the site of

this cathedral in the time of Ciiarlemagn2 was destroyed by Hre

in 1248, at which time Conrad filled the archiepiscopal throne of

tiie city Before fiie had destroyed thj former cathedral, this

SOUTH ELEVAIIOK 01' COLOGNE CATUEDICAL

(jri'laie had resolved on the erection of a new church, so that in the year following

the destruction oi' the old edifice, measures had been so far taken, that the first btonn
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of tlie new fabric was laid with great solemnity on the 14tli of August, being the eve

of the Assutnption of the Blessed Virgin. Collections were made tliroughout Europe for

carrvin"- on the works, and the wealth of Cologne itself seems to have favoured the hope

I hat' its founder liad exjiressed of their continuation. The misfortimes of the times soon,

however, began to bHiii^h tlie fla;tering expectation, that tlie works would be lontimud to

the com| letion of the building. The arehbishoiis of Cologne dissipated their treasures in

unprofitable wars, and idtimately abandoned tiie city allogaher, fur a residence at Bonn.

The works do not, however, appear to have been interrupted, though they proceeded but

slowly. On the '-!7tli of September, in tlie year 13'i2, seventy-four years after the first

stone liad been laid, the choir was consecrated. Tlie works were not long continued with

activity, for about 1370 the zeal of the faitliful was very much damped by finding th:it

•Teat abuses liid crept intc tne dispcsal of the funds. The nave and southern tower

continued rising, thougli ilowly. In 14:37, the Litter had been raised to the third

story, and the bells »vere moved to it. In the beginning of the Ifitb century, thf;

nave wns brouiiht up to the height of tlie capitals of the aisles, aiid the vaulting

of the north aisle was commenced; the northern tower was carried on to the cor-

responding height ; and everything seemed to indicate a steady jjroseeution of the work,

though the age was fast approaching in which the style was to l;e forgotten. The windon-s

in tlie north aisle were decorated, thougli not in strict accordance with the style, yet with

some of the finest specimens of painted glass that Europe can boast, a work executed under

the patronage of the archbishop Hermann von Hesse, of the chapter, of the city, and of many
noble families wlio are, by their armorial bearings, recorded in these windows. But with

these works the further progress of the building was entirely stopped, about 1509. Fig.

'251 exhibits the sjiith elevation of the cathedral, in which the darker parts show tli^j

executed work. If the reader reflect on the dimensions of this church, whose length is

upwards of 500 ft., and width with the aisles 'iSO ft. ; the length of whose transepts is 290

ft. and more ; that the roofs are more than 200 ft. high, and the towers when tinished would

have been more than 500 ft. on bases 100 ft. wide ; he may easily imagine, that, notwith-

standing all the industry and activity of a very large number of workmen, the works of a

structure planned on so gigantic a scale, could not proceed otherwise than slowly, especially

as the stone is all wrought. The stone of which It is built is from two places on the Rhine,

Koeni"-swinter and Unckel-Bruch, opposite the Seven Mountains, from boih of which the

"transport was facilitated by t!ie water carriage afforded by the Rhine. The foundations of

the .southern tower are known to be laid at least 4 4 ft. below the surface

574. To King Frederick "William III. is due tlie merit of rescuing It from the state of a

ruined fragment. During his reign nearly 50,000/. were laid out upon It, chiefly in repairs ;

and in that of his successor, Frederick William IV., 225,000/., more than halt' of which was

contributed by the King, the rest by public subscription. In 184i he laid the foundatior.

of the transept. The choir is now finished. The late architect, Zwlrner, estimated the

cost of completing the whole at 7.">0,000/. In Septeniljer, 1«48, the nave, aisles, and tran-

S3pts were consecrated and thrown open ; the mag.-.ificent south portal was finished 1859, at

a cost of 100,000/. The north portal, more simple in detail, is also completed ; both are fioni

Zwirner's designs. The iron central spire and iron roof of the nave were added 186'0-62,

and the whole, except the towers, nearly finished 1865. The faulty stone, from the Dra-

chenfels, on the exterior, has been replaced by another of a .sounder texture, of \olcanic

origin, brcnight from Andernach and Treves.

The height of the towers when finished will be

5:i J ft., equal to the length of the church, whose

breadth, 2:51 ft., corresponds with that of the

gable at the west end. The ch.oir is 161 ft. high.

5~5. The cathedral at Ulm (». 258.) is

another of the many celebrated cathedrals ol'

Germany : it was commenced in 1:577, and

continued, the tower excepted, to 1494. It is

about 416 ft. long, lO'O" ft. wide, and, including

the thickness of the vaulting. 141 ft. Idgh.

The piety of the citizens of Ulm moved them
to the erection of this structure, towards which

they would not accept any contribution from

foreign princes or cities; neither would they

accept any remission of taxes nor indulgences

from tlie pojie. The whole height of the tower

is .SI 6 ft. in. ; it was stopped 14 92 because

(he two pillars under it, on the side next the

liody of the church, gave way. Had It been finished according to the original design (.still

in existence), it would have been 491 ft. The exterior length is 455 ft. ; interior, .39 1 ft.

The nave and choir arc partlv built of brick. The na\c i-, 1)0' ft. high, and has twelve
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aiistercd coliiiniis hearing lancet \)ier-arclics, without a tritbriinn, flaiikcci hy ilouhle aisU'S

on slender shal'ts. The main support of" tlie root" is derived t'roni huge external buttresses.

This biiililing di)es not preserve tlie regularity of form for which the cathedral at Cologne

is consi)icuous, l)ut the composition, as a wiioie, is exceedingly beautiful.

576. Uatisbon cathedral is another line work, of al)out the same period (Jr;/. 259). It

was begun by Andreas Egl, l'i75, I)ut left imlinished in the beginning of the IGtii century.

The west front is in tiie decorated style of the loth centin-y, with a triangular portal throwing

out a ))ier in front so as to form a double arch" ay.

The church is 3:53 It long, and I'iO ft. high. 'I he

transeptal plan is only seen in tlie clearstory. At
Vienna, the cathedral of St. Stephen's exhiiiits

anither exipiisite example of the style.

,577. The history of the collegiate church of St.

\'ictor at Xanten has bien to!eral)ly clearly writ-

ten. It is a five-aisled edifice without transepts,

with a romanes(|ue tower dated r21:5. 'i'l.e

choir was commenced 1263, the sacristy in 1350',

hy J- von Mainz, who designed, 1368—70, the east

])art of the nortii aisle. The buttresses and vault-

ing were added 1417-37 : a cessation of the work
tlien occurred till H87, althougli we find the

names of the master-masons T. JMoer, 'arehila-

picida,' 1453; II. Blankenbyl, 1-170-4; and G.
von Lohmar, 148.3-7, as busy upon the nave; its

windows were comjileted 1487 ; the south side

1492 ; its vaulting 1.500 ; its buttresses 1508 ; the

great window between the towers 1519, and the

north tower, 1525, were designed by Johann von

Langeberg of Cologne, 1492-1522; the sacristy

and the chapter-house were designed, 1528, by Gerwin from Wesel ; and the chapter-house

with cloisters was completed, 1550, by H. Maess.

578. In the third period there seemed to be a natiu'al and at first healthy revulsion ; but

it ended in heing s])iky, a term wliich is more justifiable tlian prismatic. Every thing th;.t

could be curved was bent or twisted; the most tortuous forms of the flamboyant system are

common witli truncated ends forming stump tracery ; interi)enetration abounds ; and as a

last resource of invention, dead branches intertwined take the places of mouldings and of

foliage. So tiiat in the decline ai d fall of tierman ])ointed

art, there was as markedly natioi.al a character as in that

of the French or the English contemporaneous forms.

579. Amongst the structures of the 15th century (ex-

cepting St. ]\Iary at Esslingen, which will be hereafter

mentioned) were St. Catherine at Brandenburg, 14ul, by

II. Brunsbergli, with nave and aisles o( equal height ; the

choir of St. Mary at Coblentz, 1404-31, by .loliar.n von

Spey ; the church of St. John at Werfen, 1412; that at

Weissenfels, conunenced 1415 by Johann Kcinhard ; the

choir of St. Reinoldat Dortmund, 1421-50, by Rozier ; St.

Wary at Ingoldstadt, 1425, with nave and aisles of ecjual

lit, by H. Schnellmeier and C. Glaetzel ; St. Lau-
rence at Niu-emberg, enlarged 1403, with a choir and aisles

of ecjual height, 1439 or 1459-77, by C. Ileinzelmann of

Lllm, and Joiiann Bauer of Ochsenl'urt, on the plans of

C. Roritzer of Rati.sbon ; St. Nicolas at Zerbst, 144(;-8I.

p with a na\e and aisles of e(]ual height, and with a chevet

having nine sides externally, by Johann Kuemelke and his

sen .Matthias; the south-west tower of St. Elizabeth at

Brcslau, 1452—86, with a wooden spire erected in the latter

year, by F. Frohel, ' zinnnermann ;
' tlie chinxh of the

iiospital at Cues before 1458 ; the nave and choir of the

church at Freiburg an der Unstrut, 1499. by P. von Weis-

senfels; the nave of the church of St. Ulric and St. Aira

at Augsburg, 1467-99; the brick cathedral at Munich, with

nave and aisles of equal height, 1-168-91, by G. GankoH'cn ;

-12 the choir of the minster {Ji</. 260) at Freiburg im- Breisgau,

1471-1513, by Johann Niesenberger; and the cathedral at

Freiberg, 14 84-1500.

580. The church of St. George at Nuerdlingen, with its three naves of ccpial height and



ClIAl'. IV. I'OINTEI). 251

length, aiula tower 28;5 ft. liigli, is extremely curious, Iiecause so many of its architects were
e.igaged at otiier jilaces. The names are pr^.servea ofJoliann Felber, 1427-35, of L'lm. who
i)uilt tlie outer church at Waihliiigen, coni])]eted i488; C. Heinzelmann of Ulm, likewise

engaged at Waihli.igen as well as at Landau, and, 1459—77, with Johann Bauer von
Oclisenfurt at the choir of St. Laurence at Nuremlierg, designed by C. lloritzer ; N.

I'yseller and his son of the same name, 1454-51. both of whom \\ere engaged at tlie church

of St. (George at Di.ikelsbuelil, 1450, as well as at .-Vugsburg anil Uothenburg ; C. Iloeflich

and Johann von Salzdor/i I4.'J7; W-. Kreglinger, of Wurtzburg ; and S. Weyrer, vho
finished, 1495-1505, the vaulting.

581. This jiassago from one building to another seems to liave commenced in Germany
during the 14th and 15th centuries We find B. ICngelherger at Heilbronn, 148'), Llm
1494, and Augsburg 1502-1 '2; H. Bruasbergli, of Stettin, 1401, at Brandenburg, Danzig,

and I'rcnzlau ; I'aul von Brandenburg at lirar.denhurg, 1484, and Neurui)|)in, 1488 ; 1'.

Arler at ( olin, 1360, and I'rague, l:i85; 31. Bi eblinger at Esslingen, 1h8J, Frar.kfiirt,

148:5, and Ulm 1492; Johann. 1430, at Laadshut, Hall, Salzburg, Oetting and Straubing.

It is remarkable that in nearly half the cases (and the rest are doulitt'ul) where the name of

an architect is recorded, be seems to have come from anotlur town to that in which the

building lie designed is erected.

582. F'kj. 201 is a house attached to the rath-haus at iMiiaster, and much resembling it

in style; the iiouse dates late in the 15th century, or

early in that of the 16"th. \Ve give a house in the Wi-
markt-platz at Cologi.e {Jiy. 262.) for its very late date
in appearance, but being entirely free from any trace of

transition from lltli century work in detail, it is easily

attributed to tlie early jiart

of the 12tli century.

583. .'Amongst the struc-

tures erected about the year

1500 may be named St.

Anne at .Annaberg, 14 99-

1525; St. Kallierine at Ess-

lingen, by M. Hoeblinger,

who tinislied the churcii of

St. ]\Lary (left 1482, by his

father Johann) ; the latter

building was stojjjjcd 1321,

and recommenced 1406; it

has the vaulting-ribs of the

three e((ually high naves

carried uninterruptedly to

the groimd ; the tower, com-
menced 1440, is considered

to be the finest in Germany;
the choir of St. L'lrich and

St. Afra at .Augsburg begun
1501 ; the tower of St. Ki-

lian at Heilbronn, 1507-29,

i)y Johann Scheiner ; the

church at Tirna, 1502-46 ;

ibe churcli with nave and

aisles of equal height at

Luedinghausen, 1507-58 ;

the alterations and vauliing

of the romanesque ciiurcli

^f*^^ at St. Matthias near I'reves,

, 1513, by J. von Wittlich
;

~* the parish church at .^chnee-

berg. 1516-40 ; the nave and ^'''^- -'^•

porch of the cathedral at Werseburg, 1.500-40; the church at Anspach with three western

towers, 1530-50 : St. Mary at Halle an der Saale, completed 1530-54. by N. Hotfmann, with

four towers belonging to two earlier churches on the site; and the vauliing of the na\e and
refectory at Oliva, 1582-93, by Piper. The church at Ereudenstadt. 1601-8; and St.

Cieorge at Coblentz 1618, are specimens of the z(i;>fstil, as the German Gotiiicists designate

work of the 17tti century, whatevei' may be its [Kirentage.

Siiain.

,')S4. The medix'val architect.ire of Spain and Portug.il will only be divided because the

political division exists. It will lie necessary to reuaniber that the ilisiricts of .\ragon

Fig. 261. IIOUSE AT MU.VSTER. IIUUSK AX COl.OUSK.
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Asturias, His(!:iy, aiul Nortli Galicia were never conquered l<y tlie Moors ; that iliu cities of

Burgos, Ll'011. Santiago, Segovia, Tarragona, Toledo, and Zamora, were freed from tlu-in

in tlic lltli century ; Lerida and Zarajjoza in the I'itli ; Seville and Valencia in the niiddlo

of the l:;th ; and Granada on tlie '2nd January, 1-J92 ; that much Fiencli i.iHuence existed ;

and that the roinanes'iue huildings of Span) show a large reminiscence of the churciics

ill Nortlurn Italy. But the reuiarkahle similarity between Germany and Spain, in the

progress of Goiliic art, cannot be attriluited to the employment of one or two foreigners.

As in Germany, the late roinanes{iiie style was reiained longer than in Fiance; and in

b )th countries the phase whicli is termed lancet or early pointed in England and France

did not constitute the transition iro«i tlieir romanesque into tlieir decided and well-

devtloped iieoinetrica! Gotliic.

585. Stone was the usual material employed for ecclesiastical buildings in the really

Gothic or even renaissance style. The romanesque and tlie neo-da^sic builders em-
))loyed granite or some of the senii-marhles which the country throughout possesses ; where
the Moresque traditions of art prevailed, rubble work with brick Ijinding courses and

quoins are seen ; and the distinctive feature of Spanish brickwork consists in the formation

of patterns by recesses and projections in total negligence of terra-cotia or moulded bricks.

Tiie diapering of some plastering should be noticed. F"ew examples of domestic archi-

tL'cture of any importance occur. The window with two or more arches carried on shafts,

und forming the ajimez or diiniez of modern builders, is almost universal.

586. Referring to the classification of structures by centuries for examples of the larger

works of civil architecture, we regret that little attention has been given to the xery in-

teresting class of military buildings, whether fortified houses. ])eel towers, or small castles,

which liave escaped demolition. The destruction caused by the generals of Napoleon I.

lias been followed by the results of the CarlLst war of succession, and of the suppression of

the monastic establishments; but Spain still posses.ses one characteristic in construction in

the great width of many of the naves. Thos, the church of the dominicans at Palma is

95 ft. wide clear span between the walls ; the cathedral at Geroiia 1?> ft. ; that at Coria

70 ft. Sins.; that at Toulouse 63 It., while the churches of I'erpignan and Zamora are

(>0 ft. The width between the centres of the columns of the nave at Palma cathedral is

7ift. ; Manresa collegiate church and Valladolid cathedral (^classic) 60 ft.; while Milan
cathedral, one of the largest out of Spain, is but 6.'3ft.

587. Sjme pure examples of romanesque art date after II 75, such as a church at Bene-
vento and the cathedral at Lugo ; but the period of transition to pointed art must be

placed much earlier. 'i'lius the cathedral and St. Vicente at Avila, occu))ying in erection

nearly the whole of the I'ith century ; the old

cathedral, cloister, and chapter-house at Salamanca
about lJOO-1175; the cathedral at Zamoia
1125-75; that at Tudela ten years later; and the

cistercian abbey at Veruela 1146—51, lead to such
works as the cathedral (except the choir, 1 103-23)
at Siguenza ; the cistercian nunnery of Sta. Maria
el Real dc las Ilue'gas, near Burgcs, llSO-7; and
the eastern portion of the cathedral at Lugo.
'I'he cathedral at Tarragona has a positively ro-

iuanes(]ue a])se (perhaps 1130-50), while the rest

of the building is eaily ])ointed, and may date

1 175-1250. Thewestfront(_/i7/.263) is partly middle
pointed work. The central portion, dating in style

late in the 14th century, although commenced about

1278, stands between the original ends of the aisles,

apparently executed as above mentioned. Tlie

incomplete false gable might countenance the idea

that a foreigner, possibly a German, had been em-
))loyed ; but in 137 5 Bernardo de Valli'agona was
the architect directing native sculptors.

588. The cathedrals, connuenced, perhaps, I 2'20

at Burgos, 1227 at Toledo, and 1235 at Leon,

are in the advanced pointed style of the 13tli century, while the cathedral and cloisteis

at Lerida, 1203-78, might belong, like the earliest parts of the cathedral at X'alencia,

1262, to the previous period. It will not ])erhaps be ever possible to find documents

that will contradict the assertion that the |)re.sent system of placing the officiating

choir in fixed stalls in the nave of the cathedrals was introduced at a late date ; but these

who hold that it was a very early system may appeal to the jjlans of the cathedrals, at

Tude'a, 1135; Toledo, 1227; and Barcelona, 1298. The plans of those at Lerida and

Tarragona are very similar to that at Tudela (A.'/- '-^''N, part of the plan given in Mr
Street's Gotliic Arch, in -Sy c;'//), whiih all'ords a good example of a buildhig arranged accoid-

CATllEURAL, TAUllAOOXA.
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Fig. n.AJI OF C.^TIIEnKAL, TUDELA.

in;; to S|)aiusii peculiarities: if the cajiilla ii.ai/i)?' or cliancel ever contiiined the clioir, the

transept must have lieen blocked up.

589. Amongst tlie works erected during tlie l;5tli century, there are so many whicli

exhibit loiiianesque work that this period miglit be said to be merely transitional, as

ilhistrated in the church of S. Pedro at Olite; the large church of the cistereian monastery

of Sta. Mai ia de Val de Dios,

l'il8, near Villaviciosa ; and

the bridge 12.^0, rejjaired 14-19

at Orense in two sections, that

nearest the city having three

arches, each 36 ft, 8 ins, span
;

the other, 121:" ft, 6 ins. long,

and 16 ft. 6 ins, wide, having

seven arches, one of them being

82 ft. 8 ins. wide, and another

1 43 ft. 6 ins. sjian, and 1 24 ft.

6 ins. iiigh. Other works to

be noticed are the catliedral,

commenced II99, but con-

tinued very .slowly until 1258,

at Leon; it is dated l'2SO-40

by Mr. Street, in his work
above mentioned, who notices

that its con.struction, in a first-

pointed style, was continued

ui.til 130;i, that it failed, and
that the outside or jami)liglits

of the clearstoiy andtiiforium

were filled with masonry, and
that the south transept was
destroyed for reconstruction

about 1860: the fine cathedral,

1248-84, at Badajoz ; and
the parish church (not a catludral) at Figueras near Gerona.

590. The succeeding great division of Gothic art is much more distinctly marked and

more uniform throughout Spain, whilst at the same time it is even less national and

pecidiar. There are very considerable remains of 14th century works, though, perhajJS, no

one grand and entire example. They are all extremely simi.ar in style, and more allied in

feeling and detail to German middle-pointed than to French. 'I'wo features deserve

record— first, the rei)rodi!Ction of the octagonal steejde, which was a most favourite type of

tlie romanesque builders; and secondly, the introduction of that grand innovation upon

old precedents, the gieat unbroken naves groined in stone and lighted fiom windows high

up in the walls.

591. As an example of the difficulty of classifying the buildings, it may be observed that

while the date of 1400 is usually given to tl.e church at Huesca, ascribed to Juan de

Olotzaga, it is probable that his name might be attached only to the great portal that is

romanesque, and cannot well be dated later than 1290— 1300, It is pretty clear that it is

almost all a work of the 14th century. The unusually good example of middle-pointed

work afforded by the cloisters to the cathedral at Burgos shoidd date 1280-1350 accord-

ing to Mr. Street, rather than 1379-90, which is the jieriod at which they are said to

have been executed. The same author states that the round arches on clustered shafts of

the porch or cloister on the .south side of the church of S. Vicente at Avila might be sup-

posed to be not later than the 1 3tb century, were it not that a careful comparison of the

detail with other known detail proves pretty clearly that they cannot be earlier than about

the middle of the 14th century,

592. To the first half of the 14th century are due the west front of the cathedral at

Tarr.igona; the cloisters of the abbey at Veruela ; the east end, 131 '-'-46 (decidedly late

midale-pointed details) of the cathedral at Gerona; the hieronymite monastery of San

Bartolome, 1.330, at Lupiana by Diego Martinez, now private property ; and the church of

San Justo and San Pastor, 1345, at Barcelona, which is an unbroken chamber 138 ft. by

82 ft, 9 in., and 69 ft. higii. The widening, 1298-1329, of the cathedral, built 1058, at

Ba celona, seems to have been be^am in a first-pointed style, and to have been con-

tinued by Jayme Fabre, 1318-88, i.i a second-pointed style ; the vaulting was fini-shud 1448.

593. Among the works dating in the middle of the 14th century, earlier or later, is the

church of Sta. iNIaiia de los Riyes. commonly called Sta. Maria del Pino, at Barcelona,

whicli .some date 1329-1413, but" others 1380-1413, This latter date is possibly that of its

lower bv Guillermo .\biell ; the church Mr. Street co:isiders must have been consecrated
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in 1553, not 1-153 as stated by Parccrisa. We may also notice at I'arcelona tlic clinreli of

Sta. IMaria cK'l Mar, l)i'giin 1328, and linislied 1;'8:5 according to I'arcerisa, but lis;}

acc.:rding to another authority; the two-storied cloister of the collegiiite chinch of Sta.

Anna; and the cry|)t ov panteon of Sta. Eulalia, 1339, in the cathedral.

594. During the latter half of the 14th century, mention is made of the cliapter house,

1358, and nortli transept and cimliorio, 1:550-1400, to the cathedral, and the gate called

the piiciia <\ii Serianos, 1349-81, at Valencia; the casa CDn.sitnrin/, 13fi9-78, with a new
south fioU, 18:52, at Barcelona; tlie collegiate church of Sta Mari;'. de la Seo, l.'528-1416,

with a.iotlier church apparently of the same date, but ratlier later detiil, dedicated to Sta.

Maria del Carmen, and 47 fc. wide, at jNIanresa ; and the tower, called El Micalete, of the
cathedral at Valencia. The tower is iiere mentioned as having been designed, I3S1, and
carried up to some height, by Juan Eranc and N. Amoros before 1414, when Pedio
Balaguer was sent to Lerida, Narbonne, and other places to find the most suitable ter-

mination that had yet been designed ; it seems to have been completed 1428, and perhaps
should l)e considered as belonging to the next century ; as well as the celebrated hieronv-
mite monastery, dated 1389-1413, now a barnick and jiarish chuich at Guadalupe near
Logrosan, by Juan .AIjuso; the cathedral, 1353-1462, but altered 1521, at Murcia; and
the cathedral, commenced 1397 at Pamplona, wheie geometrical traceries occur between
flamboyant ones, all having somewhat of late middle-pointed character, though the date
and the detail class them with the third jiointtd style.

595. To the first half of the 15tli century may be ascril)ed the cloisters, 1390-1448, of

the cathedral at Barcelona; the university, or rather IfS tscuehis, 1415-33, at Salatnanca,

by Al. Rod. Carpintero ; the domii.ican cbur< li of San P:iblo, 14 15-35. at Buriros. by Juan
Rodriguez, now a cavalry barrack; the arcaded putio or couit-yard, 1436, three stories in

height, of the casa de la Biptitficitm at Baicelona. modernised 1597-1620; the nave,

1417-58, or later, of the cathedral at Gerona by Guillermo Bortiy (with details of late 14th

century character) ; the /lala dels drops, 1444, afterwards Palacio de la lUina and the re-

.sidence of the captains-general at Barcelona (the four fronts modernised, 1844); and the

towers and spires, 1442-56, by Juan de Colonia, to the cathedral at Burgos. To the

ce.itury itself belong great parts of the cathedral at Seville, {fiy. 265.), commenced 1401,

FiS. 2G5. ClTllLDKAL, SLMLLE.

and attributed either to .\lfonso Martinez, architect to the chapter in 1386, or to Pedro

Garcia, who held that post 1421. In 1462, Juan Norman was directing the works; but in

1472, they had jirogressed so slowly that he was superannuated, aiui his jjhice was supplied

l)y three other artists. Their disputes were referred to an umpire, Jimoii, wlio l)ecame sole

architect till 1502. The cimhorio was coinpleted 1507, and fell 1511, but was replaced

by the jiresent termination, 1519. The works by Diego de Riafio, 1522, will l)e men-

tioned at the end of this notice. The capilla real was completed about 1560, and the

chapter-house about 15'-0

596. To tlie latter half of the 15th century are due the erection of the ciisn de moneda,

1455, at Segovia; the Castillo de la Mota, 1440-79, at .Medina del Cain|)o, by Fernando de

Currerio ; the cluirch, 1442-88, attributed to Juan and Simon de Colonia, to the dominican

monastery of San Pablo at Valladolid ; the cathedral, begun 1442, at I'lasencia, whose

ciipilla nidi/or, 1498, was designed by Juan de .\lava ; the Carthusian nunnery, 1454-88, at

IMirtiflores, near Burgos, said to have been designed by Juan de Colonia ; the cloisters.
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1472, of the monaster)' at liUpiaiia ; tlic hieronymite monastery of Sta. i\Iaria tlel Parral at

Segovia, comnieiiced about 14,59 by Juan Gallego, and linislied 147.), but the tribune of the

riji-ii ])uilL'd di.wn becau,se too low, and rebuilt 1494 by Juan de lluesga; the francisean

monastery of San Juan de los lieyi'S, finished 147G, and next in architectural importance

to the ca bedral at Toledo ; the greater part of the catliedral commenced 1471 at Astorga,

in the very latest kind of Gothic, with much of the detail, especially on tlie exterior, re-

naissance in character; parts of the cathedral at Burgos, about 1487, such as the range of

diajjels at the eastern end of the cloisters and of tlie cliurch, inclusive of the tomb of the

constable Pedro Fernandez de Velasco, which is quite Hamboyant, and probably executed l)y

Simou de Culonia ; and the casa del Ayuntaniientu, 1496, at Palencia ; with that, 1499, :it

Vallidolid.

,597. Transitional work is observable in the palace, 1461, of Diego Hurtadode ISIendoza,

diKjue del Infantado, at Guadalajara; the Doric columns on the ground floor of tlie two-

storied pdtio seem to have been inserted 1570 ; another transitional hu.lding is the dominican

college of San Gregorio, 1488-96, at \'alladolid, by Macias Carpintero, which has been

furnished with saslied windows to render it suitable for the residence of the governor of ti:o

province. The octagonal cimborio, 1505-20, of the cathedral at Zaragoza has detail tliat

is very renaissmce in character; the cathedral, commenced 151;3 at Sa'amanca by the cele-

brated architect Juan Gil de Hontai"ion, is a splendid example of florid Gothic with a leaning

to renaissance work ; the first service Avas i)erforiTiud 1560 : and the sami; tendency is seen

in the cvlegio mayor de Santiago el Zibedeo or del Arzobispo, 1521, at Salam;;nca, and its

chapel by Pedro de Ibarra, which are Gotiiic, with details verging in character upon its

cloister b) Ibarra, which is entirely rendssance.

598. For works of the 16th century, it will only be necessary to notice the bridge calKd

ihepiuuie del Obispo, and the church of San Andres now the Colegiata, 1500, at Baeza ; the

if/ltsia mayisiral de San Justo y San Pastor, 1497-1509, at Alcala de Henares, by Pedro
Gumiel; the tnrro nvtva or bellry in the plaza de San Felijie, 1504, at Zaragoza, designed

275 ft. high (made 295 in 1749) by Gabriel Gombao and Juan Sarineiia, with the Jew
Ince de Gali, and the Moors Ezmel Hallabar and IMomferriz, erected by Gomlao, who, in-

tentionally, after the first 9 ft. from the ground, give it so much inclination for 100 ft. as to

make it incline 8 ft. 9 ins. to the south, the rest being u])right ; the chaptl and two of tlie

four cloisters, 1504, to the hospital general at Santiago, by Henrique de Egas ; the cloister

fi.iished, 1507, of the cathedral at Siguenza ; tlie cloisters, 1509, of the cathedral at

IJadajoz; the church of San Benito 1499-1524, at \'alladolid, by Juan de Arandia; the

vaulting, completed 1515, to the cathedral at Huesea; the cathedral eonunenced at Segovia,

1522, by Juan Gil de Ilontai'ion (who died 1531). and continued, partly under his son

Uodrigo, till 1593, which, as may be imagined, is consequently the last really Gothic work
in the country ; the church (of the latest Gothic), begun 1524, to the doir.inican monas-
tery of San Esteban at Salamanca, by Juan de Alava, who succeeded Juan Gil at

Salamanca, 1531-37; the removal, 1524, of the cloisters of the old cathedral to the site of

the new one at Segovia, by Juan de C'ampero ; the viaduct, 322 ft. long, and 138 ft. high,

with five arches, 1523-38, to the dominic<in monastery and church of Sin Pablo, of the

s^ame ('.ate, at C'uenca, by Franci.sco de Luna; and the Gothic parish church, 1515-55, at

'J'udela de Diuro.
599. The next change to be indicated would be the expiration of the renaissance stylo

during the ptrioj in which some of the preceding examjiles were executed. But the well

authenticated date, 1576, of the church of Sta. INIaria INIadalen.i at Valladolid, by Rodrigo
Gil de Ilontai'ion, who became maestro mayor, 1538, of the cathedral at Salamanca, and,

1560, of that at Segovia, and died 1577, requires the remark that it does not look so late;

and thus becomes a most useful warning to the student, who may gather another from the re-

markable practice, 1530, of Diego de Uianno, architect to the cathedral at S^'ville, who in

tliat year designed and exrcuted the Gothic sicristia de los calices, the plateresque or re-

naissance sacrislia matjur, and the mcdern Italian chapter house.

rort<n_,al.

600. For tlie reasons given in describing the pointed a'chitecture of Spain, its history in

Portugal will require only one introductory sentence. To the rage for refjuilding wliicii was
prevalent in that country, and the earthquake of 1755, must be adflid tlie destruction

causid by the generals of Napoleon I., as reasons why comjiaratively few are left of thfise

Ciothie liuildings which arose in the nortli of Portugal after Lisbon was taken, 1147, from
the floors, and in the south after the conquest, 1223-66, of Algarve. Passii>g over the

remains of jiointed arches, whicli indicate that the country was generally possessed by the

Moors, 713-1095, and transitional structures such as the church at San Pedro de Kates,

1095-1 1 12, with its hi|)ped central tower, tlie cistercian monastery with many additions,

begun 1122 and consecrated 1169, at Taroiica, the architect will find a few buildings

bi;lor.ging to the I3th century or rather earlier, such as the bridge at Barcello ; the cloisters

Hnd original parts of the mi demised catliedral at 0|)orto ; the church of Sail Franci.sco,

and part of that of Sta. Mar'.a de iMarviila at Sautarein ; and the earliest cloister of the



256 HISTORY OF ARCHITECTURE. Book I.

TempLirs, with the church of Njss:i Si'iihorn dos Olivacs at 'I'homar ; the latter lias a ile-

tichcd ronaiusque tower and windows, filled with pierced slabs of stone.

601. Works wliic.'i positively belong to tiie l.'^th century are the church of S.in Pedro
at Celorico, about 12:50 ; the parallel triapsal churcli of San Francisco, 1258-SO, at Oporto,

with its choir-gallery occupying the two western bays of the nave ; the walls and towers

with castle and church at Freixo d'Espada a Cinta, 1-279-1.^2.5; the castle at Beja, 1279-

1328, wliieh has tliree (two being vaulted) octagonal stories in a square tower, J20 ft. in

height ; and the remarkable choir of the cluirch at Tliomar. with its .iltar under an

octagonal c:inopy, and an aisle of sixteen sides, erected before 1279. But above all these

is the well known church of the monastery at Alcoba9;i, which, aftt-r its neighbour at Batalha,

is usually regarded as the most interesting building in Portugal.

602. The original churcli built at Alcoba^a, in memory of the capture of Santarem, was
erected 1147—51, and rebuilt 1.578-80; but the celebrated church of the cistereian mon.is-

tery dates 1 H8-1222, and is said to resemble so much the church of the abbey at Pontigny
as to be manifestly the work of a Frencli architect. In this church, which is SCO ft. long,

and at least 64 ft. higli, there is neither trifjrium nor clearstory; the pier-arches are re-

inarkable, therefore, for their heiglit, as also are the aisles, wliich are as lofty as the nave.

The transepts are also aisled ; and the ])resbytery or apse, the Portuguese charnla. is

semicircular, with nine chapels, but was modernised about 1770 by W. Elsden, an Eng-
lishman. To tile east of this is tlie sacristy, 1495-1521, whicli is about 80 ft. long and
:58 ft. wide. The western front with two towers was altered in tie loth century ; but the

original doorway of seven orders remains. 'I'he bonfires placed by tlie French in 1810,

round the pi.rs of the church, caused the bases to be reduced to lime for a depth of 6 or

8 ins. The manner in which the restoration of this structure was directed, since 1850, ha.s

been commended. In a chapel attached to the smith side of the western transi pt are the

tombs of AfFonso II. (ob. 122.^), and Artonso III. (ob. 1279), with their queens; but
tliose of Pedro I. (ob. 1367) and Ignez de Castro, witli straight sided arches, are among
tlie finest specimens of thit jieriod. Tlie monastery, almost de.stroyed 1810, and now
principally used as a barmck, was 620 ft. in width, by 750 ft. i.i depth, and contained five

cloisters ; the guest-liouse was at tlie north-west end ; there were seven dormitories. The
kitchen was 100 ft long, by 22 ft. wide, and 63 ft. in heiglit to tlie vaulting ; the fire|)lace,

wliich stood in the centre, was 28 ft. long and 11 ft. wide, with a jiyramidal chimney sup-

jjorted by eight cast-iron columns.

603. The list of works executed during the J 4th century is even shorter. It includes,

besides the cloisters of the dominican monastery at Guimanens, the f.9ade of the modern
cathedral at Lainego, the magnificent ruins of the castle at Ourem, and (for they m;iy be
added here) the triangular castle at Obidos, 127.9-1325, the c.istle at Almeida, 1279-1521,
the cistereian nunnery at Odivellas, 1305, the castles at .Arrayolos and Estremos. 1306-8,

the remarkable fortified tower and church of the formerly doulile benedictine monastery at

Le9a do Biilio, 1336 ; the restorations to the cathedral at Lisbon, including the capella mor or

choir, n built 1344-57, and the western front 1367-83; the church of San Francisco (styled

the mo.st beautiful in Portugal) at Abrantes; and the church of Nossa Senhora di Oliveira

at Guimaraens, commenced 1387 by Joao Oare, having a detached tower with a low spire.

207. SOUTH IKO.NT or Tlir M.VlSOLl.l'i! OK Kl XO JOIIS.

604. To these may be added the work that is usually taken as a type of Portuguese
pointed architecture, the dominican monastery at I5atalha, founded in memory of the battle
of Aljubarrota, 1383. It was commenced 1388, and continued till 1515. The original
church (fi,j. 266.), finished before HIG bv U. Ilaeket. or Oiiffuet. must be aseiihc'd tc
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the talents of A. Domingiies, who died before 1402. It is 266 ft. long, and 90 ft. liiTh,
witii no triforiimi

; tlie pier arclies are 65 ft. high, and the aisles rise to the same hei-rht

;'

the pljii may be CMlled cruciform parallel pentapsal. The material is not white marhfe as
generally reported, but tlie local calcareous sandstone, which externally has obtidned from
the weather a picturesque yellow tinge, but when broken displays its original grey colour.
The manner in which the restoration since 18^0 was directed has been praised.'^

605. 'i'he capella do fvi,dud:>r {Jig. 267. j, or of King John (l on the plan,/f/. 268.),
attributed to D. Hacket, or Onguet is 66 ft. square, with a central richly vaulted l.intern
40 ft. m diameter, resting on eight arches; its spire was destroyed in 1745. The tomb of
the foimder and of his wife, Philippa of Lancaster, which occupies the centre, is less ricli
than the four canopied recessed tombs of their younger children, 1442-60, on the south
side. Tlie small cloister (since part of a barrack) and the ele^rant chapter-house are
ascribed to 1438-81, and may have been desij'ned by M. Vasquez,\vho died before 1448,

...- 5^/ . 02 :
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PLAN OF THE DOMINICAN MONASTERY, BATALHA.

or to F. d'Evora, who died after 1473. The chapter-house (o) opens to the great cloister
(r) that is considered to have no rival in Europe for richness and vaiiety, or extravagance
of the foliage, tracery, and mullions ; these are even exceeded by the three-staged enclosure
(s) for tlie fountain. The cloister is 180 ft. .square, and dates 1495-1521

; it must be
ascribed to the elder M. Fernandez, who died 1515, leaving unfinished the taveUa de
Jazigo (h), whieli would have paralleled perhaps internally, the chapel of Henry VII.
at Westminster, in purpose, locality, position, completeness of style, and luxuriance of
decoration. The chapel is an octagon, with seven oratories, having six-sided closets («q)
between them and the entrance (k) to the vestibule ; its completion might perhaps have been
assured if the king had not found his architect, the younger M. Fernandez, occupied in

erecting the clearstory over the entrance doorway (k) witii lialustrade and semicircular
arclies. The works were stopped till another flamboyant architect could be found; tliev
have not yet been resumed. A small spire, at the west-corner of the north tran.sept (c),
which was destroyed by lightning about 1830, has been rebuilt.

606. " Such is tlie history and arrangement of this essentinlly Gothic building, but
altogether unlike any particular stage of the northern Gothic, in fict it commingles the
features of all its varieties. The pillars are clustered, of the very best early Gotliie section,
witl) floriated capitals, but with square bases and abaci. It is a confusion of Goihic forms
of all ages and countries ; and ytt, if we except the square .ibaci, every feature is pure, and
most of them good, in their respective styles ; ;!nd after all tliere is no such real inconsis-
tency between any two styles of Gothic as to render their mixture offensive to any but a

S
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teclinical eye. To deny the clmrch of Batallia to be beautiful, because it confuses forms

wliicli in France or England belong to dilT'erent centuries, would be the merest pedantry;

no one but the driest archccologian would quarrel witli a building for a skilful ap|)lication

of some incon.;ruous feature, though it miglit liistorically belong to some other age or

country. At the same time, this very confusion shows alack of original genius, and proves

Batalha to be, wliat antiquarians are fond of calling modern churches, imilation Gothic. It is

not the spontaneous effort of native skill, but the more result of eclecticism." These

remarks, taken verbatim from Mr. Freeman, have an important bearing on those sections

of this work which are devoted to Italian and Sicilian pointed architecture.

(i()7. If the tower of Don Duarte at Viseu, and the Villa do Infante at Sagres can be

placed early in the 15th century, they liardly redeem that age from the charge of exiiihiting

no structure of importance except Batalha. Even the flamboyant church, 150 ft. long

with embattled tower, at Caminha, 1443-1516, and the similar clothing of the romanesque
cathedral at Braza, may he referred to that style of King Manoel, 1 195-1521 : to which
must l>e ascribed the sacristy at Alcoha9a ; the royal chateau at Almeirim ; the fort of

San Vicente, and tlie monastic buildings at Belem ; the restoration of the liieronymite

monastery of La Peiia at Cintra ; the church of San Francisco at Evora; the rich fa9ade

of the church called the Concei9ao Vellia, byj. J'ota.ssi, with the restorations and additions

to the church of Santa Maria de Marvilla at Santarem ; ihe octagonal stone spire (rare in

Portugal) to the church of San Joiio Battista at Thoniar ; the church, 1506, with renais-

sance additions at Alcantara; and the church, chapter-house, and cloister of Santa Cruz
(ascribed to a French arcliitect), with ])art of the imiversity and the bridge at Coimbra.
The chapel of Santa Caterina with the palace, 1521-57, and tlie additions, H95-1578, to

tlie church at Coimhra exhibiting the richest flamboyant style merging into the renaissance

work ; the magnificent dominican monastery at Amarante, 1540, and the modest cathedral

at Miranda do Douro. 1545, and Montalegre, 1554, might close the list of structures

))elonging to the imitation, or rather the adaptation of Gothic architecture, which does not
a|)pear to have been more successful in Portugal than in the rest of Soutliern Eurojie.

Italy.

608. An attempt has been made to divide the pointed arcliitecture of It;dy into well-

defined schools: tlie Venetian is su|iposed to carry its character in its name, and to

influence the district between St. Mark's and Brescia; the Lombard is styled ;i pursuit of

the exuberant variety of French and German Gothic ; the Tuscan is characterised as

having two phases, the earlier simple, and the later extremely beautiful ; and the Genoese
is called a direct imitation of Arabian art. Besides this unsatisfiictory view, each great

monastic order is said to have professed a particular variety, of course dilferently treated

according to each district. To these the singular style peculiar to the Iliviera {eg.,t\m
cathedral at Vintimiglia) has to be added. We should ])refer to this another system which
sees only two schools, one being native simjjlicity, tlie other extreme decoration brought
from Germany, if there appeared any grounds for believing in thisdi\ision of a style which,

in its early period, is, like the early German, not very definite, and which had no phase
resembling tlie perpendicular or the flamboyant. As a philosophical inquiry into the

details of the edifices called Gothic, in Italy, the labours of Professor Willis have not yet

l)een superseded; but we gather, from various pages of Mr. Street's work, Brick and
Marble Architecture in Italy in the Middle Age^, the following list of Italian Gothic details-—

609. This consists of the trefjiled arcade used as an ornament for strings, for flat and
raking corbel tables, and under sills; the great projection of the sills; the marble shafts

with squaie capitals, instead of moulded mullions; the rows of tufts of drooping foliage

(somewhat resembling French and German work) in the capitals ; the classical character

of the carving ; the traceried transoms ; the combination of geometrical tracerv as well a?

of trefoiled ogee arches with the semicircular arch ; the use of the keystone, frequently

slightly decorated, to pointed arches ; the square-headed panel by which the arclies are

surrounded; the use of iron ties instead of the buttress; the rarity of the dripstone in

brickwork; the peculiar crockets and finials of canopies; the masses of wall scarcely, if at

all, broken ; the buttresses reduced to jiilasters ; the single gable to nave and aisles of the

churches; the deep cornices without parapets; the low relief of tracery and carving ; the

squareness, with flatness, of mouldings; the employment of porches entirely unknown
across the Alps ; the use of the glass in wooden frames behind the stone work ; the

simplicity of groining; and the gieat width of pier arches.

610. It may be said that in Venice, as generally throughout the north of Italy, the

pointed arch was first used in construction, and some time later, and very generally, in a

modified form for decoration also, yet in that city it is rarely used, constructionally, except
in churches; and even when employed the ogee arch wa.s, from a very early date, preferred

wherever the pure pointed arch was not indispensable. This fact is seen \nfig. 269, which
shows the palace called the Ca Contarini Fasan, situated on the grand canal opposite the

church of S'a. Maria della Salute; it is considered to give tiie only specimen in Venice of
a traceried b;)lconj.
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611. If tlieie be no discrepancy between their dates and tbeir details, tlie Irolt/o at
Como, l'21.'i,andthe monastic buildings of San Andrea, with the hospital at Vercelli, founded
1219-24, by Cardinal Guala Jacopo Bicchieri, must be considered to commence the Gothic
buildings in Italy. At Como, however, round
arches are set-n over pointtd ones. At Vercelli, the "^^
exterior of the church is romanesque brickwork with ^
s one dressings, while the interior is decidedly a spe-

cimen of early pointed art. Some writers assume
that th3 design was furnisiied by the firstabbot, Tom-
maso Gallo, and suppose that he was a Frenchman
((/alius), taken to Veicelli by the Cardinal, who,
having been legale in England, 1216-18, and leaving
that country with 12,000 marks, is supposed to have
ol)tained the design there brfore he negotiated at the
German court in the course of his return to Italy ;

others say that he sent a model Irom England.
612. Tiie church of San Francesco at Assist was

erected 1228-:?0. by a German arcliitect named Ja-
cobus: the aisles being added soon afterwards by
F. da Campellb. This structure has attaintd the
character of being the most j)ei feet specimen of Gothic
art in Italy, and therefore far suptrior to Sta. Chiara,
erectid 1253 by Campello in the same citj'. It is

one of the most singular cliurclies in Europe, as, in

possessing a crypt discovered in 1818, and enlarged,
1820 by Hrizi, it forms a soit of three-storied church.
The middle church was built 122S-:52; the upper
church, a magnificent work, iiuilt 1232-53, is now
only used on a few capitular and ferial occasions The
low-pitchtd roof was placed 14-17-70, and the massive
buttresses were added 1480 by Pintelli, to prevent
the threatened fall of this valuable examide of eaily ^^
art. lH

613. Much uncertainty exists in the early dates pig 2G9. house at vt.sicE.

given to the broUtto at Monza, 1152-92; the broletto

at Brescia, the end of the 12th century; the church to San Francesco, 1225, at Ccni
(or C(ineo); the fair example of pointed art, San Francesco at Terni, begun 1218, but

not completed until 1265: and the yellow brick church of San Antonio at Padua,
1231, with its attempts at domes by N. Pisano. But in the middle of the IStti cen-

tury were commenced, by himself or by his school, the brick cluirclus of Santi Giovanni e

Paolo, of the Madonna del Orto, and of Sta. INIaria Glo-
riosa de' Frari (the finest of its class) at Venice. The
churches of Sta. Caterina, finished 1272, by G. Agnelli;
and of San Francesco at Pisa; the imposing specimen of

Italian Gothic furnislud by the cathedral at Arezzo, con-
tained in the design, 1256, of Jacopo or I-apo, 1275-90,
by Margaritone (not Marchione) ; the western front of
tlie church of San Salvatore at Pistoia, 1270; the churches
of San Domenico, 1250-94, by Maglione, and of San
Francesco (apparently called by Ptofessor Willis the
Servi), 1286-94, at Arezzo ; the transepts, 1288-1342, by
B. Bragerio and G de Camperio to the cathedral at

Cremona, with the upper part, 1284, of" its campanile; the

foro de' Mercanti, 1294, at Bologna; the churches of San
Domenico, 1^^84-1380, and of San Francesco, 1294, at

Pistoia; the church of San Francesco, 1295, and the

fa<jade, 1284-90, as well as portions of the cathedral at

Siena(which is remarkable for having the baptistery under
the choir), date between 1270 and 1300.

614. The style of domestic architecture of the 13th

century is s^en in many houses at Bracciano, at Corneto,
at Frascati, at Galera, and at Lucca ; also the building
called La Quartjuouia at Pistoia, with two houses of
similar date, nearly opposite ; and in the tliird cloister of fi^k- 270.

the monastery of Sta. Scolastica at Subiaco. The house in fig. 270, known at Viterho as
the " palazzetto," belongs to the 12tli century, and is here given for compari^on with

\
later examples. The sketch of a house belonging to the 13ih, or perhaps even to the I2th

HOUSE AT VITE
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crntmv, at Pisa {fiy. 271), exhibits the local peculiaiity of tliree stones, composed really

or in appearance, by tliree piers and two arches. This is common. A (ourth stov;

goinetimes shows its windows under the arches ; but generally is an independent additioi

Fig. S7 1- HOUSE AT PISA.

to the design. At the level of eacl

floor are put-log holes for th

wooden cantilevers ofthe halconie;

— perhaps more properly the tettoj

or pent-house roofs, which will h

noticed in the examples from Sa

Gimignano. The palazzo Buonsig

nori at the end of the via di Sa

Pietro at Siena belongs to th

brickwork of the Ifith century

the fa9ade is about 56 ft. long, an

consists, on each upper floor, c

seven bays, four of which are give

in fg 272. A fountain in th

piazza Carlano at Viterbo migl

serve as a type of several othei

designed in this century.

615. To the end of the 131

and early part of the Hth centii

ries belongs the catliedral at Oi

vieto, one of the most interestin

examples of Italian Gothic, and a

instance of the use, internally £

well as externally, of alternat

courses of colour, which in th:

case is produced by black basalti

lava and yellowish-grey limestoni

Although the first stone was lai

1290 for the execu'ion of a desig

by \j. Maitani, who had just coir

pitted the front of the duumo i

Siena and built this cathedral ( fie

-'73.) before his death, 1330, th

uorks were in hand till the end (

the 16th century. A list ofthirt\

tliree architects has been preservet

The building is 2 78 ft. long b

103 ft. wide, and 115 ft. high t

I lie plain ceiling, made 1828, whic

lests on piers 62 ft. high. 'I'hes

piers are fronted by statues of th

apostles, 9 It. 6 in. high, on pedestal
Fig. 275. ELI-.VATION- OF THE CATHEDKAL, OnVlETO. .! . r l\ ^ • if- 1 1 tl,^ that are 5 It. 6 ni. high above th

floor of the nave, which is iriade of Apenniiie red marble that has inlaid Heiir.s-de-li
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before the choir. Tlie windows have coloured glass in the upper parts, but diaphanous
alabaster below it.

616. To the same period belong the church of Sta. Maria sopra Minerva, at Rcme, the
only pointed edifice which we can name in that metropolis; and the principal examples of
pointed art in Florence, such asthr cliurch of Sta. iNIaria Novella, 1278-1357 ; the church of
Sta. Crcce, 1294, used 1S20, but not consecrated till 1-442; the cathedral, l'i94, consecrated
1436, witii tlie campanile, designed 1332, by Giotto; the church of San Ercolano, by
Bevignate, 1297-1335, at Perugia, witli that of Sta. Giuliana, 1292, outside tluit city; the
octagonal baptistery called San Giovanni Rotondo, 1337, and portions of tiie church of San
Francesco, 1294, at Pistoia ; and the (then altered) brick and stone church of San Pernio
Maggiore, at Verona. In the first lialf of the Htii century, the Italian artists exhibited
their ideas of Gothic work in the chapel of Sta. INlaria delFArena, 1303, at Padua ; the
alterations, 1308-20, of the inferior of the cathedral at Lucca; the cathedral, 1312, at

Prato, which has the effect of a northern late pointed structure ; the fine cathedral, 1325-48,
and the church of San Secondo, at Asti; and the church of San Martino, 1332, at Pisa,

which is a fair specimen of common late Italian Gothic.

617. The large number of toml)s and monuments of this and the next period, with pointed
arches, renders difficult any choice of single examples among them ; those of the Scaligeri,

at Verona, especially that of Mastino II., 1351, contain a history in themselves.

618. To the latter half of the 14tli century may be attributed the marble front, in grey
and yellow courses, by Matteo da Campione, (a very fine example) before 1396 to the brick
cathedral with particularly good detail, more than usually Gothic, built 1290-1390, at

Monz I ; the palazzo della comunita, 1294—1385; and tlie palazzo pretorio, 1357—77, at

Pistoia, which have been highly praised as fine specimens of very perfect Italian Gothic;
the cathedral, 1315-1415, at Sarzana ; and 1340 to 1369-1423, the upper portion or sala del

consiglio of the ducal jiahce at Venice, although another authority considers that the work
of this period was the lojrgia towards the canal and twelve columns on the piazzetta.

619. The general design of the existing cathedral at IMilan is also of this period, although
extreme doubt exists as to the date of the commencement of the work. But the statements
are clear that the capitals of the great piers were being prepared, 1394-5, and that the
fliers themselves were being erected 1401. The records of the wardens of the church are

deficient until 13S7 ; in that year an official paper speaks of the building whicii " multis
retro tempuribus initiaia est et qus ninic fabricatur." Chronicles and an inscription concur
in fixing ]\Iarch 15, 1386, as the date of commencement ; but Simone da Orsenigo. probably
an eye-witness of tlie facts to which he is evidence, stated that the work was begun May 23,

1285, but was destroyed, and that the existing structure v/as commenced May 7, 1387. He
was employed as one of the architects at least as early as December 6, in that year. So
that tiie date, 1336-87, usually given, as in tlie previous editions of this book, is possibly the

period of attempts to begin the work, and exjilains the phrase •' multis teinporibus." The
cathedral has been much praised as an example of northern art modifying itself to suit the
southern climate under the hands of a German or, at all events, of a foreigner rather than
of a native ; but facts seem to destroy this imputed credit. The official list of the " in-

gegneri," as the chief artists who laboured at the duomo were called, shows the earliest

employment of foreigners in the case of Nicolas Bonaventiire, of Paris, from .July 6, 1388,
till his dismls.sal, July 31, 1:591 ; and the same evidence seems to divide the merit of the
earliest direction of the worKs between IVIarco and Jacopo, both of Campione, a village

between the lakes of Lugano and Como. The first name in the records of 1387 is that

of Marco, supposed to be the Marco da Frisone who was buried July 8, 1390, with great
honours; Jacopo occurs March 20, 1388, having apparently been engaged from 1378 as

one of the architects to the church of the Certosa, near Pavia; he died 1398.

620. The official notes of the disputes that were constantly arising between the contem-
poraneous '' iu'^egneri-generali " and their sub(n-dinates, and the foreign artists, even record

the fact that the Italian combatants disagreed on the great question of proportioning the

building by the foreign system of squares, or by the native theory of triangles. If there

be any merit in a work that was so clearly the offspring of many minds, much of it must
be due to the wardens, who seem to have ordered the execution of little that was not re-

commended by the majority of their artists, or, in rase of an equal division, by an imipire
of reputation from some other city. From 1430, the names of Filippo Brunellesco and
six or seven other artists precede the notice, 1483, of Johann von Griitz, who appears to

have been invited for the purpose of constructing the central tifmrio or lantern. As usual,

the foreigner's work was cond('n:ned ; and April 13, 1490, Giovanni Antonio Omodeo
(HeinriL'h von Gmiinden, employed so early as from Dec. 1 1, 1391, to INIay 31. 1392, was
confused with Omodeoby M. Millin, whence the repute of Heinrich as " Zamodia"), began
his long rule over the other artists, which lasted until August 27, 1522, by executing
the [iresent work. It is needless to give the names of kis colleagues and successors until

the appointment of Carlo .A.mati, 1806, under whom the completion of the works, including
the three pointed windoTis of the front, was resumed and of his successor P. Pcstagalli, IS 13.
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CATUEPKAL AT SULAN
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621 The cntliedral (Jii. '-'74,) is constructed of wliite marble. The phin is a Latin

•OSS the transcMits extending but little beyond the walls of the church. From west to east

its lenjitli is 4P0 ft and its extreme

breadth 295 ft. The length of the tive-

ai.sled nave is 279 ft. and its width

1 97 ft. The tninsepts are three-aisled.

'I he ea'-tern end of the church is ter-

ni mated by three sides of a nonagon,

i lie arcliitecture of the doors and

w indows of the western front is of

the Italian or Roman style, ai;d was

executed about 1658. for the first

three bays of the nave were an addi-

tion in front of tlie original facade,

and were not vaulted until 1651-69,

About 17 90 the wardens deter-

mined to make the front Gothic,

keeping the doors and windows by

Ricchini, from designs by Pellegrini,

on account of the richness of their

workmanship ; its apex is 170 ft.

from the pavement. Hie central but-

ti esses are 195 ft high. The central

tower. 1762-72, iiy F. Croce, rises

to the h.;ight of 400 ft, being in

general form similar to those which appear in the western fafade. All the turrets, but-

tresses, and pinnacles are surmounted with statues. The root' is covered entirely with

__ ___„_. blocks of marble fitted together with great

exactness.

622. The only town in Italy which has

l)reserved so many as twelve of the me-
dia'val domestic towers of greiit height, is

San Gimignano ; it possesse.s, also, several

houses that were erected in the IStii and

Hth centuries. The casa Buonaccorsi,

with a single opening on the ground-floor,

is a corner house and is attributed to tlie

earlier |)eriod ; the casa Boni is next to it,

and belongs t:) the liter time ; tliey are

shown in Jig. 275, which is too small to

express the bandings of red and white

brickwork, and tlie stucco border to the

extrados of each arch ; the penthouse roofs,

here restored, were suppressed in the Hth
century. The village of Coccaglio, between

Bergamo and Brescia, is said to contain

some valuable remains of domestic architec-

ture. The Venetian pal.ices of this and the

folbwing century have been so efficiently

illustrated of late years, that it becomes

unnecessary to describe their appearance.

623. Many architects have been engaged

upon the marble cathedral at Como ; from

1396, when L. de' Spazi was employed, down to the last century. The cupola or dome was

completed about 1732, by Juvara. The three doors are in the richest Lombard style, and
iience the rest of the facade {,Pff. 276.) has been called early Italian Gothic; but it was

designed, HeO, by Lucchino da IVIilano, and completed between 1487 and 1526 by T.

Rodario, of Maroggio, whose design for other parts was altered, perhaps not improved, by
C. Solaro. The other sides of the exterior are renaissance work by Rodario, who added
the canopies for the statues of the two Pliiiys, in the west front. The transepts and choir

internally are renaissance ; but the nave and aisles are Italian Gothic.

624 Amongst the structures produced in the 15th century, may be named the church it

Sta. Rlaria della Grazie, 1399-1406, about six miles from Rlantua; tlie beautiful cathedr;il,

1 4.t0. at Prat;) ; the equally fine church of Sta. Anastasia. at Verona, which has l>eeii called

the noblest of the distinctively Italian pointed churches in the north of Italy ; that of Sau
Bernardino, 1452, also at Verona; and the cathedral, 1467, at Vicenza. The church o(

San Agostino, at Bergamo : the highly interesting, because perfectly untouched, castle at

Fig. 275. ELEVATION OF UOCSE, SA.\ OIJIK;)
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Bracciano ; the facade and cortile of tlie palace of Cardinal Vitellesclii, now tlie hotel

palazzaccio, at Coriieto ; the west front of the church of Sta. Maria in Stradu, a most
elaborate work in brick and
terra-cotta, and the church of

tlie doniinicans, at Monza ; all

belong to the last period of

Italian Goliiic. The nave of the

churih of Sta. jMaria delle Grazie,

at IVIilan, is pointed, and dated

14S5, while tiie transepts and
choir are tliirty years later, and
are renaissance work. 'I'he

church of S.'a. Maria Mag-
giore, at Citta del Castello, be-

longs to the 15th> but was
finished in the 16th, century. The
church of San Agostino, at An-
cona, is transitional ; like that

at Montenegro, 1450; and that

of the Madonna di .Alonte Luce,
at Perugia. The last idea of

Gothic art absorbed by the new
style, is seen in the Colleone

chapel, 1475; and in the church

of Sta Maria Maggiore, at

Bergamo, where the saciisty,

1430, offers one of the earliest

dated examples of the modern
style. There is scarcely a street

in Citta della Pieve without

numerous cases of pointed door-

ways and windows walled up Fig. 270 eluvatiov of cvniLi rai como

to suit the return to what are commonly, but incorrectly, called classical notions.

625. Such are the chief structures in tlie nortliern half of Italy, of which a critic so

liighly esteemed as Professor Willis does not hesitate to affirm that, "there is in fact no
genuine Gothic building." The same author observes that, " it is curious enough tliat in

the Neapolitan territory, in N:iples especially, many specimens or rather fragments, of good
Gothic buildings are to be found which were executed under the Angevine dynasty, 1266-
li:i5 ; with this exception I do not believe that a single unmixed Gothic church is to be found
in Italy." Others follow his judgment, and accept, as sjiecimens of imitative Gothic art, edi-

fices vvhich tliey themselves describe as impure and lieterogeneoiis, and impressed with the

stamp of classical, romanescjue, byzantine, and saracenic influences. To this praise of the

cliiirches may be added that of two or three palazzi at Naples; the campaniliat Amalf],and
Vel etri; tiie castles at Andrla, Castellamare, and Teano, some liouses of the 14tliand 15tli

centuries, at Aquila, Popoli, and Solmone, with the aqueduct at the latter place; and the

monastery of Sta. Catherina, at Galatino.

626. The cathedral at Trani must he regarded as falling within the ban under which the

structures termed *• Gothic," in Sicily, are regarded by the purist in archeology. The
pointed byzantine style, wliich is called Siculo- Norman, lasted until 1282; it was transi-

tional in the sense of receiving ureater enrichment of a Greek character, until tlie end of

the 14th century; and although further change began in the 15th century, taste did not
take any dicided direction until the establishment of renaissance art. Mv. Gaily Knight,
who investigated the indications jiresented in the great work published by Messrs. HittorfT

and Zanth, says that " various novelties were attempted ; sometimes the forms were circular,

sometimes square, and sometimes elliptic. Amongst other novelties, the pointed style of

the north was introduced, with its jirojecting mouldings and a little of its traceiy ; but later

in Sicily than anywhere else ; and though something of its true spirit is caujiht in the re-

constructions of Maniaces, in Syracuse, yet in Sicily, it always appears an exotic." These
facts seem, to Mr. Freeman, to prove incontestihly that the pointed style of Sicily, of that

portion of western Christendom in which the systematic use of the pointed arch first occurred,
is not Gothic even in the sense of being the most distant transition. A few churches and
palaces at Palermo, Syracuse, and Taormina, of the 14th century; and in the same cities,

with Girgenti and Messina, of the 15th century, would be nearly all that could be named
as important examples before the renaissance was employed. The date, 1592, however,
appears to be that of the elliptic arclus, groined roof, and flamboyant parapet at the entrance
to the church of Sta. Maria della Catena, at Palermo.

627-873. We hero, with regret, leave the subject, because we have already trespassed
beyond the limits prescribed.
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BOOK II.

THEORY OF ARCHITECTURE.

CHAP. I.

MATHEMATICS AND MECHANICS OF CONSTRUCTION.

Sect. I.

GEOMETRY.

874 Geometry is that science which treats of the relations and properties of the boun-

daries of either body or space. We do not consider it would be useful here to notice the

history of the science; neither is it necessary to enter into the reasons which have induced

us to adopt the system of Rossignol, from whom we extract this section, otherv/ise than to

state that we hone to conduct the student by a simpler and more intelligible method to

those results with which he must be acquainted.

The limits of liody or space are surfaces, and the boundaries of surfaces are lines, and the

terminations of lines are points. Bounded spaces are usually called solids, whether occupied

bv body or not; tlie subject, therefore, is naturallv divided into three parts.— lines, smtaces,

and solids ; and these have two \arieties, dependent on their being straight or curved.

875. Geometrical inquiry is conducted in the form of propositions, problems, and demon-

strations, being always the result of comparing equal parts or measures. Now, the parts

compared may be either lines or angles, or both ; hence, the nature of each method should

be separately considered, and then the united power of l)Otli employed to facilitate the

demonstration of propositions. But the reader must first understand tliese Definitions.

1. A solid is tliat which has length, breadth, and thickness. A slab of marble, for

instance, is a solid, since it is long, broad, and tliick.

'2. A surface is that which has length and breadth, v/ithout thickness. A leaf of pa]ier,

though not in strictness, inasmuch as it has thickness, may convey tlie idea of a surface.

3. A line is that which has length, but neither breadth nor thickness. As in the case of

a surface, it is difficult to convey the strict notion of a line, yet an infinitely thin line,

as a hair, may convey the idea of a line : a thread drawn tight, a straight line.

4. A point is that which has neither length, breadth, nor thickness.

5. If a line be carried about a point A, so that its other extremity b
passes from B to C, from C to D, &c. (fg. 22.'3. ), the point B,

in its revolution, will describe a curve BCUFGLB. This

curve line is called the circumference of a circle. The circle is

the space enclosed by this circumference. The point A, which,

in the formation of the circle is at rest, is called the centre.

The right lines AC, AD, AF, &c. drawn from the centre to the

circumference, are called radii. A diameter is a right line which

passes through the centre, and is terminated both ways by the

circumference. The line DAL, for example, is a diameter. An Fig. 223.

arc is a part of a circumference, as FG.
6. The circumference of a circle is divide'i into 360 equal parts, called degrees ; each degree

is divided into 60 parts, called minutes, and each minute into 60 parts, called secojids.

7. Two right lines drawn from the same point, and diverging from each other, form an
opening which is called an anple. An angle is comtnonly

expressed by three letters, and it is usual to place in the

middle that letter which marks the point wlience the

lines diverge; thus, we say the angle BAC or DAF
(ffl. 224.), and not the angle ABC or ACB.

8. The magnitude of an angle does not depend on the lines

by which it is formed, but upon their distance from each

other. How far soever the lines AB, AC are continued,

the angle remains tlie same. One angle is greater than

another when the lines of equal length by which it is

formed are more distant. Tims the angle BAL (Jip. 22,'5.) is greater than the angle

CAB, because the lines AB, AL are more distant from each other or include a greater

arc than the lines AC, AB. If the legs of a pair of compasses be a little separated,

an angle is formed ; if they be opened wider, the angle becomes greater ; if they be

brought nearer, the angle becomes less.
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9. If the prtint of a pair of compasses he applied to the jioiiit G {Jig. 225.), and a cir-

cumference NUB be described, the arc NR contained witliin the two lines GL, GiM
will measure the magnitude of the angle LGM. If the arc Nil, for example, be an
arc of 40 degrees, the angle LGM is an angle of 40 degrees.

10. 'niere are three kinds of angles (fig. 226.): a riglit angle (I), which is an angle of 90
degrees ; an obtuse angle (II), which contains

more than 90 degrees ; and an acute angle
(III), wliich contains less than 90 degrees.

11. One line is perpendicular to another when
the two angles it makes with that other
line are equal : thus, the line CD {fiq.
227.) is perpendicular to the line AB,"if

'.r.^o.

the angles CD A, CDB contain an equal number of degrees.
12. Two lines are parallel when all perpendiculars drawn from one to the other are equal ;

thus, the lines FG, AB {fig. 228.) are pa-
rallel, if all the perpendiculars cd, cd, &c.
are equal.

1 3. A triangle is a surface enclosed by three

right lines, called sides (fig. 229.). An
equilateral triangle (I) is that which has
three sides e(]ual ; an isosceles triangle has
only two of its sides equal (II) ; a scalene

triangle (III) has its three sides unequal.
14. A quadrilateral figure is a surface enclosed by four right lines, which are called its

sides.

15. A parallelogram is a quadrilateral figure, which has its opposite sides parallel; thus.

F d d dd d d d d G

c c c c B
is. 228.

16

Fig. 431. FiR. 232.

FiK. '^'i9. Fig. 230.

if the side BC (fig. 230.) is parallel to the side AD, and the side AB to the side
DC, the quadrilateral figure A BCD is called a parallelogram.
A rectangle is a quadrilateral figure all the angles
whereof are right angles, as ABCD (fig. 231.).

17. A square is a quadrilateral figure whose sides are
all equal and its angles right angles (fig. 232.).

18. A trapezium is any quadrilateial figure not a
parallelogram.

1 9. Those figures are eqtcal which enclose an equal space ; thus, a circle and a triangle are
equal, if the space included within the circumference of the P
circle be equal to that contained in the triangle.

20. Those figures are identical which are equal in all their parts

;

that is, which have all their angles equal and their sides equal,
and enclose equal spaces, as BAC, EDG (_/7^. 233. ). It is

manifest that two figures are identical which, being placed
one upon the other, perfectly coincide, for in that case
they must be e(]ual in all tiieir parts. It must be ob-
served, that a line merely so expressed always denotes a right
line.

Axio.vi. Two right lines cannot enclose a space ; that category requires at least three
lines.

RIGHT LINES AND RECTILINEAL FIGURES.

876. Proposition I. The radii of the same circle are all equal.

The revolution of the line AB about the point A (fiq. 234.)
being necessary (Defin. 5.) to form the circle BCDFGLi5, when
in revolving the point B is upon the point C, the whole line
AB must be upon the line AC; otherwise two right lines would
enclose a space, which is impossible: wherefore the radius AC is

equal to the radius AB. In like manner it may be proved that
the radii AB, AF, AG, &c. are all equal to AB, and are there-
fore equal among themselves.

877. Prop. II. On a given line to describe an equilateral tri-
angle. Fie-sa4.
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Let AB {fig. 2:5.).) be the given line upon which it is icquircd to describe a triangle

whose three sides shall be ecjiial.
1) ,^—^-J^!.,—~^ F

From the point A, with the radius AB, describe the cir-

cumference BCD, and from the point B, with the radius BA, de-

scribe the circumference ACF; and from the point C, where

these two circumferences cut each other, draw the two right lines

CA, CB. Then ACB is an equilateral triangle.

For the line AC is e<(ual to the line AB, because these two
lines are radii of the same circle BCD; and the line BC is

iin.'ai

e(|nal to the line A B, because these two lines (Prop. 1.) are radii of the same circle

ACF. Wherefore the lines AC and BC, being each ecjual to the line AB, are equal to one

another, and all the three sides of the triangle ACB are equal; that is, the triangle is

equilateral.

878. Piiop. III. Triangles which have two sides and the angle sjibtended or contained by

them equal are identical.

In the two triangles BAC, FDG {fig. 236.), if the side DF be equal to the side A B,

and the side DG equal to the side AC, and also the angle at D
equal to the angle at A, the two triangles are identical.

Suppose the triangle I'DG placed upon the triangle BAC in

5uch manner that the side DF fall exactly upon the side equal

to it, AB. Since the angle D is equal to the angle A, the side

DG must fall upon the side equal to it, AC; also the point F
^ill be found upon the point B, and the point G upon the point

C: consequently the line FG must fall wholly upon the line BC,
otherwise two right lines would enclose a space, which is im- 1* ^ ^

possible. Wherefore the three sides of the triangle I'DG coincide Fig. 23a

in all points with the three sides of the triangle BAC, and the two triangles have their

sides and angles equal, and enclose an equal space ; that is (Defin.
^

20.), they are identical.

879. Pkoi-. IV. In aw isosceles triangle the angles at the base are

equal.

Let the triangle BAC {fig. 237.) have its sides AB, AC equal,

the angles B and C at the base are also equal. Conceive the

angle A to be bisected by the right line AD.
In the triangles BAD, DAC the sides AB, AC are, by sup-

position, equal ; the side AD is common to the two triangles,

and the angles at A are supposed equal. These two triangles,

therefore, have two sides, and the angle contained by them equal. Hence, they are identical

(Prop. 3), or have all thelrparts equal : whence the angles B and C must be equal.

880. Pjiop. V. Triangles which have

their three sides equal are identical.

In the two triangles ACB, FDG {fig.

238.), let the side AC be equal to the

Hide F^D, the side CB equal to the side

HG, and the side AB to the side FG ;

these two triangles are identical.

Let the two triangles be so joined

that the side FG shall coincide with the

side AB {fig. 239.), and draw the right

line CD. Since in the triangle CAD
the side AC is equal to the side AD,
the triangle is isoceles ; whence (Defin. 13.) the angles m and n at the base are equal.

Since in the triangle CBD the side BC is equal to the side BD, the triangle is iso-

sceles; whence (Defin. 13.) the angles r and s at the base are

equal.

Because the angle m is equal to the angle n, and the angle r

equal to the angle s, the whole angle C is equal to the whole
angle D.

Lastly, because in the two triangles ACB, ADB the side AC
is equal to the side AD and the side CB equal to the side DB,
also the angle C equal to the angle D, these two triangles have two
sides, and the contained angle equal, and are therefore (Prop. 3.)

identical.

881. Prop. VI. To divide a right line into two equal parts.

I>et the right line which it is required to divide into two equal

parts be A B (_/?//. 240.). Upon AB draw (Prop. 2.) the equi-

lateral triangle ADB, and on the other side of the same line
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AH draw tlie equilateral triangle AF13, draw also the right line DF; AC is equal to

C15.

In the two larger triangles DAF, DBF the sides DA, DB are equal, because they

are the sides of an equilateral triangle; the sides AF, BF are equal for the same reason ;

and the side D F is common to the two triangles. These two triar.gles, then, have their sides

efjual, and consequently (Prop. 5.) are identical, or have all their parts equal; where-

fore the two angles at D are equal.

Again, in the two smaller triangles ADC, CDB the side DA is made equal to the

side DB, and the side DC is common to the two triangles; also the two angles at D are

e(]ual Tlius these two triangles have two sides and the contained angle equal ; they are

therefore (Prop. .'5.) identical, and AC is equal to CB ; that is, AB is bisected.

882. Puor. VII. From a yhen point out of a liyltt line to draic a jirpuidicidur to that

line.

Let C {fy. 5241.) be the point from which it is req^uired to draw a perpendicular to tlie

right line A B.

From the ))oint C describe an arc of a circle which shall cut

the line AB in two points V and G. I lien bisect the line FG,
and to D, the point of division, draw the line CD : this line is

perpendicular to the line -VB. Draw the lines CF, CG.
In the triangles FCD, DCG the sides Ci:'', CG are equal, be- ^

cause (Prop. 1 .) they are radii of the same circle ; the sides FD
DG are e<jual, because FG is bisected; and the side CD is com- f.k. 211.

mon. These two triangles, then, having the three sides equal, are identical ( Prop. 5.).

Whence ( Defin. 20.) the angle CDA is equal to the angle CDB, and consecjuently (Defin.

11.) the line CD is perpendicular to the line AB.
883. Proi'. VIII. From a given point in a riyht line to raise a perpendicular upon that

line.

From the point C (Jiy. 242.), let it be required to raise a j^erpendicular upon the right

line AB.
In AB take at pleasure CF equal to CG ; u])on the line I'G

describe an equilateral triangle FDG, and draw the line CD; this

line will be per])endicular to AB.
In the triangles FDC, CDG the sides DF, DG are equal, be- /

cause they are the sides of an equilateral triangle; the sides FC, '^ —v,
,, k

CG are equal by construction; and the side DC is common.
These two triangles, then, having the three sides e(]ual, are ( Proj).

'"'

'

5.) identical. I'herefore (Defin. 20.) the angle DCA is equal to the angle DCB, and
consequently (Defin. 11.) the line CD is perpendicular to the line AB.

884. Pnoi". IX. The diameter of a circle divides the circumference into two eau<d

parts.

Let ADBL.\ {fy 24;5. ) be a circle; the diameter ACB bisects the circumference, that

is, the arc ALB is equal to the arc ADB. q
Conceive the circle to be divided, and the lower segment

ACBLA to be placed upon the upper ACBDA ; all the points

of the arc .VLB will fall exactly upon the arc ADB; and conse-

quently these two arcs will be e(]ual.

For if the i)oint L, for instance, does not fall upon the arc ADB,
It must fall either above this arc, as at G, or below it, as at F.

If it fall on G, the radius CL will be greater than the radius

CD ; if it falls on F, the radius CL will be less than the radius CD,
which is (Prop. 1.) impossible. The poiiit L, then, must fall upon
the arc ADB. In like manner it may be proved that all the other points of the arc ALB
must fall upon the arc ADB : those two arcs are therefore etjual.

885. Proi'. X. A right line which meets another right line forms with it two angles, which
together, are equal to two right aiigles. p

The line FC {fig. 244.) meeting the line DA, and forming with

It the two angles, DCF, ACF, these two angles are together equal

to two right angles.

From the point C as a centre describe at pleasure a circum-

ference NGLIVI N.

Tiie line NCL, being a diameter, divides the circumference "

(Prop. 9) mto two c(|ual parts. The arc NGL is therefore Fig. 244.

half the circumference, which contains ( Defin. 6.) 180, or twice 90 degrees. Therefore

the angles DCF, ACF, which, taken together, are measured by the arc NGL, are twice

90 degrees, that is ( Defin. 10.), are equal to two right angles.

88fi. Prop. XL A line drawn perpendicularly to another right line makes right .ingltt

with it.

F ig. iiX
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Fig. '^16.

vertical or ojiposite angles,

If tlie line CD (fy. 245.) be perpendicular to the line AB, the angle CD A is a right

angle, and also the angle CDB.
Eor the line CD, meeting the line AB, forms

with it two angles, which are together (Prop.
1 0. ) equal to two right angles ; and these two
angles are equal, because CD is perpendicular

to A B. therefore each angle is a right angle.

887. Pkop. XII. If two lines cut each other,

the vertical or opposite angles are equal.

Eet the lines AD, BF, (f(/.-24fi.) cut e.ich FIk.245.

oiher at the point C; the angles ACB, FCD, which are callei

are equal.

From the point C, as a centre, describe at pleasure a circumference NGLMN.
Since tlie line NCL is a diameter, the arc NGL is (Prop. 9 ) half the circumference

;

therefore the arcs NGL. GLM are equal. From these two arcs take away the coinmou
))art GL, there will reman the arc NG equal to the arc LM. Consequently the angles

ACB, FCD, wliicli are measurtd by these two arcs, are also equal.

888. Proi'. XIII. Jf a line he perpeiidicular to one cf two parallel lines, it is also per-

pendicular to the other.

Let AB, CD {fig. 247.) be two parallel lines- if the line FG makes right angles with

CD, it will also make right angles with AB. a r n
Take at pleasure GC equal to GD; at the points C and D

rftise the perpendiculars CA, DB, and draw the lines GA, GB.
In the two triangles ACG, BDG, because the line AB is pa-

rallel to the line CD, the perpendiculars CA, DB are necessarily

equal, as appears from the definition of parallel lines (Defin. 12.);

the lines CG, DG are equal by construction; and the angles

C and D are right angles. The two triangles ACG, BDG have

then two sides and the contained angle equal, they are therefore p. ^^^

(Prop. 3.) identical. Whence the side GA is equal to the side

GB, and the angle m equal to the angle n.

Again, in the triangles AGF, F"GB the side GA is equal to the side G B, as has been
proved, and the side GF is coinmon. IMoreover, the angle r is e(|ual to the angle s; for

if from the tv/o right angles F^GC, FGD be taken away the equal angles m and n, there

will remain the ecjual angles r and s. The triangles AGF, F"GB have then two sides and
the contained angle equal; they are therefore (Prop. 3.) identical. ^

Wherefore the angles GFA, GFB are equal, and consequently

are right angles.

889. Prop. XIV. If one line he perpendicular to two other lines,

these two lines are parallel.

Let the line FG (fig- 248.) make right angles with the lines

AB and CD ; these two lines are parallel.

If the line AB be not parallel to the line CD, another line,

as NH, may be drawn througli the point F, parallel to the line

CD. But this is impossible; for if the line NH were parallel to the line CD, the line

FG making right angles with CD would also (Prop. 13.) make right angles with NH;
which cannot be, because, by supposition, it makes right angles with AB.

890. Prop. XV. The opposite sides of a rectangle are parallel. „. ;p
In the rectangle ABCD (fig. 249.) the side BC is parallel to

the side AD, and the side AB parallel to the side DC. Produce
each of the sides both ways.

The line AB is perpendicular to the two lines BC, AD; the

two lines BC, AD are therefore (Prop. 14.) parallel. In like

manner, the line AD is perpendicular to the two lines AB, DC;
the two lines AB, DC are therefore (Prop. 14.) parallel. "

j
;

"

891. Prop. XVI. The opposite sides of a rectangle are equal. Fig. 219.

In the rectangle ABCD (see fig. 249.) the side AB is equal

to the side DC, and the side BC etjual to the side AD. For, since the side BC is parallel

to the side AD, the perpendiculars AB, DC are (Detin. 12.) equal; and since the side

AB is parallel to the side DC, the perpendiculars BC, AD are equal.

892. Prop. XVII. A right line falling upon parallel lines makes tlie alternate angles

equal.

Let the line FG (fg. 250.) cut the parallels AB, GD; the angles AFG, FGD, which

are called alternate angles, are equal. From the point G draw GL perpendicular to the

line AB, tmd from the point F draw FM perpendicular to the line GD.
Since the line GL is perpendicular to A B, it is also (Prop. 13.) perpendicular to the

Fig. 248.
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Fifr 2il.

Fig. 2.'.2.

p:irallc'l Hue GD Wlience the quadrilateral figure GLFINI is a rectangle, Its four angles

being right angles.

In the triangles GLF, FMG the sides LF, GM are equal, because they are opposite

sides of the same rectangle; the sides LG, / ._ ^

FM are equal for the same reason; and the ^

side FG is common. The two triangles
]

GLF, FMG have then the three sides equal,
i

and consequently (Prop. 5.) are identical. :

Wherefore the angle LFG opposite to the '•

side LG is etjual to the angle F"GI\I opjio- -^
site to the side FM. ^

^ " " ^ /c
Ilemark. In identical triangles the equal Fi^. aro.

angles are always opposite to equal sides, as Ity this proposition appears.

893. Piioi'. XVIII. If one right line Jailing upon two others makes the alternate angles

equal, these two lines are parallel.

Let the alternate angles AFG, I'GD (Jig. 251.) be equal; the lines AB, GD are
parallel.

If the line AB is not parallel to the line GD, another line, as NH, may be drawn
through the ])oint F parallel to GD. But this is Impossible; for if the line NH were
parallel to the line G D, the angle FGD would be (Prop. 17.) equal to the angle NFG,
since these two angles would be alternate angles between two
parallel lines; which cannot be, because, by supposition, the angle
FGD is erjual to the angle AF'G.
894. Pkop. XIX. /f one ric/hl line falls iipoti tuo parallel rlrjht

lines, it makes the interior angle equal to the exterior.

Let the line FG {Jig. 252.) meet the parallel lines BA, DC,
the interior ar.gle r is equal to the exterior angle z. Produce
the lines BA, DC.

The angle r (Prop. 17.) is equal to the angle s, because these
are alternate angles, made by a right line falling upon two
parallel lines, and the angles a- and z are (Prop. 12.) equal, be-
cause they are vertical or opposite angles ; therefore the angle r is equal to the angle z.

895. PiioF. XX. If one right line falling upon two other right lines makes the interitnl

angle equal to the external, those two lines are parallel. .

Let the internal angle r (Jig. 2,53.) be equal to the external

angle z, the lines BA, DC are parallel.

The angle ;• is ecju.il to tlie angle z by supposition, and the
angle z (Prop. 12.) is e(|ual to the angle s, because they are
opposite angles. The alternate angles r, s are therefore equal,

and consequently (Proj). 18.) the lines BA, DC are parallel.

896. Prop. XXI. Through a given, point to draw a line parallel

to a giren line.

Let G be the point through which it is required to draw a line

parallel to the given line MF'.
From any point G (fg. 254.) describe, at pleasure, the arc FN; from the point V, in

which the arc F'N cuts the line MF. with the distance GF' describe the arc GIM meeting
the line MF in M; then make PL ,, ,,

e(]ual to GM, and draw the line GL ;
''i

tills line is parallel to the line MF. I
'

Draw the line G F. \

The arcs GM FL are equal liy \
construction; therefore the alternate ^^ 's

angles r, s, which are measured by <j

these arcs (Defin. 9.), are equal ; and
consequently (Prop. 18.) the lines b t;

GL, M F are parallel.
•"'«• '"'• '''« 2^^-

897. Prof. XXII. The three angles of a triangle taken together are equal to two right

angles.

In the triangle 'B.\C (Jig. 255.), the three angles B, A, C arc together equal to two right
angles.

Produce the side BC both ways; through the point A draw a line F'G parallel to BC;
and from the point A, as a centre, describe any circumference LMN.
The angle B (Prop. 17.) is equal to the angle x, because these are alternate angles made

by a right line falling upon two parallel lines. I'or the same reason the angle C is equal
to the angle y.

Because LAN is a diameter, the arc LMN is half the circumference; therefore tiie

three angles x, .A, g, which are measured by this arc, are together equal to two right angles

/
Fig.
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(icn inferior and

l{ut the angle x is equal to the alternate angle B, and the angle y to the alternate

angle C.

Therefore, substituting B for x; and C for y, the three angles B, A, C are together equal

to two right angles.

CoaoLLAftY. Hence, if two angles of any triangle be known, the third is also found;
since the third angle is that which the other two taken together want of two right

angles.

898. Piiop. XXIII. If two triangles have two angles equ.al, they have also the third angle

equal.

In the two triangles EAC, FDG {fg. 256.), if the angle B is

equal to the angle F, and the angle A equal to the angle D, the

angle C will also be equal to tlie angle G.

Since the angle C (Corol. to Prop. 22.) is that which the angles

B and A together want of two right angles ; and since the angle

G is that which F and D together want of two right angles ; the

angles B and A being equal to tlie angles F and D, the angle C
must be equal to the angle G.

899. Piiop. XXIV. The exterior angle of any triangle is equal to tin

opposite angles taken together.

In the triangle BAG (fg. 257.) produce one of the sides BC;
the angle A CD, which is called exterior, is equal to the two
interior and opposite angles B and A taken together.

The line AC meeting the line BD forms with it two angles,

which are together (Prop. 10.) equal to two right angles; the

angle ACB is therefore that which the angle ACD wants of

two right angles. But the angle .XCB is (Corol. to Prop. 22.)
also that which the angles B and A together want of two right

angles. Wherefore the angle ACD is equal to the two angles ^ ^ "

B and A taken together. Fig. wr.

900. Proi". XXV. Triangles which have two angles and the side which lies between tttem

equal are identical.

In the two triangles B.A.C, FDG (Jig. 2.i^.), if tlie angle F is equal to the angle B, the
angle G equal to the angle C, and the side I'"G equal to the side ^
BC, these two triangles are identical.

Conceive the triangle l-'DG placed upon the triangle BAG in

such a manner that the side FG shall full exactly upon the e(inal

side BC. Since the angle F is ecjual to the angle B, the side l'"D

must fall upon the side B.\ ; and'since the angle G is equal to

the angle C, the side GD must fall upon the side CA. Thus the

three sides of the triangle FT)G will be exactly placed upon the

three sides of the triangle BAG; and conse(juently the two tri-

angles (Prop. 5.) are identical.
hk- -^ss.

901. Pkop. XXVI. If two angles of a triangle are equal, the sides opposite to those

angles are also equal. A

Conceive the angle A (/?'/. 259. ) to be bisected by the line

AD.
In the triangles BAD, DAC the angle B is equal to the

angle C by supposition, and the angles at A are also equal.

These two triangles have their two angles equal ; the third angle

will therefore (Prop. 23.) be equal ; whence tlie angles at D are

equal. Moreover, the side A D is conunon to the two triangles.

These two triangles, therefore, having two angles and the side

which lies between them equal, are (i'rop. 25.) identical

to the side AC.
902. Prop. XXV^II. Tlie opposite sides of a parallelogram are equal.

In the parallelogram ABCD (fg. 260.), the side AB is equal i

to the side DC, and the side BC equal to the side AD.
Draw the line B D, which is called the diagonal.

Because BC is parallel to AD, the alternate angles m and n

are equal. In like manner, because AB is parallel to DC, the

alternate angles r and s are equal. Also, the side BD is common
to the two triangles BAD, BCD. These two triangles have then

two angles and the side which lies between them equal, and

are therefore ( Prop. 3.) identical. Wherefore the side A B op-

posite to the angle n is (Prop. 26.) equal to the side DC opiiosite to the angle in
;

and the side BC opposite to the angles is equal to the side AD ojjposite to the ecjual

(in<;le r

Fig. 'ir.<i.

Wherefore the side AB is equal

Fig. 2(;o.
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Corolla RV. Hence, the diagonal bisects the paraUelogram ; for the triangles BAD,
BCD, having the three sides equal, are identical.

903. Prop. XXVIII. Parallelograms which are between (he same paraUels, and have tli£

same base, are equal.

Let the two parallelograms ABCD, AFGD {Jig. 261.), be between the same parallels

BG, AM, and upon the same base AD; the space enclosed b C f (i

within the parallelogram ABCD is equal to the space en-

closed within the parallelogram AFGD.
In the two triangles BAF, CDG the side BA of the former

triangle is equal to the side CD of the latter, because they are

opposite sides of the same parallelogram. For the same reason,

the side F A is equal to the side G D. Moreover, BC is equal to

AD, because they are opposite sides of the same parallelogram. ^ '"*
"*^

For the same reason, AD is e(jual to FG. BC is therefore '*^' *"
'

equal to FG. If to both these CF be added, BF will be equal to CG. Whence the
two triangles BAF, CDG, having the three sides equal, are (Prop. 5.) identical, and con-
sequently have equal surfaces.

If from these two equal surfaces be taken the small triangle CLF, which is common,
there will remain the trapezium ABCL, equal to the trapezium LFGD. To these two
trapezia add the triangle ALD, and the parallelogram ABCD will be equal to the paral-
lelogram AFGD.

904. PiiOP. XXIX. If a triangle and a parallelogram are upon the same base, and
betweeyi the same parallels, the triangle is equal to half the parul-

leloyram.

I<et the parallelogram ABCD {fig- 262.) and the triangle

AFD l)e upon the same base AD, and between the same pa-

rallels BG, AL; the triangle AFD is half the parallelogram

ABCD. Draw DG parallel to AF.
Because the parallelogram A FGD is bisected by the diagonal

FD (Prop. 27. Corol.), the triangle AFD is half the paral- '*, " ^

lelogram AFGD. But the parallelogram AFGD is ccjual to
i'ii--iOz.

the parallelogram ABCD, hi^cause these two parallelograms are upon the same base, and
between the same parallels; therefore the triangle AFD is equal to half the parallelotrram
ABCD.

905. Prop. XXX. Parallelograms which are between the same paraUels, and hare equal
bases, are equal.

Let the two parallelograms ABCD, LFGM (fg. 263.) be
between the same parallels BG, AM, and have the equal b^ses

AD, L]M ; these two paiallelograms are equal.

Draw the lines AF, DG.
Because AD is equal to LM, and LM to FG, AD is equal

to FG; and they are parallel by construction. Also AF and
DG are parallel ; for if DG be not ])arallel to AF, another
line may be drawn parallel to it ; wlience FG will become
greater or less than AD. AF and DG are therefore parallel, and AFGD a parallelo-

gram.

Now the parallelogram ABCD is (Prop. 28.) equal to the parallelogram AF"GD,
because these two parallelograms are between the same parallels, and have the same base
AD. And the parallelogram AFGD is equal to the parallelogram LFGM, because these

two parallelograms are between the same parallels, and have the same base FG. The
parallelogram ABCD is therefore equal to the parallelogram LFGM.

906. Prop. XXXI. Triangles which are between the same parallels, a7id have equal bases,

are equal.

Let the two triangles ABD, LFM (seefg. to preceding Pro))osition) be between the same
parallels BG, AM, and upon the ecpial bases AD, LM ; these two triangles are equal.

Draw DC parallel to AB, and MG parallel to LF.
The two parallelograms ABCD, LFGM are equal (Piop. 30.), because they are between

the same parallels, and have equal bases. But the triangle ABD is (Pro]). 29.) one half of

the parallelogram ABCD, and the triangle LFM is one half of the parallelogram LFGIVI
;

these two triangles are therefore equal.

907. Prop. XXXII. In a right-angled trianc/le, the square of the hypntemise, or side

subtending the right angle, is equal to the squares of the sides which contain the riiiht

angle.

In the triangle BAC {fig. 264.), let the angle A be a right angle. Upon the hyjio-

tenuse BC describe the square BDFC; upon the side AB describe the square ALJ\IB,
and upon the side AC the square ARNC; the square BDFC is equal to the two squares
ALMB. ARNC taken together.

Fig. 263.
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J)ra\v the right lines MC, AD, and draw AG parallel

to BD.
Because the square or parallelogram MLAB and the

triangle MCB are between the same parallels LC, MB. and
have tlie same base 31B, the triangle MCB is (_Prop. i?9.)

e«]ual to half the square AL3IB.
Again, because the rectangle or parallelogram DGPB

and the triangle DAB are between the same parallels GA
and DB, and have the same base DB, the triangle DAB is

(Prop. 29.) equal to half the rectangle DGBP. "

Further, since the side 31 B of the triangle 31BC and the

side AB of the triangle ABD are sides of the same square,

they are (Defin. 17.) equal. Also, since the side BC of the t-g.^o*.

Krst triangle and the side BD of the second triangle are sides of the same square, they are

equal. And because the angle INIBC of the first triangle is composed of a right angle and
the angle x. and the angle ABD of the second triangle is composed of a right angle and
the same angle x. therefore these two angles, contained between the equal sides 31B, BC
and .\B, BD. are e<|ual. Wherefore the two triangles MBC, ABD, having two sides and
the contained angle ei^ual, are (Prop. 3.) identical, and consequently etiual.

But the triangle 3IBC is half the square MLAB. and the triangle ABD is half the

rectangle BDGP ; the square and the rectangle are therefore equal.

la the same manner it may be demonstrated that the square ARXC and the rectangle

CFGP are ei^ual. Wherefore it follows that the whole square BDFC is equal to the two
sijuares AILAB. AUNC taken together.

90S. Defisitions. — 1. A right line (.^o. Prop. S3. AB) terminated l>oth ways by the
circumference of a circle is called a chord.

2. A line (.rfo- Prop. 39. AB) which meets the circumference in one point only b called

a tanofHt ; and the point T is called the point ofcontact.
3. An angle {Jig. Prop. 33. ABD) which has its vertex in the circumference of a circle

is called an anplf in the circle.

4. A part of a circle confined between two radii ( fia. Prop. 34. ACBFA) is called a sector.

5. A p;ut of a circle (no. Prop. 35. AGBDA) terminated by a chord is called a se^mnU

(fa circle.

909. Prop. XXXIII. To dratc the drcitmfermef of a c/rcfe fkramffh three girem points.

Let there be three given jwints, .\, B. D (./?<7. 265.), through which it b
is re<]uired to draw the circumference of a circle. Draw the right

lines .\B. BD. and bisect them : fi-om the points of the division F, G,
rnise the perpendiculars B C, GC ; and at the |>oint C with the radius

C\ describe the circumference of a circle : this circumference will pass

tlirough the points B and D. Draw the lines CA. CB, CD.
In the triangles CFA. CFB the side FA is equal to the side FB

by construction, the side FC is common, and the two angles at F are

right angles. These two triangles, then, have two sides and the angle
contained by them equal : they are therefore (^Prop. 3.) identical.

CB is e<|ual to the side CA.
For the same reason, the triangles CGB. CGD are also identicaL

CD is equal to the side CB. and consequently equal to CA.
And since the right lines CB, CD are equal to the right line C A. it is manifest (Prop. 1.)

that the circiunference which passes through the point .\ must also pass throu"ii the
Doint D.

910. Prop. XXXIV. If a rcidiKS histtt a eiord, it is perpendicular to tkat dord.
If the radius CF i^fo. £66.) bisect the chord AB. the angles

JD.\. CDB are right angles. Draw the radii CA. CR
In the triangles CD A, CDB the sides CA. CB, being radii, are equal

(Prop. 1.). the sides AD. DB are equal by supposition, and the side

CD is common. These two triangles, having the three sides equal, are

therefore (P*rop. 5.^ identical, ^^lle^etb^e the angles CD A. CDB are

e<]ual. and consequently (Prop. 10.) are right angles.

CoRcixART. The two angles at C are also (Prop. 5-) equaL
Hence it appears, that any angle ACB may be bisected by describing

from its vertex C as the centre with any radius AC an arc AFB ; bisect-

ing the chord of that arc .\B : and then drawing from the point of division D the risfat line

CD ; for it may then be shown, as in the propositioo, that the triangles .ACD, DCB ai«
identical, and con<aequently the angles at C et]uaL

Consequently the side

Wherefore the side

i\

rjj. i
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911. Prop. XXXV. To find the centre of a circk.

Let the circle ot' which it is required to tind the centre be AG13F. Draw any chora .-vB

( f,Q. 267.) ; bisect it, and froru the point of divi-

sion D raise a perpendicular FG : this line will

pass through the centre, and consequently, if it

be bis.cted, the point of division wUl be the

centre.

If the centre of the circle be not in the line

FG. it must be somewhere out of it ; for in-

stance, at the point L. But this is impossible,

for if the point L were the centre, the right line *
;^'

LM would be a radius ; and since this line bisects "*" "" '^'

"

the chord AB, it is (Prop. 34.) perpendicular to AB ; which cannot be, since CD is per-

pendicular to AB.
912. Pkop. XXXVI. To find the centre of an arc of a circle.

Let ABDF be the arc of which it is rwjuired to tind the centre. Draw any two chord.c

AB. DF {np. 268); bisect them, and from the points of division raise the perpendiculars

31 C, LC ; the point C, in which these two perpendiculars cut each other, is the centre

of the arc.

For (Prop. 35.) the perpendicular MC and the perpendicular LC both pass throu;ih

the centre of the same circle ; this centre mwit tlieretbre be the point C, which is the oiJy

point common to the two perpendiculars.

913. Pkop. XXXVII. If three equal lines meet in the same point tcitldn a drde, and are

ttrminoted, they are radii if that circle. H

The lines CA, CB. CD {fig. 269.), drawn from the same point

C within a circle, and terminated by it, being equal, the point C
is the centre of the circle. Draw the lines AB, BD : bisect them,

and let the points of division be F, G ; and draw the lines CF.
CG.

In the triangles CFA, CFB, the sides CA, CB are equal by
supposition, the sides FA, FB are equal by construction, and
the side C F is common. These two triangles, then, have the Fig. aes.

three sides equal ; they are therefore (Prop. 5.) identical, ^^^lerefore the two angles at

F are equal, and the line FC (Defin. 1 1.) is perpendicular to the chord AB. And since

this perpendicular bisects the chord AB, it must (Prop. 35.) pass through the centre of the

circle. In like manner, it may be demonstrated that the line GC also passes througli the

centre, ^\^lerefore the point C Ls the centre of the circle, and CA, CB, CD are radii.

914- Prop. XXXVIII. If the radius of a circle he j;erpendicular to a cJiorJ, the radius

bisects hiith tht chord and the arc of the chord.

Let the radius CF be perpendicular to the chord AB (^fip. 270.); the right line .AD is

equal to the rigSit line DB. and the arc AF equal to the arc FB.
Draw the right lines C.A. CB.

In the large triangle ACB, the side C.\ (Prop. 1.) is equal to

the side CB, because they are radii of the same circle. Tlie angle

A is (Prop. 4.) therefore equal to the angle B. The angles at Dare
light angles, and therefore equal ; and the angles at C are conse-

quently (Prop. 2:3.) equal. Also the side CA is equal to the side

CB, and the side CD is common. These two triangles, then, having

two sides and the angle contained by them equal, are (Prop. 3.)
Fig. ^.o.

identical, whence the side AD is equal to the side DB. .Again, since the angles .ACF,

BCF are equal, the arcs AB, BF, which measure these angles, are also equaL 'Die chord

AB and the arc AFB are therefore bisected by the radius CF.
915. Pkop. XXXIX. A right line perpendicular to the e-itremity of a radius is a lantjtnt

to the circle. A 1 n B
Let the line AB Qfig. 271.) pass through the extremity of the

tadius CT in such a manner that the angles CTA, CTB shall be

right angles; this line AB touches the circumference in only one

point T. If .AB touch the circumference in any other point, let

it be D, and draw the line CD.
In the right-angled triangle CTD the square of the hypothe-

iise CD is equal to the two squares of CT and TD taken together.

The square of CD is therefore greater tlian the square of CT. and
Fir. 2:1.

consequently the line CD is greater than the line CT, which is a

radius. Tlierefore the point D is out of the circumference. .And in like manner it maybe
sivjwn that every point in the line AB is out of the circumference, except T ; AB is thcre-

fiore a tangent to the circle.

(.xjkoll^ KT. It follows, therefore, that a perpendicular is the shortest line that cai' 'jp

T
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drawn from anv point to a given line ; since the i)erpentlicular CT is shorter tlutn any otii

line wliicii can he drawn from the point C to the line A I?.

9; 6. Piior. XI.. If a liyht line be drawn touching a circumference, a radius drawn lo I,

point of contact will he perpendicular to the tanc/ent.

Let the line AB {fg. 272.) touch the circumference of a circle

in a point T, the radius CT is perpendicular to the tangent AB.
For all other lines drawn from the point C to the line AB must

pass out of the circle to arrive at this line. The line CT is th-,Te-

fore the shortest which can he drawn from the point C to the line

AB, and consequently (Corol. to Prop. 39.) is perpendicular to the

line AB.
917. Piiop. XLI. The angle formed hy a tangent and chord is

measured hy half the arc of that chord.

Let BTA (jfig- 273.) he a tangent and TD a chord drawn from the point of contact 1

the angle ATD is measured by half the arc TFD, and the angle BTD is measured 1

half the arc TGD. Draw the radius CT to the point of contact,

and the radius CF perpendicular to the chord TU.
The radius CF being perpendicular to the chord TD (Prop. 38.)

bisects the arc TFD. TF is therefore half the arc TFD.
In the triangle CML the angle M being a right angle, the two

remaining angles are (Prop. 22.) equal to a right angle. Where-
fore the angle C is that which the angle L wants of a right angle.

On the other side, since the radius CT is perpendicular to the tan-

gent B.\, the angle ATD is also that which the angle L wants

of a right angle. The angle ATD is therefore equal to the angle C. But tiie angle C
measured by the arc TF", consequently the angle ATD is also measured by the arc Ti

which is half of TFD. The angle BTD must tlierefore be measured by half the arc TGI
since these two halves of arcs make up half the circumference. b T

918. Prop. XLII. An angle at the circumference (f a circle is

measured by half the arc by which it is subtended.

Let CTD (fg. 274.) be the angle at the circumference; it

has for its measure half the arc CFD by which it is sub-

tended.

Suppose a tangent passing through the point T.

Tlie three angles at T are measured by half the circumference

(Prop. 22.), but the angle ATD is measured (Prop. 41.) hy half

the arc TD, and the angle BTC by half the arc TC; conse-

quently the angle CTD must be measured by half the arc CFD, since these three halves 1

arcs make up half the circumference.

919. Pkoi". XLIIL The angle at the centre of a circle is double if the angle at the ci,

cunifereiice.

Let the angle at the circumference ADl? (fig.275.) and the

angle at the centre AC 15 he both subtended hy the same arc AB,
the angle ACB is d ;uble of the angle ADB.

F'or the angle ACB is measured by the arc A B, and the angle

ADB is (Prop. 42.) measured by half the same arc AB ; the angle

ACB is therefore double of the angle A DB.
920. Prop. XLIV. Upon a given line, to describe a segment of

a circle containing a given angle.

Let AB (fg. 276.) be the given line and G the given angle, it is required to draw sun

a circumference of a circle through the points A and B that the angle D shall be equal 1

the angle G
For this purpose draw the lines AL, BL In such manner

that the angles A and B shall be equal to the angle G ; at the

extremities of LA, LB raise the perpendiculars AC, BC;
and from the point C in which these two perpendiculars cut
each other, with the radius CA or CB describe the circum-
ference .\DB; tlie angle D will be equal to the angle G.

Tlie angle LAB, fbrmed by the tangent AL and the chord
AB, is (Prop. 41.) measured by half the arc AFB ; and the

angle D at the circumference is also measured (Prop. 42.) by
half the arc AFB ; the angle D Is therefore equal to the angle
L.\B. But the angle LAB is made equal to the angle G ; the angle D is therefore equ£
to the angle G.

921. Prop. XLV. In every triangle the greater side is opposite to the greater angle, an
the greater angle to the greater side.

la the triangle ABC (Jig. 277.), if the side AB be greater than the side AC, tl ^ angl

Fig- 274.
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Fig. 277.

Dr

Fig. 279.

Draw the right line TA.

\

C. opposite to the side AB will be greater than the an;T]e B opposite to the side AC
Dra'v the cl:cumference of a circle through the three points A,

C, ii.

Since the chord AB is greater than the chord AC, it is manifest

that tlie arc ADU is greater than the arc AFC; and consequently

the angle at the circumference C, which is measured (Prop. 4'i.)

bj' half the arc ADB, is greater than the angle at the circumference

B, which is measured by half the arc A FC.
Again, if the angle C is greater than the angle B, the side AB

opposite to the angle C will be greater than the side AC o])posite

to the angle B.

The angle C is measured (Prop. 42.) by half the arc ADB, and the angle B by half tlie

arc A FC. But the angle C is greater than the angle B ; the arc A D 15 is therefore greater

tlian the arc AFC, '"nd consequently the chord AH is greater tlian the chord AC.
922. Prok XI>VI. Two paralhl c/iords intercept equal arcs.

If the two chords AB, CD (fg. 278.) are parallel, the arcs AC, BD are equal,

thf right line BC.
Because the lines AB, CD are parallel, the

alternate angles ABC, BCD are (Prop. 17.)

equal. But the angle at the circumference

BCD is measured (Prop. 42.) by half the

arc AC ; and the angle at the circumference

BCD is rreasured by half the arc BD; the

arcs AC, BD are therefore equal.

92.S. Prop. XLVII. [fa tangent and ehnnl

be parallel to eaeh other, they intercept equal arcs.

Let the tangent FG (fg. 279.) be parallel ^''^
''' ^•

to the chord AB ; the arc TA will be equal to the arc TB.
Because the lines FG, AB are parallel, the alternate angles FTA, TAB are(Prop. 17.)

equal. But the angle FTA, formed by a tangent and a chord, is measured (Proj). 41.) by

half the arc TA, and the angle at the circumference T.VB is measured (Prop. 42.) by lialf

the arc TB. The halves of the arcs TA, TB, and consequently the arcs themselves, are

therefore equal.

924. Prop. XLVII I. The angle formed Ig the intersection of two chords is measured hg

half the two arcs intercepted hy the two chords.

Let the two chords AB, DF (fg. 280.) cut each other at the point C, the angle FCB
or A CD is measured by half the two arcs FB, AD. Draw AG c;

parallel to DF.
Because the lines AG, DF are parallel, the interior and exterior

angles G.VB, FCB are (Prop. 19.) equal. But the angle at the

circumference GAB is measured (Prop. 42.) by half the arc

GFB. The angle FCB is therefore also measured by half the arc

GFB.
Because the chords AG, DF are parillel, the arcs GF, AD are

(Prop. 4G. ) equal: AD may therefore be substituted in the room
of G F ; wherefore the angle FCB is measured by half the arcs AD, FB.

925. Prop. XLIX. The angle formed by tu-o secants is measured by half the difference of
the two intercepted arcs.

Let the angle CAB (fg. 281.) be formed by the two secants AC, AB, this angle is

measured by half the uitference of the two arcs GD, CB, inter-
^.

cepted by the two secants. Draw DF parallel to AC.
Because the lines AC, DF are parallel, the interior and exterior

angles CAB, FDB are (Prop. 19.) equal. But the angle FDB is

measured (Prop. 42.) by half the arc FB ; the angle GAB is

therefore also measured by half the arc FB.
Because the chords GC, DF are parallel, the arcs GD, CF are

(Prop. 46.) equal ; the arc FB is therefore the difference of the

arc GD and the arc CFB. Where the angle A has for its mea-
sure half the difference of the arcs G D, CFB.

926. Prop. L. The angle formed iy two tangents is measured by half the difference of /h '

two intercepted arcs.

Let the angle CAB (fg. 282.) be formed by the two tangents AC, AB ; this angle is

measured by half the difference of the two arcs GLD, GFD. Draw DF parallel to .\C.

Because the lines AC, DF are parallel, the interior and exterior angles CAB, FDB are

(Prop. 19.) equal. But the angle FDB, formed by the tangent I)B and the chord DF, is

measured (Prop. 41.) by half the arc FD. Therefore the angle CAB is also measured by
half the arc FD.

T 2
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Becruse tlie tangent AC and the
clioril DF are paiallel, the intor-

ceptefl ares (» F Gl) are (Prop.

47.) c(iiial. The arc FD is there-

fore the ditfcrenee between the arc

GLD and the arc GFD. There-
fore the angle CAB, which is mea-
sured by half the arc FD, is also

measured by half the difference of
tliearcs GLD, GFD.

CoKoi.LAKY. In the same Tiy it may be demonstrated that the angle formed by a tangt

ATC {Jig. 283.) and a secant ADB is measured by half the dittbrence of the two iiit

cepted arcs.

927. Piiop. LI. To raise a perpendicular at the extremity ofa (/ircn. line.

At the extremity A (Jiff. 2S4.) of the given line AH let it be recjuired to raise ;i p
pendicular. O ^ -^
From any point C taken above the line AB describe a circum- /

ference passing through the point A and cutting the Hue A 15 in any /

other point, as G. Draw the diameter DG and tlie right line AD;
'

this line AD will be perpendicular to the line AB.
\

The angle DAG at the circumference is measured (Prop. 42.) by \

half the arc DFG, which is half the circumference, because DCG is -i

a diainoter. The angle D.\G is therefore measured by one fourth

part of the circumference, and consequently (Defin. 10.) is a right angl

AD is (Prop. 11.) perpendicular to the line AB.
Corolla iiY. Hence it follows that the angle at the circumference wliicli is snbte

by a diameter must be a right angle.

928. Phop. LII. From any point without a circle to draw
a tangent to that circle.

I'Tom the point A (fig. 285.) let it be required to draw a

tangent to the circle DTB.
Draw from the centre C any right line CA ; bisect this

right line, and from the point of division B, as a centre, de-

scribe the arc CTA. Lastly, from the point A, and tlirough

the point T, in which the two arcs cut each other, draw the

. right line AT ; this right line AT will be a tangent to the

circle DTB. Draw the radius CT. .

f
,

~
"'

The angle CTA at the circumference, being subtended by „

.

the diameter CA, is (Corol. to Prop. 51.) a right angle; therefore the line T.A is perpeii

eular to the extremity of the radius CT, and consequently (Prop. 40.) is a tangent to t

circle DTB.

Flc 2S4.

whence tilt

929. Definitions.— 1. A ma</(e/na<iea/ /w/«< has neither length, l)readtli. not thimci-

The physical point, now for consideration, has a supposed length and breadth excei.

ingly small.

2. A physical line is a series of physical points, and consequently its breadth is equal

that of the physical points whereof it is composed.
3. Since physical lines are composed of points, as numbers are composed of units, pcii

may be called the units of lines.

4. As to multiply one number by another is to take or repeat the first mnnber as ma
times as there are units in the second ; so to multijdy one line by amithi r is to take

repeat the tirst line as many times as there are units, that is, physical points, in t

second.

9.^0. Paop. LI 1 1. The surface ofa rectangle is equal to the

•product of its two sides.

Let the rectangle be ABCD (fg. 286.). If the physical

line AB be multiplied by the phj-sical line AD, the pro-

duct will be the surface ABCD.
If as many physical lines equal to AB as there are

physical points in the line AD be raised perpendicularly

upon AD, these lines AB, ah, Ike. will fill u]) the whole
surface of the rectangle ABCD. Where^'nre the surface hk. '.^sb.

ABCD is equal to the line AB taken as many times as there are physical points in the li

AD ; that is, (Defin. 4.) equal to the line AB multiplied by the line AD.
9.31. Piiop. LI V\ The surface ofa triangle is ctpad to half the product (fits altitude and btv

11" from the vertex of any angle A {Jig. 287.) of the triangle BAC be drawn AU, p«

i> h I) I) h h h
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Fig. 288.

IKMidiCiilar to the opposite side 15C, this perpendicular is called the height, and the .side BC
the bitse of the triangle. Now the surface of the trianj^lo is

equal to half the ]noduct of the height AD and the base I5C.

I'roduce BC both ways ; through the point A draw FG
parallel to BC, and raise the two iierpendiculars BF, CG.

Because the rectangle BFGC and the triangle BAC are
between the same parallels, and have the same bases, the tri-

angle is (Prop. 29.) half the rectangle. But the surface of
the rectangle is ecjual (Prop. 5.5.) to the product of BF and
15C. Wherefore the surface of the triangle is e(jual to half the
product of BF and BC, that is, of DA and GC. Fi^.m.

932. Prop. LV. To measure the surface of any rectili?iral fpiire.

Let ABCDFA (/^. 288.) be the rectilineal figure, whereof it is required to find th
surface.

Divide the whole figure into triangles by drawing the lines

CA, CF. Then, drawing a perpendicular from the point B
to the side CA, multi})ly these two lines ; the half of their jiro-

duct will (Prop. 54.) give the surface of the triangle ABC.
In the same manner let the surfaces of the remaining triangles

ACF, FCD be found. These three surfaces added together
will give the whole surface of the figure ABCDFA.

9.'5:i. Prop. LVI. T/ie area of a circle is equal to half the pro-
dvft of its radius and circumference.

If the radius of tiie circle C {fig. 289.) be multiplied by
its circumference, the half of the product will give the surface of the circle.

Two jjhysical points being manifestly not sufficient to make a curve line, tliis must re-

quire at least three. If, therefore, all the physical jioints of a circumference be taken two
by two, these will comjjose a great number of small right lines. From
the extremities L, M of one of these small right lines if two radii LC
MC be drawn, a small triangle LCM will be formed, tlie surface of
vhich will be equal to half the product of its height ; that is, the radius
and its base.

To find the surface of all the small triangles whereof the circle is com-
posed, multiply the height, that is, the radius, by all the bases, that is, by
the circumference, and take the half of the product ; whence the area or Fil'.^isB.

surface of the circle will be equal to half the product of the radius and
circumference.

9:5K I'rop. LVI I. To draw a triangle equal to a given circle.

Let it be required to form a triangle the surface of which shall be equal to that of the
circle AGFDA {jig. 290.).

At the extremity of any ra-

dius CA of the circle, raise a
perpendicular AB equal to the

circumference AGFD.and draw
the right line CB. The sur-

face of the triangle BCA will

be equal to that of the circle

AGFDA. Fig. 290.

The surface of the circle is equal (Prop. 56.) to half the product of the radius CA and
tlie circumference, or the line AB. The surface of the triangle is also eijual (Prop. 54.)
to half the product of its height CA, or radius, and its base BA, or circumference. There-
fore the surface of the triangle is equal to that of the circle.

PROPORTION.

935. Definitions. — L The ratio of one quantity to another is the number of times which
the first contains the second ; thus the ratio of 12 to 3 is four, because 12 contains
3 four times ; or, more universally, ratio is the comparative magnitude of one quan-
tity with respect to another.

2. Four quantities are proportional, or in geometrical proportion, or two quantities are said
to have the same ratio with two others, when the first contains or is contained in the
second, exactly the same number of times which the third contains or is contained in
the fourth ; thus, the four numbers 6, 3, 8, 4 are proportionals, because 6 contains 3 as
m;;ny times as 8 contains 4, and 3 is contained in 6 as many times as 4 is contained in

8, that is, twice ; which is thus expressed : 6 is to 3 as 8 to 4 ; or 3 is to 6 as 4 to 8.

936. Prop. LVIII ParuUelograms which are between the same parallels are to out 'in-

other as their liases.
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Let the two paralklograms ABCI), FGLM (fff. 291.) be between the same parallels

HL, AM, the surface of tlu' parallelogiwim ABCi3 conlK.ns r p s c <; i

the surf.ce of the parallelogram FGLM as many times

exactly as the base AD contauis the b.'.se F"M. Sup-

pose, for example, that the base AD is triple of the base

J'"M ; in this case the surface ABCD will also be triple

of the surface FGLM.
Divide the base AD into three parts, each of which is

equal to the base F'M, and draw from the points of divi- fik. 2'ji.

sion the lines NP, 11.J parallel to the side A B.

The parallelograms ABPN, FGLINI being between the same jiarallels and having equal

bases, the parallelogram ABPN is (Prop. SO.) e<iual to the i)arallelogram FGLRI. For

the same reason, the parallelograms NPSR, liSC'D are also ecjual to the parallelogram

F'GLM. The parallelogram ABCD is therefore compose! of three parallelograms, each

of which is ecjual to the parallelogram FGLM. Consequently the parallelogram ABCD
is triple of the juirallelogram F'GLM.

937. Proi". LIX. Triangles ii/iich are hetweeii the sarne parallels are to one aiiothtr as

their b ises.

Let the two triangles ABC, DFG (fg. 292.) be between the same parallels LF\ AG, the

surface of the triangle ABC contains the surface of the l B M p

triangle DF"G as many times as the base AC contains the

base DG., Suppose, for example, that the base AC is triple

of the base DG, in this case the surface ABC will be triple

of the surface DF'G.
Divide the base AC into three equal parts, AN, Nil,

RC, each of which is equal to the base DG, and draw the

right lines BN, BR.
The triangles ABN, DFG being between the same parallels and having equal bases, the

triangle ABN is (Prop. 31.) equal to the triangle DF'G. F'or the same reason, the

triangles NBR, RBC are each equal to tlie triangle DF"G. The triangle ABC is there-

fore composed of three triangles, each of which is ecjual to the triangle DF"G. Wherefore
the triangle ABC is triple of the triangle DF'G.

9.38. Puor. LX. If a line he drawn in a triangle parallel to one of its sides, it will cut the

other two sides proportionallg.

Li the triangle BAC (fy. 293.), if the line DF be parallel to the side BC, it will cut the

other two sides in such manner that the segment AD will be to the a

segment DB as the segmentA F' is to the segment I'C. Sujjpose, for

instance, the segment AD to be trijjle of the segment DB, the seg-

ment AF will be triple of the segment F"C. Draw the diagonals

DC, FB.
The triangles AFD, DFB are between the same parallels, as will

be easily conceived by supposing a line drawn through the i)olnt F'

parallel to the side AB. 'I'hese two triangles are therefore to one
anotlier (Prop. 59.) as their bases; and since the base AD is triple

of the base DB, the triangle AF'D will be triple of the triangle ~
„. „

.

DFB.
1 => j„.u..

Again, the triangles BF'D, F"DC are between the same parallels DF, BC, and upon the

same base DF". 'J hese two triangles are therefore (Prop. 31.) e([ual ; and since the

triangle AF'D is triple of the triangle DF"B, it will also be tu])le of the triangle 1T)C.
Lasrly, the triangles ADF, F"DC are between the same parallels, as will be easily con-

ceived by supposing a line drawn through the point D parallel to the side AC. These
two triangles are therefore to one another (Prop. 59.) as their bases ; and since the triangle

ADF" is triple of the triangle F"DC, the base AF' will be triple of the base F"C.

939. Prof. LXL Equiangular triangles liave their homologous sides j'roportional.

In the two triangles ABC,* CDF {fig. 294.), if the angle A be ,,

equal to the angle C, the angle B equal to the angle D, and
the angle C equal to the angle F' ; the side AC, for examj)le,

opjiosite to the angle B is to the side CF' opposite to the angle D
as the side AB oj)posite to the angle C is to the side CD ojjjiosite

to the angle F\ I'lace the two triangles so that the sides AC, CF"
shall form one right line, and produce the sides AB, F"D till they

meet in G.

I'he interior and exterior angles GAF, DCF being equal, the * c p

lines GA, DC are (Prop. 20.) parallel. In like manner, the alter-
FiR.rai.

nate angles GF'A, BCA on the same sides being eciual, the lines G F', BC are (Proji. 20.)
parallel. W'lu'refore the quadrilateral figure BGDC is a jiarallelogram, and conse(iuently

its opposite sides are equal. In the triangle GAF' the line liC, being parallel to the side
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Tig. 89.'..

Fig. WG.

FG, cuts (Prop. CO.) the otlicr two sides proportionally; tliat is, AC is to CF as AB is

to BG, or its e(]ual CD.
940. 1'rop. LXII. Triamjhs the sidi'S nf ichich are proportional are tquianjular.

In the two triangles U.\C, FDG (f(/^295.), if the a
side A 15 is to the side DF as the side BC is to the side

FG and as the side AC to tlie side DG, tliese two tri-

angles liave their angles equal.

Let the side AB be supposed tri])le of the side DF;
the side AC must be triple of the side DG, and the side

IJC triple of the side FG.
If the triangle FDG be not equiangular with the tri-

angle BAC, another triangle may be formed etjuiangular

with it; for example, FLG. ]?ut tliis is impossible;

for if the two triangles BAC, 1"LG were ecjuiangular, their sides would be (Prop. 61.)

])roportional ; and BC being triple of FG, AB would be trijjle of LF. But AB is triple

of DF; whence LF would be ecjual to DF. For the same reason, I..G would be equal

to DG. Thus, the two triangles FLG, F"DG, having their three sides equal, would be

(Prop. 5.) identical; which is absurd, since their angles are unequal.

941. Prop. LXllI. Triangles uhicli have an angle in one equal to an angle in the other,

and the sides about these angles proportinral, are equiangular.

If in tlie two triangles B.\C, NIVIP (fig. 296.) the angle A be equal to the angle M.
and the side AB be to the side MN as the side AC is

to the side WP, the two triangles are equiangular. A

If AB be triple of WN, AC must be triple of MP.
Now, if the angle MNP, for example, is not equal to

the angle .ABC, another angle may be made, as MNU,
which shall be equal to it. But this is impossible; for

the two triangles BAC, NINIli, having two angles e(|ual,

would be c(|uiangular, and consequently (Prop. 61.)

would have their sides proportional ; wherefore, A 15

being trijile of MN, AC would be triple of Mil, which
cannot be, since AC is trijile of MP.

942. Prop. LXIV. A right line which bisects any angle of a triangle divides the side

opposite to the bisected angle into two segments, u-hich are pro}:ortion(J to the tito other sides.

In the triangle B.AC, let the angle BAC be bisected by the right line AD, making the

angle r eijual to the angle s. 'I'he segment BD is to the segment p
DC as the side B.A to the side AC.
Produce the side 15 A, and draw CF parallel to DA.
The lines Y)A, CF being parallel, the interior and exterior angles

-, Fare (Prop. 19.) equal, and the alternate angles s, Care (Prop. 17.)

also equal. And since the angle r is equal to the angle s, the angle F
will also be etjual to the angle C; and consequently the side AF is

equal to the side AC.
In the triangle BFC, the line AD being parallel to the side FC;

15D (Prop. GO.) will be to DC as 15 A is to AF, or its equal AC. u
943. Prop. LXV. ToJind a fonrtlt projwrtional to three given lines. Fin. ?'i7.

Let the three lines be A, 15, C {fig. 298.), it is required to find a fourth line D, such

that the line A shall be to the line B as the line C is to ^

t..elineD.
^ " H-

Form any angle IIFG, make FM equal to the line

A, IMG equal to the line 15, and FN ecjual to the line D L^^
C; draw the right line ]\1N, and through the point G
draw GL parallel to MN; NL will be the fourth pro-

portional required.

In the triangle I'LG the line NM, being parallel to i

the side LG, cuts the other two sides (Pro]). CO) propor-

tionally. Wherefore F'M is to MG as VH is to NL ; that is, A is to B as C is to D,

944. Prop. LXVI. To find a third projiortional to tao given lines.

Let the two lines be A, B (fig. 299.), it is required to

find a third line C, such that the line A shall be to the

line 15 as the line B is to the line C.

Form any angle LFG, make FM equal to the line A,
IMG equal to the line B, and F^N ecjual to the line 15 ;

draw the right line MN, and through the point G draw
GL parallel to MN ; NL will be the third proportional g-^^ 299.

recjuired.

In the triangle FLG the line NM, being jjarallel to tiic side LC, cul.<; the (ither twc

Fi«. 498.
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sides (Prop. fiO.) proportionally. Wherefore FiM is to iNIG a.s FN is to NL; that is, A
i.s to 15 as 15 is to C.

9^.5. I'lioi'. LXVll. Iffour lines he ]>roportion(il, tlie rertanyle or product of the eatreiiiei

is equal to tlie rectanijle or product nf t/tc lueuns.

Let the line A be to ths line 15 as the line C is to tlie line D (fff. 300.); the rectangU

fonned by the lines A and D is ecjual to the rectangles formed -.

by the lines B and C
liet the four lines meet in a common point, forming at that

point four right angles ; and draw the lines ))arallel to them to

complete the rectangles x, y, z.

If the line A be triple of the line B, the line C will be triple

of the line U.
The rectangles or parallelograms x, z being l)etween the same

parallels, are to one another as their bases. Since tlie base A is tri])le of the base B, the

rectangle x is triple of the rectangle z. In like manner, the rectangles or parallelograms

y, z, being between the same parallels, are to one another as their bases : since the base

C is triple of the base D, the rectangle y is therefore triple of the rectangle z. Where-
fore, the rectangle x being triple of the rectangle z, and the rectangle y being triple of the

same rectangle z, these two rectangles x and y are equal to one another.

946. Piioi". LXVlll. Four lines which have the rectanyle or product of the extremes equal

to the rectangle or product of the means are proportional.

Let the four lines A, B, C, D {fig. 301.) be such that the rectangle of A and D is ecjual

to the rectangle of B and C, the line A will be to the line B as ^

the line C to the line U.
I^et the four lines meet in a common point, forming at that

point four right angles, and complete the rectangles x, //, •:.

If the line A be triple of the line B, the line C will be triple

of the line D.
|

^ D| » |

The rectangles x and z, being between the same parallels, pig. 301.

are to one another as their bases : since the base A is triple of

the base B, the rectangle x will be therefore triple of the rectangle z. And the rectangle

y is, by supposition, equal to the rectangle x ; the rectangle y is therefore also triple of

the rectangle r.

But the rectangles y, 2, being between the same parallels, are to one another as their

bases. Hence, since the rectangle y is triple of the rectangle z, the base C is also triple of

the base D.
947. Prop. LXIX. Iffour lines he proportional, they are also proportional alternately.

If the line A is to the line B as the line C to the line D {fig. 302.), ^
they will be in proportion alternately ; that is, the line A will be to the

line C as the line B to the line D. ^

Because the line A is to the line B as the line C is to the line D, ^

the rectangle of the extremes A and D is ecjual to the rectangle of the d
means B and C ; whence it follows (Prop. 68.) that the line A is to the F.g. ,-02

line C as the line B is to the line D.
Otherwise,-— Suppose the line A to be triple of the line B, the line C will be tri))le of

the line D. Hence, instead of saying A is to B as C to D, we may say three times B is to

B as three times I) is to D. Now it is manifest that three times B is to three times I) as

B is to D. Therefore the line A (which is equal to tlireo times B) is to the line C (which
is equal to three times D) as the line B is to the line U.

948. Pkoi'. LXX. If four lines he proportional, they will he proportional hy composi'

tion.

Let the line A be to the line B as the line C is to the line D {fig. 303.), they will be
proportional by composition ; that is, the line A joined to the line B will

be to the line B as the line C joined to the line D is to the line D.
If the line A contain the line B, for example, three times, and the line "

C contain the line D three times ; the line A joined to the line B will c

contain the line B four times, and the line C joined to the line D will d
contain the line D four times. Therefore the line A joined to the line fi^. 30.1.

B is to the line B as the line C joined to the line D is to the line 1).

949. Prop. LXXI. If four lines he proportional, they will he also projmrtiowJ hy

division. A

If the line A is to the line B as the line C is to the line D {fig. 304.), v.-

they will be proportional by division ; that is, the line A wanting the c
line B is to the line B as the line C wanting the line D is to the line D. ,,

If the line A contain the line B, for example, three times, and the line

C contain the line D three times, the line A wanting the line B will con-
'^'"

tain the line B only twice; and the line C wanting the line D will also contain liie iiue T
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F.g. 305

twice. Therefore ilie line A wanting the line H is to tlie line I? ,i.s the line C vanting the

line D is to the line D.

950. Prop. LXX [I. If three lines be propurtiunal, t/ie Jirt't is to the third us the s(jiHtre <ij

the first is to the square of the second.

If the line CD is to the line ed as the line cd is to a tiiird line x {fig. oOJ.), the line CU
is to the line x as the square of the line CD is to the square of the

line cd. Take CL" equal to the line x, and draw the perjjoadicular

FH.
Since the line CD is to the line cd as the line cd is to the line CF,

the rectangle of the extremes CF, CD, or CL is c(|ual (I'roj). 07.)

to the rectangle of the means, that is, to the square of cd.

Again, the square of CD and the rectangle of the lines CF, CL,

being between the same parallels, are to one another (Fro]). 58.) as

their bases. Therefore CD is tc CF, or x, as the s(iuare of CD is

to the rectangle of CF and CL, or to its equal the sciuare oi ed.

951. Proi'. LXXIII. Jf two chords in a circle cut each other, the rectungle of the seg-

ments of one is equal to the rectangle of the segments of the other

Let the two chords AB, CD (fig. 306.) in the circle cut each otlier in the ju-int F, the

rectangle of A F, FB is equal to the rectangle of CF, FD. Draw . „

the two right lines AC, DB. Because in the triangles CAF, BDF
the angles at the circumference A and D are both measured (Prop.

42.) by half the arc CB, they are equal. Because the angles C and

B are both measured (Prop. 42.) by half the arc AD, these angles

are also equal. And the angles at F are equal, because they are

vertical. These two triangles are therefore etiuiangular, and conse-

quently (Prop. 61.) their sides are proportional. Wherefore the

side AF opposite to the angle C is to the side FD opposite to the

angle B as the side CF opposite to the angle A is to the side FB ojiposite to the

angle D. Therefore (Prop. 69.) the rectangle of the extremes AF, FB is ctjual to tlie

rectangle of tlie means CF, FD.
952. Prop. LXXIV. 7'o find a mean proportional between tiru given lines.

Let there be two lines' A, C {Jig. 307.), it is re()uired to find a third line B, such that

the line A shall be to the line B as the line B is to the ^

line C.

Place the lines A and C in such manner that they shall

form one right line DGL, and bisect this right line in tlie

jioint F. From the point F, as a centre, describe the cir-

cumference of a circle DMLN; then, at the point G, where

the two lines are joined, raise the perjjcndicular GM ; GM is

the mean proportional sought between the lines A and C.

Produce MG to N.
Because the chords DL, MN cut each other at the point (}, the rectangle of the seg-

ments DG, GL is (Pro)). 73.) equal to the rectangle of the segments MG, GN.
Because the radius FL is perpendicular to the chord MN, FL (Prop. 38.) bisects MN;

therefore GN is equal to GM.
Lastly, because the rectangle of the extremes DG, GL is equal to the rectangle of the

means GM, GN, or its equal GM, DG is to GM as GM is to GL. Therefore GIVl is a

mean proportional between DG and GI-, that is, between the lines A and C.

9 '3. Prop. LXXV. 2Vje bases and altitudes of equal triangles are in reciprocal or inverse

Fig. Ml

Let the two triangles ABC, DFG {fig. 308.) be equal ; the base AC will be to the baac

DG, as the perpendicular FM to the perpendicular BL ; that

is, the I ases and altitudes are in reciproc(d or inverse ratio.

The triangle ABC (Prop. 54.) is half the product or rect-

angle of the base AC and the altitude BL. Again, the tri-

angle DFG is (Prop. 54.) half the product or rectangle of the

base DG and the altitude FM. The two triangles being

c(pial, the two rectangles, which are double of the triangles,

will therefore also be equal.

Again, because the rectangle of the extremes AC, BL is

equal to the rectangle of the means DG, FM ; AC (Prop. Kjk.308.

68.) is to DG as FM is to BL.
954. Prop. LXXVl. Triangles the bases and altitudes whereof are in reciprocal or inverse

ratio are e-jual.

In the two triangles ABC, DFG {fig. .309.), if the base AC be to the base DG as the

pernendicular FjM to the perpendicular BL, the surfaces of the two triangles are e(iual.
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Because AC is to DC as FM is to BT., the product or rectangle of the extremes AC,
BL is (I'rop. 67.) equal to the product or rectangle of the means DG, FM. The halves

(Corol. to I'rop. 27.) of these tvvo rectangles, P
namely, triangles AI5C, DFG, are therefore

e(jual.

955. Prop. LXXVII. Two secants drawn
from the same point to a circle are in tfie inverse

ratio of I'te parts which lie out of the circle.

Let the two secants be CA, CH (/(/. MO.);
CA is to CB as CD is to CF. Draw the

right lines FB, DA.
In the triangles CDA, CFB the angles

at the circumference A and B, being both

mL^asured (Prop. 42.) by half the arc FD, are

e(]ual, and the angle C is comm )n to the two triangles. These two triangles are there-

l",)re (Prop. 23.) equiangular and (Prop. 61.) have their sides proiiortional. ^Vhcrcfore

the side CA of the first triangle is to the side CB of the second triangle as the side CD
of the first triangle is t ) the side CF of the second triangle.

956. Prop. LXXVII I. The tancicnt to a circle is a mean proportional between the secant

and the part ofthe secant which lies out of the circle.

In the circle ABD, CB (fg. 311.) being secant, and CA tangent, CB is to CA as CA
is t ) CI). Draw the right lines AB, AD. c
The triangles CAB, CDA have the angle C common to both. Also

the angle B is measured (Prop. 42.) by half the arc AFD; and the

angle CAD fjrmed by the tangent AC and the chord AD is measured

(Prop. 41.) by half the same arc AFD. The two triangles CAB, CDA,
having their two angles equal, are (I'rop. 23.), equiangular, and con-

sequently (Pro]). 61.) have their sides proportional. Hence the side

CBof the greater triangle opposite to the angle CAB is to the side

CA of the smaller triangle opposite to the angle D as the side CA of

the greater triangle opposite to the angle B is to the side CD of the

s.naller triangle opposite to the angle A. ^ .
"

Co:ioi.i.ARV. From this proposition is suggested a new method of

finding a mean proportional between two given lines.

Take CB e(]ual to one of the given lines, and CD equal to the other ; bisect DB ; from

the point of division, as a centre, describe the circumference D.\B ; and draw the tangent

CA. This tangent is a mean proportional between CB and CD, as ajipears from thf

proposition.

957. 1*R0P. LXXIX. To cut a gire'i line in extre ne and mean

ratio.

Let it be required to divide the line CA {fiy. 312.) in extreme and

mean ratio: t lat is, to divide it in sich a ma.mer ih it tlie whole line

s'lali be tj the greater part as the greater ])art is to the less.

At the extreaiity A of the line CA raise a perpendicular AG
equal to half the line CA ; from the point G, as a centre, with the

radius G.'^, describe the tircam'Vrence ADB; diaw the line CB
tlirough the centre, and take CF" equal to CD; the line CA will be

dividt'd at t!ie point F in extreme and mean ratio.

Because (Prop. 78.) CB is to CA as C.\ is to CD, by division,

( Prop. 71 ) CB wanting CA or its equal DB is to C\, as CA wanting
'

CD or its eq jal CF" is to CD ; that is, C D or CF is to CA as 1-"A is
'^

to CD or CF ; or, inversely, CA is to CF as CF is to FA, or the line AC is cut in extreme

and mean ratio.

SIMILAR FIGURES.

958. Definitions. — 1. Figures are similar which are composed of an crjiial

physical points disposed in the same manner. Thus, <

the- figures ABCDF, ahcdf(fi;,. 313.) are similar, if „ \

every I'olnt of the first figure has its corresponding
\

—
point ',)laeed in the same manner in the second.

Hence it follows, that if the first figure is, for examjile,

three times greater than the second, the points of

which it is composed are three times greater than

those of the second figure.
_

Fig. 313

2. In similar figures, those lines are said to be homologous

w'iiich are composed of an equal number of corresj)ouding points.

number of
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Fig. 311.

KiK.315

The surface A is to the surface a as the

959. Prop. LXXX. In similar fiyitres the homologous sides are proportional.

Let the similar figures be ABCDF, ahcdf {fig. 314.), and the homologous lines CA, ca,

CF, cf ; CA is to CF as ca to cf.
<

Since the lines CA, ca are homologous, they are composed
of an equal number of corresi)onding points ; as are also the

homologous lines CF, cf. If, for instance, thi,' line CA is

composed of 40 equal points, and the line CF' of 30, tlie

line ca will necessarily be composed of 40 points, and the line

cf of 30 ; and it is manifest that 40 is to SO as 40 to 30.

Therefore CA is to C F as ca to cf.

960. Pkop. LXXXI. The Circumferences of circles are as their radii.

Tlie circumference DCB (^g. 315.) is to the radius AB as the circumference del \i to

the radius ah. c

All circles are similar figures, that is, are composed of an

equal number of points disposed in the same manner. They
have therefore (Prop. SO.) their homologous lines prop.ir*

tional. Therefore the circumference DCB is to the radius

AB as the circumference dch is to the radius ah.

961. Prop. LXXXII. Sindlar figures are to each other as

the squares of their homologous sides.

Let the two similar figures be A, a^fig. 316.) Upon the

homologous sides CD, cd form the squares B, b

square B is to the square b.

Since the figures A, a are similar, they are composed of an equal number of cor

responding points ; and since the homologous sides CD, cd are com-
posed of an equal number of points, the squares drawn upon these lines

B, b are also composed of an e(jual number of points.

If it be supposed that the surface A is composed of 1000 points

and the square B of 400 points, the surface A will be also composed of

1000 jiolnts and the square b of 400. Now it is manifest that 1000
is to 400 as 1000 to 400. Wherefore the surface A is to the s(juare B
as the surface a is to the square b ; and, alternately (Prop. C9.), the sur-

face A is to the surface a as the square B to the scjuare b.
n^.^io.

Corollary. It follows that if any three similar figures be formed upon tlie t'.iree sides

of a right angled triangle, the figure upon the hypothenuse will be eijual to the otiier two
taken together ; for these three figures will be as tlie squares of their sides ; therefore, since

the scjuare of the hypothenuse is equal to the two squares of the other sides, the figure

foimed upon the hypothenuse will also be equal to the two otlier similar figures formed
upon tile other sides.

962. Prop. LXXXI II. Circles are to each other as the squares of their radii.

I>et two circles DCB, deb (fig. 317.) be drawn.

The surface contained within the circumference DCB is to

the surface contained within the circumference dch as the

S(|uare formed upon the radius AB to the square formed upon
the radius ab.

The two circles, being similar figures, are composed of an

equal number of corresponding points, and the radii AB, a6

being composed of an equal number of points, the S(]uares of

these radii will also be composed of an equal number of points. Fig.3i7.

Sujijiose, for example, that the greater circle DCB is comjiosed of 800 jioints, and the

sijuare of the greater radius AB of 300 ])oints, the smaller circle dch will also be composed
of 800 points, and tha square of the smaller radius of .300. Now it is manifest that 8C0 is

to 300 as 800 to 300. Therefore the greater circle DCB is to tiie sijuare of its radius AB
as the smaller circle deb is to the square of its radius ul>; and, alternately, the greater circle is

to the lesser circle as the greater sijuare is to the lesser square.

963. Prop. LXXXIV. Similar triangles are equiangular.

If the two triangles AV>C,abc {fig. 318.) be comjiosed of an equal number of jiointa

disposed in the same manner, they are c(]ulangular.

For. since the triangles ABC, a/;c are similar figures, they

have tlieir sides (I'rop. 80.) proportional ; they are therefore

(Prop. 62.) equiangular.

964. Prop. LXXXV. Equiangular triangles (ire similar

If the triangles ABC, abc are equiangular, they are also

si.milar. See ^//. 318.

If the triangle ABC were not similar to the triangle abc,

another triangle might be formed ujjon the line AC ; for examjile, ADC, which should be
liinilar to the triangle abc. Now, the triangle ADC, being similar to the triangle uU\

Fig. 318.
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will also (Prop. 84.) he equiangular to ahc ; which is imptssil)le, since the triangle ABC
is suj>posefl equiangular to <ibc.

<)G.K Pitop. EX XX VI. If four lines are proportional, their srjuarc.s are a/so proportional.

If the line A B he to the line AC as the line A D is to the line AF (». 31 y,)> ^ln-' square

of the line AB will he to the scjuare of the line A(^

as the square of the line AD is to the square of the

line AF.
With the lines AB and AD form an angle BAD;

with the lines AC and AF form another angle CAF
e(]ual to the angle BAD, and draw the right lines

BD, CF.
Because AB is to AC as AD to AF, and the con-

"

tained angles are equal, the two triangles BAD, CAF
have their sides ahout e(jual angles proportional ; they are therefore (Prop. 63.) cquir.ngular,

and consequently (Prop. 85.) similar : whence they are to one another (Prop. 8'i.) as

the squares of their homologous sides. If, then, the triangle BAD he a third ))art of

the triangle CAl*", the square of the side AB will be a third part of the square of the side

AC, and the square of the side AD will be a third part of the square of the side A F.

Wherefore these four squares will be proportional.

966. Pkop. LXXX VII. Similar rectiliueal Jiynres may be divick<l into an equal numher

of simi!ar triangles.

Let the similar figures he A BC D F, a^ciT/", and draw the homologous lines CA,fa, CF,(/;

these two figures will be divided into an equal number of

similar triangles.

The triangles BCA, hca (fff. 320.), being composed of an
^ ,

etpial number of corresponding points, are similar. The / / \^ ^D /j^k
triangles AC F, Of/ and the triangles F'CD,/f(/ are also, for i^x / \ / j, / ' )**

the same reason, similar. Wherefore the similar figures \l \l \l '''.

A BCD F, a&cf//" are divided into an equal number of similar A t J

triangles.

967. Prop. LXXXVIII. Similar figures are equiangular.

The similar figures ABCDF", afccf/f (see fig. preced. Prop.) have their angles e(|ual.

Draw the homologous lines CA, ca, CF, cf. The triangles BCA, bca are similar, and ton-

setniently equiangular. Therefore the angle B is e<|ual to the angle b, the angle BAt' to

the angle bac, and the angle BCA to the angle bea. The triangles ACF, ucf, l'CD,/(7i

are also equiangular, because they are similar. Therefore all the angles of tl;e similar

figures ABCDF', abcdf are equal.

968. Prop. LXXXIX. Equiangular figures the sides of which are proportional are

similar.

If the figures A BCD F, aicr?/" {fig. 3'21.) have their angles equal and their sides propor-

tional, they are similar. Draw the right lines CA, oa, c

CF,cf.
The triangles CBA, c&a, have two sides proportional and

the contained angle equal ; they are therefore (Prop. G'^.)

equiangular, and consequently (Prop. 85.) similar. The
lines CA, ca are therefore (Prop. 80.) proportional.

The triangles CAF, c«/ have two sides proportional and

the contained angle equal; for if from the equal angles Fis.Mi.

BAF, i«/'be taken the equal angles BAC, ?)nc, there will remain the equal angles CAF,
caf. These two triangles are therefore equiangular, and consequently similar. In the

same manner it may be proved that the triangles CFT), cfd are similar.

The two figures ABCDF, abcdfaxe then composed of an equal number of similar triangles;

that is, they are composed of an equal number of points disposed in the same manner, or

are similar.

969. DEFiNrnoNs. — \. A plane is a surface, such that if a right line ai)i)lied to if

touch it in two points it will touch it in every other ])()int.

The surface of a fluid at rest, or of a well-polished table, m^y
be considered as a jjlane.

2. A right line is perpendicular to a jjlane if it make right

angles with all lines which can be drawn from any point in

that plane. Thus BA {fig. 322.) is jierpendicular to the i)lane ^^^
MI.iGFl'N, because it makes right angles with the lines AM, m^' -p

A L, AG, &c. drawn from the jioint .\.
~"n~' 'V

S Lei AH (Jig. 323.) be the common intersection of two planes. Fit;.3ia.
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If two right lines LIN!, FG be drawn, in tliese two pinncs, perpendicular to the line

AB, these will form four an-

gles at the point C, which are

called the inclinations of tl.e

two planes, or the angles

formed by the two planes.

4 If the line AB (fff. 324.)

revolve about itself, witli-

out changing its place, the

line AC, which makes an ^' a

acute angle with AB, will
^'*^'-'- ^'''•^''*-

describe in the revolution a concave surface LAC; and the line AD, which makes

an obtuse angle with AB, will describe in tlie revolution a convex surface INI A 1).

5. ]?ut the line AF (/f/. Defin. 'J.), which makes a right angle with AB, will de-

scribe in the revolution a surface which will be neither con-

cave nor convex, but plane : and the line AB will be perpendi- .-— --,^

cular to the plane MLGFPN, because it will make right angles -'^^^ ''|^ f'. m

with the lines AM, AL, AG, &c. drav,n from the point A in

that plane.

6. Two planes are parallel when all iierpendiculars drawn from

one to the other are equal. See .Ay- .<i-'5., wherein AB, CD
are ecjual between the surfaces LIM, FG.

970. Puor. XC. A perpendicular is the shortest line ithich can he ^-^_ _ __ _,.-'

drawn from any point to a plane. F.;;. .->^>.

From the point B {jig. 326.), let the right line BA be drawn

perpendicular to the plane DF; any other line, as BC, will be longer than the line BA.
Upon the plane draw the right line AC.

Because the line BA is perpendicular to the plane DF, the angle BAC is a right angle.

The square of BC is therefore (Prop. 32.) e(iual to the squares
^

of B.\ and AC taken together. Consetiuently the square of BC
is greater than the square of BA, and the line BC longer than

the line BA.
971. Piior. XCI. A perpendicular measures the distance of any

point from a plane.

The distance of one point from another is measured by a right

line, because it is the shortest line which can be drawn from one

point to another. So the distance from a ])oint to a line is measured

by a perpendicular, because this line is the shortest which can be drawn from the point

to the line. In like manner, the distance from a point to a plane must be measured by

a perpendicular drawn from that point to the plane, because this is the shortest line which

can be drawn from the point to the plane.

972. Prop. XCII. The common intersection of tico planes is aright line.

Let the two planes ALBMA, AFBGA (Jig. 327.) intersect each other; tlie line which

is common to both is a riglit line. Draw a right line from the point l

A to the ))oint B. |
F ^i

\

Because the right line AB touches the two pianos in the points

A and B, it will touch them (Defin. 1.) in all other points ; this line \ ^J \|

tlierefore, is common to the two planes. Wherefore the common
intersection of the two planes is a right line.

973. Pkop. XCII I. If three points, not in a right line, are com-

mon to two planes, these two planes are (me and the same plane.

Let two planes be supposed to be ])laced upon one another, in such
Fi&!'327.

manner that the three points A. 15, C sliall be common to the two

planes ; all their other points will also l)e common, and the two planes will be one and

tlie same plane. The point D, for example, is common to both planes. Draw the riglit

lines AB, CD.
Because the right line AB {fig. 328.) touches tlie two planes in ihe points A and B, it

will CO leli tliem (D.tin. L) in every other point; it will therefore

tDucli u'.em in the point F. The point F is therefore common to

the two planes.

Again, because the right line CD touches the two planes in the

points C and F, it will touch them in the point D; therefore the

point D is coir.mon to the two planes. Tl)e same may be sliown

concerning every other point. Wherefore the two planes coincide Fia-ass. '*'

in all points, or are one ?nd the same plane.

f 74. Pkop. XCI V. If a riiht line be perpendicular to two right lines which cut each othfrr,

it uill be perpendicular to the plare of these right lines.

-A
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Let the line AB (Jig. 329.; make right angles with the lines AC, AD, it will be perpen

dicular to the plane which passes through these Hues. B

If the line AB were not perpendicular to the FDCG, another plane

might be made to pass through the point A, to which the AB would

be peri)eridicular. But this is imi)ossible ; for, since tl;e angles BAC,
BAD are right angles, this other plane (Defin. 2.) must pass through

the points C, D; it would therefore (Prop. 9.3.) be the same with the ^-
plane FDCG, since these two planes would have three common points .(

A, CD.
975. Puor. XCV. From a given point in a plane to raise a perpen- fik'-SM.

dicular to that plane.

Let it be required to raise a perpendicular from the point A {Jig. 3.30.) in the plane LAL
Form a rectangle CDFG, divide it into two

rectangles, having a c immon section A B, and

place these rectangles upon the plane LM in

such a manner that the bases of the two rect-

angles AC, AG shall be in the plane LjNL and

form any angle with each othtr; the line AB
sh;ill be perpendicular to the plane LI\L Thu
line A B makes rigiit angles with the two lines

AC, AG, whicii, by supposition, are in the plane

LM; it is tliLTefore (Pr. p. 9 4.) peipendicular

to the plane L3L Fin. 3.".u.

976. Prop. XCVL If two p'anes cut each

ot/icr ut rig/it angles, and a right line be drawn in one of the planes perpeiidicu'ar to their

common intersection, it will be perpendicular to the other pluiie.

Let the two planus AFBG, ALB.M {Jig. 33L), cut each other at right angles; if the

line LC be perpendicular to their common intersection, it is also per-

pendicular to the plane AFBG. Draw CG perpendicular to A B.

Because tlie lines CL, CG are perpendicular to the common in-

tersection AB, the angle LCG (Defin. 3.) is the angle of inclination

of the two planes. Since tlie .wo planes cut each other perpendi-

cularly, the angle of inclination LCG is therefore a right angle.

And because the line LC is perpendicular to the two lines CA, CG
ill the plane ABFG, it is (Prop. 94.) perpendicular to the plane

AFBG.
977. Pkop. XCVIL If one plane meet another plane, it makes

angles with that other plane, which are together equal to two right angles.

Let the plane ALBM {fg. 332.) meet the plane AFBG ; these planes will make with each
other two angles, which will together be equal to two right angles. ,

Through any point C draw the lines FG, IjM perpendicular to the line

AB. The line CL makes with the line FG two angles together equal

to two right angles. But these two angles are (Defin. 3.) the angles

of inclination of the two planes. Therefore the two planes make
angles with each other, which are together equal to two right angles.

CoKOi.i.ARy. It may be demonstrated in the same manner that

planes which intersect each other have their vertical angles equal, that

parallel planes have their alternate angles equal, &c.

978. Prop. XCVIII. If two planes be paiallel to each other,

a right line, which is perpendicular to one if the planes, will be also perpendic'dar to the

other.
^

Let the two planes LI\L FG {fig. 3.33.) be parallel. If the line BA x.('

" ""

be perpendicular to the plane FG, it will also be perpendicular to the ^

plane LM. From any point C in the plane LM draw CD perpen-

dicular to the plane FG, and draw BC, AD.
Because the lines BA, CD are perpendicular to the plane FG, the

angles A, D are right angles.

Because the planes LiM, FG are parallel, the perpendiculars A B, F'^

DC (Defin. 6.) are equal; whence it follows that the lines BC, AD ~""~
'

are parallel.

The line B A, being at right angles to the line AD, will also (Prop. 13.) be at right

angles to the parallel line BC. The line BA is therefore perpendicular to the line BC.
In the same manner it may be demonstrated that the line BA is at right angles to all

other lines whluh can be drawn from the point B in the plane LM. Wherefore (Defia. 2.)

the line BA is perpendicular to tlie plane LM.

'vk:
Fig. .VI.

Fi(,'. 332.
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979. Definitions. 1. A solid, as we have before observed, is that which has length,

breadth, and thickness.

2. A polyhedron is a solid terminated by plane surfaces.

3. A prism is a solid terminated by two identic;, plane bases

parallel to each other, and by surfaces which are parallelo-

grams. (^Fig. 3:54.)

4. A parallelopiped is a prism the bases of which are parallelo-

grams. (^Fig. :J35.)

5. A cube is a solid terminated by six square surfaces : a die,

for example, is a cube. (^Fig. 336.)

6. If right lines be raised from every point in the perimeter of Fi^- :'•><• Fik. 3...>.

any rectilineal figure, and meet in one common point, these lines together with the

rectilineal figure inclose a solid which

is called a pyramid. {Fig. 337.)

7. A cylii.der is a solid term mated by two

l)lan(.s, which are equal and i)arallel cir-

cles, and by a convex surface ; or it is a

solid foimed by the revolution of a pa-

rallelogram about one of its sides.

(Fig. hi.)
_ _ Pi^,.35(;. Fi^..33.. Fig.33,s.

S. If right lines be raised from every pomt
in the circumference of a circle, and meet in one common point, these lines t )gcther

with the circle inclose a solid, which
^

is called a co«e. (F/^. 339.)

9. A semicircle revolving about its diame-

ter forms a solid, which is called a

sphere. (Fig. 340.)

10. If from the vertex of a solid a perpun-

dicular be let fall upon the opposite

plane, tiiis perpendicular is called the

altilude of the solid. In the jiyramids

ACD, hcdifij.Ml.), AI3, ab are ^^^ .,3^ ^^^_^^^_

^

their respective altitudes.

1 1 . Solids are said to be equal, if they inclose an equal space : thus a cone and a jiyiamid

are eciual solids if the space inclosed within the cone be e(jual to the space inclosed

within the pyramid.

12. Similar solids are such as consist of an equal number of physical points disposed in

the same manner.

Tims (in the fg. Uefin. 10.) the larger pyramid ACD and the smalUr pyramid Acd are

similar solids if every point in the larger pyramid has a point corresponding to it in the

smaller pyramid. A hundred inusket balls, and the same number of cannon balls, disposed

in the same manner, form two similar solids

980. Prop. XCIX. The solid coiUent of a cube is equal to the product of one of its sidej

twice multiplied by itself.

Let the lines AB, AD (fg. 342.) be equal. Let the line AD, drawn perpendicular to

A 15, be supposed to move through the whole length of A 13; when it

arrives at IJC, and coincides with it, it will have formed the square DABC, \^^;^ '

and will have been multiplied by the line AB.
Next let the line AF be drawn eijual to AD, and perpendicular to the

plane DABC; suppose the plane DA BC to move perpendicularly through dI^

the whole length of the line AF, when it arrives at the plane iMFGI^,

and coincides with it, it will have formed the cube AFLC, and will have

been multiplied by the line AF.
Hence it apjiears, that to form the cube AFLC, it is necessary, first, to multiply the side

AD by the side AB equal to AD ; and then to multiply the product, that is, the scjuarc

of AC, by the side AF equal to AD; that is, it is \

necessary to multiply AD by AD, and to multiply the pro-

duct again by AD
9^1. Piiop. C. Similar solids have their homologous lines pro-

portiimul.

Let the two solids A,a(fg. .343.) be similar ; and let their

homologous lines be AB, ab, BG, bg ; AB will be to BG at

ub to bg.

Because the solids A, a are similar, every point in the solid

A Uab a point corresponding to it, and disposed in the same
IV- J43
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Fig. 311.

manner, "m the solid n. Tliiis, if the line AB is composed of 'iO ])liysie;il points, and ilie

line l)(j of 10, the line ah will be com])ose(l of 'iO corres]iondin!.>: jioints, and tlie line /'i;

of 10. Now it is evident that 'iO is to 10 as 20 is to 10 ; therefore A15 is to BG as ab to /;y.

982. Puor. CI. Similar soliiis are equiangular.

I.,ot the solids (see fig. to preced. Prop.) A, a be similar ; their corresponding angles are

equal.

Because the solids A, a arc similar, the surfaces BAF, hafare composed of an equal
number of points disposed in the same manner. These surfaces are therefore similar

figures, and consecpiently (Proj). 88.) equiangular. The angles B, A, Fare therefore equal

to the angles b, a, f. In the same manner it may be demonstrated that the other cor-

respondent angles are eciual.

98:3. Puor. CII. Solids which have their angles equal and their sides proj/ortional tire

similar.

If the solids A, a {Jig. 344.) have their angles equal and their sides proportional, tl.ev

are similar. a
For if the solids A, a were not similar, another solid might be

formed upon the line B F similar to the solid a. But this is im-

possible ; for, in order to form this other solid, some angle or

some side of the solid A must be increased or diminished ;

and then this new solid would not have all its angles etpial and
all its sides proportional to those of the solid a, that is (Prop.

100, 101.), would not be similar.

984. Piiop. CTII. Similar solids are to one another as the cubes

of their homologous sides.

Let A,« (see fig. to preced. Prop.) be two similar solids, the solid A contains the solid a

as many times as the cube formed upon the side BF contains the cube formed upon the

side bf.

Because the solid A is similar to the solid a, every point in the solid A has its cor-

responding point in the solid a. From whence it follows, that if the side BF is composed,

for example, of 50 ])oints, the side /;/" will also be composed of 50 jjoints : and conse-

quently the cubes formed upon the sides BF, bf will be composed of an equal number
of points.

Let it then be supposed that the solid A is composed of 4000 points, and the cube of

the side BF of 5000 points ; the solid A must be composed of 4000 points, and the cube

of the side hf of 5000 ])oints. Now it is evident that 4000 is to 5000 as 4000 to 5000.

Wherefore the solid A is to the cube of BF as the solid a to the cube of bf; and, alter-

nately, the solid A is to the solid a as the cube of BF to the cube of bf.

CoKOLLARY. It may be demonstrated in the same manner that the spheres A, a

{fig. .'545.), which are similar solids, are to , ,q ^, _^

one another as the cubes of their radii AB, , v-^—

/

985. Prop. CIV. The solid content of \

a perpendicular prism is equal to the product \ J ( c- ]b

of its base and height.

The solid content of the perpendicular

prism ABCD (^f/. 34G.) is ecjual to the Fig. 315

'^

Fig. 340.

product of its base AD, and height AB.
If the lower base AD be supposed to move perpendicularly along the height AB till it

coincides with the upper base BC, it will have formed the prism A BCD. Now the base

AD will have been repeated as many times as there are physical points in the height A B.

Therefore the solid content of the prism ABCD is equal to the product of the base mul-
tijjlied by the height.

Corollary. In the same manner it may be demonstrated that the solid content of the

perpendicular cylinder ABCD is equal to the product of its base AD and height AB.
986. Prop. CV. The solid content of an inclined prism is equal to the product <f its base

and height.

Let the inclined prism be CP {fig. 347.), it is equal to the product of its base RP
and its height CD.

Conceive the base NB of the perpendicular prism NA, and

the base IIP of the inclined prism PC, to move on in the same
time parallel to themselves; when they have reached the points

A and C, each of them will have been taken over again the

same number of times. But the base NB will have been taken

over again (Prop. 104.) as many times as there are physical points

in the height CD. The base RP will therefore have been taken

over again as many times as there are physical points in CD.
Consequently the solid content of the inclined prism CP is equal to the product of its

base RP and the height CD.

-J„

rv^
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987. Prop. CVI. In a //i/rn»ii(l, a seiiion p'ij(i//el to the base is similar to the base.

Let tlie section a/ be parallel to the base CI) (.fif/. .'548.); this section is a figure similar

to the base. Draii^ Ali perpendicular to the base CI); draw also

BC, be, BE, be.

Because the planes cd CD arc parallel ; .A B, being perpendicular to

the plane CD, will also (Prop. 98.; be perpendicular to the plane cl:

whence the triangles Abe, ABC, havnig the angles b, B right angles,

and the angle A common, are equiangular. Therefore (Prop. 61.) Ab
is to AB as be to BC, and as Ac to AC.

In like manner it may be proved that Ab is to AB as be to

BE, and as Ae to AE. Consequently it' Ab be one third part of AB, fi

be will be one third part of BC, be the same of BE, Ac of .\C, and Ae ,
j,

of AE.
""

Again, in the two triangles cAe, CAE, there are about the angle A, common to tioth,

Iwo sides proportional; they are tliereforc (Prop. 63.) equiangular, and consequently

(Prop. 61.) have their other sides proportional. Therefore ce will be proportional to

CE.
The two triangles cbe, CBE, having their sides proportional, are therefore ( Pro]). 89.)

similar. The same may be demonstrated concerning all the other ti iangles which form t)i"

planes cd, CD. Therefore the section cd is similar to the base CD.
Remark. If the perpendicular AB fall out of the base; by drawing lines from the

points b, B, it may be demonstrated in the same manner that the section is similar to the

base.

988. Prop. CVII. In a pyramid, sections pnruUel to the base are to one another as th»

squares of their heir/hts.

Let CD cd {fir/. 349.) be parallel sections. From the vertex A draw a perpendicular

AB to the plane CD : the plane c<l is to the plane CD as the square of

the height Ab is to the square of the height AB. Draw BC, be.

The line AB, being perpendicular to the plane CD, will also (Prop.

98.) be perpendicular to the parallel plane cd : whence the angle Abe
is a right angle, and also the angle ABC. INIoreover, the angle at A
is common to the two triangles Abe, ABC ; these two triangles, thcie-

fore, are equiangular. Therefore (Prop. 61.) the side cb is to the side

CB as the side Ab is to the side AB ; and consequently the square of

cb is to the square of CB as the square of Ab to the square of AB.
The planes cd, CD, being (Prop. 106.) similar figures, are to one

''

another (Prop. 82.) as the squares of the homologous lines cb, CB ;
Fif!. .tio.

they are therefore also as the squares of the heights Ab, A B.

Corollary. In the same manner if may be demonstrated that in a cone the sections

parallel to the base are to one another as the squares of the heights or perpendicular dis-

tances from the vertex.

989. Prop. CVIII. Pi/rajnids of the same hcir/ht are to one another as their bases.

Let A, F {fig. 350.) be two pyramids. If the perpendicular AB he equal to the perpen-

dicular FG, the pyramid A is to the pyramid F
as the base CD to the base I^JM. Supposing,

for example, the base CD to be triple of the base

LiM, the pyramid A will be triple of the py-
ramid F.

Two sections cd, Im, being taken at equ;il

heights Ab, Fg, the section cd is (Prop. 107.)

to the base CD as the square of the height .\b

to the square of the height AB ; and the section (^

Im is to the base LIM as the s(iuine of the Fig. .-i.m).

height Fg to the square of the heiglit FtJ.

And because the heights are equal, AB to FG, and Ab to Fg, the section cd is to the base

CD as the section Im to the base LM ; and, alternately, the section cd is to the section //*' as

the base CD is to the base LM. But the base CD is trii)le of the base LM, therefore

the section cd is also triple of the section bn.

Because the heights A F, FG are equal, it is manifest tha*^ *he two pyramids are com-

posed of an equal number of physical surfaces placed one upon inother. Now it may be

demonstrated in the same manner that every surface or section of the pyramid A is triple

of the corresponding surface or section of the pyramid F. Therefore the whole pyramid

A is triple of the whole pyramid F.

Corollary. Pyramids of the same height and equal bases are equal, since they are to

one another as their bases.

990. Prop. CIX. A pyramid whose base is that of a cube and whose vertex is at the ctHtrf

nf the cube is equaJ to a third ^mrt of the product of its height and base.

u
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Fig.3.')l.

Let the cube A?.! and the pyramid C (///.S,")!.) have the same h.ise AlXandlet the ver-

tex of the i)yramid be at the ceiitie of the cube C ; this pyramid
j, ji

is ecjual to a third part of the product of its height and liase.

Conceive right lines drawn from the centre of the cube to its

eight angles A, 13, D, F, N, G, L, M, the cube will be divided into

six equal pyramids, each of wliich has one surface of the cube for

its base, and half the height of the cube for its height ; for

exami)le, the pyramid CABDF.
Three of these pyramids will therefore be equal to half the

culie. Now the solid content of half the cube is (I'rop. 99.)

equal to the product of the base and half the height. Each pyramid, therefore, will be

ecjual to one third part of the product of the base, and half the height of the cube; that is,

the wliole height of the pyramid.

991 . Prop. CX. The solid content of a pi/ramid is equal to a third part of the prodin-t of

its hei(;ht and base.

I^et UPS (fiff. 352.) be a pyramid, its solid content is equal to a third part cf the pro-

duct of its height and its base US.

Form a cube tiie height of wliich BL is double of the height

of the pyramid UPS. A pyramid the base of which is that of

tliis cube and the vertex of which is C, the centre of the cube,

will be equal to a third part of the product of its base and

height.

Tlie pyramids C and P have the same height ; they are there-

fore (Corol. to Prop. 108.) to one another as their bases. If the

base AFDB is double of the base RS, the pyramid C will there- fib-oj.;.

fore be double of the pyramid P.

But the pyramid C is cejual to a third part of the product of its height and base. Tlie

pyramid P will therefore be equal to a third part of the product of the same height, and

lialf the base AFDB, or, which is the same thing, the whole base US.

992. Piior. CXI. The solid content of a cone is equal to the third part of the product of

its hcigld and base.

For the base of a cone may be considered as a polygon composed of exceedingly small

sides, and consequently the cone may be considered as a pyramid having a great numl)er

of exceedingly small surfaces; whence its solid contents will be eijual (Prop. 110.) to one

third part of the product of its height and base.

993. Pkop. CXI I. The solid content of a cone is a third part of the solid content of a

cylinder described about it.

Let the cone BAG and the cylinder BDFC {fig. 353.) have the same height and

base, the cone is a third ])art of tlie cylinder.

For the cylinder is equal to the jnoduct of its height and base, and the

cone is ecpial to a third part of this product. Therefore the cone is a third

part of the cylinder.

994. Prop. CXIII. The solid content of a sphere is equal to a iliird part

of the product of its radius and surface.

Two points not being sufficient to make a curve line, three points will

not be sufficient to make a curve surface. If, therefore, all the physical

jioints which compose the surface of the sphere C (fif/- 354.) be taken three

by three, the whole surface will be divided into exceedingly small plane surfaces ; and radii

being drawn to each of these points, the sphere will be divided into small ^' ~~^

pyramids, which have their vertex at the centre, and have jilane bases.

The solid contents of all these small pyramids will be e(|ual (Pro]) 1 10.)

to a third part of the product of the height and bases. 'J'herefore the solid

content of the whole sphere will be equal to a third part of the product of

the height and all the bases, that is, of its radius and surfoce.

995. Prop. CXIV. The surface of a sphere is equal to four of its great

circles.

If a plane bisect a sphere, the section will pass through the centre, and it is called a great

circle of the sphere.

Let ABCL) (fg. 355.) be a square; describe the fourth part of the circumference of a

circle BLD ; draw the diagonal AC, through G, the right line FM,
^

parallel to AD, and the right line AL.
In the triangle ABC, on account of the equal sides AB, BC, the angles

,

A and C are (Prop. 4.) equal; therefore, since the angle B is a right angle,

the angle? A and C are each half a right angle. Again, in the triangle

AFG, because the angle F is a right angle, and the angle A half a right

angle, the angle G is also half a light angle ; therefore (Prop. 20.) AF is

equal to FG. KU;. 36i.

Fig. 1554.
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Tlie radius AL is cqua! to the radius A 1) ; l)ut AD is equal to FM ; therefore AL ia

equal to FM.
In the rectangular triangle AFL the s((uare of the hypothemise AL is equal (Prop. S2.')

to the two squares of AF and FL taken together. Instead of AL put its equal F."\I, and
instead of AF put its equal FG ; and the square of FiM will be equal to the two scjuiires

of FG and FL taken together.

Conceive the square A BCD to revolve about the line AB. In the revolution the square
will describe a cylinder, the quadrant a hemisphere, and the triangle ABC an inverted

cone the vertex whereof will be in A. Also the line FM will form a circular section of a

cylinder, the line FL will form a circular section of a hemisphere, and the line FG a cir-

cular section of a cone.

These circular sections, or circles, are to each other (Prop. 83.) as the squares of their

radii ; therefore, since the square of the radius FM is equal to the squares of the radii FL
and FG, the circular section of the cylinder will be equal to the circular sections of the

hemisphere and cone.

In the same manner it may be demonstrated that all the other sections or circular sur-

faces whereof the cylintler is composed are ecjual to the corresponding sections or surfaces

of the hemisphere and cone. Therefore the cylinder is equal to the L
hemisphere and cone taken together: but the cone (Prop. 112.) is

equal to a third part of the cylinder ; the hemisphere is therefore

equal to the remaining two thirds of the cylinder; and consequently

the hemisphere is double of the cone. The cone BSC {Jiff. 356.) is

(Prop. III.) equal to a third part of the product of the radius and
base lie, which is a great circle of the sphere: the hemisphere ALD
is therefore equal to a third part of the product of the radius and
two of its great circles ; and consequently the whole sphere is equal "^ .—''

to a third part of the product of the radius and four of its great circles.
,

Lastly, since the sphere is equal (Pro}). 113.) to a third part of
'^'

the product of the radius and surface of the sphere, and also to a third part of the pro-

duct of the radius and four of its great circles, the surface of the sphere is eijual to four

of its great circles.

Sect. 1 1

.

practical geometry.

996. Practical Geometry is the art of accurately delineating on a plane surface ntiy

plane figure. It is the most simple species of geometrical drawing, and the most generally

useful ; for the surfaces of buildings and other olyects are more frequently plane than
curved, and they must be drawn with truth, and of the re{]uired proportions, before they can
be properly executed, luiless in cases where the extreme simplicity of the form renders

it improbable that mistakes should arise. It has been defined as the art which directs

the mechanical processes for finding the position of points, lines, surfaces, and planes,

with the description of such figures on diagrams as can be intelligibly understood by de-

finition, according to given dimensions and ])ositions of lines, jjoints, &c.

No part of a building or drawing can be laid down or understood without the assistance

of practical geometry, nor can any mechanical employment in the building department be
conducted without some assistance from this branch of the science. Cases frequently occur
requiring a knowledge of very complex problems, as in masonry, carpentry, and joinery ;

but the.se will be given in other parts of this work.

The demonstration of most of the following problems will be found in the preceding
section ; we therefore refer the reader back to it for definitions, and for the proof jf

those enunciations which will follow.

raOBLEMS.

997. Problem I. To bisect a line A 15 ; that is, to divide it into Iwn equal parts.

From the two centres A and B (_fi>/. 357.) with any equal radii describe arcs of circles

intersecting each other in C and D, and draw the line CD. Ihis will bisect the given
line in the point E.

998. Prok. II. To hiseet an angle ^AC
From the centre A {fig. 358.) with any radius describe an arc cutting ofT the equal

hnes AD, AE; and from the two centres D, E, with the same radius describe arcs in-

tersecting in F, then draw AF, and it will bisect the angle A, as required.

999. Prob. hi. At a (jiceu point C in a line AB to erect a ptrptudicidar.

u 2
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Fi^-. Ii7. Fig. 358. FiR. 369.

From the given poliu C {fig. 359.) with any imiius cut off

of the given line ; aiitl from the two (.

centres D and E with any one radius de-

scribe arcs intersecting in F. Then join

CF, and it will be the perjjendicular re-

quired.

Otherwise — When the given point C
is near the end of the line.

From any point D {fig. 360.) assumed
above the line as a centre, through the ^i • /

given pjlnt C describe a circle cutting

the given line at E, and tluough E and
the centre D draw the diameter EDF;
then join CF, and it will be the perpendicular required.

1000. Prob. IV. From a given point A to let fall a perpcniUcul.ir on « lint 15 C.
From the given point A {fig. ."^Gl.) as a

centre with any convenient radius describe an '^

arc cutting the given line at two jjoints D
I

and E ; and from the two centres D and E F
'

,

with any radius describe two arcs intersecting y/\
at F; tlien draw AF, and it will be the / \

perpendicular to BC required.

Otherwise — When the given point is

nearly opposite the end of the line.

From any point D in the given line BC
{fig. 362.) as a centre, describe the arc of

a circle through the given point A cutting

BC in E; and from the centre E with the

radius EA describe another arc cutting the former in F; then draw A G F, w
the perpendicular to BC required.

1001. Prou. V. At a given point A, in a

I'ne AB, to make an angle ctjital to u given

angle C.

From the centres A and C (jf^. 363.)
with any radius describe the arcs DE, FG ;

tlien with F as a centre, and radiiis DE, de- ^ C

scribe an arc cutting FG in G ; tiirough

G draw the line AG, which will form the

angle required.

1002. Prob. VI. Througli a given point

C to draw a line parallel to a given line AB.

parts CI J, ( F,

/i^:

\

"/

Vii:. .wn.

vill be

Case I.

Take any point d in AB {fig. 364.) ;

upon d and C, with the distance Crf, describe

two arcs, eC and df, cutting AB in e and d.

Make (//equal to cC ; and through fi draw

Cf, and it will be the line required.

Case II.

Fig. 364.

VV'Li.>a tha parallel is to be drawn at a given distance from AB
From any two points c and d in the line AB, with a radius equal to the given distant^e

describe the arcs e and/; draw the line CB to touch those arcs without cutting them, and

it will be parallel to AB, as required.

1{X)3. Prob. VII. To divide a line AB into atiy proposed nvmher of equal parts.

Draw ar.y other line AC {fig. 365.), forming any angle with

the given line AB ; on the latter set off as many of any equal

parts AD, DE, EF, FC as those into which the line AB
is to be divided; join BC, and parallel thereto draw the other

lines FG, EH, DI ; then these will divide AB, as required.

10O4. Pkob. VIII. To find a third projmrtioHal to two otJter

U).es AB, AC. FiR. .-G.-).

Let the two given line.= be placeil to form any angle at A {fig. 366.), and in AB take

AD equal to AC; join BC, an! dwiw DE parallel to it; then AE will be the tliird

proportional soxighl.
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1005. 1'kob. IX. Tujhir! a fouit/t projioitioiral tu (/lit

Let tv/o of the lines AB,
AC {jig.SGl.), be so placed

as to form any angle at A, ^^

and set out A D on AB ;
join

15 C, and parallel to it draw ^~ ' ^

DE; then AE will be the

fourth proportional required.

1006. Prob. X. To Jind a

vienn propoitional between ttio

hnes AB, BC.
Place AB, BC (Jig. 368.)

A P., AC, AD.

FiR. Kig..^G7.

joined together in one straight line AC, which bisect in the point O; then with th?

centre O and radius

OA or OC describe

the semicircle ADC,
A

to meet which erect

the perpendicular BD,
which will be the

mean proportional be-

tween AB and BC
sought.

1007. Prob. XI. To
find the centrt; of a

circle. Fig. 308. Fig. 3(19. Fig. 370.

Draw any chord ,\B

(/y. .369.),' and bisect perpendicularly with the line CD, which bisected in O will be the

centre required.

1008. Prob. XII. To describe the circumference of a circle t/irmn/h three poiiUs A, B, C.

From the middle point B (fg.370.) draw the cliords BA, BC to the two other point's,

and bisect th.cse chords perpendicularly by lines meeting in O, which will be the centre;

from the centre O, with the distance of any one of tlie points, as OA, describe a circle,

and it will pass through the two other points b ^ c

\/

B, C, as required. ^^ ~~"^\ —
-<J—

;

1009. Prob. XIII. To draw a tangent to a / \ X^

circle through a given point A.

When the given point A {Jig. 371.) is in the

circumference of the circle, join A and the

centre O, and perpendicular thereto draw

BAC, which will be the tangent required.

If the given point A {Jig. 372.) be out of
^.^^^^^^ ^^^_

the circle, draw AO to the centre O, on

whicli, as a diameter, describe a semicircle cutting the given circuinfircntt in D, through

whicli draw BADC, which will be the tangent required.

1010. Prob. XIV. To draw an equilateral

triangle on a given line AB.
From the centres A and B {fg. 373.)

with the distance AB describe arcs inter-

secting in C; draw AC, BC, and ABC will

be the equilateral triangle.

1011. Prob. XV. 'Jo make a triangle with

three given lines AB, AC, BC.
With the centre A and distance AC {fg.

t- •

874.) describe an arc ; with the centre *B and distance BC describe another arc cutting

the former in C; draw AC, BC, and ABC will be the triangle required.

1012. Prob. XVI. To make a square on a

given line AB.
Raise AD, BC {fg. 375.) each perpendi-

cular and equal to AB, and join DC; then

ABCD will be the square sought.

1013. Prob. XVII. To inscribe a circle in

a given triangle ABC. A

Bisect the angles at A and B with the two Fig. .its. Fig. 37e.

lines AD, BD {fg. 376.); from the intersection D, which will be the centre of th*

circle, draw the perpendiculars DE, DF, DG, and they will be the radii of the circle re-

quired.

J 01 4. Pmob. XVIII. To describe a circle uhuut a giicn triangle .\I3C.

^^N
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Bisect any two s'ulcs v/itli two of tlie pcrpeniliculars DE, DF, DG (_/?.fy. 377.), and JJ

will be the centre of the circle.

1015. Pkob. XIX. To inscribe an equilateral

tria»(/le in a given cirele,

Tiiroiigli the centre C draw any diameter AB
(./?_gr. .378.) ; from the point B as a centre, witli

the radius BC of the given circle, describe an

arc DCE; join AD, AE, DE, and ADE is the

equilateral triangle sought.

1016. Phob. XX. To imcrihe a square in a

given eircle. ( Half A B, B C, S(c. forms an oi tagim.

)

Draw two diameters AC, BD (Jig. 379.) crossing at right angles in the centre E; then

join tlie four extremities A, B, C, D with riglit ^
lines, and these will form the inscribed sijnare

A BCD.
1017. Prob. XXI. To describe a square about

a giren circle.

Draw two diameters AC, BD crossing at right

angles in the centre E (_fig. 380.) ; then through

the four extremities of these draw FG, IH ])a-

rallel to AC, and FI, GH parallel to BD, and

they will form the square FGIII.
1018. Pkob. XXII. To inscribe a circle in a given square.

Bisect the two sides FG, FI in the points B and A (s"e Jig. 380.); then through these

two points draw AC paiallel to FG or IH, and BD parallel to FI or GH. Then the

point of intersection E will be the centre, and the four lines EA, EB, EC, ED radii of the

inscribed circle.

1019. Pkob. XXIII. To cut a given line in crtreme and wean ratio.

Let AB he the given line to be divided in extreme and mean ratio (^^.381.); that is,

so tliat the whole line may be to the gnater part

as the greater part is to the less part.

Draw BC perpendicular to A B, and equal to

lialf AB; join AC, and with the centre C and

distance CB deseril)e the circle BDF; then with

A as a centre and distance AD d'sc ibe the arc

DE. Then AB will be divided in E in extreme

and mean ratio, or so that AB is to AE as AE is

to EB.
1020. Pkob. XXIV. To inscribe an isosceles

triangle in a given circle that shall have each of the

angles at the base double the angle at the vertex.

Draw any diameter AB of tbe given circle (Jig. .382.), and divide the radius CB in the

point D in extreme and mean ratio (by the last problem) ; from the point B api)ly the

chords BE, BF, each equal to the greater jjart
^

CD ; then join AE, AF, EF ; and AEF will be

triangle required.

IOl'1. Pkob. XXV. To inscribe a reijular pen-

ttigon in a given circle. {Half AD, §-c. i; a decagon.)

Inscribe the isosceles triangle AB (fig. 383.)

having each of the angles ABC, ACB double the

angle HAC (Prob. '-'4. ); then bisect the two arcs

ADB, AEC, in the points D, E ; and draw the

chords AD, DB, AE, EC; then ADBCE will

be tiie inscribed regular pentagon required.

1022. Pkob. XXVI, To inscribe a regular lie vaqnn in act

a dodecagon.)

Apply the radius of the given circle AO as a chord (Jig. 384.) quite round the circum-

ference, and it will form the points thereon
, ^

of the regular hexagon ABCDEF.
1023. Pkob. XXVII. To describe a re-

gular pentagon or hexagon about a circle.

In the given circle inscribe a regular

polygon of the same name or number of

sides as ABCDE (Jig. 385.) by one of the

foregoing problems; then to all its angu-

lar points draw (Prob. 13.) tangents, and

tliesc will by their inter.sections form the

circumscribing polygon required.

Fife'. 3Sl.

Fig. 383. Fig. 384.

vie. ( Ilolf \ r,, kc. fori

Kij;. 3S4. ri«. SM.
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3' 6.). and
wi.l be the

tlicn tliejf

Kig. .-.ST. FiR. r,s.i.

AB

Fir. »90.

1024. Pkok. XXVIII. Tn inscribe a circle in a reuvlar puli/c/on.

Iji.sect any two sides of tlie polygon by tlie perpeadiciilais GO, VO
( fo.

tliL'H- intersection O will be the centre of the inscribed circle, and OG or OF
radius.

1025. Pror. XXIX. To (hscrihe a circ/e about a reqvlnr pnli/cnn.

Bisect any two of tlie angles C and D witli tlie lines CO, DO (j^^r. 387.),

hilersectiou O will be the centre of the cir- a

cir.nscribing circle; and OC or OD will be

the radius.

1026. Pkob. XXX. To mahe a triangle

equal to a given quadrilateral ABCD.
Draw the diagonal AC {Jig. 388.), and

parallel to it DE, meeting BA produced at

E, and join CE; then will the triangle CEB
he e<]ual to the given quadrilateral ABCD.

1027. PiioB. XXXI. To ntdiie a triangle egnal to a given pentagon ABCDl
Draw DA and DB, and also EE, CG parallel to them {fy. 389.), meetii

duced at F and G ; then draw Dl' and ^
DG, so shall the triangle DFG be equal to

the given pentagon ABCDE.
1028. Pkob. XXXII. To make a rect-

angle equal to a given triangle ABC.
Bisect the base AB in D (fg 390.), then

raise DE and BF perpendicular to AB, and

meeting CF parallel to AB at E and F.

Then DF will be the rectangle equal to

the- given triangle ABC.
1029. Pkob. XXXIII. To make a square equal to a given rectangle ABCD.
Produce one side AB till BE be equal to the other side BC {Jig. 391.). On AE as a

diameter describe a circle meeting BC pro-

duced at F, then will liV be the side of

the square BFGH equal to the given rect-

angle BD, as required.

1030. Pkob. XXXIV. To draw a cate-

iiari/, c C d (Jig. .392.)

A catenary is a curve formed by a flexible

cord or chain suspended by its two extremi-

ties. Let c, d, in the line A B {_fig. 392.) he the two points of suspension, ar.d fioni tliem

let the cord or chain be bung so as to touch the point C tlie given depth. From this the

curve may be traced on the ()aper.

1031. Pkob. XXXV. 2"u draw a cycliid.

Any points b {fig. 393.) in the circum'erence of a circle

rolled along a riglit line AB till such point is again in contact

with tlie sdid line, generate a cycloid. Let BC be the circle.

'I'heii AB is eipial to the semi-circumference of such circle,

and any chords at whose extremities b, lines nb, ali, e<jual to

the lengths of arcs they cut otf, drawn parallel to AB, will

furnish the necessary points for forming the curve.

1032. PaoB XXXVI. 2'o draiv a diagonal t.C(ile.

Let it be of feet, tenths and hundredth parts of a foot.

many times as necessary, the number of feet by equal

distances. Divide AG ir.to ten etjual parts. On AB i)

raise the perpendiculars BD, GG, and AC, and set oil'

on AC ten ctjual divi.'>ions of any conveniiut lengtli,

throiigli which draw horizontal lint'S. The.i, from the

point G in DC to the Krst tenth part from G to A in

B.A draw a diagonal, and jiarallel thereto tlie other

diagonals reciulred. The intersections of tiiese liiago

nals with the horizontal lines give liundredtli i)arts of

a foot, inasmuch as each tenth is divided by the diago-

nals into tea equal parts in descending.

Fig. 39

Set ott'on AB {Jig. 39-1.) as
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Se-t. III.

PLANE TRIGONOMETRY.

103.S. Plane Trij:jononictry is tliat branch of mathematics whose object is the investigation

and calculation of the sides and angles of plane triangles. It is of the greatest »m]>ortancc

to the architect in almost every part of his practice ; but the elements will be sufficient for

liis use, without pursuing it into those more abstruse subdivisions which are essential in

the more abstract relations which connect it with geodisic operations.

10S4. We have already observed that every circle is supi)osed to be divided into 'J60

e(]ual parts, called degrees, and that each degree is subdivided into 60 minutes, these

minutes each into 60 seconds, and so on. Hence a semicircle contains 180 degrees, and a

quadrant 90 degrees.

10.35. The measure of an angle is that arc of a circle contained between those two lines

which form the angle, the angular point being the centre, and such angle is estimated by
the number of degrees contained in the arc. Thus, a right angle whose measure is a

quadrant or ([uarter of the circle is one of 90 degrees (Prop. 'J2. Geometry) ; and the sum
of the three angles of every triangle, or two right angles, is e(]ual to 180 degrees. Hence
in a right-angled triangle, one of the acute angles being taken from 90 degrees, the other

acute angle is known; and the sum of two angles in a triangle taken from 180 degrees

leaves the third angle ; or either angle taken from 180 degrees leaves the sum of the other

two angles.

10;3<). It is usual to mark the figure which denotes degrees with a small °: thus, 60^

means 60 degrees; minutes are marked thus ': hence, 45' means 45 minutes; seconds are

marked thus ", 49" meaning 49 seconds ; and an additional conuna is sujieradded for thirds,

and so on. Thus, 58° 14' 25" is read 58 degrees, 14 minutes, 25 seconds.

1 0.S 7. The complement of an arc is the quantity it wants of 90
degrees. Thus, AD (_/?(?. 395.) being a quadrant, BD is the com-
plement of the arc AB, and, reciprocally, A B is the comjilement

of BD. Hence, if an arc AB contain 50 degrees, its complement
BD will be 40.

10.38. The supphmcnt of an arc is that which it wants of 180

degrees. Thus, ADE being a semicircle, BDE is the sujiplement

of the arc AB, which arc, recijirocaily, is the supplement of BDE.
Thus, if AB be an arc of 50 degrees, then its supplement BDE
will be ISO degrees.

1039. The line drawn from one extremity of an arc perpendicu-

lar to a diameter passing through its other extremity is called a

sine or right sine. Thus, BF is the sine of the arc AB, or of the Fig. .•>95.

arc BDE. Hence the sine (BF) is half the chord (BG) of the double arc (BAG).
1040. That part of the diameter intercejited between the arc and its sine is called the

versed sine of an arc. Thus, AF is the versed sine of the arc AB, and EF the versed sine

ofthearcEDB.
1041. The tangent of an arc is a line which touches one end of the arc, continued fron^.

thence to meet a line drawn from the centre, through the other extremity, which last line is

called the secant of the arc. Thus, AH is the tangent and CH the secant of the arc

AB. So EI is the tangent and CI the secant of the su])plemental arc BDE. The latter

tangent and secant are equal to the former ; but, from being drawn in a direction opposite

or contrary to the former, they are denominated negative.

1042. The cosine of an arc is the right sine of the complement of that arc. Thus BF,
the sine of AB, is the cosine of BD.

1043. The cotangent of an arc is the tangent of that arc's complement. Thus AH, which

is the tangent of AB, is the cotangent of BD.
1044. The cosecant of an arc is the secant of its complement. Thus CH, which is the

secant of A B, is the cosecant of B D.

1045. From the above definitions follow some remarkable properties.

1. That an arc and its supplement have the same sine, tangent, and secant ; but the two

latter, that is. the tangent and the secant, are accounted negative when the arc exceeds a (pia-

draiu, or 90 degrees. II. Wlien the arc is 0, cr nothing, the secant then becomes the

radius C A, which is the least it can be. As the arc increases from 0, the sines, tangents, and

secants all increase, till the arc becomes a whole quailrant A.D ; and then the sine is the

greatest it can be, being equal to the radius of the circle; under which circumstance the

tangent and secant are infinite. III. In every arc AB, the versed sine AF, and the

cosine BKor CF, are together equal to the radius of the circle. The radius CA, the

tangent AH, and the secant CH, form a right-ang'ed triiing'e CAH. Again, the radius,

sine, and cosine form another right-angled triangle CBF or CBK. So alao the radius,
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cutanjieiit, and cosecant form a right-angled triangle CDL. All these right-angled triangles

are similar to each other.

1046. The sine, tangent, or secant of an angle is tlie

sine, tangent, or secant of the arc by which the angle is

measured, or of the degrees. &c. in the same arc or angle.

The method of constructing the scales of chords, sine.s,

tangents, and secants engraved on mathematical instru-

ments is shown in the annexed figure.

1047. A trigonometrical canon {fig. .396.) is a table

wherein is given tlie length of the sine, tangent, and

secant to every degree and minute of the (|uadrant,

compared with the radius, which is expressed by imity

or 1 with any number of ciphers. The logarithms, more-
over, of these sines, tangents, and secants, are tabulated, so

that trigonometrial calculations are performed by only

addition and subtraction. 'I'ables of this sort are pub-
lished separately, and we su])posj the reader to be pro-

vided wit'i them.

1048. Problem I. To compute the 7iatural sine and cosine

of a given arc.

The semiperiphery of a circle whose radius is ] is

known to be 3-141592653589793, &c. : we have then the

following proportion : —
As the number of degrees or minutes in the semicircle

Is to the degrees or minutes in the proposed arc,

§0 is 3'14159265, &c. to the length of the said arc.
Fig. 396.

Now the length of the arc baing denated by the letter n. and its sine and cosine by s and c,

these two will be expressed by the two following series, viz. —
+ &C.

rTfi + &C.

2 ' 24 720"

Example 1. Let it be required to find the sine and cosine of one minute. The number
of minutes in 180 degrees being 10800, it will be, first, as lOSOO ; 1 : :3-I4159265. &c :

•(»0029O888208665=the length of an arc of one minute. Hence, in this case,—

•

a= -0002908882
and ^a:' = •000000000004

The difference is s= -0002908882, the sine of one minute.
Also from L

take ia2= 0-0000000423079, &c.
leaves c= -9999999577, the cosine of one minute.

Example 2. For the sine and cosine of 5 degrees :

Here 180''-'
: 5^:, 3-14159265, &c. : -08726646 = a, the length of 5 degrees-

Hence a= -08726646
— |a3= -0001 1076

+ jLja^ = -00000004

These collected give «= -0871 5574, the sine of 5 degrees.

And for the cosine 1=1-
— 4aa= -00380771

+ ^4= -00000241

These collected give c = -99619470, the cosine of 5 degrees.

In the sarue way we find the sines and cosines of other arcs may be computed. The
greater the arc the slower the series will converge ; so that more terms must be taken to

make the calculation exact. Having, however, the sine, the cosine may be found from it

by the property of the right-angled triangle CBF, viz. the cosine CF
or c— \/l — ' There are other methods of constructing tables, but we think it imneci.-ssary

to mention them ; our sole object being here merely to give a notion of the mode by
which such tables are formed.
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y loiiiKi iroin iiie piiuciinch lii siuniai n umgicr,. ^i. w.v, ^.^ ^..- v.r.v •'<'•' ji —
he sine, CF or BK the cosine, AH tlie tangent, CII the secant, I)L the cotangent,

the cosecant, the radius being CA or CB or CD ; the three similar triangles CFB,

lOlD. PRnn. II. To coiiijwte tlic tancievti; and secants.

Having, by the foregoing problem, found tlie sines and cosines, the tangents and secants

are e.isily" found from the principles of similar triangles. In the arc AB {fg. P,95.), wiiere

BF is the
- -

and CL
CAH, CDL, give the following proportions; —

I. CF : FB::CA : AH, by which we find that the tangent is a fourth proportional

to the cosine, sine, and radius.

II. CF : CB::CA : CH, by which we find that the secant is a third proportional to

the cosine and radius.

III. BF : FC::CD : DL, by which we find that the cotangent is a fourth proportional

to the sine, cosine, and radius.

IV. BF ; BC::CD : CL, by which we find that the cosecant is a third proportional

to the sine and radius.

Observation 1. Tiiere are therefore three methods of resolving triangles, or the cases of

trio-onometry; viz. geometrical construction, arithmetical comimtation, and instrumental

oiieration. The method of carrying out the first and the last does not need explanation :

tlie method is obvious. The second method, from its superior accuracy in practice, is that

wliereof we propose to treat in this place.

Observation 2. Every triangle has six parts, viz. three sides and three angles. And in all

eases of trigonometry, three parts must be given to find the other three. And of the three

l)arts so given, one at least must be a side ; because, with the same angles, the sides may be

greater or less in any proportion.

Observation 3. All the cases, in trigonometry are comprised in three varieties only ;

viz.

1st. When a side and its opposite angle are given. 2d. When two sides and the con.

tained angle are given. 3d. When the three sides are given.

INIore than these three varieties there cannot possibly be ; and for each of them we shail

give a separate theorem.

1050. Thkokem I. ]]lien a side andits opposite angle are two of the given parts.

Tiien the sides of the triangle have the same proportion to each other as the sines of

their opposite angles have. That is,

As any one side

Is to the sine of its o])posite angle,

So is any (.'ther side

To the sine of its opposite angle.

For let ABC {fig. 397.) be the proposed triangle, having AB the greatest side, and BC
Ine least. Take AD as a radius e(|ual to BC, and let

fall tlie perpendiculars DE, CF, wiiich will evidently be

the sines of the angles A and B, to the radius AD or

BC. Now the triangles ADE, ACF are equiangular ;

they therefore have their like sides proportional, namely,

AC : CF:: AD or BC : DE, that is, the sine AC is to

the sine of its opposite angle B as the side BC is to the fik. 5u7.

sine of its opposite angle A,
_ _ ...

Note 1. In practice, when an angle is sought, the projiortion is to be begun with a side

opposite a given angle ; and to find a side, we nmst begin with the angle opposite the

given side.
. ...

Note 2. By the above rule, an angle, when found, is ambiguous ; that is, it is not certain

whether it be acute or obtuse, unless it come oat a right angle, or its magnitude be such as

to remove the ambiguity ; inasmuch as the sine answers to two angles, which are supple-

ments to each other ; and hence the geometrical construction forms two triangles with the

same i)arts, as in an exami)le which will foilov.-: and if tliere be no restriction or limitation

included in the question, either result may be adopted. The degrees in a table answer-

in;; to the sine is the acute angle ; but if the angle be obtuse, the degrees must be sub-

tracted from 180 degrees, and the remainder will be the obtuse angle. When a given

angle is obtuse, or is one of 90 degrees, no ambiguity can occur,

because neither of the other angles can then be obtuse, and the

geometrical construction will only form one triangle.

Example 1. In the plane triangle ABC,
Let A B be 345 feet,

BC 232 feet,

L A 37 20'

:

Required the other ])arts.

First, to the angles at C and B {Ji(j. ?>'.)S.)
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Astliuskle I?C = 232
'1\. sine opp. L A.= 37° 20'

So bide AB =345

To sine opp. L C = 115" 36'

Add L \= 37 20
Tlie sum =152 56
Taken from 180 00
Leaves Z. B 27 04

It is to be observed here that the second and third logarithms are added (that is, the

numbers are multiplied), and from the sum the first logarithm is subtracted (that is. divi-

sion by the first number), which leaves the remainder 9-955127, which, by the tabic of

sines, is found to be that of the angle 115° 36', or 64° 24'.

To find the side AC.
As sine Z. A = 37° 20' - - Log. 9-782796

To opp. side BC = 232 - - 2-36,5488

. _ f 27 04 - - 9-65S037
So sine £B ~

[ 78 16 - - 9-990829

To opp. side AC = 174-04 - - 2 240729

Or 374-56 - - 2-573521

Example 2. In the plane triangle ABC,
Let AB = \i65 yards,

Z A = 57° 12'

LB =24 45

Herein two angles are given, whose sum is 81° 57'. Therefore. 1S0° — 81° 57'= L C,

As sine Z. C = 98° 3' - - Log. 9-9956993

Is to A B = 365 - - 2-5622929

So sine / B =24° 45' - - 9-6218612

To side AC = 154-.33 - =2-1884548

To hnd the side BC.
AssineZ-B = 24° 45' - - Log. 9-621 86 1

2

Is to AC = 154-,'?3 - - 2-lSh4548

So sin. Z A = 57° 12' - - 9-9245721

TosideBC =309-86 - • - =2-4911657

1051. Theorem II. WAen tioo sides and their contained angle are given.

The given angle is first to be subtracted from 180° or two right angles, and the remainder

will he the sum of the other two angles. Divide this remainder by 2, which will give the,

half sum of the said unknown angles ; and using the following ratio, we have—
As the sum of the two given sides

Is to their difference.

So is the tangent of half the sum of their opposite angles

To the tangent of half the difference of the same angles.

Now the half sum of any two quantities increased by their half difference gives the

greater, and diminished by it gives the less. If, therefore, the half difference of the angles

above found be added to their half sum, it will give the greater angle, and subtracting it will

leave the lesser angle. All the angles thus become known, and the unknown side is then

found by the former theorem.

For let ABC {Jig. 399.) be the proposed triangle, having the two given sides AC, BC,

including the given angle C. With the centre C and radius e

CA, the less of these two sides, describe a semicircle, meeting '^

tl'e other side of BC produced in E, and the unknown side .\B

in G. Join AE, CG, and draw DF pardlel to AE. Now
BE is the sum of the given sides AC, CB, or of EC, CB ; and

BD is the difference of these given sides. The external angle

ACE is equal to the sum of the two internal or given angles

CAB, CBA ; but the angle ADE at the circumference is equal
ng- j'^.

to half the angle ACE at the centre; wherefore the same angle ADE is equal to half

tlie sum of the given angles CAB, CBA. Also the external angle AGC of the triangle

B(iC is equal to the sum of the two internal angles GCB, GBC, or the angle GCB is

cipial to the difference of the two angles AGC, GBC; but the angle CAB is equal to

the said angle AGC, these being opjwsite to the eijual sides AC, CG ; and the angle DAB
at the circumference is e(jual to half the angle DCG at the centre. 'Ilierefore the angle

1).\B is equal to half the difference of tlu- two given angles CAB, CBA, of which it has

been shown that ADE or CDA is the half sum.
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Now the angle DAE in a semicircle, h a right angle, or AE is perpendicular to AD;
and DF, parallel to AE, is also perpendicular to AD: therefore AE is the tangent of

CDA the half sum; and DF, the tangent of DAB, the half difference of the angles to the

same radius AD, by the definition of a tangent. But tlie tangents AE, DF being parallel,

it will be as BE : BD:: AE : DF ; tliat is, as the sum of the sides is to the difference of

the sides, so is the tangent of half the sum of the opposite angles to the tangent of half

their difference.

It is to he observed, that in the third term of the proportion the cotangent of half the

given angle may be used instead of the tangent of the half sum of the unknown angles.

Example. In the plane triangle ABC (Ji(/. 400.),

Let AB = 345 ft.

AC= 174-07 ft.

Z A = 37-' 20'.

Now, the side AB being 345
The side AC 174-07

From
Take Z A

180° OC
37 20

Their sum is 51907 Sum of C and B 142 40
Their difference 170-93 Half sum of do. 71 20

As the sum of the sides AH, AC = 51 9-07 - - Log, 2-715226

To diflerLUce of sides AB, AC = 170-93 - - 2-2328f8
So tiiig. hallsum Zs C and B = 71° 20' - - 10-471298

To tang, half dilf. Zs C and B = 44 16' - - 9 988890

These added, give Z C =115 36'

And subtracted give Z B = 27 4'

By the former theorem : —
As sine Z C 115° 36', or G4° 24' - - Log. 9-955125

To its opposite side A B 345 - - 2-5378 19

So sine Z A 37° 20' . _ . 9-782796

To its opposite side BC 232 - - 2'365488

1052. Theoufm 111. U'lten the l/iree sides of a triaiigle are given.

Let fall a perpendicular from the gre:itest angle on the opposite side, or base, dividing

it into two segments, and the whole triangle into two right-angled triangles, the propor-

tion will be

—

As the base or sinn of the segments
Is to the sum of the other two sides.

So is the difference of those sides

To the difference of the segments of the base.

Then take half the difference of these segments, and add it to the half sum, or the halfba.se,

for the greater segment ; and for the lesser segment subtract it.

Thus, in each of the two right-angled triangles tliere will be known two sides and the

angle ojiposite to one of them, whence, by the first tlieorem, tlie other angles will be found.

For the rectangle under the sum and difference of the two sides is equal to the rectangle

under the sum and difference of the two segments. Therefore, forming the sides of these

rectangles into a proportion, their sums and differences will be found proportional.

Example. In the plane triangle ABC {Jig. 401.),

Let AB = 345 ft.

AC = 232 ft.

BC= 174-07.

Letting fall the perpendicular CI',

Base AB : AC + BC::AC-BC
Tliat is, 345 406-07:: 57-93 :

Its half is

The half base is

The sum of these is

And their difference

AP-BP;
68-18 = AP-BP;
34-09

172-50
206-59= A P
138-41 = BP

l-'l«. 4Ui,

n en, in the triangle APC right-angled at P,

As the side AC =232
To sine opp. Z P =90°
So is side AP =206-59
To sine opp. Z ACP = 62° 56' -

Which subtracted from = 90 O
Leaves Z A = 27 04

Loj . 2-365488
10-000000
2-315109

9.949621
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Asain in ilie triangle BPC, ii.iht-aii^!t.-.l at P.

As the side BC =174-07 - Log. 2-4-10724

Tosineopp. /P =000 00' - 10-000000

SoissideBP =l;i8--ll - 2-141 13G

Tosineopp ^BCP =52^40' - 9-900412

Wl.icli taken fnnn 90 00
Leaves the ZB 37 20

Also theanjjle ACP = 62 56

Added to the angle BCP = 52 40

Gives the whole angle ACB =115 3H

So that the three angles are as foll.nv, viz. Z A 27 4' ; Z. B 37^ 2^ ; Z C 115" .%'.

I05.3. Theorkm IV. If the trianyle ht rhjld-anijLcl, any unhnuwn part may he found by ihA

fhllowing proportion :
—
As radius

Is to either leg of the triangle.

So is tangent ol its adjacent angle

To the other leg ;

And so is secant of the same angle

To the hypothenuse.

For AB being the given leg in the right-angled triangle ABC, from the ^.

centre A with any assumed radius AD describe an arc DE, and draw a

DF perpendicidar to AB, or parallel to BC. Now, from the definitions, / i

DF is the tangent and AF the secant of the arc DE, or of the angle X, ^/
I

which is measured by that arc to the radius AD. Then, because of the E/ : I

parallels BC, DF, we have AD : AB::DF : BC, and ::AF : AC, which /'-^

is. the same as the theorem expresses in words. Z. L_ I

Note. Radius is equal to the sine of 90 , or the tangent of 45°, and is ^ OB
ex])ressed by 1 in a table of natural sines, or by 10 in logarithmic sines. Fig. 40.j.

Example 1. Li the right-angled triangle ABC,

Let tlic leg AB =162
Z A =53° 7' 4S"

As radius = tang. 45° - Log. 10-000000

To leg AB =162 - - 2-209515

So tang. ZA =53° 7' 48" - 10-124937

To leg BC =216 - - 2-334452

So secant Z A =.-53° 7' 48" - 10.221848

To hypothenuse AC =270 - - 2-481363

Note. There is another mode for right-angled triangles, which is as follows :
—

.ABC being such a triangle, make a leg .\ B radius; or, in other words, from the centra.

.A w.thdi'-tance AB describe an arc B F. It is evident that the other C

le"- BC will veiiresent the tangent and the hypothenuse .\C the se-

cant of the arc BF or of the angle A.

In like manner, if BC be taken for radius, the other leg AB repre-

sents the tangent, and the hypothenuse AC the secant of the arc BCJ

or anule C.

If the hypothenuse be made radius, then each leg will represent

the sine of its opposite angle; natnely, the leg .\B the sine of the

are -A E or angle C, and the leg BC the sine of the arc CD or Fig. iu,>.

angle A.

Then the general rule for all such cases is, that the sides of the triangle bear to each

other the same jjroportion as the parts which they represent. Tlii.s niethyd is called

making every side radius.

1()t4. If two sides of a right-angled triangle are given to find the third side, that may be

found Iv,' the ]n-operty of the s(]uares of the sides (Geom. Pro|). :<2. ; viz. That the scjuare

of the hypothenuse or longest side is equal to both the scpiares of the two other sides

together). Thus, if the longest side be sought, it is ecjiial to the square root of the sum of

the .^quares of the two shorter sides; and to find one of the shorter sides, subtract cue

square from the other, and extract the square root of the remainder.

1055. The ai)plication of the foregoing theorems in the cases of measuring heights and

distmces will be obvious. It is, however, to he observed, that wlure we have to find the

lenuth of inaccessible lines, we must employ a line or base which can be measured, aiul. by

means of angles, which will be furnished by the use of instruments, calculate the lengths of

tlu otlier lines.
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IV.

CONIC SECTIONS.

10.56. The conic sections, in geometry, are those lines formed by the intersections of a plan-

with tlie surface of a cone, and which assume ditlerent forms and ae(juire different properties

according to the several directions of such plane in respect of tlie axis of the cone. Their

species are five in number.

1057. Df.hnitions.— 1. A plane passing through the vertex of a cone meeting the plane

of the base or of the base produced is

called the directing pla7ie. The plane

VRX (Jiff. 404.) is the directing plane,

2. The line in which the directing plane

meets the plane of the base or the plane

of the base protluced is called the di-

recirix. The line RXis the directiix.

S. If a cone be cut by a plane parallel to the

directing plane, the section is called a

coulc section, as AINIB or AHI {jii/.

405.)

4. If the plane of a conic section be cut by r
another plane at right angles passing i>

along the axis of the cone, the common
section of the two planes is called the Fij;. 404. Fin. 40.').

line of the axis.

5. Tlie point or jjoints in which the line of tlic axis is cut by tlie conic surface is or are

called the vertex or vertices of the conic section. Thus the

jioints A and 13 {Jiffs. 404. and 405.) are both vertices, as is the

point A or vertex (Jiff- 406.).

6. If the line of the axis be cut in two points by the conic surface,

or by the surfaces of the two opposite cones, the portion of

the line thus intercepted is called the primary axis. The line

AB (Jiffs. 404. and 405.) and AH (Jig. 40G.) is called the

primary axis.

7. If a straight line be drawn in a conic section perpendicular to

tile line of the axis so as to meet the curve, such straight line

is called an ordinate, as PM in the above figures.

8. The abscissa of an ordinate is that portion of the line of axis

contained between the vertex and an ordinate to that line of

axis. Thus in figs. 404, 405, and 406'. the parts AP, liV of the line of axis are

the abscissas A I' BP.
9. If the primary axis be bisected, the bisecting point is called the centre of the conic

section.

10. If the directrix fall without the base of the cone, the section made by the cutting

plane is called an ellipse. Thus, in Ji</. 404., the section A MB is an ellipse. It is

evident that, since the plane of section will cut every straight line drawn from the

vertex of the cone to any point in the circumference of the base, every straight line

drawn within the figure will be hmited by the conic surface. Hence the axis, the

ordinates, and abscissas will be terminated by the curve.

11. If the directrix fall within the base of the cone, the section made by the cutting plane

is called an hi/perbola. Hence it is evident, that since the directing plane passes

alike tiirough both cones, the plane of section will cut each of them, and there-

fore two sections will be formed. And as every straight line on the surface of the

cone and on the same side of the directing plane cannot meet the cutting plane,

neither figure can be enclosed.

12. If the directrix touch the curve forming the base of the cone, the section made by

the cutting plane is a parabola

OF THE ELLIPSIS.

105H. Tlie primary axis of an ellipsis is called the major axis, as

AB (Ji</. 407.); and a straight line DE drawn through its centre

perjiendicular to it, and terminated at each extremity by the curve,

is called the minor axis.

1059. A straiL'-ht line VQ drawn througlr the centre and ter-

minated at each extremity by the curve is called a diameter. Hence

tlie two axes are also diameters. Fig. 407.
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HNx HM.

lOGO. The extremities of a diameter which terminate in the curve are called the V(>rticcs

of that diameter, 'nms the points V and Q, are the vertices of tlie diameter VQ.
lOfil. A straight line drawn from any point of a diameter ])arallel to a tangent at either

extremity of the diameter to meet the ciir\es is called an ordinate to the two abscissas.

'I'hiis PiNI, being parallel to a tangent at V, is an ordinate to the two abscissas \l\ I'Q.

lOb'2. If a diameter be drawn through the centre parallel to a tangent at the extremity

of another diameter, these two diameters are called conjugate diameters. Thus VQ, and

RS are conjugate diameters.

106:?. A third proportional to any diameter and its conjugate is called the parameter or

latiis rectum.

106-1. The points in the axis wliere the ordinate is equal to the semi-parameter are

called the foci.

10G5. Theorem I. In the ellipsis tlie squares of the ordinates of an axis are to e::ch other

as the rectancjles of their abscissas.

Let AVB ifig. 408.) be a plane passing through the axis of the cone, and AKH
another section of the cone perpendicular to the plane of the former ;

Ai) the axis of the elliptic section, and PM, III ordinates perpen-

dicular to iti then it will be

PMi : HI^: : AP x PB : AH x HB.

For through the ordinates PJM, HI draw the circular sections

K:\IL, MIN parallel to the base of the cone, having K L, MN for

their diameters, to which PM, HI are ordinates as well as to tlie

axis of the ellipse. Now, in the similar triangles A PL, AHN,
AP : PL:: AH ; HN,

And in BPK, BUM,
BP : PK::Bii : HM. f's -ks.

T.iking the rectangles of tlie corresponding terms,

AP X BP : PL X PK : : AH x BII

By the propel ty of tlie circle,

PL X PK = PM'^ and HN x HM=Hr^.
APx BP : PAr^::AH x IIB : \UK or

PM'^ : HPi:: AP x BP : AH x iiB.

Coroll. 1. If C be the centre of the figure, APx PB= CA'^- CP^ and AH x IIB =
CA^-CH-'.

Therefore Pr.pi : HI^: : CA2_ CP'^ : CA2_ CII^. For AP=CA-CP, and PB =
CA + CP: consequently AP x PB = ( CA- CP) ( CA + CP)= C A'2_ CP-i ; and in the

same manner it is evident that AH x HB = (CA + CH )( CA - CH ;
= CA'-i- CH'^.

Coroll. '2. If the point P coincide with the middle point C of the seini-inajor axis,

PM will become e(iual to CE, and CP will vanish ; we shall therefore have

PiM^ : Hi^!::CA2-CP2 : CA'^-CHa
Now CE2 : niiy.CA."- : CA^-CIT^, or CA^x HP-=CE2(CA2_CH0.

10G6. Thf.ouem II. In every ellipsis the square of the major a.ris is to the square of the

minor axis as the rccta/iple (f the abscissas is to the square (f their ordinate.

Let AB(.^f/. 409.) be the major axis, DE the minor axis, C the centre, PM and HI
ordinates to the axis AB ; then will

, p

CA'i : CEa::APx PB : PM^.

For since by Theor. I., PM^ : HI^:: AP - PB : AH x HB ;
and if

the point H be in the centre, then AH and HB become each equal

to CA, and HI becomes equal to CE ; therefore

PM'i : CE2::APx PB : CA^;
And, alternately. C A-! : CE^ : : AP x PB : : PM'^.

Coroll. 1. Hence, if we divide the two first terms of the analogy by AC, it will be

^-::APx PB : PM^CA

Therefore,

Fig. 4U9.

CA r.'^::AP

ramiter, or CA : CE;

let us call P ; then

But by the definition of paraiiieter, AB ; DE::DE : pa-

;2CE : parameter =

iCE2
Tlierefore CA is the parameter, whicli

Coroll 2. Hence CA^
(CA + CP) = (.'\Px PB).

CoioU. 3. Hence, also, .\B

AB : P::APx PB : PM-.

CE'' :: CA«- CP^ : pm^ For CA'-CP2-(CA-CP)

P::CA'-CP= : pm».
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Kig. 111.

/jM, or, alterr.att'lv,

PM : -.pM : j)g, or PG : C> : : CP : pg -.

1067. TiiEORKM III. In every ellipsis, the squcue of the »;ii,i>r aris is to the sr/miri' ff thi

nviyjr axis as the, difference of the sijuures of half the minor aiis uml y,

the distance of an ordinate from the centre on the minor axis to the

square of that ordinate.

Draw MQ (/y. 410.) parallel to AB, meeting CE in Q; then

will

CE2 : CA2::CE2-CQi : QM'^;

For bv Cor. 2. Thcor. II., CA^ : CA'^- CP^:: CE^ : PM^

;

Tlierelbre, by division, CA2 : CP-^::CE'-! : CE'^-PM^..

Tlierefore, since CQ=PM and CP = QM ; CA^ : QM^:: CE^ : CE'^-CQ^.

CoroU. 1. If a circle be described on each axis as a diameter, one being inscribed within

the ellipse, and the other circumscribed about it, then an ordinate

iu the circle will be to the corresponding ordinate in the ellipsis

as the axis belonging to tliis ordinate is to the axis belonging to

the other ; that is,
^

CA : CE::PG : PM,
and CE : CA : :pg : pM ;

and since CA^ : CE'^:: AP x PB : PM^,
and because APx PB = PG2; CA^ ; CE^::PGi : PM"-,

or CA : CE::PG : PM.
In the same manner it may be shown that CE : CA '.'.pg

CA : CE::;)M '. pg ; therefore, by e{|uality, PG
therefore C^G is a continued straight line.

Coroll. 2. Hence, also, as the elli])sis and circle are made up of the same number of

corresponding ordinates, which are all in the same proportion as the two axes, it foll'nvs

that the area of the whole circle and of the ellipsis, as also of any like parts of them, are

in the same ratio, or as the square of the diameter to the rectangle of the two axes ; that is,

the area of the two circles and of the ellipsis are as the square of each axis and the

rectangle of the two ; and therefore the ellipsis is a mean proportional between the two

circles.

Coroll. 3. Draw MQ parallel to GC, meeting El) m Q; then will QM = CG = CA ;

and let II be the point where QM cuts A li ; then, btcanse QMGC is a parallelognjm,

QM is equal to CG = CE; and therefore, since QM is equal to CA, half the major ax^s

and 11M = CE, half the minor axis QR is the ditterenee of the two semi-axes, and hence

we have a method of describing the ellipsis. This is the principle of the trammel, so will

known among wo:k./nen.
If we conceive it to move in the line DE, and the point R in the line AB, while tlie

point M is carried from A, towards E, B, D, until it return to A, the point jM will in its

progress describe the curve of an ellipsis.

1068. Theorkji IV. 1'he square of the distance of the fori frcm the centre of an ellipsis is

equal to the difference of the square of the semi-axes.

Let AB {fig. 412.) be the major axis, C the centre, F the focus, and FG the semi-jiara-

meter; then will CE'= CA'- — CF'-. l"or draw CE perpendicular ^
to AB, and join FE. By Cor. 2. Th. II., CA'^ : CE'-'::CA^-
CF- : F'G2, and the parameter FG is a third proportional to CA,
CE; therefore CA'^ : CE^xCE-i : FG'^, and as in the two ana-

logies the first, second, and fourth terms are identical, the third

terms are e<jual ; consequently

CE-'=CA'i-CF2.
Coroll. 1. Hence CF2= CA2- CE^.

Coroll. 2. The two semi-axes and the distance of the focus from the centre are the sides
of a right-angled triangle CFE, and the distance FE from the focus to the extremity of
tlie minor axis is equal to CA or CB, or to half the major axis.

Coroil. .S. The minor axis CE is a mean proportion;il between the two segments of the
axis on each side of the f :cus. For CE'-= CA'-— CF- = (CA + CF') x (CA — CF).

1069. Thfokem V. /// an ellipsis, the ium of the lines drawn from the foci tu ang print tn

tlie curve is equal to the major axis.

Let the points F, f( fig. 413.) be the two foci, and M a point
~

in the curve; join FM and/M, then will AB =2CA= FM ^fM.
By Cor. 2. Th. II., CA2 : CEe;; CA2- CP
But bv Th. IV., CE2=CA2-CF2;
Therefore C A2 : CA2- CF2 : : CA2- CP2 : P.M -•

;

i.-i„. ,,3.

And by taking the rectangle of the extremes and means, and dividing the (qnation bv
CA'^, the result is—

•

Fig. 412.

PM2,



CA2
CF.CP

Cuke. i. CONIC SECTIONS. 305

PM2= CA9- CPi- CP^ +—^"^^--.

And because FP2= (CF- CPy2= CF^-2CF. CP+ CPa,
And since FM'i= PM'i + FP^.

Therefore F3I2= CA2-2CF . CP+ ^^^
"
^^^

Extracting the root from each number, FM= CA ^^—

.

In the same manner it may be shown that FM=CA+ —?=ri2~ j therefore the sum cf

these is FM+/M= 2CA.
Coroll. 1. A line drawn from a focus to a point in the curve is called a radius vector, and

tJie difference between either radius vector and half the major axis is equal to half the

difference between the radius vectors. For, since

/M= CA— "

; therefore, by transposition,

^^^=CA-/M.
CF CP

Coroll. 2. Because

—

^iJ- is a fourth proportional to CA, CF, CP; therefore CA :

CF::CP : CA-/M,
Coroll. .3. Hence the difference between the major axis and one of the radius vectors gives

the other radius vector. For, since FM + IM/'=2CA ;

Therefore FM= 2 CA- M/.

Coroll. 4. Hence is derived the common method of describing an ellipsis mechanicallv,
by a thread or by points, thus :— Find the foci Ff(fiij. 414.), and in the axis AB assume
any point G ; then with the radius AG from the point F as a
centre describe two arcs H, H, one on each side of the axis ; and
with the same radius from the point / describe two other arcs h,

h, one on each side of the major axis Again, with the distance

GB from the point/ describe two arcs, one on each side of the axis,

intersecting the arcs HH in the points HH ; and with the same
radius from the point/ describe two other arcs, one on each side of Fig. 414.

the axis, intersecting the arcs described at h, h in the point /(, h. In this manner we niav
find as many points as we please ; and a sufficient number being found, the curve will be
formed by tracing it through all the points so determined.

1070. Theorem VI. The square of half the major axis is to the square of half the minor
axis as the difference of the squares of (he distances of any two ordinates

from the centre to the difference of the squares of the ordinates them-
selves.

Let PM and HI (^g.4l5.) be ordinates to the major axis AB; ^ " '

draw MN parallel to AB, meeting HI in the point N ; then will

P]\I=HN, and ]MN=PH, and the property to be demonstrated is

thus expressed

—

fir. 4i5.

CA2 : CE'i::CPi-CH2 : hj^-hn-;.

Or by producing HI to meet the curve in the point K, and making CQ= CP, the pro-

pertv to be proved will be

CA2 : CE2::PH X HQ : KN.
K r> o Tu TT rCA2 : CEa::CA'^-CP2: PM9,By Cor. 2. Theor. II.

| ^.^^ . cE^riCA^-CH"- : HP-.

ITierefore CA2_ CH2 : CA2_ CP2 : : HI2 : PM2 or HN* ;

But, by division, CA--CH2 : CP2-CH2::H12 : HI--HN2.
Alternately, CA2-CH2 ; HI2::CP2-CH2 : HI2-HN-:;
And, since we have above, CA2— CH2 ; HI2 ; ; CA2 ; CE2,

, Therefore, by equality, CA2 : CE2::CP2-CH2 ; IH2-HN2;
But since CP2- CH2= (CP- CHXCP+ CH) = PH x QH,
And since HI2_HN2=(HI-HN)(HI+ HN)= NI x KN,
Therefore CA2 : CE^: : PH x HQ, : NI x NK.

Coroll. 1. Hence half the major axis is to half the minor axis, or the major axis is to the

minor axis, as the difference of the squares of any two ordinates from the centre is to the

reel angle of the two parts of the double ordinate, which is the greatest made of the sum
anil difference of the two semiordinates. For KN=HK+ HN = HI+ HN, which is the

sum of the two ordinates, and NI = HI— HN, which is the difference of the two ordinatjs.

Coroll. 2. Hence, because CP2- CH2 = (CP- CH)(CP + CH), and since HI2_HN2=
(HI-HNXHI+HN), and because CP-CH = PH and HI-HN = NI; tliciofore

CA2 : CE-::(CP+CH)PH : (iil + HN)N'i.

X
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Fig. 4 1 6.

1071. Theorem VII. In the ellijisis, half the major axis is a mean prnpnrfinnal hettvien

the distance of the centre mid an ord'niate, and the distance hetweun

the centre ard the intersection of a tangent to the vertex of that or-

dinate.

To the major axis draw the ordinates PM (Jig. 416.) and HI,
and the minor axis CE. Draw IMN perpendicular to HI.
Through the two points I,M. draw MT, IT, meeting the major
axis produced in T; then will CT : CA::CA : CP. For,

By Cor. l.Theor.VI., CE2 : CAS; :(IH + HN)IN : (PC+ CH)HP;
By Cor. 2. Th. II., CE^ : CASirPM'^ : CA^-CP'i;
Therefore, bv equality, PM2: CA"-- CP^: : (IH + HN)IN ; (PC + CH)HP.
By similar triangles, INxAI, MPT; IN : NM or PH:;PM : PT or CT-CP.

Therefore, taking the rectangles of the extremes and means of the two last ecjuations, and
throwing out the common factors, they will be converted to the equation

PM(CT- CP)(CP + CH) = (CA2- CP2)(IH + UN).

But when HI and P3I coincide, HI and HN will become equal to PjM, and CII will

become equal to CP ; therefore, substituting in the equation 2CP for CP+ PH, and OPIVI

for IH+ HN, and throwing out the common factors and the common terms, we have

CT. CP=CA2
or CT : CA::CA : CP.

Coroll. 1. Since CT is always a third propoitiunal to CP and CA, if the points P, A, B
remain fixed, the point Twill be the same; and therefore the tangents which are drawn
from the point M, which is the intersection of PQ and the curve, will meet in the point T
in every eUi])sis described on the same axis .\ B.

Coroll. 2. When the outer ellipsis AQB, by enlarging, becomes a circle, draw QT per-

pendicular to CQ, and joining TM, then TM will be a tangent to the ellipsis at ]\I.

Coroll. 3. Hence, if it were required to draw a tangent from a given point Tin the pro-

longation of the major axis to the ellipsis A EB, it will be found tlius ; — On A B describe

the semicircle AQB. Draw a tangent TQ to the circle, and draw the ordinate PQ, inter-

secting the curve AEB of the ellipsis in the point M; join TM ; then TM is the tangent

required. This method of drawing a tangent is extremely useful in (iractice.

1072. Thkokem VHI. Four perpendiculars to the major a.vis intcrctjitcd bi/ it ami a tan-

gent will he proportionals when the first and last have one of tlitir

evtreniities in the vertices, the second in the point of contact, and the

third in the centre.

Let the four perpendiculars be AD, I'i\I, CE, BF, of which

AD and BF have their extremities in the vertices A and B, the

second in the point of contact M, and the third in the centre C ; .j.

.

then will

AD : PM::CE : bf.
TC : AC::AC : CP;
tc-AC : CA-CP:
TA : AP::TC : CB.
TA : TA + AP::TC :

TA : TP::TC : TB.

For, by Theor. "\TI.,

Bv division,

That is,

By composition,

Therefore

:TC : AC or CB;

TC+CB:

F,g.417

5ut by the similar triangles TAD, TPM, TCE, and TBF, the sides TA, TP, TC, and

TB are proportion.ils to the four perpendiculars AD, PM, CE, and BF ; therefore

AD : PM::CE : BF.

Coroll. 1. If AM and CF be joined, the triangles TAINI and TCF will be similar.

For bv similar triangles, the sides TD, TM, TE, TF are in the same proportion as the

sides TA, TP, TC, TB.
Therefore TD : TM: : TE : TF;
Alternately, TD : TE::TM . TF: but TAD is similai to TCE;
Hence TD : TE::TA ; TC;
Therefore, by equality, TA : TM::TC : TF.

Coroll. 2. The triangles APM and CBF are similar
;

For TA : TP::TC : TB.
By division, TP : TP-TA::TB :

That is, TP : AP::TB : CB.
Alternately, TP : TB : : AP : CB :

Consequentlv, TP : TB:: I'M : BF:
Therefore, by equality, AP : PM::CB : BF.

Coroll. 3. If AFbe drawn cutting PM in I, then will PI be equal to the half of 1'^

TB-TC;

but TPM is similar to TBF ;

I
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For, since AP : PM::CB : BF, and, by the similar trionfrles API, ABF.
AP : PI::AB : BF;

Therefore PM : PI::CB : AB.
But CB is the half of AB ; therefore, also, PI is the half of P.M.

lOyS. Theorem IX. If two lines be drau-n from the foci of an ellipse to any point in tur:

curve, these two Urns will make equal angles ivith a tangentpassing through that point.

Let T]\I (^fg. 418.) be a tangent touching the curve it

at the point M, and let F, / be the two foci
;
join

FiM, /I\I. then will the angle FMT be equal to the

angle y'jMH. For draw the ordinate I'M, and draw
/R parallel to F^M, then will the triangles TFJM and
r/Tl be similar ; and by Cor. Theor. VII.,

CA : CP • CT : CA
Bv Cor. 2. Theor. V., CA : CP::CF : ca-f:\i -,

Therefore, by equality, CT : CF::CA : CA-FM.
By division and composition, CT- CF : CT+ CF: : FM : 2CA- FM ;

That is, TF : T/: : FM : /M.
By the similar triangles TFM, T/R; TF : T/: : FM :/R.

rt therefore appears that /jM is equal to _/"R, therefore the angle /jMR is equal to thr

angle /RI\I: but because FM and /"It are parallel lines, the angle FMT is equal to the

angle/RINI ; therefore che angle FMT is equal to the angle/ MR.
Coroll. 1. Hence a line drawn perpendicular to a tangent through the point of contact

will bisect the angle F^I/, or the opposite angle DMG. For let MN be perpendicular

to the tangent TR. Then, because the angle NIMT and NMR are right angles, they are

equal to one another ; and since the angles FMT and/MR are also equal to one another,

the nemaining angles NMF and NM/are equal to one another. Again, because the oppo-
site angles FMN and IMG are equal to one another, and the opposite angle /I\IN and
IMD are equal to one another ; therefore the straight line INJI, which is the line MN pro-

duced, will also bisect the angle DMG.
Coroll. 2. The tangent will bisect the angle formed by one of the radius vectors, and the

prolongation of the other. For prolong FM to G. Then, because the angles RMN and
RiMI are right angles, they are equal to one another; and because the angles NM/" and
I.MD are equal to one another, the remaining angles RMG and RM/ are equal to one
another.

Scholium. Hence we have an easy method of drawing a tangent to any given point ]\I in

the curve, or of drawing a perpendicular through a given point in the curve, which is the

usual mode of drawing the joints for masonic arches. Thus, in order to draw the line IJNI

lierpenditular to the curve : produce F3I to G, and /M to D, and draw MI bisecting the

angle 1)]MG ; then I^NI will be perpendicular to the tangent TR, and consr juently to the

curve.

As in optics the angle of incidence is always found equal to the angle )f reflection, it

appears that the foundation of that law follows from this theorem ; for rays of light issuing

from one focus, and meeting the curve iii any point, will be reflected into lines drawn from
these points to the other focus : thus the ray/M is reflected intoMF: and this is the
reason why the points F/are called foci, or burning points. In like manner, a sound in

one focus is reflected in the other focus.

1074. TuFOKEM X. Every parallelogram which has its sides parallel to tivo conjugate

ilinnietcrs and circumscribes an ellipsis is equal to the rectangle of the two axes.

Let CM and CI {fg. 419.) be two semi conjugate diame-
ters. Complete the parallelogram CI DM. Produce CA
and INID to meet in T, and let AT meet DI in *. Draw
IH and P^VI ordinates to the axis, and draw half the minor
axis CE. Produce D]M to K, and draw CK perjiendicular

to DK . then will the parallelogram CIDM he ecjual to the
rectangle, whose sides are CA and CE ; or four times the Fig. 4i9.

rectangle CIDM will be equal to the rectangle made of the two ar.es AB and G E.

By Cor. Theor. VII.,
{
gA :^CT : .^CP : j: A,

Therefore Ct : CT: : CP : CH.
By the similar triangles Ctl, TCM, Ct : CT::CI : TM ;

By equality, therefore, CI : TM::CP : CH.
By the similar triangles CIII, T.AIP, CI : TM::CII : PT;
Therefore, by equality, CH : PTriCP : CH.
Consequently ' CPxPT=CH2.
But by Theor. VII., CP x CT= CA^ ;

Therefore, since ( r=CP+ PT, CP^+ CP.PT=CA«,
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And, by transposition,

Hence, by equality,

Or, by transposition.

But by Cor. 2. Tlieor. I.,

And substituting CP- for its equal

CA'i-CIl'2, weliave
Therefore ' CA : CP:
But again, by Theor. VII., CA : CP:
Bv equality, therefore, CE : HI;
Blit by the' similar triangles IIIC, KCT, HI : CI::
Therefore CE : CI:

CP.PT-=CA^-CP^;
CH2=CAi-CP2,
CFi=CAi-CU"-.
CA'i X III-i= CE-XCA-- CH^,

CAixUr-=CEix CP';

:CE : HI.
:CT : CA:
:CT : CA.
CK : CT;
CK : CA:

Fig. VZO. FiB.4'il.

Consequently CE x CA= CI x CK.
The ellipsis is of so frequent occurrence in architectural works, that an acquaintance with

all the properties of the curve, and the modes of describing it, is of great importance to the

architect. Excepting the circle, which may be called an ellipsis in which the two foci

coincide, it is the most generally employed curve in architecture.

1075. Problem I. To describe mi ellipsis.

Let two pins at E and F (Jic;. 420.) be fixed in a ])!ane within a string whose ends are

made fast at C. If the point C be drawn p ,, ,,

equally tight while it is moved forward

in the plane till it returns to the place

from which it commenced, it will describe

an ellipsis.

1076. Prob. II. Tlie two diameters

AB and ED of <in ellipse being given in

position and niagnitude, to describe the curve

through points.

Let the two diaineters cut each other at

C {fig. 421.). Draw AF and BG parallel to ED. Divide AC and AF each into the

same number of equal parts, and draw lines, as in the figure, through the points of division
;

viz. those from the line AF to the point D, and the lines through AC to the point E;
then through the points of intersection of tlie corresponding lines draw the curve AD, and
in the same manner find the curve BD; then ADB will be the semi-ellipsis.

It is evident that the same method also extends to a circle by making CD equal to CA;
{fig. 422.) ; and it appears that the two lines forming any p
point of the curve to be drawn will make a right angle \ \ TN,- .* 3^i~'^?^^Z/I / Z
with each other. For these lines terminate at the ex-

tremities of the diameter ED, and the point of concourse

being in the curve, the angle made by them must be a

right angle ; that is, the angle EAD, or E/(D, or EjD. or

EAD. is a right angle: and from this property we have

the following method of drawing the segment of a circle

through points found in the curve. . Fin- I'^ia.

Thus, let AB be the chord, and CD be the versed sine of an arc of a circle, to describe the

arc. Through D draw HI {fig. 42:3.) parallel to AB; join AD and DB ; draw AH per-

pendicular to AD, and BI perpendicular to BD; divide

AC and HD each into the same number of equal parts, n if i 3 d g i

and join the corresponding points ; divide A F into the

same number of equal parts, and through the points of di-

vision draw lines to D, and through the corresponding

points where these lines meet the former draw a curve

AD. In the same manner the other half BD may be drawn
1077. Prc3. III. A diameter KH of an ellipsis being given, ayid an ordinate DL, to

find the limits of the other conjugate diameter.

Bisect KH in 1 {fig. 424.), through I draw EA parallel to DL, and draw DC and KB
perpendicular to E A ; from the ])oint L with the distance K describe

an arc cutting EA at F; join LF, and produce LF' to C; make IE
and I A each e(]ual to L C ; then will EA be a diameter conjugate

to KH.
1078. Prob. IV. A diameter KH and an ordinate DL of an

ellipsis being given, to describe the. curce. {f9- 424.)

F'ind the limits E and A of the otlier conjugate diameter by the

pi eceding construction. Produce KB to 7, and make Kg ecjual to

lA or IE, and through the centre 1 of the curve and the point (7, draw the straight line

?rIN. Then, suppose the straight line KB 17 to be an inflexible rod, having the point B
marked upon it. ftlove the rod round, so that the i)oint 7 on the rod may be in the line

MN, while tlie point B is in tiie line EA : then, at any instant of the motion, the jilacf

\

SOL.

Fix. v-a.

Fig. 421.



Chap. I. CONIC SECTIONS. 309

of the p jint K on the plane whereon the figure is to be drawn may be marked ; the points

thus found will be in the curve. Instead of a rod. a slip of paper may be used, and in some

cases a rod with adjustlble points to slide in a cross groove, and a sliding head for a pencil

is convenient ; and such an instrument is called a trammel.

When the diameters KH and EA (j7c;. 425.) are at right angles to each other, the

straight line Kf/ coincides with the diameter KH, and consequently
jj

the line MN, on which the point q of the inflexible line K7 moves,

will also fall upon the diameter KH. Therefore in this case no-

thing more is required to find the limits of the other diameter,

than to take the half diameters IK, KH of the given diameters,

and from the extremity L with that distance describe an arc

cutting the unlimited diameter in the point F; then drawing Fig. 425.

LF, and producing it to q, and making IE and lA each equal to gL, EA will be the

other diameter ; and since the two diameters are at right angles to each other, they are

the two axes given in position and magnitude, and thus the curve may be described as

before.

A method of describing the curve from any two conjugate diameters is occasionally of

considerable use, and particularly so in perspective. For, in every representation of a

circle in perspective, a diameter and a double ordinate may be determined by making one

of the diameters of the original circle perpendicular to the plane of the picture and the

other parallel to it ; and then the representation of the diameter of the original circle,

which is perpendicular to the intersecting line, will be a diameter of the ellipsis, which is

the representation of that circle ; and the representation of the diameter of the circle

which is parallel to the intersecting line will become a double ordinate to the diameter of

the ellipsis which is the perspective representation of the circle.

1 07 9. Prob. V. Through two given points A and B to describe an ellipsis, the centre C
being given in position and the greater axis being given in magnitude, only.

About the centre C {fig. 426.) with a radius equal to half tlie

greater axis describe a circle HEDG; join AC and BC ; draw

AD perpendicular to AC, and BE perpendicular to BC,
i-utting the circumference in the points D and E ; draw also

BF parallel to AC, and find BF, which is a fourth projjor-

tional to AD, AC, and BE ; through the point F and the centre

C draw FG to cut the circle in H and G, and GH is the major

axis of the ellipsis. By drawing an ordinate Bg, the curve may
be described by the preceding problem, having the axis GH and

the ordinate Bg.

1080. Prob. VI. Through a given point in the major wis of a given ellipsis to describe

mother similar ellipsis wLich shall have the same centre and its major aiis on the same straight

line as that of the gizsn ellipsis.

Let ACBD {Jig. 427.) be the given ellipsis, having AB for its major axis and CD for

Its minor axis, which are both given in position and magnitude. c k
It is required to draw a similar ellipsis through the point G in the

major axis AG. Draw BK perpendicular and CK parallel to

AB, and join KE. Again, draw GL perpendicular to AB cut-

ting EK at L, and draw LH parallel to AB cutting CD in H.
On the axis CD make EI equal to EH, and on the axis AB
make EF equal to EG. Then, having the major axis AB, and

the minor axis FG, the ellipsis FIGH may be described, and when drawn, it will l)e

similar to the given ellipsis ADBC.
1081. Prob. VII. Through any given piint p, within the curve of a given ellipsis to

ilescribe another eUi])sis which shall be similar and concentric to the given one.

Let C (Jig.42H.) be its centre. Draw the straight line CpP, cutting the curve of the

given ellipsis in P. In such curve take any other number of n

points Q, II, S, &c., and join QC, RC, SC, kc. ; join PQ and

draw pq parallel thereto cutting </C at 7 : join PR and draw pr

parallel to PR, cutting RC at r; join PS and draw ps parallel to

PS cutting SC in s. The whole being conq^leted, and the curve

p, s, t, u drawn through the points p, q, r, s, &c., the figure will

be similar and concentric to the given ellipse P, S, T, U ; or when
the points at the extremities for one half of tlie curve have been

drawn, the other half may be found by producing the diameter to the o])posite side, and

making the part ])roduced equal to the other jiart.

1082. Prob. VIII. About a given rectangle ABCD^o describe an ellipsis which shall

have its major and minor axes respectively parallel to the sides of the rectangle and its centie in

the points of iidersection of the tiro diagonals.

Bisect the sides AD and .\ B (j?(/. 429.) of the rectangle respectively at L and O

Fig. 426.

FiK. IM
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tlirouilh L draw Gil parallel to A 13 cutting tlie oppo.'itc side EC of tlie rectangle in M,
and through the point O draw KI ))anillel to A I) oi- 15 C cutting

,

the opposite side DC in N. In NK or NK produced, make NQ
equal to NC, and join CQ; draw QR parallel to GH cutting Cli

or C15 ])roduced in R; make EII and EG each equal to Q,C, as

also EI and EK each equal to PC ; then will GH be the major axis

and KI the minor axis of the ellipsis required.

Tlie demonstration of this method, in which the line QK has p,j, .,.^,j_

nothing to do with the construction, is as follows : —
By the similar triangles CPM and CQR, we have CP : CM::CQ : CR.
But because MP is e<jual to MC=EN, and since CR is equal to RQ=E]M,
And, by construction, since PC is equal to EI or EK, and QC is equal to EG or Ell,

EI : EN:: EH : EM, or, alternately, EI : EH:: EN : EM.
But EN is equal to MC, and EM equal to NC

;

AVhence EI : EH : : MC : CN.
But since the wholes are as the halves, we shall have K I : GH : : BC : CL).

This problem is useful in its application to architecture about domes and pendentives, a.s

well as in the construction of spheroidal ceilings and other details.

OF THE HyrEllBOI.A.

] 083. The direction of a plane cutting a cone, which produces the form called the hyper-
bola, has been already described ; its most useful properties will form the subject of the

following theorems, which we shall preface with a few definitions :
—

1 . Tlie primary axis of an hyperbola is called the transvtrsc axis.

2. A straight line drawn through the centre of an hyperbola and terminated at each

extremity, by the opposite curves is called a diameter.

3. The extremities of a diameter terminated by the two opposite curves are called the

vertices of that diameter.

4. A straight line drawn from any point of a diameter to meet the curve parallel to a

tangent at the extremity of that diameter is called an ordinate to the two abscissas.

.'^. A straight line which is bisected at right angles by the transverse axis in its centre,

and which is a fourth proportional to the mean of the two abscissas, their ordinate,

and the transverse axis, is called the conjugate axis.

6. A straight line which is a third proportional to the transverse and conjugate axis is

called the lattis rectum or parameter. ^
7. The two points in the transverse axis cut by ordinates which are

equal to the semi-parameter are cal ed the fici.

1084. Theorem I. In the hyperbola the squares of the ordinates of the
transverse axis are to each other us the rectangles (f their abscissas.

Let QVN (fig. 430.) be a section of the cone passing along the
axis VD, the line of section of the directing plane, HH the line ot axis
of the cutting plane, the directing and cutting plane being perpendi-
cular to the plane Q.VN. Let the cone be cut by two planes |)erpen-

dicular to the axis passing through the two jioints P, H, meeting the
plane of section in the lines PM, H I, which are ordinates to the circlet-

and to the figure of the section, of the same time.

By the similar triangles APL and AH N, AP : PL:: AH : HN;
And by the similar triangles BPK and BHQ, BP : PK::BH : Ha
Therefore, taking the rectangles of the corresjjonding terms, AP x BP ;

BII ; UN X HQ.
But in the circle, PL x PK= PM^ and HN x HQ- HI2 ;

Therefore AP x BP ; PM^:: AH x BH : HPi,

Or, alternately, PM'i : HI'^:: AP : PB : AH : BH.

1085. Theouem II. In the hyperbola, as the square of the transverse

axis is to the square (f the conjugate axis, su is the rectangle of the abscissas

to the sqriare of their ordinate.

Let AB (j?//. 431.) be the transverse axis, GE the conjugate axis,

C being the centre of th*> opposite curves; also let HI and PM be or-

dinates as before ; then will

AB2 : GE2::PA x pb : vu\
Or C A'2

: CEJ : : PA X PB : PM^,
Bv Theor. 1., PA x PB : HA x HB:: PM^ : U\"-,

Altfernateh , PA x PB : PM^ : : H A x H B : : II !!. / I \
Mut HA X HB : HI2::AB2 : GE^; ^J^^^
Then for(! A B-' : G E ^ : : PA x PB : r M^.
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Fig. 432

\y

Coroll. Hence AB^ ; GE=: : C P'^-CA^ : PAF (/ig.43'2.). For let the cutting plane

of the opposite hyperbola intersect two circles parallel to the base in

111 and PM, and let the cone be cut by another plane parallel to the

base, passing through the centre C of the transverse axis, and let mn
bs the diameter of the circle made by such plane.

Th»>n ACm, APK are similar, and AC : Cmy.AF : PK.
And as BCii, BPL are similar, BC : Cn ::BP : PL.

'I !i( refore, taking the rectangles of the corresponding terms,

BCx AC : Cnx Cm::BPx AP : PLx PK.

Hut BC= AC ; Cm X Cu^Ct^ ; and PL x PK = PM'2.

I'herefore AO^ : C^^::APx BP : PRR
'I'hough Ct is not in the same plane, it is what is usually called the

souii-conjugate axis, and it agrees with what has been demonstrated

in the first part of this proposition.

1086. Theorem III. I/i the hyperhnla, the square of the semi-

conjugate axis is to the square of the semi-transverse axis as the sum
of the squares of the semi-conjugate axis and of the ordinate parallel to it is to the square of the

iihsvissas.

Let AB {jig. 4.S3.) be the transverse axis, GE the conjugate, C the cen- \
| /

trc of the figure, and PJNI an ordinate, then will

GE2 : AB2::CE2+PM2 : CP^.
For, by Theor. IL, CE^ : CA2::PM2 ; CP2-CA2,
And, by composition, CE2 : CA2::CE2+PM2 : CP2.

This demonstration may be also applied to what are called conjugate

hyperbolas.

1087. Theorem IV. In the hyperbola, the square of the distance of the

focus from the centre is equal to the sum of the squares of the semi-axes.

Let AB {Jig. 434.) be the transverse axis, CE the semi-conjugate. In

AH, produced within the curve each way, let F be one focus; and / the

other, and let FG be ti-.e semi-parameter then CF2=CA2+ CE2.

For, by Theor. I., CA2 : CE2::FA x FB : FG2;
But, by ]n-operty of parameter, CA2 ; CE2::CE2 : FG2.
Therefore CE2= AF x FB= CF- CA ; Fig. i.^n.

And, by transposition, CF2=CA2+ CE2.

Coroll. 1. The two semi-axes, and the distance of the focus from the centre, are the sides

of a right-angled triangle CEA, of which the distance AE
is the distance of the focus from the centre.

Coroll. 2. The conjugate axis CE is a mean proportional

netween FA and FB, or between fB and /A, for CE'- =
(•F2-CA = (CF+ CA) x (CF-CA)= BF x AF.

1088. Theoreji V. The difference of the radius vectors

is equal to the transverse axis. (Jig. 435.)

That is, /M-FM=AB = 2CA = 2CB.
For CA2 : CE2 ; : CP2- CA2 : PM2 ;

And CE2=CF2-CA2.
Therefore CA2 : CF2-CA2:: CP2_ CA2 : PM2.

And by taking the rectangle of the extremes and means, and

dividing by CA2,

PM2 =^^^^^'-CF2-CP2+ CA2;

Hut FP2 = (CP-CF)2=CP2=2CPx CF+CF2,
And FM2= PM2+FP2.

Therefore FM2=^^1^'-2CP x CF+ CA2.

Now each side of this equation is a complete square.

Therefore, extracting the root of each number, FxM =

CF> CI'

CA -CA.
C I' X i "P

In the same manner we find _/"M= ~qj^— + CA ;

And, subtracting the upper equation from the lower,/M— FM = 'JCA.

Coroll. 1. Ilence is derived the common method of describing the liyperbolic curve

mechanically. Thus : — In the transverse axis AB produced (Jig. 435.), take the foci F,/,

and any point I in the straight line A B so produced. 'I'lien, with the radii A I, HI, and the
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centre F, /, describe arcs intersecting each other ; call the points of intersection E, then E will

be a point in the curve ; with the same distances another point on the
other side of the axis may be found. In like manner, by taking any
other points I, we may find two more points, one on each side of the
axis, and thus continue till a suflficient number of points be found to

describe the curve by hand. By the same process, we may also de-
scribe the opposite hyperbolas.

Coroll. 2. Because ^ — is a fourth proportional to CA, CF CP,

CA : CF::CP : ca+fai.
1089. Theoreu VI. vt/s the square of the semi-transverse axis is to

the square of the setui-cotijugate, so is the difference of the squares of any
two abscissas to the differe?ice of the squares of their ordinates.

By Theor. II.,

Therefore, by
equality.

And, by division

Alternately,

But
Tlierefore

Coroll. 1.

rCA'2 : CE2:;
tcA'i : CE^::
CH2 _ CA'i

HN'i;
CH^-CA2 :

CHi- CA2 :

CH^-CA^ :

CA2 : CE^::

CP2-CA2 : PM2 {fig. 436.),

CH2_CA2 : HI-'.

: CP2_ CA2::HI- : PM-j or

Fig. 4.1CH2-CP2::HI2: hI2_hn2;
HI2::CH'— CP2 : hI2_iin2.
HI2::CA2 : CE-
CH2_ CP2 : H 12-H N2.

If III be produced to K, and CQ. be made equal to CP, then will CH'-'-

c K

CP2-(CH+CP)(CH-CP) =(CP+CH)PH ; and HI2- HN2= (HI + HN)(HI.
HN) = (HI + HN)NI. Therefore the analogy resulting becomes

CA2 : CE2::(CP+CH)PH : (HI + HN)NI.
So that the square of the transverse axis is to the square of the conjugate, or the square oi"

the semi-transverse is to the square of the semi-conjugate, as the rectangle of the sum and
difference of the two ordinates from the centre is to the rectangle of the sum and differ-

ence of these ordinates.

1090. Theorem VII. If a tangent and an ordinate be drawn from any point in an hyper-

bola to meet the transverse axis, the semi-transverse axis will he a mean
proportioned between the distances of the two intersections from the

centre.

For(/9.437.) CE2 : CA2 : : (IH -t- HN)IN: :(PC + CH)HP ,

And by Theor. T., CE2 ; CA2: : PM2 : CP2- CA2 ;

By equality, PM2 ; CP2- CA2:: (IH-I- HN) IN : (PC +
CH)HP;

And by similar triangles INxM, MPT, IN : NM or PH::PM : PT
or CP-CT.

Therefore, taking the rectangles of the extremes and means of the two
last e(]uations, and neglecting the common factors, it will be PM(CP
-CT)(CP + CH) = (CP2_CA2)(IH + HN) ; but when IH and PM
coincide, IH and HN each become equal to PM, and CH e(]ual to

CP: therefore in tlie equation substitute 'iCPfor CP-(- CH, and tiPM /

for IH+ HN, and neglecting the common fictors and common terms, /
the result is CT. CP= C A2, or CT : CA ; : CA : CP.

Coroll. Since CT is always a third proportional to CP, CA ; suppose ^'k- ''''•

the points P and A to remain constant, the point T will also remain constant; thereforf
all the tangents will meet in the point T which are drawn from the ex-

tremity of tlie ordinate M of every hyperbola described on the same
axis AB.

1091. Theorem VIII. Four perpendiculars to the transverse axis in-

tercepted by it and a tangent, will be proportionals when the first and last

l.ave one of their extremities in each vertex, the second in the point of con-

tact, and the third in the centre.

Let the four perpendiculars be AD, PM, CE, BF (fig. 438.),
whereof AD and BF have their extremities in the vertices A and B,
and the second in the point of contact M of the tangent and the curve,

and the third in the centre C.

Then will AD : PM::CE : BF.
For, by Theor. VII. , CT. CA::CA : CP,
And, by division, CA--CT: CP- CA::CT: CA or CB;
That is. AT : AP::CT: CB;
By composition. AT: AT-hAP: :CT : CT+CB.
'i'hcreforc AT TP::CT: BT.
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But by the similar triangles TAD, TPxM, TCE, and TBF, the sides AT, PT, CT,
and BT are proportional to the tour perpendiculars AD, PM, CE, BF.

Therefore AD: PM::CE : BF.

1092. Theorem IX. The two radius vectors meeting the curve in the same point will mnki

equal angles with a tangent passing through that point. {Fig. 4;i9.) g

For, by Theor. VII., CA : CP : : CT : CA ;

By Cor. 2. Theor. V., CA : CP::CF : CA+ FM;
By equality, CT : CF: : CA : CA ^ FM ;

By division and composition, CF-CT : CF+CT::FM : 2CA
+ FM;

That is, FT :/T::FM:/R;
And by the similar triangles TFM, T/Il, FT : /T: : FM : /R.

Therefore/R is etjual to/M ; consequently the angle/RM is equal

to the angle /MR: and because fli is parallel to/M, the angle

FMT is equal to the angle /RM; therefore the angle FMT is

equal to the angle /RM.
1093. Pkoblkm I. To describe an hyperbola hy means of the end

of a ruler moveable on a pin F ( Jig 440. ) Jixed in a plaiic, with one

end of a string fixed to a point E in the same plane, and the other ex-

tremity of the string fastened to the other end C of the ruler, the point

C of the ruler being moved towards G in that plane.

While the ruler is moving, a point D being made to slide Fig. 439.

along the edge of the ruler, kept close to the string so as to keep each of the parts C D,

D E of the string stretched, the point D will describe

t!ie curve of an hyperbola.

If the end of the ruler at F (fig. 441.) be made
moveable about the point E, and the string be fixed

in F and to the end C of the ruler, as before, another

curve may be described in the same manner, which is

called the opposite hyperbola : the points E and F,

aliout which the ruler is made to revolve, are the foci.

There are maiy occasions in which the use of this

conic section occurs in architectural details. For

instance, the profiles of many of the Grecian mould-

ings are hyperbolic ; and in conical roofs the forms

are by intersections such that the student should be

well accjuainted with the methods of describing it.

1094. Prob. II. Given the diameter AB, the ab-

scissa BC, and the double ordinate DE in position and
magnitude, to describe the hyperbola. (Fig. 442.)

Througli B draw FG parallel to DE, and draw DF and EG parallel to AB,
Divide DF and DC each into the same number of equal parts, a :-,--; .;•-

and from the points of division in BF draw lines to B, also from ;-5";i, ,\ \ \

the points of division in DC draw straight lines to A ; then

through the points of intersection found by )he lines drawn
through the corresponding points draw the curve DB. In like

manner the curve EB may be drawn so that DBE will form
the curve on each side of the diameter .A B. If the point A be

considered as the vertex, the opposite hyperbola HAI may be

described in the same manner, and thus the two curves formed by
cutting the opposite cones by the same plane will be found. By
the theorists, the hyperbola has been considered a proper figure

of equilibrium for an arch whose office is to support a load which " ' " " '

is greatest at tlie middle of the arch, and diminishes towards the

abutments. This, however, is matter of consideration for another part of this work.

OF THE PARAKOl.A.

1095. Defimtions.— 1. The parameter of the axis of a parabola is a third proportional

to the abscissa and its ordinate.

2. The focus is that point in the axis where the ordinate is equal to the semi-pararneter.

3. The diameter is a line within the curve terminated thereby, and is parallel to the

axis.

4. An ovdinate to any diameter is a line contained by the curve and that diameter paral-

lel to a tangent at the extremity of the diameter.
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1O06. Theouem I. In the parabola, the abscissas are proportional to the squares of their

oriiinales.

Let QVN (^fig. 44f2.) be a section of the cone passing along the axis, and let the direc-

trix RX pass through the point Q perpendicular to Q.N, and let the

|>arabolic section be AUI meeting the base QIND of the cone in

the line DI, and the diameter QN in the point H ; also let KMI^ be

u fioction of the cone parallel to the base QIN intersecting the plane

VQN in the line KL, and tlie section AUI in PM. Let P he the

point of concourse of the three planes QVN, KML, A HI, and

let II be the point of concourse of the three planes QVN, KML,
AHI; then, because the planes VRX and ADI are |)arallel, and

the plane VQN is i)erpendicular to the plane VRX, the plane ADI
is also perpendicular to the plane VQN. Again, because the plane

QIN is perpendicular to the plane QVN, and the plane KML is

l)arallel to the plane QIN, tlie plane KML is perpendicular to the

plane QVN; therefore the common sections PM and HI are per-

pendicular to the plane VQN ; and because the plane KML is pa-

r.iUel to the plane QIN; and these two planes are intersected by
the plane QVN, their common sections KL and QN are parallel. Also, since PM"
are each perpendicular to the plane QVN, and since KL is the common section of tlie

[)lanes QVN, KML, and QN in the common section of the planes QVN, QIN; theref<>r«»

I'M and HI are perpendicular respectively to KL and QN.
Consequently AP : AH : : PM-! : \U\
For, by the similar triangles A PL, AHN, AP : AH::PL : UN,
Or AP : AH::KPx PL : KPx UN.
IJut, by the circle KML, KP x PL= PM'^,

And, by the circle QIN, QH x HN^III-'. ButQll^KP,
'i'hei efore K P x HN = H I

'i.

Therefore, by substitution. AP : AH : : PM^ : \\V\

Coroll. By the definition of the parameter, which we shall call P,

AP : PM::PM : P=t^',

And P X AP=PM2, or P X AH= IIL2.

Therefore P : PM::PM : AP, or P : HI :: HI : AH.

10;)7. Thkorf.m II. As the parameter of the axis is to (he sum of any two ordinntes, so if

the difference of these ordinates to the difference of their abscissas.

id HI

That is, P : HI+PM-

For since bs' Cor. Thuor. I.

HI-PM :

PM2

1112
' AH '

AH-AP.

Multii)lyii. the first of these eciuations by AP and the second by AH,

AP=PM!,
AII = HI^.

they become
fPx
\Px

Subtract the corresponding numbers of the first equation, and P(AII — AP)=HI-— PM-.
But the difference of two squares is equal to a rectangle under the sum and difference of

ilieir sides.

And Hr2-PM'2 = (HI+PM) (HI-PM).
Therefore P (AH - AP) - (HI + PM) (HI- PM).
Conse(piently P : H I + PM : : H I - PM : AH - A P ;

Or, by drawing KM parallel to AH, we have GK= PM+ HI, and KI = HI-PM ; and

since PH = AH-AP; P ; GK::KI : PH, or KM.
Coroll. Hence, because P x KM = GK x KI

;

And since Hr^=PxAH;
Therefore, by multiplication, KiAI x H 12 = GK x KI x A H, or

^
AH :-KM::Hr'' : gKx ki.

So that any diameter 31K is as the rectangle of the segments GK,
Kl of the double ordinate G I. From this a simple method has been

used of finding points in the curve, so as to describe it.

1098. Theorem III. The distance between the vertex of the curve and Kic. its.

'he focus is equal to one fourth of tlie parameter.

Let LG (^fy- 445.) be a double ordinate jtassing through the focus, then LG is llu-

]>r,raiiu!ter. For by the definition of parameter AF ; FG::FG : P = 'iFG

Therefore 2A F= FG = J LG ;

Consequently AF =|LG.
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1099. Theorem TV. Tlie radius vector is equal to the sum of the distajices betwcsn the focux

and the vertex, and between the ordinate and the vertex. {Fig. 44G.)

That is,

For
Therefore

Eut, hy Cor. Theor. II.,

Therefore, by addition,

FM = AP+ AF.
FP = AP-AF;
FP'i=AP--:^APx AF+ AF^.
PM-= P X AP= 4AF X AP.
FPi + PM'^^ A P- + 2A F X A P
+ AV -'.

But bv the right-angled tringles, FP- + PM2 = FM'^

;

And therefore FM^ = A Pa + 2A F x A P + A F-.

Hence, extracting the roots, FM = A P + A F = 2A F + FP ;

Or by making A G = A F, FM = G P.

Coroll. 1. If through the point G {fg. 447.) the line GQ be drawn perpendicular la

the axis, it is called the directrix of the parabola.

By the property shown in this theorem, it ajjpears that if any line QM be drawn parallel

to the axis, and if FM be joined, the straight line FM is equal to QM ; for QM is eipial

to GP.
Coroll. 2. Hence, also, the curve is easily described by points. Take AG ecpial to A F,

{fig. 447.), and draw a number of lines M, INI perpendicular to tlie axis AP ; then with the

distances GP, GP, &c. as radii, and from F
as a centre, describe arcs on each side of A P,

cutting the lines MiM, WM, &.c. at MIM,&c. ;

then through all the points jM, M, jM, &c.

draw a curve, which will be a parabola.

1 100. Theohem V. //" a tangent be drawn

from the vertex of an ordinate to meet the axis

jiroduced, the subtangent PT (_^^. 448.) will

lie equal to twice the distance of the ordinate Fid. 4i7. FiK. 418.

from tlie vertex.

If JIT be a tangent at I\I, the extremity of the ordinate PM ; then the sub-tangent PI
is e(jual to twice A P. For draw MK parallel to All,

KM : KI::GK::P;
KM : KI::PT : PM.
P : PM::GK : PT;
P : PM::PM : A P.

AP : PT::PM : GK.

Then, by Theor. II.,

And as MKI, TPIM are similar.

Therefore, by equality.

And by Cor. Theor. 1.,

Therefore, by equality,

But when the ordinates HI and PM coincide, MT will become a tangent, and GK 'vill

become ecjual to twice PM.
Therefore AP : PT::PM : 2PM, or

PT=2AP.
From this property is obtained an easy and accurate method of drawing a tangent ;o any

point of the curve of a parabola. Thus, let it be re- .^ r

((uired to draw a tangent to any point M in the curve. A

Produce PA to T {fg. 449.), and draw MP perpendi- /

cular to PT, meeting AP in the point P. Make AT / |

ecpial to AP, and join MT, which will be the tangent

re(]uired.

1101. Theorem VI. The radius vector is equal to

the distance between the focus and the intersection of a

tangent at the vertex of an ordinate and the axis pro-

duced. FiK.410. Fig. l.',0.

Produce PA to T {fig. 450.), and let MT be a tangent at M ; then will FT= FM.
For FT=AF+AT;
But, by last theorem, A P= AT ;

Therefore FT= A F + A P.

But, by Theorem III., FM = AF+ AP;
Therefore, by equality,' FIM = FT.

Coroll. 1. If MN be drawn perpendicular to MT to meet the axis in N, then will

FN=FM = FT. For draw FH perpendicular to M T, and it also bisects MT, because
F.AI=FT; and since HF and MN are parallel, and MTis bisected in II, the line TN will

also be bisected in F. It therefore follows that FN= FM= FT.
Coroll. 2. The subnormal PN is a constant quantity, and it is ecjual to half the para-

meter, or to 2AF. For since TMN is a right angle,

Therefore 2AP or TP : P]\I : : PM ; PN.
But, by the dclinition oF parameter, AP : PM::PM ; I';

Therefore PN = iP
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/

CoroU. '.i. The tangent of the vertex AH is a mean proportional between AF and A P.

For since FHT is a right angle, therefore AH is a mean proportional between AF and AT;
and since AT=AP, AH is a mean proportional between AF and AP. Also FH is a

mean proportional between FA and FT. or between FA and FM.
Coroll. 4. The tangent makes ecjual angles with FM and the axis AP, as well as with

FC and CI.

1102. Theoueji VII. Aline parallel to the axis, intercepted hi/ a double ordinate aiid a

tangent at the vertex of that ordinate, will be divided by the curve in the same ratio us the linf

itself divides the double ordinate. .p

Let QM {fig.45\.) be the double ordinate, MT the tangent, AP
the axis, GK the intercepted line divided by the curve in the point I ;

then will GI : IK::MK : KQ.

For by similar triangles MKG, MPT; MK : KG :; PM : PT,
or 2AP;

By the definition of parameter, P : PM : : PM : SAP;
Therefore, by equality, P : MK : : PM : KG ;

And again, by equality, PM : MK::2AP : KG ;

And by division, MK : KQ: : GI ; IK.

1 lO.^. Problem I. To describe a parabola.

If a thread, equal in length to the leg BC (Jig.452.') of a .

|

right angle or square, be fixed to the end C, and the other end
of the thread be fixed to a point F in a plane, then if the

square be moved in that plane so that the leg AB may slide

along the straight line GH, and the point D be always kept
close to the edge BC of the square, and the two parts FD and
DC of the string kept stretched, the point D will describe a

curve on the plane, which will be a parabola. Fig. 4.v2.

1104. Pkob. II. Given the dmible ordinate DE and the abscissa BC iri position auA
tmgnitude, to describe a parabola.

Through B (Jigs. 453, 454.) draw FG parallel to DE,and DF and EGparallel to CD
Divide DC and
D F each into

the same num-
ber of equal

parts. From
the points of

'^'

division in DF draw lines to B. Through the points of divi-

sion in DC draw lines parallel to BC, and through the

points of intersection of the corresponding lines draw a curve,

and complete the other half in the same manner ; then will

DBE be the complete curve of the parabola. The less BC
is ill proportion to CD, the nearer the curve will approach to

the arc of a circle, as in fig. 422. ; and hence we may describe

the curve for diminishing the shaft of a column, or draw a flat segment of a circle.

1 1 05. Prob. III. The same parts being given, to describe the parabola by the intersection

of straight lines.

Produce CB to F {fig. 455.), and make BF equal to BC. Join FD and FE.
DF and FE in the .same proportion, or

i.

into the same number of equal parts. Let

the divisions be numbered from D to F,

and from F to E, and join every two
corresponding points by a straight line ;

then tlie intersection of all the straight

lines will form the parabola required. Kig.455.

1 i06. Prob. IV. To draw a straight line from a given point in the curve of a parabola,

u-hich shall be a tangent to the curve at that

point.

Let DC {fig. 456.) be the double or-

dinate, cB the abscissa to the parabolic

curve DBC, and let it be required to

draw a tangent from the point e in the

curve. Draw e/" parallel to DC, cutting Fi;;.456.

BC in /: produce cB to g, and make 'Rg equal to B/, and join ge, then will ge l)e tlie

tangent required. In the same manner DII will be found to be a tangent at D. If cK
be drawn perpendicular to the tangent <?«, then will eK be also perpendicular to the curve,

and in the proper direction for a joint in the masonry of a parabolic arch.

Divide
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1107. The uses of the parabolic curve in arcliitecture are many. Tlie theorists say that

it is the curve of equilibrium for an arch which has to sustain a load uniformly diffused over

its lengtli, and that therefore it should be included in the depth of lintels and flat arches ; and
that it is nearly the best form for suspension and other bridges, and for roofs. It is also con-

sidered the best form for beams of equal strength. It may be here also remarked, that i(

is the curve described by a projectile, and that it is the form in which a jet of water ia

delivered from an orifice made in the side of a reservoir. So is it the best curve for the

reflection of light to be thrown to a distance. In construction it occurs in the intersection

of conic surfaces by planes parallel to the side of the cone, and is a form of great beauty
tor the profiles of uiouldnigs, iii wliicli manner it was inucli used in Grecian buildings,

CENEKAL method of nKTEllMINISG AND DESCRIBING THE SPECIES OF CONIC SECTIONS.

1 108. In a conic section, let there be given tlie abscissa AB {fr. 457.), an ordinate BC.
and a tangent CD to the curve at the ex-

tremity of the ordinate to determine the

species of the conic section, and to de-

scribe the figure.

Draw AD parallel to BC, and join AC
(Nos. 1. and 2.). Bisect AC in E, and
produce DE and AB, so as to meet in F
when DE is not parallel to AB; then in

the case where DE will meet AB or AB
produced in F, the point F will be the

centre of an ellipsis or hyperbola. In this

case produce AF to G, and make FG
equal to FA ; then if the ordinate BC
and the centre be upon the same side of

the apex A, the curve to which the given

parts belong is an ellipsis ; but if they

be on different sides of it, the curve is

an hyperbola. When the line DE (No.

.3.) is parallel to AB, the figure is a parabola.

1109. In a conic section, the abscissa AB {fig. 458.), an ordinate BC, and a point D in

the curve being given, to determine the species of the curve, and thence to describe it.

Draw CG parallel to AB (Nos. 1. and 2.), and AG parallel to BC. Join A D, and
produce it to meet CG in e. Divide the ordinate CB in f in the same proportion as

CG is divided, then will C/;/B::Ce : cG. Join J}/, and produce it or /'D to meet AB
or BA in h ; then if tlie points D and h fall upon opposite sides of the ordinate BC, the

curve is an ellipsis; but if D and h fall upon tlie same side of the ordinate BC, the curve
will be an hyperbola. If D/ (No. 3.) be parallel to AB, the curve will be a parabola.

In the case of the ellipsis and hyperbola, A.h is a diameter; and therefore we have a dia-

meter and ordinate to describe the curve.

Sect V.

DESCRIPTIVE GEO^IETRV.

1110. The term Descriptive Geometry, first used by iMongc and other French geometers
to express that part of the science of geometry which consists in the application of geometrical

rules to the representation of the figures and the various relations of the forms of bodies,

according to certain conventional methods, differs from common perspective by the design

or representation being so made that the exact distance between the different points of the

body represented can always be foimd ; and thus the mathematical relations arising from
its form and position may be deduced from the representation. Among the English writers

on practical architecture, it has usually received the name of projection, from the circum-

stance of the different points and lines of the body being projected on the plane of re-

presentation ; for, in descriptive geometry, points in space are represented by their ortho-

graphical projection on two planes at right angles to each other, called the p/anes of projec-

tion, one of which planes is usually supposed to be horizontal, in which case the other is ver-

tical, the projections being called horizontal or vertical, according as they are on one or

other of these planes-

nil. In this system, a point in space is represented by drawing a perpendicular from il

Ui each of the planes of projection ; the point whereon the perpendicular falls is tht-
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projection of the proposed point. 'ITieu, as points in space are the boundaries of lines, so

their projections similarly form line.s, by whose means their jirojection is obtained ; and l)y

tlie projections of points lying in curves of any description, the projections of those curves

ore obtained.

11 1
'2. Eor obvious reasons, surfaces cannot be similarly represented ; but if we suppose

the surface to be represented, covered by a system c^ lines, according to some determinate

law, then these lines projected on each of the two planes will, by their boundaries, enable

us to project the surface in a rigorous and satisfactory manner.

1113. There are, however, some surfaces wliich may be more simply represented; for a

plane is completely defined by the straight lines in which it intersects the two planes of

projection, which lines are called the traces of the plane. So a sphere is completely defined

by the two projections of its centre and the great circle which limits the projections of its

points. So also a cylinder is defined by its intersection (or trace) with one of the planes of

jirojection and by the two projections of one of its ends ; and a cone by its intersection

\yith one of the planes of projection and the two projections of its summit.

1 1
1

'i. IMonge, before mentioned, Hachette, Vallee, and Leroi, are the most systematic

writers on this subject, whose immediate application to architecture, and to the mechanical

arts, and most especially to engineering, is very extensive ; in consequence, indeed, of which it

is considered of so much importance in France, as to form one of the principal departments of

study in the Polytechnic School of Paris. A sufficient general idea of it for the architec-

tural student may be obtained in a small work of Le Croix, entitled. Complement de>.

Elemens (le Geometrie. In the following pages, and occasionally in other parts of this work,

we shall detail all those points of it which are connected more immediately with our subject,

inasmuch as we do not thuik it necessary to involve the reader in a mass of scientific matter

connected therewith, which we are certain he would never find necessary in the practice of

the art whereon we are engaged.

1115. In order to compreiiend the method of tracing geometrically the projections of all

sorts of objects, we must observe,— I. That the visible faces only of solids are to be expressed.

II. That the surfaces which enclose solids are of two sorts, rectilinear and curved. These,

however, maybe divided into three classes,— 1st. Those included by plane surfaces, as

prisms, pyramids, and, generally, similar sorts of figiues used in building, t'd. Thos(;

included by surfaces whereof some are plane and others with a simple curvature, as

cylinders, cones, or parts of them, and the voussolrs of arches. 3d. Solids enclosed by one

or several surfaces of double flexure, as the sphere, spheroids, and the voussolrs of arches on

circular planes.

1116. First class, or solids with plane surfaces.— Tlie plane surfaces by which these

solids are bounded form at their junction edges or arrisses, which may be represented by

right lines.

1117. And it is useful to observe in respect of solids that there are three sorts of angles

formed by them. First, those arising from the meeting of the lines which bound the faces

of a solid. Second, those which result from the concurrence of several faces whose edges

unite and form the summit of an angle : thus a solid angle is composed of as many plane

angles as there are planes uniting at the point, recollecting however that their number
must be at least three. Third, the angles of the planes, which is that formed by two of the

faces of a so' id. A cube enclosed by six square equal planes comprises twelve rectilineal

edges or arrisses and eight solid angles.

1118. Pyramids are solids standing on any polygonal bases, their planes or faces being

triangular and ineeting in a point at the top, where they form a solid angle.

1119. Prisms, like pyramids, may be placed on all sorts of polygonal bases, but they rise

on every side of the base in parallelograms instead of triangles, thus having throughout

similar form and thickness.

1120. Though, strictly speaking, pyramids and prisms are polyhedrons, the latter term

is only applied to those solids whose faces forming polygons may each be considered as the

base of a separate pyramid.

1121. In all solids with plane surfaces the arrisses terminate in solid angles formed by
several of these surfaces, which unite with one another ; whence, in order to find the jiro-

jection of the right lines which represent those arrisses, all that we require to know is the

position of the solid angles Adhere they meet; and as a solid angle is generally composed of

several plane angles, a single solid angle will determine the extremity of all the arrisses by

which it is formed.

1122. Second class : solids terminated by plane and curved surfaces. — Some of these, as

cones for instance, exhibit merely a point and two surfaces, one curved and the other flat.

The meeting of these surfaces forms a circulai or ellii)tical arris common to both. The
projection of an entire cone requires several points for the curvature which forms its base,

but a single point only is necessary to determine its summit. This solid may be considered

as a pyramid with an elliptic or circular base ; and to facilitate its projection a polygon is

inscribed in the ellipsis or circle, which serves as its base.
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1123. If the cone is truncated or cut oiT, polygons may in like manner be inscribed in

(he curves which produce the sections.

1124. Cylinders may be considered as jjrisms whose bases are formed by circles,

ellipses, or other curves, and their projections may be obtained in a similar manner : that

is, by inscribing polygons in the curves which form their bases.

1125. Third class : solids whose surfaces have a double curvature.—A solid of this sort

mav be enclosed in a single surface, as a sphere or spheroid.

1126. As these bodies present neither angles nor lines, they can only be represented by

the apparent curve which seems to bound their superficies. This curve may be determir.ed

bv tangents parallel to a line drawn from the centre of the solid perpendicularly to the

plane of projection.

1127. If these solids are truncated or cut by planes, we must, after having traced the

curves which represent them entire, inscribe polygons in each curve produced by the sec-

tions, in order to proceed as directed for cones and cylinders.

1128. To obtain a clear notion of the combination of several pieces, as, for Instance, of a

vault, we must imagine the bodies themselves annihilated, and that nothing remains but

the arrisses or edges which form the extremes of the surfaces of the voussoirs. The whole

assemblage of material lines which would result from this consideration being considered

transparent would project upon a plane perpendicular to the rays of light, traces defining

all these edges that we have supposed material, some foreshortened, and others of the same

size. These will form the outlines of the vault, whence follow the subjoined remarks.

I. That in order, on a plane, to obtain the projection of a right line rejiresenting the

arris of any solid body, we must on such plane let fall verticals from each of

its extremities.

II. That if the arris be parallel to tlie plane of the drawing, the line which represents its

projection is the same size as the original.

. III. That if it be oblique, its representation will be shorter than the original line.

IV. That perpendiculars by means of which the projection is made being parallel to

each other, the line projected cannot be longer than the line it represents.

V. That in order to represent an arris or edge perpendicular to the plane of projection.

a mere point marks it because it coincides in the length with the perpendiculars of

projection.

VI. That the measure of the obliquity of an arris or edge will be found by verticals

let fall from its extremities.

1129. In conducting all the operations relative to projections, they are referable to two

planes, whereof one is horizontal and the other vertical.

PROJECTION OF RIGHT LINES.

1 1;50. The projection of a line AB {fff. 459.) perpendicular to a horizontal plane is ex-
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F^K. 4.;i. Vig. 4.-)2.

pressed on such plane by a point K, and by the lines ah, a'h', equal to the original on ver-

tical planes, whatever their direction.

11:31. An inclined line CD (_/?//. 400.) is represented on an horizontal or a vertical plane

by cd, c'd, shorter than the line itself, except on a vertical plane, parallel to its projection,

on the horizontal plane c"d", where it is equal to the original CD.
1132. An inclined line EF {fie/. 461.) moveable on its extremity E, may, by preserving

ihe same inclination in respect of the plane on which it lies, have its projection successively

in all the radii of the circle E/, determined by the perpendicular let fall from the point V.

1 133. Two lines GH, IK {fig. 462.), whereof one is parallel to an horizontal plane and

the other inclined, may have the same projection m, n, upon such plane. Upon a vertical
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plane perpendicular to niii, tlie projection of the line GH will be a point c/ ; and that of the
inclined line IK, the vertical ik, which measures the inclination of that line. Lastly, on a
vertical plane parallel to mn, the projection i'k' and g'h' will be parallel and equal to the
original lines.

PHOJECTICN OF SURFACES.

11.'54. What has been said in respect of right lines projected on vertical and horizontal
planes may be applied to plane surfaces; thus, from
the surface ABCD (fig. 46.3.), parallel to an hori-

zontal plane, results the projection aicc? of the same
size and form. An inclined surface EFGHmay
have, though longer, tlie same projection as the

level one ABCD, if the lines of projection AE, BF,
DH, CO are in the same direction.

1135. The level surface ABCD would have for

projection on vertical planes the right lines ah, be',

because that surface is in the same plane as the

lines of projection.

11.36. The inclined surface EFGH will give on
vertical planes the foreshortened figure hgef of that

F:urface ; and upon the other the simple line fq,
wliich shows the jirofile of its inclination, because
this plane is parallel to the side of the inclined sur-

face.
Fig. 465.

PROJECTION OF CURVED LINES.

1 137. Curved lines not having their points in the same direction occupy a space which
brings them imder the laws of those of surfaces. The projection of a curve on a plane

parallel to the surface in which it lies (Jig. 464.) is similar to the curve.

FiK. 46J Fig. 467,

1138. If the plane of projection be not pavullel, a foreshortened curve is the result, on
account of its obliquity to the surface {fig. 465.).

11:59. If the curve be perpendicular to the plane of projection, we .shall have a line

representing the profile of the surface in which it is comprised ; that is to say, a right

line if the surface lie in the same plane (./?.'/• ^C6.), and a curved line if the surface be

curved (fig- 467.).

1140. In order to describe the projection of the curved line ABC (fig. 467.), if the

surface in which it lies is curved, and it is not perpendicular to the plane of projection,

a polygon must be inscribed in the curve, and from each of the angles of such polygon
a per])endicular must be let fall, and parallels made to the chords which subtend the arcs.

But it is to be observed, that this line having a double flexure, we must further inscribe a

polygon in the curvature which forms the plane ale of the surface wherein the curved line

lies.

1141. The combination and developement of all the parts which compose the curved

surfaces of vaults being susceptible of representation upon vertical and horizontal planes by
right or curve lines terminating their surfaces, if what has been above stated be thoroughly

imdcrstood, it will not be difficult to trace their projections for practical purposes,

whatever their situation and direction in vaults or other surfaces.

^
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PHOTErTION OF SOLIDS.

114'i. The projections of a cube ABCDEFGII placed parallel to two planes, one
honzorital and the other vertical, are squares whose sides represent faces perpendicular to

ttieac planes (Jiff. 468.), which are represented by corresponding small letters.

'I'm^-

Fifc'. 4GS. Flu. 4fi9.

114.3. If we suppose the cube to move on an ax's, so that two of its opposite faces

remain perpendicular to the planus (_fi(/. 4G9.), its projection on each will be a rectangle,

whose length will vary in jjroportion to the difference between the side and the diagonal
of the scjuare. The motion of the opposite arrisses will, on the contrary, produce a
rectangle whose width will be constant in all the dimensions contained of the image of
the perfect square to the exact period when the two arrisses unite in a single right line.

1144. A cylinder {Jiff. 470.) stands perpendicularly on an horizontal plane, and on such

Fig. 470. Fig. 471.

plane its projection ADBC is shown, being thereon represented by a circle, and upon
vertical plane by the rectangle ffcdk.

FiK. 472.
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1145. Tlie projection of an inclined cyliniler {fg. 471.) is shown on a vertical anu
liorizontal plane.

IHG. In Jig, 472. we have tiie representation of a ciihe doubly inclined, so that the

diagonal from the angle B to the angle G is upright. The projection ))ro(liiceil hy this

position upon an horizontal plane is a regular hexagon achefg, and upon a verticil plane the

rectangle Be^c whose diagonal Y>g is upright ; but as tlie effect of perspective clianires tne

effect of the cube and its projections, it is represented geometrically in Jig. 47.'?.

1147. In Jiguies 474. and 47.5. a jiyramid and cone are represented with their pro-

jections on horizontal and vertical planes.

1148. Fig. 476. represents a ball or sphere with its projections upon two (dancs, one

FiK. 474. Fi-. 47.5. FiK. 476.

vertical and the other horizontal, wherein is to be remarked the perfection of this solid,

seeing that its projection on a j)lane is always a circle whenever the i)lane is parallel to ihe

circular base formed by the contact of the tangents.

DEVEI.OPEMENT OF SOI.inS WHOSE SURFACES ARE rT.ANE.

1149. We have already observed that solids are only distinguished by their apjiaront

faces, and that in those which have plane sinfaces, their faces unite so as to form solid angles.

We have also observed that at least three plane angles are necessary to form a solid angle;

wlience it is manifest that the most sim])le of all the solids is a ))yrainid with a triangular

base, which is formed by four triangles, whereof three are united in the angles at iis apex.

(^Fig. 477.)

1150. The developement of this solid is obtained by placing on the sides of the base,

Fig. 477. Fis. 47'J. Fig. 481.

the three triangles whose faces ai'e inclined (^.17. 478.); by which we obtain a figure

composed of four triangles. To cut this out in jiajier, for instance, or any other flexible

material, after bending it on the lines ah, be, uc, which form the triangle at the base, the

three triangles are turned up so as to luiite in the summit.

DEVELOPEMENT OF REGUI.Aa POLYHEDRONS.

1151. Tlie solid just described formed of four equal equilateral triangles, as we have

seen, is the simplest of the five regular polyhedrons, and is called a tetra/ifdron, from its

being composed of four similar faces. The others are —
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Tlic hexuhedrtm, or cube wliose faces are six in number;
Tbe nrtahednm, whose faces are eight equilateral triangles

;

The (lodecnhetlrou, whose faces are twelve regular pentagons ;

The icosu/u-f/mn, consisting of twenty equilateral triangles.

Tliese five regular polyhedrons are represented by the Jigurex 477. 479, 480, 4S1, and '1P2

and their developement by the figures 478. 483, 484, 48.^. and 48(1.

Fig. ISO.

Fig. 483. Fis. 481. Fig. 485.

1152. The surfaces of these developcments are so arranged as to be capable of being
united by moving them on the lines by which they are joined.

US.S. It is here proper to remark, that the equilateral triangle, the square, and the
pentagon, are the only figures which will form regular polyhedrt)ns whose angles and sides
are equal ; but by cutting in a regular method the solid angles of these polyhedrons,
others regularly symmetrical may be formed whose sides will be formed of two similar
figures. Thus, by cutting in a regular way the angles of a tetrahedron, we obtain a poly-
hedron of eight faces, composed of four hexagons and four e(]uilateral triangles. Sirnilar'lv

operating on the cube, we shall have six octagons, connected by eight equilateral triangles,

forming a polyhedron of fourteen faces.

1 1 54. The same operation being performed on the octahedron also gives a figure of
fourteen faces, whereof eight are octagons and six are squares.

1155. The dodecahedron so cut produces twelve pentagons united by twenty hexagons,
and having thirty-two sides. This last, from some y)olnts of view, so approaches the
figure of the sphere, that, at a little distance, it looks almost spherical.

DEVELOPEMENT OF PYRAMIDS AND PRISMS.

1156. The other solids whose surfaces are plane, whereof mention has already been
made, are pyramids and prisms, partaking of the tetrahedron and cube ; of the former,
inasmuch as their sides above the base are formed by triangles which approach each other
so as together to form the solid angle which is the summit of the pyramid ; of the latter,

because their faces, which rise above the base, are formed by rectangles or parallelograms
which preserve the same distance from each otlier, but differ, from their rising on a poly-
gonal base and l)eing undetermined as to height.

1 157. This species may be regular or irregular, they may have their axes perpendicular
or inclined, they may be truncated or cut in a direction either parallel or inclined to their
bases.

1 158 The developement of a pyramid or right prism, whose base and height are given,
is not attended with dithculty. The oi)eration is by raising on each side of the base a triangle
equal in height to the inclined face, as in the pyramidal figures 487. and 488., ard a
rectangle equal to the perpendicular height if it be a prism.

DEVELOPEMENT OF AN OBLIQITE PVHA.Mln.

1159. If the pyramid be oblique, as m fig. 489., wherein the length of the sides of each
triangle can only be represented by foreshortening them in a vertical or horizontal pro-
jection, a third operation is necessary, and that is founded on a principle common to all

l»rojections ; viz. that the length of an inclined line -projected or foreahortened on a plane,

depends upon the differeucf of the jjerpvndiiiilar eUnigaiion of its extremities from the plane.
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whence in all cases a rectangular triangle, ivhose i^erticnl and horizontal projections give tivo

sides, the third, which is the h!/j>othenuse, joining them, will express the length of the foreshoi tened

line

F'K. "im

1160. In the application of this rule to the oblique pyramid oi fig. 489., the position of

the ])oint P {fig- 490.) must be shown on the plan or horizontal projection answering to the

apex of the pyramid, and from this point perpendicular to the face CD on the same side

the perpendicular PG must be drawn. Then from the point P as a centre describe the

arcs Mb, Cc, which wdl transfer upon PG the horizontal projections of the inclined

arrisses AP, EP, and DP; and raising the perpendicular PS equal to the heiglit of the

apex P of tlie pyramid above the plane of projection, draw the lines Sa, Si, Sc, which will

give the real lengths of all the edges or arrisses of the pyramid.

11 61. We may then obtain the triangles which form the developement of this jjyramid,

by describing from C as a centre with the radius Sc, the arc ig, and from the point 1)

another arc intersecting tlie other in F. Drawing the lines CF, DF, the triangles CFD
will be the developement of the side DC. To obtain that answering to BC, from the

points F and C with Si and Be as radii, describe arcs intersecting in B' and draw B'Fand
CB': the triangle FCB' will be the developement of the face answering to the side Be.

1162. We shall find the triangle FA'B, by using the lengths SA and BA to find the

points B' and F, which will determine the triangle corresponding to the face AB, and lastly

the triangles FDE' and FE'A" corresponding to the faces DE, AE bv using the lengths

Si, DE and SA, AE. The whole developement AEDE'A"F, A'B, CBA being l)en't on

the lines B FcF, CD, DF, and EF will form the inclined figure represented mfig. 489.

116;5. If this pyramid be truncated by the plane mn, parallel to the base, the contour

resulting from the section may be traced on the developement by producing Vm from F
to a, and drawing the lines ah, be, cd, de and ea" parallel to A'B', B C, CD, DE' and E'A".

1164. But if the plane of the section be perpendicular to the axis, as mn, from the point

F with a radius equal to Po describe an arc of a circle, in which inscribe the j)olygon

ab"c 'd'e"a". Then the polygon oqmq'o' is the plane of the section induced by the line mo.

DEVELOPEMENT OF RIGHT AND OBLIQUE PRISMS.

1 165. In a rigV.t prism, the faces being all perpendicular to the bases which terminate

the solid, the developements are rectangles, consisting of all these faces joined together and
enclosed by two parallel right lines equal to the contours of the bases.

1166. When a prism is inclined, the faces form ditterent angles with the lines of the

contours of the bases, whence results a developement whose extremities are terminated by
lines for:ning portions of polygons.

1167. We must first begin by tracing the profile of the prism parallel to its degree of

inclination (y?^. 491.). Having drawn the line Cc, wliich represents the inclined axis of

the prism in the direction of its length, and the lines AD, bd, to show the surfaces by
which it is terminated, describe on such axis the polygon which forms the plane of the

prism h, i, h, I, m perpendicular to the axis. Producing the sides M, hn parallel to the axis

to meet the lines AD, bd, tliey will give the four arrisses of the prism, answering to the

angles h, n, h, I ; and the line Cc which loses itself in the axis will give the arrisses im.

1168. It must be observed, that in this profile the sides of the polygon h, i, k, I, m give

the width of the faces roimd the prism, and the lines Ab, Cc, "Dd their length. From this

profile follows the horizontal projection (^fig. 492.) wherein the lengthened polygons repie^.
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sent the ba^es of the prism. In order to obtaui the developeineiit of tliis inclined prism,

so that being bent u]) it may form tlie figure, from the middle of Cc,Jig. 491. a perpendicuhir

0, /), 7 must be raised, produced to /, / , _/?//. 49i5. ; on this line must be transferred the

widths of the faces shovm by the polygon /;, i, k, I, in, n, oi Jig. 491. in /, k, i, h, n, m, I',

fig. 493. : through these points parallel to the axis, lines are to be drawn, upon which qVi

oi fi(j. 491. must be laid from I to E, from h to D, and from I' to Y,',jig. 493. ; pC,Jig. 491.,

must be laid from i to C, and from m to F in Jig. 495.

oA, Jig. 491., is to be laid from h to 15 and from n to A, Jig. 493., which will give

the contour of the developement of the upper part by drawing the lines ED,
DCB, BA, AFE',./7.'7- 492.

To obtain the contour of the base, qd ofJig. 491. must be transferred from I to q, from k

to d and from /' to e', fg. 493.

pc hom Jig. 491. from i to c and from m tof [Jig. 493.) ; lastly, ob o? Jig. 491. must

be trdusferred from li to b and from a to a {Jig. 493.) and drawing tna lines ft/,

hcd. ba, and afe, the contour will be obtained.

1169. Tlie developement wi 1 he completed liy drawing on the faces B A and ba, elongated

polygons similar to .\BCDEF and ubcdi-f ot'Jifj. 491. and of the same size.

DEVELOPEJIENT OF RIGHT AND OBLIQUE CVLINDERS.

1170. Cylinders may be considered as prisms whose bases are formed by polygons of an
infinite number of sides. 'I'lius, graphically, the developement of a right cylinder is ob-
tained, by a rectangle of the same height, having in its other direction the circumference of
the circle which serves as its base measured by a greater or less number of equal parts.

1171. But if the cylinder is oblique {Jig. 494.), we_ must take the same measures as for

FIr. 496

the prism, and consider the inclination of it. Having described centrally on its axis the
circle or ellipsis which forms its perpendicular thickness in respect of the axis, the circum-
ference shoulfi be divided into an even number of equal parts, as, for instance, twelve,
begiiming from the diameter and drawing from the points of division the parallels to the
axis HA, bi, tk, dl, em,fm, GO, which will give the projection of the bases and the general
developement.

1172. For the projection of the bases on an horizontal plane, it is necessary that from
the points where the parallels meet the line of the base HO, indefinite perpendiculars
should be let fall, and after having drawn the line H' O', parallel to HO, upon these per-
pendiculars above and below the parallel must be transferred the size of the ordinatcs of
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the circle or ellipsis traced on the axis of the cylinder, that is, pi and plO to I'l, and
i'lO : (/2 and fj9 in k'2 and /;'(;, tvc. In order to avoid unnecessary repetition, the Ji(/s. 494,
495, 496. are similarly figured, and will by insjieetiou indicate the corresponding lines.

117:5. In the last figure the line E'E' is the a])proxiniate developenient of the circum-
ference of the circles which follow the section UE perpendicular to the axis of the cylinder,
divided into 12 e(]ual yartfi, Jig. 494. For which purpose there have been transferred upon
this line on each side of the point D, six of the divisions of the circle, and through these
))oints iuive been drawn an efpial number, of indefinite parallels to the lines traced ujjon the
cylinder m Jiff. 494. : then taking the point D' as correspondent to D, the length of these
lines is determined by transferring to each of them their relative dimensions, measured
from DE in AG for the superior surface of the cylinder, and from DE to HO for

the base.

1174. In respect of the two elliptical surfaces which terminate this solid, what has been
above stated, on the manner of describing a curve by means of ordinates, will render further
explanation on that point needless.

DEVELOPEJIENT OF RIGHT AND OBLIQUE CONES.

1 1 75. Tlie reasoning which has been used in respect of cylinders and prisms, Is ap-
plicable to cones and pyramids.

1 1 76. In right pyramids, with regular and symmetrical bases, the edges or arrisses from
the base to the apex are equal, and the sides of the polygon on which they stand being
equal, their developenient must be composed of similar isosceles triangles, which in their

union will form throughout, part of a regular polygon, inscribed in a circle whose inclined

sides will be the radii. Thus, in considering the base of the cone A B (^Jig. 497.) as a

regular polygon of an infinite number of sides, its developement becomes a sector of a

circle A"B"U"'C" (jiff. 498.) uhose radius is equal to the side AC of the cone, and the

arc equal to the circumference of the circle which is its base.

1 1 77 Upon this may be traced the developement of the curves which would result from

the cone cut according to the lines DI, EF, and GH, which are the ellipsis, the parabola,

and the hyperbola. For this purpose the circumference of the base of the cone must be

divided into equal parts ; from each point lines must be drawn to the centre C, representmg

in this case the apex of the cone. Having transferred, by means of parallels, to I I, the

divisions of the semi-circumference AFB of the plan, upon the line A B', forming the base

uf the vertical projection of the cone (fg. 497.) to the points 1'2', F3 , and 4^, which, be-

cause of the uniformity of the curvature of the circle will also represent the divisions on the

plan marked 8, 7 F', 6, and 5 ; from the summit C in the elevation of the cone, the hues

Cr C'2' C'F C'3' C'4' are to be drawn, cutting the plans DI, EF, and GH of the ellipse,

of the parabola, and' of the hyperbola; then by the assistance of these intersections their

figures may be drawn on the plan, the first in IDpTp" ; the second in FE'F ;
the third in

TT//^ TT/'

1178
'

To obtain the points of the circumference of the ellipse upon the developement

( fin. 498.), from the points n, o,p, q, r of the line DI (fff. 497.), draw parallels to the base

for the purpose of transferring their heights upon CB' at the points 1 2, 3,4, 5. Iheu

transfer CD upon the developement, in C"n"', C'V", C"p''', C"q"\C r V„ ^"'l
"\*,^^

'f
"'^

order below, C"«"". C"o"", C'>"", C 'q'% €"r"" ; and CI from C" m I' and I '. Ihe
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curve passing through these points will be the developement cf the circjmfereiice of the

ellipse indicated mpi. 4y7. by the right line DI, which is its great axis.

1179. For the parabola (^fig. 4<)9.)onthe side C'A' (.yi>. 497.), draw 69 and a/( ;
then

transfer C E on the developenient in C"E"; Cg from C" to b'" and h"" ; C h, from C" to

a'" and a"" ; and through the points F", a'", b'", E", b"", a"", F", trace a curve, which

will be the developement of the parabola ahownin fig. 497. by the line EF.

1 1 SO. For the hyperbola, having drawn through the points m and i, the parallels me, if,

transfer C'G from C" to G", and from C" to G" of the developement, Ce from C" to m '

and III"", C'/from C" to i"' and f "'
; and after having transferred SH' and 6H"of the plan

to the circumference of the developement, from 3 to H", and from 6 to 11"", by the aid of

the points H ", i ', m"', G" and H"", i"", m'", G", draw two curves, of which each will be

the developement of one half of the hyperbola represented by the right lines GH and H'H",

figs. 497. and 500., and hy fig. 501.

USE The mode of finding the developement of an obliciue cone, shown m jigs. 502, 503,

504, 505. differs, as follows, from the preceding. 1 . From the position of the apex C upon

the plan 503., determined by a vertical let fall from such apex \n Jig. 502. 2. Because the

line DI of this figure, being parallel to the base, gives for the plan a circle instead of an

ellipsis. 3. Because in finding the lengthened extent of the right lines drawn from the

apex of the cone to the circumference of the base, divided into equal parts,^^. 504. is intro-

duced to bring them together in order to avoid confusion, these lines being all of a ditl'erent

size on account of the oblicpiity of the cone. In this figure the line CC shows the perpen-

dicular height of the apex of the cone above the plan ; so that by transfeiring from each side

the jirojections of these lines taken on the plan from the point C to the circumference, \vi

shall have CA", CI, C2, CF", C3, C4, CB', on one side, and CA', C8, C7, CF, C6, C5, and

CB" on the other ; lastly, from the point C drawing lines to all these points, they will give the

edges or arrisses of the inscribed pyramid, by which the developement infg. 505. is obtained.

Having obtained the point C" representing the apex, a line is to be drawn througli it e(jual

to CA" (/?(/. 504.) ; then with one of the divisions of the base taken on the plan, such as

Al, it must be laid from the point A of the developement of the section ; then taking C'l

oi fg. 504., describe from the point C" another arc which will cross the former, and will

determine the point 1 of the developement. Continuing the operations with the constant

length Al and the different lengths C2, CF', C:3, &c., taken from fg. 504. and transferred

to C"2, C"F, C"3, &c. of the developement, the necessary points will be obtained for tracing

the curve B"AB"', representing the contour of the oblique base of the cone.

1 1 82. We obtaii. the developement of the circle shown by tlic line DI oifig. 502. parallel

to that of the base AB, by drawing another line I'D D T {Jig. 504.) at the same distance

from the summit C, cutting all the oblique lines that have served for the preceding de-

velopement ; and on one side, CD', Cw, Co, Cp, C7, Cr, CI", must be carried to fig. 505.,

from C" to D ', n, o, p, q, r, and on the other from C" to n, o, p, q, r, and I"", on fig. 505.

The curve line passing through these points will be the developement of this circle.

1183. To trace upon the developement the parabola and hyperbola shown by the lines

EF, G3 of yz(/. 502., from the points YMi, Gmi draw parallels to the base AB, which,

transferred to fig. 50i., will indicate upon corresponding lines the real distance of these

points from the apex C, which aie to be laid in fig. 505. from C ' to E, b, a, b and a for
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the parabola; and from C" to G, m, i on one side, and on the otl. 3r to G, jn, i, for the

hyperbola. Each of these is represented in Jiffs. 506. and 507.

/

Fig. SOS.

HEVKI-OPEMENT OF BODIES OR. SOLIDS WHOSE SURFACES HAVE A DOUBLE CURVATURE.

1 1 84. Tlie developemcnt of the spliere and other bodies whose surface has a double

flexure would be impossible, unless we considered them as consisting of a great number of

plane faces or of simple curvatures, as tlie cylinder and the cone. Thus a sphere or spheroid

may be considered, — I. As a polyhedron of a great number of plane faces formed by
truncated pyramids whose base is a polygon, asjiy. 508. II. By truncated cones, forming

zones, as in _/?<;. 509. III. By ,>. p
parts of cylinders cut in gores, / 'A

forming fiat sides that diminish

in width, shown by Jiff. 510.

1 1 85. In reducing the sphere

or spheroid to a polyhedron
with flat faces, the develope-

ment may be accomplished in

two ways, which differ only by
the manner in which the faces

are developed.

1 1 86. The most simple me-
thod of dividing the sphere

I.O reduce it to a polyhedron is

that of parallel circles crossed

by others perpendicular to

them, and intersecting in two
opposite points, as in the com-
mon geographical globes. If,

instead of the circle, the pol^'-

gons are supposed of the same
number of sides, a jiolyhedrouA
will be the result, similar to

that represented by Jif/. 508.,

whose halfAD B shows the geo-
metrical elevation, and AEB
the plan of it.

1187. For the developement, produce Al, 12, 23, so as to meet the produced axis CP in

order to obtain the summits P, /y, r, D of the truncated pyramids which form the semi-jjoly-

hedron ADB ; tlien from the jjoints P, 7, r, with the radii PA, Pi, q\, q2, r2, r3 and l);i,

describe the indefinite arcs A B', 1/)', \b", 2/', 2f", ^g', and 3g, upon which, after having
transferred the divisions of the demi-polygons AEB, leS", 2e'5"', lie", 4", from all the

transferred points, as A, 4', 5', 6', 7', 8', 9', B', for each truncated pyramid draw lines to the

summits VqrD, and other lines which will form inscribed polygons in each of the arcs AB',
1//, lb', &c. These lines will represent for each band or zone the foces of the truncated

pyramids whereof they are part.

1 1 88. We may arrive at the same developement by raising upon the middle of each side

of the polygon AEB indefinite perpendiculars, upon which must be laid the height of the

faces of the elevation in 1, 2, S, 4 ; through which points draw parallels to the base, upon
which transfer the widths of each of the faces taken on the plan, whereby trapezia will be
formed, and triangles similar to those found in the first developement, but ranged in another

manner. This last develojjement, which is called \n gores, is more suitable for geographical

globes ; the other method, for the formation of the centres, moulds, and the like, of spherical

vaults.

1189. The developement of the sphere by conic zones (Jig. 509) is obtained by the

same process as that hy truncated pyramitls, the only difference being, that the develope-

ment of the arrisses A B', 16', 2/', '^g, are arcs of circles described from the summits of

cones, instead of being polygons.

1 1 90. The develoi)ement of the sphere reduced to portions of cylinders cut in gores

'^Jig. 510.) is conducted in the second manner, but instead of joining with lines the points

/(, i, k, d, {Jig. 508.) tliey mu.st be united by a curve. This last method is useful in

drawing the caissons or pannels in spherical or spheroidal vaults.

OF THE ANGLES OF PLANES OR SURFACES BY WHICH SOLIDS ARE BOUNDED.

1191. In considering the formation of solids, we have already noticed tliree sorts of

angles, viz. plane angles, solid angles, and the angles of planes. The two first have been
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treated of in the preceding sections, and we have now to speak of the third, which iniist

not be confounded with phnie angles. Of these last, we have explained that they are

formed by the lines or arrisses which bound the faces of a solid ; but the angles of planes,

whereof we aie about to speak, are those formed by the meeting of two surfaces joining in

an edge.

1192. The inclination of one plane ALDE to another ALCB {fig. 511.) is measured

by two perpendiculars FG, FH raised upon each of these planes ^ ^
from the same point F of the line or arris AL formed by their /" ^~7

union. Jy, ^J?^
1193. It is to be observed, that this angle is the greatest of all

/^^^'^""'jm
those formed by lines drawn from the point F upon these two F/^/^ gW'^
planes ; for the lines FG, FH being perpendicular to AL, common / '"''-- e/ /
to both the planes, they will be the shortest that can be drawn from ^-^^^ ~Ai

the point F to the sides J]D, BC, which we suppose parallel to ^^~"~--~V

AL; thus their distance GH will be throughout the same, whilst ^

the lines FL EK will be so much the longer as they extend beyond Fig. an.

the perpendiculars FG, FH, and we shall always have KI equal to GH, and conse-

quently the angle IFK so much smaller than GFH as it is more distant.

1 1 94. Thus, let a rectangular surface be folded peqiendicularly to one of its sides so that

the contours of the parts separated by the fold may fall exactly on each other. If we raise

one of them, so as to move it on the fold as on a hinge, and so as to make it form all degrees

of angles, we shall see that each of the central extremities of the moveable part is always in

a plane perpendicular to the part that is fixed.

1 1 95. This property of lines moving in a perpendicular plane, furnishes a simple method
of finding the angles of planes of all sorts of solids whose vertical and horizontal projec-

tions or whose developements are known.
1196. Thus, in order to find the angles formed by the tetrahedron or pyramid on a tri-

angular base {fig. 477.), we must for the angles of the base with the sides, let fall from
the angles ABC perpendiculars to the sides ac, cb, and ah, which meet at the centre of the

base in D. It is manifest from what has just been said on this subject, that if the three

triangles are made to move, their angles at the summit A, B, C will not be the vertical

planes shown by the lines AD, DB, DC, and that they will meet at the extremity of the

»fertical, passing through the intersection of these planes at the point D. Thus we obtain

for each side a rectangular triangle, wherein two sides are known, namely, for the side cb,

the hypothenuse ed, and the side eD. Thus raising from the point D an indefinite per-

pendicular, if from the point e with eB for a radius an arc is described cutting the per-

pendicular in d, and the line de be drawn, the angle deD will be that sought, and will be
the same for the three sides if the polyhedron be regular ; otherwise, if it is not, the

operation must be repeated for each.

1197. These angles may be obtained with great accuracy by taking de, or its equal eB,
for the whole sine; then de ; eD::sine : sine 1 9^" 28', whose complement 70" S2' will, if

the polyhedron be regular, be the angle sought. In this case, all the sides being equal,

and each being capable of serving as base, the angles throughout are equal. In respect

of the cube {figs. 479. and 483.) whose faces are composed of equal squares, and whose
angles are all right angles, it is evident that no other angles can enter into their com-
bination with each other.

1198. To obtain the angle formed by the faces of the octahedron (j?//. 480.) from the
points C and D : with a distance equal to a vertical dropped upon the base of one of the

triangles of its developement (^(7. 484.), describe arcs crossing each other in F ; and the

angle CFD will be equal to that formed by the faces of the polyhedron, and will be found
by trigonometry to be 70° 32'. In the dodecahedron (fig. 481.), the angle formed by the

faces will be found by drawing upon its projection the lines DA, and producing the side

B to £, determined by an arc made from the point D with a radius equal to BA. The
angle sought will be found to be 108 degrees.

1199. For the icosahedron (^9. 482.), draw the parallels Ac, Hb, Cc, and after having
made be parallel and equal to BC, with a radius equal thereto, describe an arc cutting in

a the parallel drawn from the point A ; the angle abc will be equal to that formed by the

sides of the polygon, which by trigonometry is found to be 1 08 degrees, as in the dodeca
hedron.

1200. For the pyramid with a quadrangular base (fig. 487.) the angle of each face with
the base is equal to PAB or PBA, because this figure, which represents its vertical pro-
jection, is in a plane parallel to that within which will be found the perpendiculars dropped
from the summit on the lateral faces of the base.

1201. In order to obtain the angles which the inclined sides form with one another,
draw upon the developement (fig. 488.) the line ED, which, because the triangles PP^C,
PCD are equal and isoceles, will be perpendicular to the line PC, representing one of the
arrisses which are formed. Then from the point D with a radius equal to DF, and
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from the point C with a radius equal to the diagonal AD (of the square re))rt'sontiiig

the square of tlic l)ase) describe ares intersecting each other. The angle FDG will be
the angle sought. We may suppose it taken along the line BC traced in Ji{/. 487.

1 202. In order to obtain the angles formed by the faces of an obli(]ue pyramid (Jit/. 48f).),

through some point (j of the axis draw the perpendicular mo, showing the base oqmq'u' of

the riglit pyramid i>ipo, whose developement is shown in Jig. 490., by the portion of the
polygon fl, b ', c", e", d', a'V.

I20.'3. By means of this base and the part developed, proceeding as we have already ex-
plained for the right ])yramid, we shall find the angles formed by the meeting of the faces,

and they will differ but little from those of the little polygon rqimfj'.

1204. In respect to the angles formed by the faces inclined to the base, that cf the face

answering to the side De of ttie base is expressed by the angle ADP of the vertical projec-
tion, /_(/. 489.

1205. As to the other faces, for instance, that which corresponds to the side AE of the
base {Jiij. 490.), through any point g draw ^/perpendicular to it, meeting the line A F, show-
ing the projection of one of the sides of the inclined face ; upon the developement of this

face, expressed by A"E'F, raise at the same distance from the point E' another per])en-

dicular g'm', which will give the prolongation of the line shown on the base by Af. If we
transfer A"m of the developement upon Am, which expresses the inclination of the arris

represented by this line, we .shall have the perpendicular height jw/of the point m above the
base, which, being transferred from fin" upon a perpendicular to gf, we shall have the two
sides of a triangle whose hypothenuse gm" will give m"gf\ the angle sought.

1206. In the oblicjue prism {Jig. 491.), the angles ol^the faces are indicated by the plane
of the section perpendicular to the axis, represented l)y the polygon hihlmn.

1207. Those of the sides perpendicular to the plan of the inclination of the axis are

expressed by the angles Ddb, Ahd of the profile in the figure last named.
1208. In order to obtain the angles formed with the other sides, for instance CcT>d and

CcA/<, draw the perpendiculars csbt, whose projection in plan are indicated by s"c' and bt',

then upon J'c, drawn aside, raise a perpendicular c"c"' ecpial to cs of the profile, /z*;. 491.
Through the point c'" draw a line i)arallel to J'c, upon which, having transferred c's' of the

projection in plan {Jig. 492.), draw the hypothenuse s"c", and it will give the angle s"e"f
formed by the face CcDrf with the inferior base.

1209. To obtain the angles of the face CcAb, raise upon Vb", drawn on one side, a per-
pendicular b"t"', equal to bt {Jig. 492.), and drawing as before a parallel to b" through the
point t'", transferer of /^r. 492. to t"'t" ; and drawing t'b", the angle t'h'V is that

required.

1210. As the bases of this prism are parallel, these faces necessarily form the same angles
with the superior base.

1211. An acquaintance with the angles of planes is of the greatest utility in the prepara-
tion of stone, as will be seen in ciiap. iii., and a thorough acquaintance with it will well repay
the architectural student for the labour he may bestow on the subject.

Sf.ct. VI.

MENSURATION.

1212. The area of a plane figure is the measure of its surface or of the space contained

within its extremities or boundaries, without regard to thickness. This area, or the content

of the plane figure, is estimated by the nmnber of small squares it contains, the sides of

each whereof may be an inch, a foot, a yard, or any other fixed (juantity. Hence the area

is said to consist of so many scjuare inches, feet, yards, &c., as the case may be.

1213. Thus if the rectangle to be measured be ABCD {fg. 512.), and the small square

E, whose side we will suppose to be one inch, be the measuring air.
unit proposed ; then, as often as such small square is contained in

the rectangle, so many square inches are said to be contained in the

rectangle. Here it will be seen by inspection that the number is

12 ; that the side DC or AB, which is 4 times the length of the

measuring unit, multiplied by the number of times .3, which the

length of the measuring unit is contained in AD or BC, will give

12 for the product. _
1214. Pkoblem I. To Jind the area of a parallelogram, whether it

be a square, a rectangle, a rhombus, or a rhomboid. I ]

Multiply the lengtli by the periiendicular breadth or height, and I I

the product will be the arex
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Exaiiijle 1. Required the area of a parallelogram whose length is 12-25 feet, and
heiglit 8 -5 feet.

12-25 X 8-5 = 104-125 feet, or 104 feet li inches.

Example 2. Required the content of a piece of land in the form of a rhombus whose
length is 6 20 chains, and perpendicular height 5-45.

Recollecting that 10 square chains are equal to a square acre, we have,

6*20 X 5-45 = 33-79 and '^^^ = 3-379 acres, which are equal to 3 acres, 1 rood,

^^fmi perches.

Example 3. Required the number of square yards in a rhomboid whose length is 37
fset, and breadth 5 feet 3 inches ( =5''25 feet).

Recollecting that 9 square feet are equal to 1 square yard, then we have

37 X 5-25 = 194-25, and ^y— = 21-584 yards.

1215. Problem II. To find the area of a triangle.

Rule 1. Multiply the base by the perpendicular height, and take half the product for the

area. Or multiply either of these dimensions by half the other. The truth of tiiis

rule is evident, because all triangles are equal to one half of a parallelogram of e(|ual

base and altitude. (See Geometry, 90 J.)

Example 1. To find the area of a triangle whose base is 625 feet, and its perpendicular

height 520 feet. Here,

625 X 260= 162500 feet, the area of the triangle.

Rule 2. AVhen two sides and their contained angle are given : multiply the two given

sides together, and take half their product ; then say, as radius is to the sine of the

given angle, so is half that product to the area of the triangle. Or multiply that

half product by the natural sine of the said angle for the area. This rule is founded

on proofs which will be found in Sect. III., on which it is unnecessary here to say

more.

Example. Required the area of a triangle whose sides are 30 and 40 feet respectively,

and their contained angles 28° 57'.

I3y natural numbers :
—

First, 1 X 40x30= 600.

Then, '1 : 600: : -484046 (sin. 28'" 57') : 290-4276.

By logarithms :
—

Sin. 28° 57'= 9-684887

Log. of 600= 2-778151

2-463038 = 290-4276, as above.

Rule 3. When the three sides are given, take half the sum of the three sides added to-

gether. Then subtract each side severally from such half sum, by which three re-

mainders will be obtained. Multiply such half sum and the three remainders

together, and extract the square root of the last product, which is the area of the

triangle. This rule is founded on one of the theorems in Trigonometry to be found
in the section relating to that subject.

Example. Required the area of a triangle whose three sides are 20, 30, and 40.

20 + 30 + 40= 90, whose half sum is 45.

45—20= 25, first remainder; 45 — 30 = 15, second remainder; 45 — 40= 5, third

remainder.

Then, 45 x 25 x 15 x 5 = 84375, whose root is 290-4737, area required.

1216. PuoELEM III. To find the area of a trapezoid.

Add together the parallel sides, multiply their sum by the perpendicular breadth or dis-

tance between them, and lialf the product is the area. (See Geometry, 932.)

Example 1. Required the area of a tianezoid whose parallel sides are 750 and 122.'<,

and their vertical distance from each other 1540.

1225 + 750 X 770= 1520750, the area.

Example 2. Required the area of any quadrangular

figure (^fig. 513.) wherein AP is 110 fett,

AQ, 745 feet,

AM 11 10 feet

CP 352 feet

DQ £95 feet.

Therefore, QB=aB-AQ -=1110-745 = 365,

And rQ=AB-AP-QB= 1110- 110 -365=635.
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For PCDQ, 595 + P,52x 635^2 = 300672-5

For tlie triimgle ACT, 176 x 110= 19360

For the triangle DQB, 55i|^^ = 108587-5

Area= 428620-0 feet.

1217. Problem IV. To find the area of any trapezhtm.

Divide the trapezium into two triangles by a diagonal ; then find the areas of the two

triangles, and their sum is the area.

Observation. If two perpendiculars l)e let fall on the diagonal from the other two opposite

ingles, then add these two perpendiculars together, and multiply that sum by the diagonal.

IJidf the product is the area of tlu> trapezium.

Example. Iletpiired the area o! a trapezium whose diagonal is 42, and the two per-

pendiculars or. it 16 and 18.

Here, 16 + 18 =34, whose half= 17; Then, 42 x 17 =714, the area.

1218. PiiouLEJl V. To find the area of an irregular pohjgon.

Dr^w diagonals dividing the proposed polygon into trapezia and triangles. Tiien,

having found the areas of all these separately, their sum will be the content re-

quired of the whole polygon. ii

Example. Required tlie content of the irregular

figure ABCDEFG A {fi<j. 514.), wherein the

following diagonals and perpendiculars are

given.

AC= 55, GC = 44, En = 18, E/) = 8,

FD= 52, Gm=13, GO- 12, D(/= 23.

And 55x9 =495
BS^iG-S =357-5
44x11-5 = 506
B'2y.6 =312
52 X 4 =208

1 878 '5, area required.

1219. Proei.eji VI. To find the area of a regtdar polygon.

Rule 1. Multiply the perimeter of the polygon, or sum of its sides, by the perpendicii

lar drawn from its centre on one of its sides, and take half

the product of the area ; which is in fact resolving the poly-

gon into so many triangles.

Example. Required the area of the regular pentagon ABCDE
(Jig. 515.), whose side AB or BC, &c. is 25 ft., and
perpendicular OP 17-2 ft.

Here ?^|-^=62-5=half the perimeter, and 62-5x17-2 = 1075
square feet area required.

Eule 2. Square the side of the polygon, and multiply the stjuare

by the tabular area or multiplier set against its name in the
pi;,. 5i5.

following table, and the product will be the area. Tiiis

rule is founded on the projierty, that like polygons, being similar figures, are to one

another as the s(]uares of their like sides. Now the multipliers of the table are

the respective areas of the respective polygons to a side =1 ; whence the rule is

eviderit. In the table, ihe apothem of a regular polygon is the line O P,

Fig. 514.

TABLE OF POLYGONS. (Sce also Glossary, s. V Polyg on.)

No.
of

sides
Name of Polygon.

Anple
UK P.

d.grs.

Angle
(if

centre.

Mo.
Length of

Sule.

Rad=l

Length
of Rad.
Apt. =1

Length of
Hadius.
Side = 1

Multipliers.

3 Trigon or Equ. Tri. 30 120 •5000 1-73205] 2-0000 •5773503 0-4330127

4 Tetragon 45 90 •7071 1-414214 1-4142 •7071068 1-000000.)

5 Pentagon 54 72 -8090 1-175570 1-2360 -8506508 1-7204774

6 Hexagon 60 60 •8660 1-000000 1-1547 1-0000000 2^5980762

7 He[)tagon 643 51 -252 •9010 -867767 1-1095 1 -1523824 3-63391-24

8 Octagon en 45 •9239 -765367 r0823 1 •3065628 4-8284-i71

9 Nonagon 70 40 •9397 •684040 1-0642 1-4619023 6-1 S 18242
10 Dtcagon 72 36 •9511 •618034 1^0515 1-6180340 7-6942088

11 Undecagon - 7-Vt 32-43/^ •9595 •563465 r0422 1-774 7324 9-3656399

12 Dodecagon - 75 30 •9659 •517638 1-0352
1

1-9318517 1M961521
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Example. Required the area of an octagon whose side is 20 feet.

Here 20- = 400, and the tabular area 4-8284271
;

Therefore 4-8284271 x 400= 1931-37084 feet, area required.

1220. Probleji VII. To find the diameter and circumference of any circle, either from the

other.

Rule 1. As 7 is to 22, or as 1 is to ?>-l^\6, so is the diameter to the circumference. Or
as 22 is to 7, so is the circumference to the diameter.

Example. Required the circumference of a circle whose diameter is 9.

Here 7 : 22::9 : 28|; or, —,^= 28|, the circumference required.

Required the diameter of a circle whose circumference is 36.

Here 22 : 7 ::36 : llif; or, ^2~ = ^'i' ^^^ diameter required.

1 221. Problem VIII. To find the length of any arc of a circle.

Rule 1. Multiply the decimal -01745 by the number of degrees in the given arc, and
that by the radius of the circle ; then the last product will be the length of the arc.

This rule is founded on the circumference of a circle being 6-2831854 when the
diameter is 2, or 3-1415927 when the diameter is 1. The length of the whole
circumference then being divided into 360 degrees, we have 360° : 6-2831854
::i° : -01745.

Example. Required the length of an arc of 30 degrees, the radius being 9 feet.

Here -01745 x 30 x 9 = 4-71 15, the length of the arc.

Rule 2. From 8 times the chord of half the arc subtract the chord of the whole arc,

and one third of the remainder will be the length of the arc nearly.

Example. Required the length of an arc DCE {fig. 516.) whose chord DE is 48,
and versed sine 18.

Here, to find DC, we have 242+182= 576 + 324 = 900,

and -v/900= 30=DC.
„ 30x8—48 240—48 192 ^^ ., 1 ,, f .,Whence „— =—g— = -2-= 64, the length of the arc

required.

1222. Pkobleji IX. To find the area of a circle.

Rule 1. Multiply half the circumference by half the diame-

ter. Or multiply the whole circumference by the whole Fig. 516.

diameter, and take \ of the product.

Rule 2. Square the diameter, and multiply such square by -7854.

Rule 3. Square the circumference, and multiply that square by the decimal -07958.

Example. Required the area of a circle whose diameter is 10, and its circumferenco
31-416.

By rule 1., ^ = 78-54.

By rule 2., 10- x -7854=100 x -7854 = 78-54.

By rule 3., 31-416 x 31-416 x -07958 = 78-54.

So that by the three rules the area is 78-54.

1223. Problem X. To find the area of a circular rincj, or of the space included between

the circumferences of two circles, the one being contained within the other.

Rule. The difference between the areas of the two circles will be the area of the ring.

Or, multiply the sum of the diameters by their difference, and this product again
by -7854, and it will give the area required.

Example. The diameters of two concentric circles being 10 and 6, required tbe area
of the ring contained between their circumferences.

Here 10 + 6 = 16, the sum, and 10—6 = 4, the difference.

Therefore -7854 x 16 x 4 = -7854 x 64 = 50-2656, the area required.

1224. Problem XI. To find the area of the sector of a circle.

Rule 1. Multiply the radius, or half the diameter, by half the arc of the sector for the
area. Or multiply the whole diameter by the whole arc of the sector, and take

J

of the product. This rule is founded on the same basis as that to Problem IX.
Rule 2. As 360 is to the degrees in the arc of the sector, so is the area of the wliole

circle to the area of the sector. This is manifest, because it is proportional to the
length of the arc.

Example. Required the area of a circular sector whose arc contains 18 degrees, the
diameter being 3 feet.

By the first rule, 3-1416 x 3 = 9-4248, the circumference.

360 : 18 :: 9-4248 : -47124, the length of the arc.

•47124 X 3 -=-4 = 1-41 372+- 4 =-35343, the area of the sector.
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By llie se.-ond rule, -7854 x 3- = 7-0f;8fi, area of the whole circle.

.'iOO : 18::7-OC8G : -SSlHH, the area of the sector.

I'J25. Prohi.eji XII. 2'o find the area of a segment of a circle.

Rule 1. l-'iiul the area of the sector having the same arc with the segment by the last

problem. Then find the area of the triangle formed by the chord of the segment

and the two radii of the sector. Take the sum of these two for the answer when

the segment is greater than a semicircle, and their difference when less than a

semicircle.

Exami)le. Required the area of the segment ACBDA
(/j(7. 517.), its chord AB being 12, and the radius AE
or CE 10.

As AE : sin. ZD 90°:: AD : sin. 36° : 521 = 36-87 degrees

in the arc AC.
Their double 73-74 degrees in arc ACB.
Now, -7854 X 400= 314-16, the area of the whole circle.

Therefore, 360' : 73-74 ::314-16 : 64-3504, area of the sector \
; /

ACBE. _ \ 1

Again, -v/AE2- AD2=v'100-36=V64 = 8-=DE. '-.^
i

Therefore, AD X DE=6x8 =48, the area of the triangle ""—^— ''

AEB.
Hence the sector ACBE (64-350), less triangle AEB (48) Fig. sir.

= 16-3504, area of segment ACBDA.
Rule 2. Divide the height of the segment by the diameter, and find the quotient in the

column of heights in the following table. Take out the corresponding area in the

next column on the right hand, and multiply it by the square of the circle's diameter

for the area of the segment. This rule is founded on the principle of similar plane

figures being to one another as the squares of their like lineal dimensions. The
segments in the table are those of a circle whose diameter is 1. In the first column

is contained the versed sines divided by the diameter. Hence the area of the

similar segment taken from the table and multiplied by the square of the diameter

gives the area of the segment to such diameter. When the quotient is not found

exactly in the table, a proportion is used between the next less and greater area.

Example. As before, let the chord AB be 12, and the radius 10 or diameter 20.

Having found as above DE = 8: tlien CE - DE = CD = 10-8=2, Hence
by the rule CD-r- CF = 2-i-20= -1, the tabular height; this being found in

the first column of the table, the corresponding tabular area is -040875;

then -040875 X 20-= -040875 X 400 = 16-340, the area nearly the same as

before.

AiiEAs OF THE Segments of a Circle ivhose Diameter, Unity, is supposed to be

DIVIDED INTO 1000 E(JUAL PaKTS.

light.
'
Area Seg. light. Area Seg. Hght. Xrca. Seg. light. 'Area Seg. Hght.i Area Seg.

1

Hght. Area Seg.

•001 -000042 -022
i

-004322 •043 •011734 064 -021168 •085 -0,32186 •106
1

•044522

•002 -000119 -023 -004618 •044 •012142 -065 -021659 -086
,

-032745 •107 •045139

-003 -000219 -024; -004921 •045 •01 2554 -066 -022154 087
1

-033307 •108 045759
•004 •000337 •025 -005230 •046 •012971 -067 -022652 -088

j

-033872 •109 046381
-005 •000470 •026 ^005546 •047 •013392 -068 -023154 •089 ^034441 •110 047005
-006 -00061 8 •027 005867 •048 •013818 -069 •023659 •090 ^035011 •111 •047632
•007 -000779 •028 •006194 049 014247 -070 •024168 091

j

-035585 •112 048-62
•008 -000951 -029 •006527 •050 014681 •071 •024680 •092

1

-036162 1 1

3

048894
-009 •001 1 35 •030 •006865 •051 015119 •072 •0251 95 -093

:
-036741 •114 •049528

: -01 •001329 -031 •007209 •052 015561 •073 •025714 094 ' •037323 •115 •050165

|-011 •001533 032 •007558 •053 01 6007 •074 •026236 •095 •OS 7 909 •116 •0.50804

•012 -001746 033 •007913 •054 •016457 •075^026761 096 OS 8496 •117 051446
•013 -001 968 •034 •008273 •055 •016911 •076 ^027289 097

,

^039087 •118 •052090
014 -002199 035 •008638 •056 •017.369 •077 •027821 •098 ' -039680 •119 •052736
-015 -002438 -036 •009008 •057 •017831 •078 028356 -099 -040276 •120 053385
•016 -002685 -037 •009383 •058 •018296 •079 '02SS94 •100 -040875 •121 054036
-017 •002940 -038 •009763 •059 •O 18766 •080 ^02 94 35 •101

;

-041476 •122 054689
•018 -003202 •039 •010148 •060

'
-01 9239 •081 ! -029979 •102 •041:080 •1 23 055345

•019 •003471 -040 •010537 •061
1

^019716 -082 -030526 •103
1

^042687 •124 056003
•020 •003748 -041 010931 062 ^0201 96 -083-031076 •104: ^043296 •125 056663
•021 -004031 042 •01 1330' -063 ^020680 -084 '-031 629 •105 '043908 •126 •057326
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light. Area Seg.' Hght. Area S g. Hght. Area Seg Hght. Area Seg. Hght. Area Seg. Hght. Area Seg.

•127' -057991 •190 •103900 •253 -156149 315 •212011 •377 -270951 •439 -3318.50

•]28! -058658 •191 -104685 •254 •157019 316 •212940 •378 -271920 •440 -3.32843
-1 '29 -059327 •192 •105472 •255 •I 57890 317 •213871 •379 272890 -441 •333836
•130 -059999 •193 106261 •256 -158762 318 •214802 •380 -273861 •442 -334829
-131 •060672 •194 •107051 •257 159636 319 •215733 •381 -274832 -443 •335822
-1 32 •061 348 •195 •107842 •258 •160510 320 •216666 •3S2 -275803 -444 -336816
-133 •062026 •196 •103636 •259 -161386 •321 •217599 •383 276775 •44.5 -337810
•134 •062707 •197 •109433 •260 -162263 •322 •218533 •384 -277748 •446 •338804
•135 •063389 •198 •110226 -261 -163140 •323 •219468 •385 •278721 •447 •339798
-136 •064074 -199 •111024 •262 -164019 •324 •220404 •386 •279694 -448 •340793
•137 •064760 •200 •1118-'3 -263 •164899 •325 •221340 •387 •280668 -449 •341787
•138 •065449 •201 •112624 •264 -165780 •326 222277 •388 •281642 •450 •342782
•139 •066140 202 •113426 -265 •166663 •327 •223215 •389 •282617 •451 •343777
•140 •066833 •203 •114230 -266 -167546 •328 •224154 •390 •283592 •4,52 •344772
•141 •067528 •204 •115035 -267 -168430 •329 •225093 -391 •284568 •453 -345768
•142 •068225 •205 •115842 •268 -169315 •330 •226033 •392 -285544 •454 •346764
•143 •068924 •206 •116650 •269 •170202 •331 •226974 •393 •286521 •455 •347759
•144 •069625 •207 •117460 •270 -171089 •332 •227915 •394 -287498 •456 •34875.5

-145 •070328 •208 •118271 •271 171971 •333 •228858 •395 -288476 -457 •349752
-146 •071 033 •209 •1 1 9083 •272 172867 •334 •229801 •:596 -289453 -4,58 •350748
-147 •071741 •210 -119897 •273 1 73758 •335 •230745 •397 -290432 459 •351745
•148 •072450 •211 •l'-0712 •274 -174649 •336 •231689 •398 •291411 -460 •352742
•149 •073161 •212 •121529 •275 •1 75542 •337 •232634 •399 •292390 -461 •.353739

•150 •073874 •213 •122347 •276 •176435 •338 •233580 -400 •293369 462 •.354736

•151 •074589 •214 •123167 •277 •177330 •339 •234526 •401 •294349 •463 •355732
•152 •075306 •215 •123988 •278 •178225 •340 •235473 •402 •295330 •464 •.?56730

•153 •076026 •216 •124810 •279 -179122 •341 •236421 •403 •296311 •465 -357727
•154 •076747 •217 •125634 •280 -180019 •342 •237369 •404 •297292 •466 -358725
•155 •077469 •218 126459 •281 •180918 •343 •238318 •405 •298273 •467 -359723
•156 •078194 •219 -127285 282 •181817 •344 •239268 •406 •299255 •468 •360721
•157 •078921 220 •12811,3 •283 •182718 •345 •240218 •407 •300238 •469 •361719
158 •079649 •221 •128942 •284 •183619 •346 •241169 •408 •301220 •470 •362717
•159 •080380 •222 -129773 •2*^5 •184521 •347 •242121 •409 •302203 •471 -363715
•160 •081112 •223 •1 30605 •286 •185425 •348 •243074 •410 •303187 •472 -.364713

•161 •081846 •224 •131438 •287 •186329 •349 •244026 •411 •304171 •473 -365712
•162 •082582 •225 -132272 •288 •187234 •350 •244980 •412 •3051 55 •474 -366710
•163 •083320 226 -133108 •289 •1S8140 •351 •245934 •113 •306140 -475 •367709
•164 •084059 227 •133945 •290 •189047 •352 •246889 •414 307125 -476 -368708
•165 •084801 •228 -134784 291 •189955 •353 •247845 •415 •308110 •477 -369707
•166 •085544 •229 -135624 292 •1 90864 •354 •248801 -416 •30909.T •478 -370706
•167 •086289 •230 •136465 •293 •191775 •355 •249757 •417 •310081 -479 •371704
•168 •087036 •231 -137307 •294 •192684 •356 250715 •418 •311068 -480 •372704
•169 •087785 232 •138150 •295 •193596 •.357 •251673 •419 •312054 481 •373703
•170 •088535 •233 -138995 •296 •194509 358 •252631 •420 •313041 •482 •374702
•171 •089287 234 •139841 •297 •1 95422 •359 •253590 •421 •314029 •483 •375702
•172 •090041 235 •140688 •298 •196337 •360 -254550 422 -315016 -484 •376702
•173 •090797 236 •141537 •299 •197252 •361 •255510 •423 •316004 •485 •377701
•174 •091554 237 •142387 •300 •198168 •362 •256471 •424 •316992 •486 -378701
•175 •092313 238 •143238 •301 •199085 •363 •257433 •125 •317981 •487 •379700
•176 •093074 239 •144091 •302 •200003 •364 •258395 426 •318970 •488 •380700
•177 •093836 240 •144944 •303 •200922 363 •259357 •427 -319959 •489 •381699
•178 •094601 241 •145799 •304 •201841 "366 •260320 •428 •32094 8 -490 •382699
•179 •095366 242 •146655 •305 202761 •367 •261284 429 -321938 •491 •383699
•180 •0961 34 243 •147512 306 203683 •368 •262248 430 -322928 -492 •384699
•181 •096903 •244 •148371 •307 204605 •369 •263213 •131 -32391 8 •493 •385699
•182 •097674 •245 •149230 •308 •205527 •370 •264178 432 -324909 494 •386699
•183 •098447 246 •150091 •309 206451 •371 •265144 4.'i3 •325900 -495 •387699
184 •099221 247 •150953 •310 207376 •372 •2661 1

1

134 -326892 -496 •388699
185 •099997 248 •151816 •311 2083'.)1 •373 •267078 435 •327882 •497 •389699
186 •100774 24.) •152680 •312 209227 •374 •268045 436 •328874 •498 •390699
•187 •101553 •25) •153546 313 210154 •375 •269013 437 •329866 •499 •391699
•188 •102334 •251 154412 314 211082 •376 •269982 438 •330858 •500 •392699

J 89 103116 252 •155280
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1226. Pkobi.eai XIII. To find the urea of an ellipsis.

Rule. Multiply the longest and shortest diameter together, and their product by -78,54,

which will give the area required. This rule is founded on Theorem 3. Cor 2. in

Conic Sections. (1098, 1100.)

Example. Required the area of an ellipse whose two axes are 70 and 50.

Here 70 x 50 x •7854 = 2748-9.

1227. Pkobi.em XIV. To find the area of any elliptic segjiient.

llule. Find the area of a circular segment having the same height and the same
vertical axis or diameter ; then, as the said vertical axis is to the other axis (parallel

to the base of the segment), so is the area of the circular segment first found to the

area of the elliptic segment sought. This rule is founded on the theorem alluded

to in the previous problem. Or, divide the height of the segment by the vertical

axis of the ellipse ; and find in the table of circular segments appended to Prob. 1 2.

(1224.) the circular segment which has the above quotient for its versed sine ; then

multiply together this segment and the two axes of the ellipse for the area.

Example. Required the area of an elliptic segment whose height is 20, the vertical

axis being 70, and the parallel axis 50,

Here 20 -f-70= -2857142, the quotient or versed sine to which in the

table answers the segment -285714.

Then -285714 x 70 x 50 = 648-342, the area required.

1228. Problem XV, To find the area of a parabola or its segment.

Rule. Multiply the base by the perpendicular height, and take two thirds of the pro-

duct for the area. This rule is founded on the properties of the curve already

described in conic sections, by which it is known that every parabola is | of its

circumscribing parallelogram. (See 1097.)
Example. Re(juired the area of a parabola whose height is 2 and its base 12.

Here 2x12 = 24, and | of 24= 16 is the area required.

MEKSURATION OF SOLIDS.

1229. The measure of every solid body is the capacity or content of that bodv, con-
sidered under the threefold dimensions of length, breadth, and thickness, and the measure
of a solid is called its solidity, capacity, or content. Solids are measured by units wliich

are cubes, whose sides are inches, feet, yards, &c. Whence the solidity of a body is

said to be of so many cubic inches, feet, yards, &c. as will occupy its capacity or space,

or another of equal magnitude.

1230. The smallest solid measure in use with the architect is the cubic inch, from which
other cubes are taken by cubing the linear proportions, thus, —

1728 cubic inches =1 cubic foot;

27 cubic feet = 1 cubic yard,

1231. Problem I. To find the superficies of a prism.

Multiply the perimeter of one end of the prism by its height, and the product will be the

surface of its sides. To this, if wanted, add the area of the two ends of the prism.

Or, compute the areas of the sides and ends separately, and add them together.

Example 1. Required the surface of a cube whose sides are 20 feet.

Here we have six sides ; therefore 20 x 20 < 6 = 2400 feet, the area required.

Example 2. Required the surface of a triangular prism whose length is 20 feet and
each side of its end or base 18 inches.

Here we have, for the area of the base,
1-5'^— -75- = (2-25— -5625 = )

1 -68752 for the perpendicular of triangle of

base;

and VI -6875 = 1 -299, which multiplied by 1-5 = 1 -948 gives the area of the
two bases

;

then, 3 X 20 X 1 -5 + 1 '948 = 91 -948 is the area required.

Example 3. Required the convex surface of a round prism or cylinder whose length
is 20 feet and the diameter of whose base is 2 feet.

Here, 2 x 3-1416 = 6-2832,

and 3-1416 x 20= 125 664, the convex surface required.

1232. Prq-jlem II. To find the surface of a pyramid or cone.

Rule. Multiply the perimeter of the base by the length of the slant side, and half the
product will be the surface of the sides or the sum of the areas of all the sides, or

of the areas of the triangles whereof it consists. To this sum add the area of the
end or base.

Example 1. Required the surface of the slant sides of a triangular pyramid whose
slant height is 20 feet and each side of the base 3 feet.

Here.. 20 x 3 (the perimeter) x 3-^2 = 90 feet, the surface required.
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Exaiiijile 2. Required tlio convex surface of a cone or circular pyramid wliose slant

heijjlit is 50 feet and the diameter of its base 8J feet.

liere, 8"5 x 3-1416 x 50-^2 = 667 '5, the convex surface required.

1 2.13. Pkoblem III. To find the surface of tlie fnistum of a pyramid or cone, being the loicer

fiart u-here the top is cut off by a plane parallel to the base.

J{ule. Add together the perimeters of the two ends and multiply their sum hy tlte s'.ant

lieight. One half of tlie product is the surface sought. This is manifest, because

tlie sides of the solid are trajiezoids, having tlie opposite sides parallel.

Example 1. Required the surface of the frustum of a square pyramid \vhos2 slant

height is 10 feet, each side of the base being 3 feet 4 inches and each side of the

top 2 feet 2 inches.

Here, 3 feet 4 inches x 4 = 13 feet 4 inches, and 2 feet 2 inches x 4 = 8 feet 8 inches;

and 13 feet 4 inches + 8 feet 8 inches = 22. Then 22-f 2 x 10= 110 feet, the surface

required.

Example 2. Required the convex surface of the frustum of a cone whose slant height

is 12i feet and the circumference of the two ends 6 and 8-4 feet.

Here, 6 + 8'4 = 14-4 ; and 14'4 x 1 25 -^2 = 180-j-2 = 90, the convex surface required.

1234. Problem IV. To find the solid content of any prism or cylinder.

Rule. Find the area of the base according to its figure, and multiply it by the length of

the prism or cylinder for the solid content. This rule is founded on I'rop. 99.

( Geometry, 980. ). Let the rectangular parallelopipedon be the solid to be measured,

the small cube P (fie/. 51 8.) being the measuring unit, its side being 1 inch, 1 foot, &c.

Let also tlie length and breadth of the base A BCD,
and also let the height AH, be divided into sjiaces equal

to the side of the base of the cube P ; for instance,

here, in the length 3 and in the breadth 2, making 3

times 2 or 6 scjuares in the base AC each equal to

the base of the cube P. It is manifest that the paral-

lelopipedon will contain the cube P as many times as

the I'.ase AC contains the base of the cube, repeated as

often as the height AH contains the height of the cube.

Or, in other words, the contents of a paralleloiiipedon

is found by multiplying the area of the base by the

altitude of the solid. And because all prisms and cylin-

ders are equal to parallelopipedons of equal bases and
altitudes, the rule is general for all such solids whatever the figure of their base.

Example 1. Required the solid content of a cube whose side is 24 inches.

Here, 24 x 24 x 24 = 13824 cubic inches.

Example 2. Required the solidity of a triangular prism whose length is 10 feet and

the three sides of its triangular end are 3, 4, and 5 feet.

Here, because (Prop. 32. Geometry, 907.) 3-+ 4- = 5-, it follows that the angle con-

tained by the sides 3 and 4 is a right angle. Therefore -„ x 10 = 60 cubic feet,

the content required.

Example 3. Required the content of a cylinder whose length is 20 feet and its

diameter 5 feet 6 inches.

Here, 5-5 x SS x •7854=23-75835, area of base;

and 23-75835 x 20 = 47-5167, content of cylinder required.

Pkobi-em V. To find the content of any pyramid or cone.

Find tlie area of the base and multiply tliat area by the perpendicular heigjit.

One third of the product is the content. This rule is founded on Prop. 110

(Geometry, 991.)

Example 1 . Required the solidity of the square pyramid, the sides of whose base are

30, and its perpendicular height 25.

Here, —?!— x 25 = 7500, content required.

Example 2. Required the content of a triangular pyramid whose perpendicular

height is 30 and e^ich side of the base 3.

Here, -—2^ =§= 4-5, half sum of the sides ;

and 4'5— 3 = 1'5, one of the three equal renrainders. (See Trigonometry, 1052.)

but a/4-5 X 1-5 X 1'5 X 1-5 x 30-H3 =3-8971 17 x 10, or 38-97117, the so'idity

required.

Example 3. Required the content of a pentagonal pyramid whose lieight is 12 teet

and each side of its base 2 feet.

Here, 1-7204774 (tabular area, Prob. 6. 1218.) x 4 (square of side)-6-H8 I 90<^6

area of base ; and 6-88 19096 x 12 = 82-5829152.

- =27-j2/ 6:58 I, content required.

Fig. 518.

ri35.
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Example 4, Ucquiioil the fcntout of a cone whose lieight is lOi feet and the circum-

ference yf its base 9 feet.

Here, -07958 (Prob. 9. 1222.) x 81 =6-44598 area of base.

And 3-5 beinjr
J
of lO.Ueet, 6-44598 x 3-5=22-56093 is the content required.

1-23G. Puoiii.EM Vl. Tojfnd the solidity of the frustum of a cone or pyramid.

Add together the areas of the ends and the mean proportional between them. Then

taking one third of that sum for a mean area and multiplying it by the per-

pendicular height or length of the frustum, we shall have its content. This rule

depends upon Prop. 110. v
Geometry, 991.).

It may l)e otherwise expressed when the ends of the frustum are circles or regular

polygons In respect of the last, square oi\e side of each polygon, and also multiply one

side by the other ; add the three products together, and multiply their sum by the tabular

area for the polygon. Take one third of the product for the mean area, which multii)ly

by the length, and^we have the product required. When the case of the frustum of a cone

is to be treated, the ends being circles, square the diameter or the circumference at each

end, and multiply the same two dimensions together. Take the sum of the three pro-

ducts, and multiply it by the proper tabular number, that is, by -7854, when the diameters

are used, and -07958 when the circumferences are used, and, taking one third of the [iro-

-iuct, multiply it by the length for the content reiiuired.

£xample 1. Required the content of the frustum of a pyramid the sides of whose

greater ends are 15 inches, and those of the lesser ends 6 inches, and its altitude

24 feet.

Here, -5 x -5= -25, area of the lesser end,

and 1 -25 X 1 -25 = 1-5625, area of the greater end :

The mean proportional therefore v'-25 x 1 -5625 = -625.

Again,
••^t:^2o+i^62r,_ 2:|7o_ .g ^ ^^^ ,^^^,^ ^^^^_

and -8125 X 24 (altitude) = I 9-5 feet, content required.

Example 2. lleciuired the content of a conic frustum whose altitude is 18 feet, its

greatest diameter 8, and its least diameter 4.

Here, 64 (area gr.diam. ) + 1 6 (less, diam.) + (8 x 4) = II 2, sum of the products ;

and "l!iMi<Lll>LL? = 527 -7888, content required.

Example 3. Required the content of a pentagonal frustum whose height is 5 feet,

each side of the base 18 inches, and each side of the upper end 6 inches.

Here, 1-5- + 1 -5- + (1 -5 x -5) = 2-5625, sum of the products;

l3^,t,
1-7204774 (tab, area) x 2 oC25 (sum of products) x.i _„.^j „^.. ^.„„t^.„t required.

1237. Problem VII. Tofind the surface of a sphere or any segment of one.

Rule" 1. Multiply the circumference of the sphere by its diameter, and tiie product will

be the surface thereor. This and the rules in the following prol)lems depend on

Props. 113. and 114. (Geometry, 994, 995.). to which the reader is referred.

Rule 2. Scjuare the diameter, and multiply that square by 3-1416 for the surface.

Rule 3. S(iuare the circumference, then either multiply that square by the dcciir.al

-3183, or divide it by 3-1416 for the surface.

Remark. For the surface of a segment or frustum, multiply the whole circumference

of the sphere by the height of the part required.

Example 1. Re(iuired the convex superficies of a sphere whose diameter is 7 and

circumference 22.

Here, 22 x 7 = 154, the superficies required.
'

Example 2. Required the superficies of a sphere whose diameter is 24 inches.

Here, 24 x 24 x 3-1416= I809-56I6 is the superficies required.

Example 3. Required the convex superficies of a segment of a sphere whose axis is

4 2 inches and the height of the segment 9 inches.

Here, 1 : 3-1416: :42 ; 131-9472, the circumference of the sphere;

but 131 -9472 X 9 = 1187-5248, the superficies required.

Example 4. Re(iuired the convex surface of a spherical zone whose breadth or height

is 2 feet and which forms part of a sphere whose diameter is 1 2i feet.

Here, 1 : 3-1416:: 12-5 : 39-27, the circumference of iJie sphere whereof

the zone is a part

;

and 39-27 X 2 = 78-54, the area required.

12-i.S. Pkobi.em VIII. To find the solidity of a sphf-re or globe.

Rule 1. iMultiply the surface by the diameter, and take o-ie sixth of the product for the

content.

Rule 2. Take the cube vf the diameter and multiply it by the decimal •5'-2S6 for tli*

conte-.it.

lixamph. Required the content of a sphere whose axis is 12.

Here 12 x 12 x 12 x -5236 = 904 7808, content recpilred.
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1239. Pkobi.eji IX. To Jind tlie soliditi/ of a spherical seranent.

Rule 1. From thrice the diametir of the sphere subtract double the heiglit of tlic

segment, and multiply tlie remainder by the square of the height. This product
multiplied by '5236 will give the content.

Rule 2. To thrice the square of the radius add the square of Its height, multiply the

sum thus found by the height, and the product thereof by '5236 for the content.

Example I. Required the solidity of a segment of a sphere whose height is 9, the

diameter of its base being 20.

Here, 3 times the s(juare of the radius of the base =300
;

and the square of its height =81, and 300 + 81=381 ;

but 381 X 9 = 3429, which multiplied by •5236 = 1795-4244, the solidity required.

Example 2. Required the solidity of a spherical segment whose height is 2 feet and
the diameter of the sphere 8 feet.

Here, 8 x 3-4 = 20, which multiplied by 4 = 80;
and 80 x •5236 = 41-888, the solidity required.

It IS manifest that the difference between two segments in which the zone of a sphere is

included will give the solidity of the zone. That is, where for instance the zone is in-

cluded in a segment lying above the diameter, first consider the whole as the segment of a

sphere terminated by the vertex and find its solidity ; from which subtract the upper part

or segment between the upper surface of the zone and the vertex of the sphere, and the
difference is the solidity of the zone.

The general rule to find tlie solidity of a frustum or zone of a sphere is : to the sum of

the squares of the radii of the two ends add one third of the square of their distance, or the

breadth of the zone, and this sum multiplied by the said breadth, and that product ag.iin bv
1 -5708, is the solidity.

Sect. VII.

MECHANICS AND STATICS.

12-10. It is our intention in this section to address ourselves to the consideration of

mechanics and statics as applicable more immediately to architecture. The former is the

science of forces, and the effects they produce when applied to machines in the motion of

bodies. The latter is the science of weight, especially when considered in a state of

equilibrium.

1241. The centre of motion is a fixed point about which a body moves, the axis being

the fixed line about which it moves.

1 242. The centre of gravity is a certain point, upon which a body being freely suspended,

such body will rest in any pos tion.

1243. So that weight and po«er, when opposed to each other, signify the body to be

moved, and the body ihat moves it, or the patient and agent The power is ihe agent which

moves or endeavours to move the patient or weight, whilst by the word equilibrium is

meant an equality of action or force between two or more powers or weights acting against

each other, and which by destroying each other's effects cause it to remain at rest.

PARALLELOGRAM OF FORCES.

1244. If a body D suspended by a thread is drawn out of its vertical direction by

an horizontal thread DE iJ'y.5\9.), such power neither increases nor diminishes the efl'orl

J-iK SlU.
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of the weiglit of the body ; but it may be easily imagined that the first tlircad, l)y being in

the direction AD, will, besides the weight itself, have to sustain the ellbrt of the power
that draws it out of the vertical AB.

12-15. If the direction of the horizontal force be prolonged till it meets the vertical,

which would be in the first thread if it were not drawn away by the second, we shall have
triangle A 1)15, whose sides will express the proportion of the weight to the forces of the

two threads in the case of equilibrium being established; that is, sujjposing AB to express

the weight, A D will express the effort of the tliread attached to the point A, and BD that

of the liorizontal power wliich pulls the body away from the vertical AB.
I '246. These ditferent forces may also be found by transferring to the vertical DH

(Jig. 6\9.) any length of line DF to represent the weight of the body. If from the point F
the parallel'' FI, FG be drawn in the direction of the threads, their forces will be indicated

by the lines ID, DG, so that the three sides of the triangle DGI*", similar to the triangle

.\DB, will express the proportion of the weight to the two forces applied to the threads.

1247. Supi)ose the weight to be ,'30 lbs. : if from a scale of ecpial parts we set up 30
of those parts from D to F (^fiff. 519.), we shall find DG equal to 21, or the pounds of

force of the horizontal line DE, and 35 for the ob!i(jue power ID.
1248. If the weight, instead of ,30 lbs., were 100, we should find the value of the

forces DG and ID by the proportions of ,30 ; 21 : : 100 : x, where x expresses the force DG.

Tlie value resulting from this proportion is .r =

—

^q— =70. The second proportion

30 : 35::100 : y,where?/representstheeflrort ID, whose value will bey=-^^~^'' = lI6-666".

1249. If the angle ADII formed by AD and DH be known, the same results may be

obtained by taking DFfor the radius, in which case IF'=DG becomes the tangent, in this

instance, of 35 degrees, and ID the secant; whence

DF : DI : IF":: radius : tang. 35 : sec. 35.

If ID be taken for the radius, we have

ID : IF : FD;: radius : tang. 35 : sin. 35.

1250. We have here to observe, that in conducting the operation above mentioned a

figure DIF^G has been formed, which is called the parallelogram of the forces, because the

diagonal DF always expresses a compounded force, which will place in equilibrio the two
others FI, FG, represented by the two contiguous sides IV, VG.

1251. Instead of two forces which draw, we may suppose two others which act by jiusli-

mg from E to D {Jiff. 522.) and from A to D. Ifwe take the vertical DF to express the

weight, and we draw as before the parallels F'G and FI in the g G ^o
direction of the forces, the sides GD and D I of the parallelogram \ A ;

DGFI (Jiff. 519.) will express the forces with which the powers \ i \
j

act relatively to DF to support the body : thus I''I= GD the \ ' \ '

weight and two powers which support it will, in case of equi- \ I \ '

librium, be represented by the three sides of a rectangular tri- \
I \ |

angle DFI; so that if the weight be designated by H, the Ft—»tf-'-V\

i

power which pushes from G to D by E, and that which acts
\

\
from I to D by P, we shall have the proportion H : E : P :

:

^^

DF : FI : ID, wherein, if we take DF" for radius, it will be „. ,

as radius is to the tangent of the angle FDI and to its secant.

As a body in suspension is drawn away from the vertical line in which it hangs by a power
higher than the body (Jiff. 520.), it follows that the obliipie forces AB and BC each
sup])ort, independent of any lateral efforts, a part of the weight of the body. In order to

tindthe proportion of these parts to the total weight, take any distance BD on a vertical

raised from the centre of the body B to express the weight, and complete the parallelo-

gram DEBF\ whose sides EB, BF will express the oblique forces of the powers A and
C These lines, being considered as the diagonals of the rectangular parallelograms LEIB,
BHFJM, may each be resolved into two forces, whereof one of them, vertical, sustains the

body, and the other, horizontal, draws it away from the verticals AO, CQ. Hence IB will

express the vertical force, or that part of the vv'eight sustained by the power EB, and HB
that sustained by the other power BF": as these two forces act in the same direction,

when added together their sum will represent the weight DB. In short, IB being

equal to HD, it follows that BII + BI= BI + ID.
1252. As to the horizontal forces indicated by the lines LB and BM, as they are equal

and opposite they destroy one another.

1253. It follows, from what has been said, that all obliejue forces may be resolved into

two others, one of which shall be vertical and the other horizontal, by taking their direction

for the diagonal of a rectangular parallelogram.

1 iJ54. In respect of their ratio and value, those may be easily found by means of a scale

if the diagram be drawn with accuracy ; or by trigonometry, it we kuow the angles
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successively ibr

Fit;. 5?3.

ABD, DBC, which AB and BC form with the vertical BD, by taking

radius the diagonals BD, BE, and BF.
1255. In the accompanying diagram, the weight, instead of being suspended Ijy strinn-s

acting by tension, is sustained by forces which are supposed to

act by pushing. But as this arrangement makes no alteration ^ ." '•

in the system of forces, we may apply to this figure all that has

been said with respect to tlie preceding one. The only differ-

ence is, that the parallelogram of the forces is below the

weight instead of being above it. Thus ID+IB=BD ex-

presses the sum of the vertical forces which support the weight,

and i\IB and BL the horizontal forces which counteract each

other.

1 256. In the two preceding figures the direction of the forces

which act by tension or compression in supporting the weight

form an acute angle. In those represented in Jiff. 52]. and the

figure at the side (524.), these directions make an obtuse angle
;

whence it follows that in Jiff. 521. the force C which draws the weight out of the vertical

A L, instead of tending to support the weight B, increases its

effect by its tendency to act in the same direction. In order to

ascertain the amount of this effect upon BD in Jiffs. 521. and

524., which represents the vertical action of the weight, describe

the parallelogram BAD!', for the purpose of determining tlie

oblique forces BA, BF, and then take these sides for the diago-

nals of the two rectangles LAIB, BHFM, whose sides BI, BH
will express the vertical forces, and LB, BM the horizontal

ones.

1257. It must be observed that in Jiff. 521. the force AB
acting upwards renders its vertical effect greater than the weight

of a (quantity ID, which serves as a compensation to the part

BH, tliat the other force BF adds to the weight by drawing
downwards. Similarly, the vertical effect of the force BE (Jiff.

524.) exceeds the expression BD of the weight by a quantity DI,
to counterpoise the effect BH of the other power BF, which acts downwards; so that in

both cases we have BD only for the vertical eflect of the weight. As to the horizontal

effects LB and BM, they being equal and in oppo-

site cUrections in botli figures, of course counteract

each other.

] 258. For the same reason that a force can be re-

solved into two others, those two others may be re-

solved into one, by making that one the diagonal of a

parallelogram whose forces are represented by two
contiguous sides. It is clear, then, that whatever x-f

the number of forces which affect any point, they

may be reduced into a single one. It is only neces-

sary to discover the results of the forces two by two
and to combine these results similarly two by two,

till we come to the principal ones, which may be ul-

timately reduced to one, as we have seen above. By
such a process we shall find that PY (Jiff. 525.) is

the result of the forces PA, PB, PC, PD, which
affect the point P.

1259. This method of resolving forces is often of great utility in the science of building,

for the purpose of providing a force to resist several others acting in different directions but.

meeting in one point.

FiR. 5'il.

I

Y
Fig. 525.

OF THE PROPEKTIES OF THE LEVER.

1260. Tlie lever is an Inflexible rod, bar, or beam serving to raise weights, whilst it it

supported at a point by a fulcrum, or prop, which is the centre of motion. To render the

demonstrations relative to it easier and simpler, it is supposed to be void of gravity or

weight. The different positions in which the power applied to it, and the weight to be
affected, may be applied in respect of the fulcrum, have given rise to the distinction of

tliree sorts of levers.

I. That represented in Jiff. 526., in which the fulcrum O is between the power applied

P and the weight Q.
II. That represented in_;fy 527., in which the weight Q is jjlaced between the fulcrum



3A'i THEORY OF ARCHITECTURE.

O and the power P, whureiii it is to be remarked tliiit the weight and the power att in

contrary directions.

Fig. .029. Fig. 5?0.

Fig. 526. Fi-. J27. F«. .52S.

III. That represented in Jig. 528., wherein tlie power P is placed between the weight

and the fulcrum, in which case the power and the weight act in contrary directions.

I'ifil. in considering the fulcrum of t ese three sorts of levers, we must notice, as a
third species of power introduced for creating an equilibrium between the others, I st

That in which the directions of the

weight and of the powers concur
in the point R (fff. 529.). 2d,

That in which they are parallel.

1 2fi2. In the first case, if from
the point R (fi/s. 529. and 530.)
we draw parallel to these directions

O/n Hn, the ratio of these three

forces, that is, the power, the weight,

and the fulcrum, will be as the three

sides of the triangle 0»iR, or its

equal 0« R ; thus we shall have P
: Q, : R::;«R : R« : OR; and as

the sides of a triangle are as the

sines of their opposite angles, by
taking OR as the radius we shall have

P : Q,::sin. ORw : sin. OR?n.

And if from the point O two perpendiculars be let fall, OdOf, on the directions RQ, RP,

Sin. ORm : sin. ORmy.Od : Of;

from which two proportions we obtain

P : a-.-.Od: Of; whence P x 0/= Q, x Od.

This last expression gives equal products, which are called the momenta, moments, or quan-
tities of motion of the force in respect of the fulcrum O. This property is the same for the
straight as for the angular levers {figs. 529. and 530.). As this proportion exists, however
large the angles mllO and ORh of the directions RQ, RP in respect to RO, it follows that

when it becomes nothing, these directions become parallel without the pro])ortion being
changed ; whence is derived the following general theorem, found in all works on mechanics :— // two forces applif-d to a straight or angular lever are in ecjuilibrio, they are in an inverse

ratio to the perpendiculars letfallfrom the fulcrum on their lines of direction : or in other words,
hi order that two forces applied to a straight or angular lever may be in equilibrio, their momenta
in respect of the fulcrum must be equal.

1 263. Since, in order to place the lever in equilibrio, it is sufficient to obtain equal mo-
menta, it follows that if we could go on increasing or diminishing the force, we might place

it at any distance we please from the fulcrum, or load it without destroying the equilibrium.
This results from the formula P x 0/= Q x Od,

whence we have Of=^^— . Hence the distance Of
is easily found, to which by applying the known force

P, it may counterpoise the weight Q, applied at the

distance Od. In respect of the other points, we have

only to know the perpendiculars Oyand Od, for Oa and
Oh, which are the arms of the real levers, are deduced
from the triangles Ofb, Oda, to which they belong.

1264. Suppose two levers (^<7S. 531, 532.), whereof

Pl(;.53«.
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one is straight and the oilier angidar, and that the weight Q is 100 pounds, tlie arm I)E of

the lever 6 feet; its momentum will be 600. Then it" we wish to ascertain at what distance

Of a weight of 60 pounds must be placed so that it may be in equilibrio with the first, wc
shall have

O/=2_^= 6,'P^10 feet, the distance sought.

1265. Ueciprocally, to find the effect of a force P placed at the point C of the other arm
of the lever at a known distance from the fulcrum, and marked Of, in order to counter-

poise Q, placed at the distance Of, we have the formula P = ^^ ; and if we apply this

formula to the numhers taken in the preceding example, the question will he, to find a

force which jdaced at the distance of 10 feet from the fulcrum may be in equilibrio with a

weight of ICO pounds at the end of the arm of a lever of 6 feet. We must in using the

formula divide 600 by 10, and the quotient 60 will indicate the effect with which the force

ought to act. If, instead of placing it in C, it is at 13, 1 2 feet from the fulcrum, the force

would be ^^'^j*^, which gives 50 ; and lastly, if we have to place it at a point 15 feet from the

fulcrum, the force would he ^Jl'' = 40. Thus, in changing the situation of the force to a

point more or less distant from the fulcrum, we must divide the momentum of the weight
which is to be supported by the distance from the fulcrum taken perpendicularly to its

direction.

OF THE CENTRE OF GRAVITY.

J 266. The centre of gravity of a body is a certain point within it on which the body, if

freely suspended, will rest in any position ; whilst in other positions it will descend to th.e

lowest place to which it can get. Not only do whole bodies tend by their weight to assume a

vertical direction, but also all the parts whereof they consist ; so that if we suspend any body,

whatever be its form, by means of a string, it will assume such a position that the thread

produced to the internal part of the body will form an axis round which all the parts will

remain in ecjuilibrium. Every time that the point of suspension of a body is changed, the

direction of the thread produced exhibits a new axis of equilibrium. But it is to be re-

marked, that all these axes intersect each other in the same point situate in the centre of the

mass of the body, supposing it composed of homogeneous parts but sometimes out of the

mass of the body, as in the case of bodies much curved, this point is the centre of gravity.

1267. It is therefore easy to perceive that for a body to be in a state of rest its centre of

gravity must be supported by a vertical force equal to the resultant of all the forces that

affect it, but acting in a contrary direction. So mjiffs. 5'iO. and 523., the weight supported
by the forces AB and BC which draw or push, will be equally supported by a vertical

force represented by the diagonal DB of the parallelogram which expresses the resultant of

the forces.

1268. An acquaintance with the method of finding centres of gravity is indispensable in

estimating the resistances, strains, and degree of stability of any jiart of an edifice. Tliere

arise cases in which we may cast aside all consideration of the form of a body, especially

too when it acts by weight, and supjjose the whole figure collected in the centre of gravity.

We may also, for the sake of simplifying operations, substitute a force for a weight.

OF THE CENTRE OF GKAVITV OF LINES.

1269. A straight line may be conceived to be composed of an infinite number of poinis,

equally heavy, ranged in the same direction. After this definition, it is evident that if it

be suspended by the middle, the two parts, being composed of the same number of equal

points placed at equal distances from the point of suspension, will be necessarily in ecjui-

librium ; whence it follows that the centre of gravity of a right line is in the middle of its

length.

1270. The points in a curve line not being in the same direction, the centre of its volume
cannot be the same as its centre of gravity ; that is to say, that a curve suspended by the

middle cannot be supported in equilibrio but in two opposite situations; one when the

branches of the curve are downwards, and the other when
they are upwards, so that the curve may be in a vertical

plane.

1271. If the curve is the arc of a circle AUB (fc/. 533.),

it is easy to see that from the uniformity of its curvature, its ^-^ 1
,'''

centre of gravity will be found in the right line DC drawn X^ ;
,<»'

from the centre C to the middle D ; moreover, if we draw '^'

the chord AB, the centre of gravity will be found between Fig. 533.

the points D and E.

1272. Let us suppose that through all the points of the line DE parallels to the chord

AB be drawn, terminated on each side by the curve ; and let us imagine that each of these
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lines at its extremities bears corresijonaiuf;- points of the curve ;
then the hue DE will he

loaiicd with all these weights ; and as the portions of the curve which answer to each

parallel AH go on increasuig as they approach D, the centre of gravity G will be nearer

the point D than to the point E.
. j- j

l'J7:3. To tleterininc the iiosition of this point upon the radius CD which divides the arc

into two equal parts, we must use the following proportion : the length of the arc ABD is to

the chord AB, as the radius CD is to the fourth term x, whose value is ^^j) ' ^^"^^ ^^'

in order to obtain upon the radius DC the distance CG of the centre of gravity from

the centre of the arc of the circle, the chord AB must be multiplied by the radius CD and

divided by the length of the arc ABD.
_

1 274. When the circumference of the circle is entire, the axes ot equilibrium being

diameters, it is manifest that their intersection gives the centre of the curve as the centre oj

gravity. It is the same with all entire and symmetrical curves which have a centre, and

with all combinations of right lines which form regular and symmetrical polvP;oiLS.

OF THE CENTRE OF GRAVITY OF SURFACES.

1 275. In order that a centre of gravity may be assigned to a surface, we must, as in the

case of lines, imagine them to be material, that is, consisting of solid, homogeneous, and

heavy particles. o
1276. In all plane smooth surfaces, the centre of gra-

vity is the same as that of the volume

of space ; thus the centre of gravity

G (/(/.v. 534, 535, 536.), of a square

of a rectangle, or of a parallelogram,

is determined by the intersections of

its diagonals AD, BC.
The centre of gravity of a regu-

lar polygon, composed of an equal

or unecjual number of sides, is the

same as that of a circle within which it may be in-

scribed.

1277. In order to find the centre of gravity of any

triangle, bisect each of the sides, and from the points

of bisection draw lines to the opposite angles ;
the

point of intersection with each other of these lines will

be the centre of gravity sought ; for in the supposi-

tion that the surface of the triangle is composed of lines parallel to its sides, the hues A L,

BF and CD (fiff. 537-) will be tlie axes of equilibrium, whose intersection at G gwes

the centre of gravity.

We shall moreover find

that this point is at one

third of the distance from

the base of each of the

axes ; so that, in fact, it is

only necessary to draw a

line from the point of bi-

section of one of the sides

to the opposite angle, and

to divide it into three

equal parts, whereof that

nearest the base determines

the centre of gravity of

the triangle

Fig. MS. Fig. 536.

Fig. 537. Fig. 53S.

; triangle.

127fi. To find the centre of gravity of any irregular rectilinear surface, .such as the

pentagon,/^. 538., let it be divided into the three triangles, AED, ABC, ADC 'fa. 538.),

and by the preceding rule determine their centres of gravity F, G, H. Then draw the

two lines NO, OP, which form a right angle surrounding the polygon. Multiply the

area of each triangle by the distance of its centre of gravity on the line ON, indicated by

Vf, Gy, Uh, and divide the sum of these products by the entire area of the pentagon, and

this will give a mean distance through which an indefinite line IK parallel to ON is to be

drawn. Conducting a similar operation in respect of the line OP, we obtain a new mean

distance for drawing another line LQ parallel to OP, which will intersect the first in the

point M, the centre of gravity of the pentagon.

nie centre of gravity of a sector of a circle AEBC (fir/. 539.) must be upon the radius

CE which divides the arc into two equal parts. To determine from the centre C, at
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wliat distance the point G is to be placed, we must multijily twice the radius CE by the

cliord AB, and divide the product by thrice the length of the arc AEB. The quotient

is the distance CG from the centre C of the circle of the centre of gravity of tlie sector.

1 279. To find the centre of j.

gravity of the crown portion of

an arch DAEBF {Ji^. 540.)

comprised between two concen-

tric axes, we must —
1. Find the centre of gravity

of the greater sector AEBC,
and that of the smaller one
DFG.

2. Multiply the area of each
of these sectors by the distance

of their respective centres of gravity from the common centre C.

.'5. Subtract the smaller product from the greater, and divide the remainder by the area

of DAEBF; the quotient will give the distance of the centre of gravity G from the

centre C.

1280. To determine the centre of gravity of the segment AEB ; subtract the product of

the area of the triangle ABC (Jii/. 541.) multiplied by the distance of its centre of gravity

from the centre C, from the product of the area of the sector,

by the distance of its centre of gravity fi-om the same point C,

and divide the remainder by the area AEB ; the quotient ex-

jiresses the distance of the centre of gravity G of the segment
from the centre C, which is to be set out on the radius, and
which divides the segment into two equal i)arts. ~'-~,^

;
,'''

It would, from want of space, be inconvenient to give the strict "c
'

demonstrations of the above rules ; nor, indeed, is it absolutely Fi„ 541.

necessary for the architectural student. Those who wish to

pursue the subject au fund, will, of course, consult more abstruse works on the matter.

W'e will merely observe, that whatever the figure whose centre of gravity is sought, it

is only necessary to divide it into triangles, sectors, or segments, and proceed as above
described for the pentagon, jfy. 538.

OF THE CEKTKE OK GRAVITY OF SOLIDS.

1281. It is supposed in the following considerations, that solids are composed of homo-
geneous particles whose weight in every part is uniform. They are here arranged under
two heads, regular and irregular.

1282. Regular solids are considered as composed of elements of the same figure as their

base, placed one upon the other, so that all their centres of gravity are in a vertical line,

v/hich we shall call the right axis. Thus parallelopipeds, prisms, cylinders, pyramids,

cones, conoids, spheres, and spheroids have a right axis, whereon their centre of gravity is

found.

1 283. In parallelopipeds, prisms, cylinders, spheres, spheroids, the centre of gravity is

in the middle of the right axis, because of the similarity and symmetry of their parts

equally distant from that point.

1284. In pyramids and cones (Jiffs. 542, 543.), which diminish gradually from the base

to the apex, the centre of gravity is at

the distance of one fourth of the axis
^

from the base.
"•

..•/:

1285. In paraboloids, which diminish

less on account of their curvature, the

centre of gravity is at the height of one
third the axis above the base.

To find the centre of a pyramid or of

a truncated cone (fffs. 542, 543.), we
must first multiply the cube of the entire

cone or pyramid by the distance of its

centre of gravity from the vertex. 2.

Subtract from this product that of the

part M S 11 which is cut off, by the dis-

tance of its centre of gravity from the

apex. 3. Divide this remainder by the

cube of the truncated pyramid or cone ;

the quotient will be the distance of the

cone or pyramid from its apex.

Fig. 542. Fig. 513

centre of gravity G of the part of the truncated
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Fit;. aM.

12SG. 'Jhe centre of gravity of a liemisphLTL' is at tlie distaiic'L' of three eiglitlis of the

radius from the centre.
^

1287. The centre of gravity of tlie segment of a sphere {fig- 544.) =^^^l^fc==.
is found by the following proportion : as thrice the radius less the ,Mr' - ^i
thickness of the segment is to the diameter less three quarters the

thickness of the segment, so is that thickness to a fourth term which
expresses tlie distance from the vertex to the centre of gravity, set ofF

on the radius which serves as the axis.

1288. Thus, making r= the radius, e= the thickness of the

segment, and x= the distance sought, we have, according to La
Caille,—

3r—e ; 2r

—

-r ..e . x, whence x = -r7,— , .

Suppose the radius to be 7 feet, the thickness of the segment 3 feet, we shall have—
x=-j,^ y^ ^-, which gives x= \ +p = l + 1^, equal the distance

of the centre of gravity from its vertex on the radius.

1289. To find the centre of gravity of the zone of a sjihere (jig. 5^5.), the same sort of

operation is gone through as for truncated cones and pyramids ; that

is, after having found the centre of gravity of the segment cut off, and
that in which the zone is comprised, multiply the cube of each by
the distance of its centre of gravity from the apex A, and subtract-

ing the smaller from the larger product, divide the remainder by the

cube of the zone. Thus, supposing, as before, the radius AC = 7, the

thickness of the zone =2, and that of the segment cut off =H, we
shall find the distance from the vertex of the centre of gravity of

this last by the formula a:= r
1"*^'!

, which in this case gives x=
and pursuing the investigation, we have a.'=

|{j

4x2x7xU
iVo^r ''iT\

~
> «ii^ ^uioiiiii^ i,iic iiivcatii^aLiuii, *vc iiavc j^'^-r.rtf

which will be the distance of the centre of gravity from the vertex A. That of the centre

of gravity of the segment in which the zone is comprised will, according to the same for-

mula, be x=—i^sif—'i'^*' ^^liich gives x = 2 + \'^ for the distance of the centre of gravity

from the same point A.

1290. The methods of finding the solidities of the bodies involved in the above inves

tigation are to be found in the preceding section, on Mensuration.
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or THE CENTRE OF GKAVITV OF IRKEGULAR SOLIDS.

1291. As all species of solids, whatever their form, are susceptible of division into

pyramids, as we have seen in the preceding observations, it follows that their centres of

gravity may be found by following out the instruc- c d k

tions already given. Instead of two lines at right

angles to each other, let us suppose two vertical

planes N AC, CEF(y?9. 546.), between which the solid

G is placed. Carrying to each of those planes the

momenta of their pyramids, that is, the products of

their solidity, and the distances of their centres of

gravity, divide the sum of these products for each

plane by the whole solidity of the body, the quotient

will express the distance of two other planes BKL,
DHI\I, parallel to those first named. Their inter-

section will give a line IP, or an axis of equilibriiun,

upon which the centre of gravity of the solid will
1 1«. oifi.

be found. To determine the point G, imagine a third plane NOP perpendicular to the pre-

ceding ones, that is, horizontal ; u])on which let the solid be supposed to stand. In respect

of this plane let the momenta of the pyramids be

found by also multiplying their solidity by the dis-

tance of their centres of gravity. Lastly, dividing

the sum of these products by the solidity of the en-

tire body, the quotient gives on the axis the dis-

tance PG of this third plane from the centre of

gravity of the irregular solid.

Mechanically, where two of the surfaces of a body
are parallel, the mode of finding the centre of gravity

is simple. Thus, if the body be hung up by any
point A (^figs. 54 7, 548.), and a plumb line AB be
suspended from the same point, it will pass through Fig. lAI. Klg 44H.
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tlie centre of gravity, because that centre is not in the lowest point till it fall in the plumb
line. Mark the line AB upon it ; then hang the body up by any other point D, with a

plumb line DE, which will also pass through the centre of gravity, for the same reason as

before. Therefore the centre of gravity will be at C, where the lines cross each other.

] 292. We have, perhaps, pursued this subject a little further than its practical utility in

architecture renders necessary ; but cases may occur in which the student will find our ex-

tended observations of service.

OF THE INCLINED I'l.ANE.

1293. That a solid may remain in a perfect state of rest, the plane on which it stands

must be perpendicular to the direction of its gravity ; that is, level or horizontal, and the ver-

tical let fall from its centre of gravity must not fall out of its base.

1294. When the plane is not horizontal, solids placed on it tend to slide down or to

overturn.

1295. As the surfaces of bodies are more or less rough, when the direction of the centre

of gravity does not fall without their base, they slide down a plane in proportion to their

rougliness and the plane's inclination.

1296. Thus a cube of hard freestone, whose surfaces are nicely wrought, does not slide

down a plane whose inclination is less than thirty degrees ; and with polished marbles the

inclination is not more than iifteen degrees.

1297. When a solid is placed on an inclined plane, if the direction of the centre of

gravity falls without its base, it overturns if its surfaces arc right surfaces, and if its surface

is convex it rolls down the plane.

1298. A body with plane surfaces may remain at rest after having once overturned if the

surface upon which it falls is sufficiently extended to prevent its centre of gravity falling

within the base, and the inclination be not so great as to allow of its sliding on.

1 299. Solids whose surfaces are curved can only stand upon a perfectly horizontal plane,

because one of the species, as the sphere, rests only on a point, and the other, as cylinders

and cones, upon a line ; so that for their continuing at rest, it is necessary that the vertical

let fall from their centre of gravity should pass through the point of contact with and be
))crpendicular to the plane. Hence, tlie moment the ])lane ceases to be horizontal the

direction of the centre of gravity falls out of the point or line of contact which serves as the

base of the solid, and the body will begin to roll ; and when tni; plane on which they thus

roll is of any extent they roll with an accelerated velocity, equal to that which they would
acquire in falling directly from the vertical height of the inclined plane from the point

whence they first began to roll.

I;iOO. To find tlie force which is necessary to support a convex body upon an inclined

plane, we must consider the point of contact E {Jigs. 549, 550.) as the fulcrum of an an-

Fig. 543. Fig. 550.

gular lever, whose arms are expressed by the perpendiculars drawn from the fulcrum to the

direction of the force CP and the weight CD, which in the case o^Jig. 549., where the force

which draws the body is parallel to the plane,

P : N::FC : ED.
Now as the rectangular triangle CED is always similar to the triangle OSH, which forms
the plane inclined by the vertical SO and the horizontal line OH, the proportion will stand
as fol lov/s : —

P : N::OS : SH.

In tne first case, to obtain an equilibrium, the force must he to the weight of the body us ths

heii/ht OS ufthe inclined phtiic to its lenyth SI I.

1301. In the case where the force is horizontal { fiq. .550.) we have, similarly,

—

P : N::FA : i'b,

and P : N::OS : oh.
In this last case, then, the force iiiunt be to the weight of the ^olid in prnjioition to the heiyllf.
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OS of the inclined plane to its base OIL In the lirst case the iJi£-<"iire of the solid o'.i the

plane is expressed by OH, and in the second by 8H : hence we ht.vc—
P : N : F::OS : SH : OH,

and P : N : F::OS : SH : oh.
In the first case it must be observed, that the effect of the force being parallel to the in-

clined plane, it neither increases nor diminishes the pressure upon that plane; and this is

the most favourable case for keeping a body in equilibrio on an ini;lined plane. In the

second case, the direction forming an acute angle with the plane uselessly augments the

load or weight. Whilst the direction of the force forms an obtuse angle with the in-

clination of the plane, by sustaining a portion of the weight, it diminishes the load on the

plane, but requires a greater force.

1302. The force necessary to sustain upon an inclined plane a body whose base is

formed by a plane surface depends, as we have already observed, on the rougb.ness of the

surfaces, as well of the inclined plane as of the base of the body ; and it is only to be dis-

covered by experiment.

1303. Of all the means that have been employed to estimate the value of the resistance,

known under the name of friction, the simplest, and that which seems to give the truest

results, is to consider the inclination of the plane upon which a body, the direction of whose
centre of gravity does not fall out of the base, remains in equilibrio, as a horizontal plane

;

after which the degrees of inclination may begin to be reckoned, by which we find that a

body which does not begin to slide till the plane's inclination exceeds 30 degrees, being

placed on an inclined plane of 45, will not retjuire a greater force to sustain it than a

convex body of the same weight on an inclined plane of 15 degrees.

1 304. All that has been said on the force neces.sary to retain a body upon an inclined plane,

is applicable to solids supported by two planes, considering that the second acts as a force

to counterpoise the first, in a direction perpendicular to the second plane.

1305. When the directions of three forces, PG, Q.G, Gil, meet in the same point G
(^fig. 551.), it follows, from the preceding observations on the parallelogram of forces, that

to be in equilibrium their proportion will be ex-

pressed by the three sides of a triangle formed by
perpendiculars to their directions ; whence it follows,

that if tlirongh the centre of gravity G of a solid,

supported by two planes or by some other point of

its vertical directioii, lines be drawn perpendicular to

the directions of the forces, if equilibrium exist, so will

the following proportion, viz. P : Q, : R::BA : BC
: AC.

l.'JOS. Lastly, considering that in all sorts of tri-

angles the sides will between each other be as the sines

of their opposite angles, we shall have P ; Q, : II ; ; sin.

BCA : sin. BAG : sin. ABC; and as the angle BCA is
•"« ''^'•

equal to the angle CAD, and CBA to BAE, we shall have P : Q : R:: sin. CAD :

sin. BAC : sin. BAE ; that is, that the weight is represented by the sine of the angle formed
by the two inclined planes, and that the pressures upon each of these planes are reci-

procally proportional to the sines of the angles which they form with the horizon.

THE WHEEL AND AXLE.

1307. The wheel and axle, sometimes called the axis in peritrochio, is a ma-
chine consisting of a cylinder C and a wheel B {Jig. 552.) having the same axis, at

the two extremities of which are pivots on which the wheel

turns. The power is applied at the circumference of the

wheel, generally in the direction of a tangent by means of

a cord wrapped about the cylinder in order to overcome the

resistance or elevate the weight. Here the cord by which the

power P acts is applied at the circumference of the wheel, while

that of the weight W is applied round the axle or another

small wheel attached to the larger, and having the same axis or

centre C. Thus BA is a lever moveable about the point C,

the power P always acting at the distance BC, and the weight

W at the distance CA. Therefore P : W::CA : CB. That
is, the weight and power will be in equilibrio when the power
P is to the weight W reciprocally as the radii of the circles

where they act, or as the radius of the axle CA, where the

weight hangs, to the radius of the wheel CB, where the power
acts; or, as before, P ; W::CA ; CB.

1308. If the wheel be put in motion, the sjiaces moved through being as the circum
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Fig. 5i3.

fereiices, or as the raiiii, the velocity of \V will be to the velocity of P as CA to CB ; that

is, the weight is moved as much slower as it is heavier than the power. Hence, wliat is

gained in power is lost in time; a property common to machines and engines of every class.

1309. If the power do not act at right angleu to the radius CB, but obli(iiiely, draw

CD perpendicular to the direction of the power, then, from the nature of the lever,

p : W::CA : CD.
1310. It is to the mechanical power of the wheel and axle that belong all turning or

wheel machines of different radii ; thus, in the roller turning on the axis or spindle

CE (Jiy.553.) by the handle CBD, the power

applied at B is to the weight W on the roller, as

the radius of ihe roller is to the radius CB of the

handle. The same rule applies to all cranes,

capstans, windlasses, &c. ; the power always being

to the weight as is the radius or lever at which

the weight acts to that at which the power acts;

so that they are always in the reciprocal ratio

of their velocities. To the same principle are

referable the gimlet and auger for boring holes.

1311. The above observations imply that the

cords sustaining the weights are of no sensible

thickness. If they are of considerable thickness,

or if there he several folds of them over one an-

other on the roller or barrel, we must measure to the middle of the outermost rope for

the radius of the roller, or to the radius of the roller must be added half the thickness of the

cord where there is but one fold.

131'J The power of the wheel and axle possesses considerable advantages in point o<

convenience over the simple lever. A weight can be raised but a little way by a simjile

lever, whereas by the continued turning of the wheel and axle a weiglit may be raised to

any height and from any deptli.

1313. By increasing the number of wheels, moreover, the j)ower may be increased to any

extent, making the less always

turn greater wheels, by means
of what is called tuuth and pinion

work, wherein the teeth of one

circumference work in the

rounds or pinions of another to

turn the wheel. In case, here,

of an equilibrium, the power is

to the weight as the continual

j)roduct of the radii of all the

axles to that of all the wheels.

So if the power P (Jig. 554.)
turn the wheel Q, and this turn

the small wheel or axle R, and
this turn the wheel S, and this

turn the axle T, and this turn

the wheel V, and this turn the

axle X, which raises the weight
W; then P : W::CB. DE .

EG : AC . BD . EF. And in
'''«•"'•

the same proportion is the velocity of W slower than that of P. Thus, if each wheel
i)e to its axle as 10 to 1, then P : W;;! ' : 10-', or as 1 to 1000. Hence a power of one
pound will balance a weight of 1000 pounds; but when j)ut in motion, the power will

move 1000 times faster than the weight.

1314. We do not think it necessary to give examples of the different machines for raising

weights used in the construction of buildings : they are not many, and will be hereafter

named and described.

OF THE rULLEY.

1315. A ])ulley ia a small wheel, usually made of wood or brass, turning about a metal
axis, and enclosed in a frame, or case, called its block, which admits of a rope to pass freelv

over the circumference of the pvdley, wherein there is usually a concave groove to prevent
the rope slipping out of its place. The pulley is said to be fixed or moveable as its block
is fixed or rises and falls with the weight. An assemblage of several })ulleys is called a

system of pulleys, of which some are in a fixed block and the rest in a moveable one.

1316. If a power sustain a weight by means of a fixed pulley, the power and weight are
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etjual. For if through the centre C ( fg- 555.) of the pulley we draw the horizontal

diameter A 15; then will A 15 represent a lever of the first kind, its

prop heing tlie fixed eentre C, from wliich the points A and B, where
the power and weight act, being equally distant, tlie power P is conse-

quently equal to the weight W.
1317. Hence, if the pulley be put in motion, the power P will de-

scend as fast as the weight W ascends : so that the power is not in-

creased by the use of the fixed pulley, even though the rope go over

several of them. It is, nevertheless, of great service in the raising of

weights, botli by changing the direction of the force, for the convenience

of acting, and by enabling a person to raise a weight to any height

without moving from his place, and also by permitting a great num-
ber of persons to exert, at the same time, their force on tlie rope at P,

u-hicli they could not do to the weight itself, as is evident in raising the

weight, or monluij, as it is called, of a pile-driver, also on many other oc-

casions.

1318. When a pulley is moveable the power necessary to sustain a

weiglit is e<]ual to the half of such weight. For in this case AB {Jig. 556.) may be con-

Fig. 555.

sidered as a lever of the second kind, the weight being at C, the power acting at A, and
the prop or fixed point at B. Then, because P:'W::CB: AB and CB = AB, we
have P =iW or W = 2P.

1319. From which it is manifest that when the pulley is put in mo-
tion the velocity of the power is double that of the weight, inasmuch jT^

as the point P descends twice as fast as the point C and the weight AV |:)f

rises. It is, moreover, evident that the fixed pulley F makes no differ-

ence in the point P, but merely changes the motion of it in an op-
posite direction.

1320. We may hence ascertain the effect of a combination or system
of any number of fixed and moveable pulleys, and we shall thereby find

that every cord going over a moveable pulley doubles the powers, for

each end of the rope bears an equal share of the weight, whilst each rope
fixed to a pulley only increases the power by unity. In Jig. 557.

P ^ ' W, and in fig. 558., P = .!«. = '^+"'+i"
.

or THE WEDGE.

1321. The wedge is a body in the form of a half

rectangular prism, in practice usually of wood or

metal. AF or BG (fg. 559.) is the breadth of

its back, CE its height, CG, CB its sides, and its

end, GBC, is the terminating surface of two equally

inclined planes GCE, BCE.
1322. When a wedge is in equilibrio, the power

acting on the hack is to the force acting at right

angles to either side as the breadtli of the back

AB (Jig. 560.) is to the length of the side AC or

BC. For three forces which sustain each other in

e(juillbrio are as the corresponding sides of a tri-

angle drawn perpendicular to the directions in which
tliey act. But AB is perpendicular to the force



Chap. I. MECHANICS AND STATICS. S51

acting on tlie back to drive the wedge forward, and the sides AC, BC are perpendicular

to the forces acting on them, tlu- three forces are tlierefore as A 13, AC, BC. Thus, the

force on the back, its effect ])erpendiciilarly to AC, and its effect parallel to AB, are as

the three lines AB, AC, and DC, which are perpendicular to them. Hence the thinner

the wedge the greater its effect to split any body or to overcome a resistance against the

sides of the wedge.
1323. We are, however, to recollect that the resistance or the forces in question are

relative to one side only of the wedge ; for if those against both sides are to be reckoned,

we can take only half the back AD, or else we must take double the line AC or DC. In

tlie wedge the friction is very great, and at least equal to the force to be overcome, inas-

much as it retains any position to which it is driven, whence the resistance is doubled by
the friction. But on the other hand, the wedge has considerable advantage over all tha

other powers, because of the force of the blow with which the back is struck, a force vastly

greater than the dead weight or pressure employed in other machines. On this account il

is cajiahle of producing effects vastly superior to those of any other power, such as splitting

rocks, raising tlie largest and heaviest bodies by the simple blow of a mallet ; objects which

could never be accomplished by any simple pressure whereof in practice application could

be made.

OF THE SCKEW.

13'2-i. The screw is a cord wound in a spiral direction round the (ieriphery of a cylinder,

and is therefore a sijecies of inclined plane, whose length is to its height as the circumfer-

ence of the cylinder is to the distance between two consecutive threads of tiie screw.

It is one of the six mechanical powers used in pressing or scjueezing bodies close, and is

occasionally used in raising weights.

I.'i25. The screw, then, being an inclined plane or half wedge, the force of a power
applied in turning it round is to the force with which it presses upwards or downwards,
without estimating friction, as the distance between two threads is to the circumference

where the power is applied. For considering it as an inclined plane whose height is the

distance between two threads, and its base the circumference of the screw ; the force in the

horizontal direction being to that in the vertical one as the lines perpendiculai to them,

namely, as the height of the plane or distance between two threads, is to the base of tiie

plane or circumference of the screw ; the power, therefore, is to the pressure as the distanca

of two threads is to the circumference. But in the application of the screw a handle or

lever is used, by means whereof the gain in power is increased in the proportion of the

radius of the screw to the radius of the power, that is, the length of the handle, or as their

circumferences. Consequently the power is to the pressure as the distance of the threads

is to the circumference described by the power. The screw being jiut in motion, the power
is then to the weight which would keep it in equilibrio as the velocity of the latter is to that

of the former ; and hence their momenta are equal, and produced by multiplying each weiglit

or power by its own velocity.

13'26. Thus it is a general property of all the mechanical powers, that the momentum of

a power is equal to that of the weight which would keep it in equilibrio, or that each of

them is proportional to its velocity.

i;}27. From the foregoing observations, we may be easily led to compute the force exertiil

by any machine whose action is exerted through the means
of the screw. In Jic/. 561., representing a press driven

by a screw whose threads are each one quarter of an inch

apart, let it be turned by a handle or lever 4 feet long from
A to B. Then supposing the natural force of a man, by
which he can lift, pull, or draw, to be 1 50 pounds, and that

it be required to ascertain with what force the screw will

press on the board at D when the man turns with his

wi;ole force the handle at A and B ; we have A B, the dia-

meter of the power, 4 feet or 48 inches ; its circumference,

therefore, 48 x 3-141 6, or 150i nearly ; and the distance of

ii:c threads being one quarter of an inch, the power is to

the pressure as 1 to 60;5l. But the ])ower is e(|ual to 150
pounds; tlierefore, as 1 : 6034;: 150 ; 90480, and the pres-

sure therefore at D is equal to a weight of 90480 pounds, independent of friction.

1328. In the endless screw AB (ji;/. 5(>2.), turned by a handle AC of 20 inches radius,

the threads of the screw are at a distance of half an inch ; and the screw turns a toothed
wheel E whose pinion L acts in turning upon another wheel F, and the pinion M of this

last wheel acts upon a third wheel G, to the pinion or barrel whereof is hung the weiglit W.
If we would know what weight can be raised through the means of this combination by a

man woiking the handle C, supposing the diameters of the wheels to be 18 inches, and
those of the pinioas and barrel 2 inches, the teeth and pinions being all similar in size ; wf
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have 20 X 3-1416 X 2= 125-664, the tircuinfereiice of

the power; and 125-664 to {, or 251-;i28 to 1, is

the t'oice of the screw alone. Again, 1 8 : 2 or 9:1,
being the proportion of the wheels to the pinions, and

there being three of them, 93 : 1 or 729 : 1 is the

power gained by the wheels.

1329. Conse(jiiently 251 -328 x 729 to 1 , or 18321 8^

to 1 nearly, is the ratio of the power to the weight

arising from the joint advantage of the screw and the

wheels. The power, however, is 1 50 pounds ; there-

fore 150 y 183218^ or 27482716 pounds is the weight

the man can sustain, e(]ual to 12269 tons.

1330. It must he observed, that the power has to

overcome not only the weight, but at the same time

the friction undergone by the screw, which in some

cases is so great as to be equal to the weight itself;

for it is sometimes sufficient to sustain the weight

when the power is taken off.

OI' lUlCTlON.

1331. niough in a preceding page we have slightly

touched on the effect of friction, it is to lie kept

in mind that the foregoing observations and rules

have assumed the mechanical powers to be without

weight and friction. This is far from the fact ; and,

however theoretically true all that has hitherto been

advanced, very great allowances must be made in
""

practice when power is applied to mechanical purposes, in which a great portion of their

effect is lost by friction, inertia, &e. The word friction, properly meaning the act of

one body rubbing on another, is in mechanics used to denote the degree of retardation or

obstruction to motion which arises from one surface rubbing against another. A heavy

body placed upon another is not in a state of etpiilibrium between all the forces which act

upon it, otherwise it could be moved by the application of the smallest force in a direction

parallel to the plane. This want of equilibrium results from unbalanced force occasioned

by the friction on a level surface. Now if a new force of equal magnitude be applied to

counterpoise such unbalanced force, the body will obey the smallest impulse in such direc-

tion, and the force thus employed will exactly measure the retarding force of friction. It

has been well observed, that friction destroys, but never generates motion ; being therein un-

like gravity or the other forces, wliich, though they may retard motion in one direction,

always accelerate it in the opposite. Thus the law of friction violates the law of con-

tinuity, and cannot be accurately expressed by any geometrical line, nor by any algebraic

formula. The a-athor (Playfair, Outlines of Natural Philosophy) just quoted, continues :

" Though friction destroys motion and generates none, it is of essential use in mechanics.

It is the cause of stability in the structure of machines, and it is necessary to the exertion

of the force of animals. A nail or screw or a bolt could give no firmness to the parts of a

machine, or of any other structure, without friction. A nimals could not walk, or exert their

force anyhow, without the support which it affords. l\othing could have any stability, but

in the lowest possible situation ; and an arch, which could sustain the greatest load when

pro])erly distributed, might be thrown down by the weight of a single ounce, if not placed

with mathematical exactness at the very point which it ought to occupy."

1332. Many authors have ajiplied themselves to the subject of friction, but the most satis-

factory results have attended the investigations of the celebrated Coulomt) in its application

to practical mechanics; and it is to tiiat author we are indebted for the few following suc-

cinct observations.

I. In the friction of wood upon wood in the direction of the fibres after remaining in

contact for one or two minutes, the following mean results were obtained :
—

Oak against oak - .,,j^ = friction in parts of the weight.

Oak against fir -

Fir against fir -

Elm against elm

When oak rubbed upon oak, and the surfaces in contact were reduced to the smallest pos

glble dimensions, the friction was ^..^^ 0.40) ,f:^'-

-
1

1 m = ditto.

-
I = ditto.

-
1

2 18
= ditto.
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13-33. When the friction was across the grain, or at right angles to the direction of the

fibres, oak against oak was -odj--. The ratios above given are constant quantities, and not

dependent upon the velocities, excepting in the case of elm, when the pressures are very

small, for then the friction is sensibly increased by the velocity.

1334. (II. ) Friction is found to increase with the time of contact. It was ascertained that

when wood moved upon wood in the direction of the fibres, the friction gradually increased,

and reached its maximum in 8 or 10 seconds. When across tl:e grain of the wood, it took

a longer time to reach its maximum.
1335. (III.) For illustration of the friction of metals upon metals after a certain time of

rest, the subjoined experiments were made with two flat uilers of iron, 4 feet long and 2

inches wide, attached to the fixed plank of the apparatus used for the investigation. Four
other rulers, two of iron and two of brass, 15 inches long and 18 lines wide, were also used.

The angles of each of the rulers were rounded ofF, and the rubbing surfaces of the rulers

were 45 square inches.

With iron upon iron and a pressure of 53 lbs., the friction in parts of the pressure was „,-

— — 453 lbs., — — g„-

... 1

With iron upon brass and a pressure o^ 52 lbs., the friction in parts of the pressure was 4-2*

.452 lbs., J
41"

1336. In these experiments each set gives nearly the same result, though the second

pressures are nearly nine times the first ; from which we learn that, in metals, friction is in-

dependent of the extent of the rubbing surfaces. Coulomb, moreover, found that tlie friction

is independent of the velocities. The ratio of 4 to 1 between the pressure of friction, iii

tlie case of iron moving upon brass, is only to be considered accurate when the surfaces are

new and very large. When they are very small the ratio varies from 4 to 1 to 6 to 1 ; but
this last ratio is not reached unless the friction has been continued more than an hour, when
the iron and brass have taken the highest polish whereof they are susceptible, free of all

scratclies.

1337. IV. In the friction of oak upon oak, when greased with tallow, which was renewed
at every experiment, some days were required for obtaining, when the surfaces were consi-

derable, the maximum of friction or adhesion. It was nearly similar to that without grease,

sometimes rather greater. For iron or copper with tallow, during rest, the increase is not

so considerable as with oak. At first the friction was ^\ of tlie weight, besides a small force

of a pound for every 30 square inches independent of the weight. The friction after some
time changes to -j^ or

J.
Olive oil alters the condition of the friction to ^, and old soft grease

to about |.

1338. V. In the case of friction of bodies, oak upon oak for instance, in motion in the

direction of its fibres, the friction was nearly constant in all degrees of velocity, though with
large surfaces it apjjcared to increase with the velocities ; but when the touching surfaces

were very small compared with the pressures, the friction diminished or the velocities in-

creased. For a pressure of 100 to 4000 pounds on a square foot, the friction is about ^p>

besides for each square foot a resistance of Impounds, exclusive of pressure increasing a

little with the velocity, occasioned perhaps by a down on the surface. If the surface be
very small the friction is lessened. When the narrow surface was cross-grained, the friction

was invariably -jL. In the case of oak on fir, the friction was ^L
; of fir on fir, 1 ; of elm on

elm, -^j but varying according to the extent of surface; for iron or copper on wood, -^j, which
was at first doubled by increasing the velocity to a foot in a second, but on a continuance

of the operation for some hours it again diminished. For iron on iron, — -
; on copper, - ;

after long attrition, 1 in all velocities. Upon the whole, in the case of m.^st machines. A of

the pressure may be considered a fair estimate of the friction.

1339. In the experiments to ascertain the friction of axles. Coulomb used a sim])le piJley,

where the friction of tha axis and that of the rigidity of the rope produce a joint resislanc".

With guaiacum moving upon iron, the friction was <;^ or ^r:^ of the weight in all velocities

exclusive of the rigidity of the rope; the mean was — , or, with a small weight, a little

greater. In the cases of axles of iron on copper, -j'j or =-777 the velocity is small ; the friction

being always somewhat less than for plane surfaces. With grease, the friction was about

i7g. With an axis of green oak or elm, and a pulley of guaiacum, the friction with tallow

w.is j'g; without, -^ ; with a pulley of elm, the quantities in question became ^ and ji,. An
axis of box with a pulley of guaiacum gave -.}-j and /^ ; with an elm pulley, r.g and

.J^.
An

axis of iron and a pulley of guaiacum gave, with tallow, rjj,. The velocity had I>ut small

A A
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crtl't-t on the rigidity of roiies, except in slightly increasing the resistance when tlie pressure

was small.

1340. The friction and rigidity of ropes was supposed by Amontons and Desajndiers to

vary as the diameter as the curvature and as the tension. By Coulomb the power of the

diameter expressing the rigidity was found generally to be 1
•" or 1 -8, never less than 1 •

1,

and that a constant quantity nuist be supposed as added to the weight. Wet ropes, if small,

are more flexible than such as are dry, and tarred ones stiller by about one sixth, and in

cold weather somewhat more. After rest, the stiffness of ro])es increases. A rojjc of three

strands, each having two yarns 12.^ lines in circumference, whose weight was 125 grains,

being bent upon an axis 4 inches in diameter, required a constant force of one pound ( French)

and - of the weight to overcome its rigidity. The same rope tarred, required one iifth

of a pound and one fiftieth of the weight. When the strands were of fine yarns, the cir-

cumference 20 lines, and the weight 347 grains, the rigidity was equal to half a pound and

of the weight to move it. With strands of 10 yarns, and a circumference of 28 lines,

and a weight of 680 grains to 6 inches, the rigidity of the untarred rope was 2 lbs. and

—! of the wt4ght, and the tarred rope of 3-3 lbs. and - of the weight. Experi-

ments which confirmed the above were made on a roller moving on a horizontal jdane,

while a rope was coiled com])letely round it, whence an allowance must be made for the

friction of the roller on the plane, which varies as its weight and inversely as its diameter.

With a roller of guaiacum or lignum vita;, 3'6' inches in diameter, moving on oaic. It was -j^j

o( the weight ; for a roller of elin, | more.

1 341. lliis subject has, we conceive, been pursued as far as is necessary for the architect

;

seeing that his further investigation of it, should necessity arise, may be accomi)lished by
reference to the works of Amontons, Bultinger, Parent, Euler, Bossut, and Coulomb,
upon whom we have drawn for the information here given. We shall therefore con-

clude these remarks by subjoining some of the practical results which experiments on
animal power afford, extracted from the celebrated Dr. Thomas Young's Natural Philoso-

phy, vol. ii.

1342. In comparing the values of the force of moving powers, it is usual to assume an

unit, which is considered as the mean effect of the labour of an active man working to the

greatest advantage; this on a moderate calcidation will be found sufficient to raise 10 lbs.

to the height of 10 feet in one second for 10 hours in a day ; or 100 lbs. 1 foot in a second,

that is 36,000 feet in a day, or 3,600,000 lbs. 1 foot in a day. The following exhibits a

tabular view of the immediate force of men, without deduction for friction. Such a day's

work is the measuring unit in the third column of the table.

Operative. Force. Continuance. Day's W<':k.

A man weighing 1 33 lbs. French ascended 62 feet

French by steps in 34 seconds, but was com-
pletely exhausted. Amontons. . . - 2-8 34 sec.

A sawyer made 200 strokes of 1 8 French inches each

in 145 seconds, with a force of 25 lbs. French.

He could not have continued more tluui 3 mi-

nutes. Amontons. . . - - 6-0 145 sec.

A man can raise 60 French lbs. 1 French foot in

1 second for 8 hours a day. Beriiouilli. 0-69 8 hours 0-552

A man of ordinary strength can turn a winch with a

force of 30 lbs., and with a velocity of 3.^ feet in

I second for 10 hours a day. Bekayiiliers. 1-05 10 hours 105
Two men working at a windlass, with handles at

right angles, can raise 70 lbs. more easily than 1

can raise 30 lbs. Desar/uliers. . - - 1-22 — \M2
A man can exert a force of 40 lbs. for a whole day

with the assistance of a fly, when the motion is

pretty (juick, at about 4 or 5 feet in a second.

Desagulitrs. But it appears doubtful whether
the force is 40 or 20 lbs. ... 2-00 — 2-00

For a short time, a man may exert a force of 80 lbs.

with a fly when the motion is pretty quick. De-
snguliers. - . - - - 3 00 1 sec.

A man going up stairs ascends 14 metres (35 "43 feet)

in 1 minute. Coulomb. ... 11 82 1 min.
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Opehativh. Kiirce. Continua! ce. Day's Woik.

A man going up stairs for a day raises 205 kilo-

grammes (451 -64 lbs. averd.) to the height of

a kilometre (3280-91 feet). Coulomb. — — 0-412

With a spade a man does \^ as much as in ascending

stairs. Coulomb. - . - - — — 0-391

With a winch a man does | as much as in ascending

stairs. Coulomb. - . - - — 0-258

A man carrying wood up stairs raises, together with

his own weight, 109 kilogrammes (240-14 lbs.

averd.) to 1 kilometre (3280-91 feet). Cou-

lomb. ..---- — 0-219

.\ man weighing 150 French lbs. can ascend by

stairs 3 French feet in a second for 15 or 20

seconds. Coulomb. - . - - 5-22 20 sec.

l-"or half an hour 100 French pounds may be raised

1 1 foot French per second. Coulomb. 1-152 30 min.

I5y Mr. Buchanan's comparison, the force exerted in

turning a winch being assumed e(|ual to tlie unit.

tlie force in pumping will be - 0-61

In ringing------ 1-3G

In rowing - - - - - 1-43

• 1343. Coulomb's maximum of effect is, when a man weighing 70 kilo,cram;iies

(154-21 lbs. avoirdupois), carries a weight of 53 (116-76 lbs. avoirdupois,) up smIv^. but

this appears too great a load.

1344. Porters carry from 200 to 300 lbs., at the rate of 3 miles an hour. Chairmen

walk 4 miles an hour with a load of 150 lbs. each ; and in Turkey there are found jjorters

who, it is said, by stoo])ing forwards, carry from 700 to 900 lbs. very low on their backs.

1345. The most advantageous weight for a man of common strength to carry horizon-

tal] v, is 1 1 1 pounds ; or, if he return unladen, 135. With wheelbarrows, men will do half

as much more work, as with hods. Coulomb.

The following table exhibits the performance of men by machines.

d'EKATIVE. Force. Coiitiimance. Day's \V();k.

A man raised by means of a rope and pulley 25 lbs.

French, 220 French feet in 145 seconds. Amoit-

tons. .----- 0-436 145 sec.

A man can raise bv a good common jnunj) 1 hogshead

of water 10 feet Ingli in a mmute for a whole day.

DesoquUets. . . - - - 0-875 — 0-875

I5y the mercurial pump, or another good pump, a man
may raise a hogshead 18 or 20 feet in a minute

for 1 or 2 minutes . . - 1 -61 2 min.

In pile driving, 55^ French lbs. were raised 1 French

foot in 1 second, for 5 hours a day, by a lope

drawn horizontally. Coulomb. - - - 0-64 5 hours 0-82

Robison says that a feeble old man raised 7 cubic

feet of water 111 feet in 1 minute fen- 8 or 10

hours a day, by walking backwards and forwards

on a lever . - - - - 0-837 9 hours 0-753

A young man, the last-named author says, weighing

13: lbs., and carrying 30 lbs., raised 9^ cui)ic teet

Hi feet high for 10 hours a day, without

fatigue . . . . . 1-106 10 hours 1-106

1 346. In respect of the force of horses, we do not think it necessary to do more than

observe that the best way of applying their force is in an horizontal direction, that in which

a man acts least to advantage. For instance, a man weighing 140 lb.s., and drawing a boat

along by means of a rope over his shoulders, caimot draw above 27 lbs. ; whereas a horse

employed for the same purpose can exert seven times that force.

1347. Generally, a horse can draw no more up a steep hill than three men can carry,

A A 2
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that is, from 450 to 750 poiiiids ; but a horse can drav 2000 pounds up a steep liill which
IS but short. The most oisadvantageous mode of ajjplying a horse's force is to make
him carry or draw up hill ; for if it be steep, he is not more than equal to three men,
each of whom would climb up faster with a burden of 100 pounds weight than a horse
that IS loaded with 300 pounds. And this arises from the different construction of what
may be called the two living machines.

1348. Desaguliers observes, that the best and most effectual action of a man is that
exerted in rowing, in which he not only acts with more muscles at once for overcoinii gresistance than in any otlier application of his strength, but that, as he pulls backwards,
his body assists by way of lever.

1.'349. There are cases in which the architect has to avail himself of the use of horse
power

;
as, for mstance, in pugmills for tempering mortar, and occasionally when the

stones employed in a building may be more conveniently raised by such means. Fo»
flfectually using the strength of the animal, the track or diameter of a walk for a horse
should not be less than 25 to 30 feet. A stea-n horse-power is reckoned as iqual to three
actual horses' power, and a living horse is eijual to seven men.

1350. We close this section by observing that some horses have carried 650 or 700 lbs.,
and that for seven or eight mile-, without resting, as their ordinary «ork; and, according
to Desaguliers {Experiment. I'liiios. vol i ), a horse at Stourbridge cirried 11 cwt. of iron.
or 1232 lbs., for eight miles.

Sect. VIII.

PIE US AND VAULTS.

Atitliors on equilibrium of arches.

1351. Tiie construction of arches may be considered in a threefold respect. I. As
respects their form. II. As respects the moae in which their parts are constructed.

III. As respects the thrust they exert.

1352. In the first category is involved the rriode of tracing the right linos and curves

whereof their surfaces are composed, which has been partially treated in Section V. on De-
scriptive Geometry, and will be further discussed in future pages of this work. The
other two points will form the subject of the present section.

1353. The investigation of the equilibrium of arches by the laws of statics does not

appear to have at all entered into the thoughts of the ancient architects. Experience,

imitation, and a sort of mechanical intuition seem to have been their guides. They ajjpear

to have preferred positive solidity to nice balance, and the examples they have left are

rather the result of art than of science. Vitruvius, who speaks of all the ingredients

necessary to form a perfect architect, does not allude to the assistance which may be

aflbrded in the construction of edifices by a knowledge of the resolution of forces, nor of

the aid that may be derived froin the study of such a science as Descriptive Geometry,
though of the latter it seems scarcely possible the ancients could have been ignorant, seeing

how much it must have been (practically, at least) employed in the construction of such

vast buildings as the Coliseum, and other similarly curved structures, as respects their plan.

1354. The Gothic architects seem, and indeed must have been, guided by some rules

which enabled them to counterpoise the thrusts of the main arches of their cathedrals

with such extraordinary dexterity as to excite our amazement at their boldness. But
they have left us no precepts nor clue to ascertain by what means they reached such

heights of skill as their works exhibit. We shall hereafter offer our conjectures on the

Ijcading principle which seems as well to have guided tliem in their works as tlie ancients

in their earliest, and perhaps latest, s|)ecimcns of columnar architecture.

135."^. Parent and De la Hire seem to have been, at the latter end of the seventeenth

century, the first mathematicians who considered an arch as an assemblage of wedge-formed
stones, capable of sliding down each other's surfaces, which they considered in a state of the

highest polish. In this hypothesis M. de la Hire has proved, in his Trcati.ie on Mfchanics,

i)rinted ii 1()95, that in order that a semicircular arch, whose joints tend to the centre, n^ay

be able to stand, the weights of the voiissoirs or arch stones whereof it is composed must
be to each other as the differences of the tangents of the angles which form each voussoir;

but as these tangents increase in a very great ratio, it follows that those which form the

sjiringings must be infinitely heavy, in order to resist the effects of the sujierior voussoirs.

Now, according to this hypothesis, not only would the construction of a semicircular arch

be an impossibility, but also all those which arc greater or less than a semicircle, whose

centre is level with or in a line parallel with the tops of the piers ; so tliat those only would

be practicable whose centres were formed by curves forming angles with the piers, such as

the ]iarabola, the hyperbola, and the catenary. And we may here remark, that in para-

bolic and hyperbolic arches, the voussoir forming the keystones should be heavier or
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greater in lieiglit, and tliat from it the weight or size of the voussoirs should diminish

from the keystone to tlie springing; the catenary being the only curve to wliich an lioii-

zontal exiradus, or upper side, can be properly horizontal. In the Memoirs of the Academy
of Sciences, 1729, M. Couplet jjublished a memoir on the thrusts of arches, wherein he

adopts the hypothesis of polislied voussoirs ; but, finding tlie theory would not be applicable

to the materials whereof arches are usually composed, he printed a second memoir in 1730,

wherein the materials are so grained that they cannot slide. But in this last he was as far

from the trutli as in his first.

1356. ]M. Danisy, a member of the Academy of Montpellier, liking neither of these

hypotheses, endeavoured from experiments to deduce a theory. lie made several models
whose extradosses were equal i.i thickness, and divided into equal voussoirs, witii piers suf-

ficiently thick to resist the thiusts. To ascertain the jdaces at wliich tlie failure would
take ])lace where tlie piers were too weak, he loaded thi'iu with different weights From
many experiments, in 1732, he found a practical rule for the walls or piers of £ cylindrical

arch so as to resist the thrust.

1357. Derand had found one which appears in his U Architecture des Voutes, 1643, but

it seems to have been empirical. It was nevertheless adopted by Blondel and Deschalles,

and afterwards by M. de la Rue. Gautier, in his Dissertation sur Tefjaisseur dcs Culees des

Po7its, &c. 1727, adopts one which seems to have had no better foundation in science than

Derand's.

1 358. At the end of a theoretical and practical treatise on stereotomy by M. Frezier,

that author subjoined an appendix on the thrust of arches, which was an extract of what
had theretofore been published by INIM. de la Hire, Coujilet, Bernouilli, and Danisy, with

the applications of the rules to all sorts of arches. He seems to have been the first who
considerably extended the view of the subject,

1359. Coulomb and Bossut occupied themselves on the subject. The first, in 1773,

presented to the French Academy of Sciences a memoir on several architectural problems,

amongst which is one on the equilibrium of arches. The last-mentioned author printed, in

the A/emo(>s (1774 and 1776) of the same academy, two memoirs on the theory ofcylindrical

arches and of domed vaulting, wherein are some matters relating to the cupola of the

Pantheon at Paris, whose stability was then a matter of doubt.

1360. In Italy, Lorgna of Verona considers the subject in his Saggi di Statica Mecauica

applicaii alle Arti ; and in 1 785, jNIascheroni of Bergamo published, in relation to this branch

of architecture, a work entitled Nuove Ricerche delle Volte, wherein he treats of cupolas ou
circular, polygonal, and elliptical bases.

1361. We ought, perhaps, not to omit a memoir by Bouguer in the Transactions of the

French Academy of 1734, Sur les Lignes Courhes propres aformer les Voutes en Dome, wherein

he adduces an analogy between cylindrical and dome vaulting ; the one being supposed to be

formed by the movement of a catenarian curve parallel to itself, and the other by the revo-

lution of the same curve about its axis.

1362. In this country, the equilibration of the arch, as given by Belidor and others on the

Continent, seems to have prevailed, though little was done or known on the subject. Emer-
son seems to have been the earliest attracted to the subject, and in his Treatise on Mechanics,

1743, appears to have been the first who thought, after the Doctors Ilooke and Gregory,

of investigating the form of the extrados from the nature of the curve, in which he was
followed by Ilutton, who added nothing to the stock of knowledge ; an accusation which
the writer of this has no hesitation of laying at his own door, as having bewi the author of

a Treatise on the Equilibrium of Arches, which has passed through two editions ; but who,
after much reflection, is now convinced, that, for the practical architect, no theory wherein

the extrados is merely made to depend on the form of the intrados can ever be satisfactory

or useful. It is on this account that in the following pages he has been induced to follow the

doctrines of Rondelet, as much more satisfactory than any others with which he is acquainted.

1363. The formula; of Rondelet were all verified by models, and the whole reasoning is

conducted upon knowledge which is to be obtained by ac(]uaintance with the mathematical

and mechanical portions of the preceding pages. It moreover reijuires no deep aci]uaintance

with the more abstruse learning requisite for following the subject as treated by later

authors.

OBSERVATIONS ON FKICTION.

1364. I. In order that the stone parallelopijied ABCD (_/?_(/. 563.)
itny be made to slide upon the horizontal jjlane FG, the j)ower which
draws or pushes it parallel to tliis plane, must not be higher than the

length of its base AB ; for if it acts from a higlier point, such as C, the

parallelo])iped will be overturned instead of sliding along it.

1 365. As the effects of the powers P and INI are in the inverse ratio

of the neigfits at which they act, it follows that a parallelojiiped will

slide whenever the force which is necessary to overturn it is greater than
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that necessary to makt' it slide, and, reciprocally, it will be overtv Jcd when less force i>

necessary to ])rodiice tliat eflect than to make it slide.

1366. II. When tlie parallelopiped is placed on an inclined plane, it will slide so long

as the vertical QS drawn from its centre of gravity does not fall without the base Ali.

Hence, to ascertain whether a parallelopiped A13CD with a

rectangular base (^fig. 564.) will slide down or overturn ; from
the ])oiiit B we must raise the perpendicular BE : if it pass out

of tlie centre of gravity, it will slide ; if, on the contrary, the

line BE passes within, it will overturn.

1367. If the surfaces of stones were infinitely smooth, as

they are supposed to be in the application of the principles of 'Fir. sci.

mechanics, they would begin to slide the moment the plane

upon which they are placed ceases to be perfectly horizontal ; but as their surfaces are full

of little inequalities which catch one another in their positions, llondelet found, by re-

peated experiments, that even those whose surfaces are wrought in the best manner do not

begin to slide u])on the best worked planes of similar stone to the solids until such planes

are inclined at angles varying from 28 to .36 degrees. This difficulty of moving one stone

upon another increases as the roughness of their surfaces, and, till a certain point, as their

weight: for it is manifest, 1st, That the rougher their surfaces, the greater are the in-

equalities which catch one another. 2d. That the greater their weight, the greater is the

ertbrt necessary to disengage them ; but as these inequalities are susceptible of being

broken up or bruised, the maximimi of force wanting to overcome the friction must be

equal to that which produces this effect, whatever the weight of the stone. 3d. That this

proportion is rather as the hardness than the weight of the stone.

1 :568. In experiments on the sliding of hard stones of ditVerent sizes which weighed from

2 to 60 lbs., our author found that the friction which was more than half the weight

for the smaller was reduced to a third for the larger. He remarked that after each experi-

ment made with the larger stones a sort of dust was disengaged bj tlie friction. In soft

stones this dust facilitated the sliding.

1.369. These circumstances, which would have considerable influence on stones of a great

weight, were of little importance in the experiments whifli will be cited, the object being

to verify upon hard stones, whose mass was small, the result of operations which the tlieory

was expected to confirm. By many exi)erinients very carefully made upon hard freestone

well wrouglit and squared, it was found, 1st, That they did not begin to slide upon a ])lane

of the same material equally well wrought until it was incliiiea a little more than 30 degrees.

2d. Tliat to drag upon such stone a parallelopiped of the same material, a little more than

half its weight was required. Thus, to drag upon a level plane a paruUelopiped 6 in. long,

4 in. wide, and 2 in. thick, weighing 4 lbs. lloz., (the measures and weights are French,

ES throughout*), it was necessary to employ a weight etjual to 2 lbs. 7 oz. .and 4 drs.

3d. That the size of the rubbing surface is of no couseciuence, since exactly the same force

is necessary to move this parallelojiiped upon a face of two in. wide as ujiou one of 4.

1370. Taking then into consideration that by the principles of mechanics it is proved,

that to raise a perfectly smooth body, or one which is round u])on an homogeneous j)lane

inclined at an angle of 30 degrees, a jiower must be employed parallel to the plane which

acts with a force rather greater than half its weight, we may conclude that it reipiires as

much force to drag a parallelopiped of freestone ujion an horizontal plane of the same
material as to cause the motion up an inclined plane of 30 degrees of a round or infinitely

polished body.

1 .371. From these considerations in applying the jirinciples of mechanics to arches composed

of freestone well wrought, a plane inclined at 30 degrees might be considered as one upon
which the voussoirs would be sustained, or, in other words, e(juivalent to an iiorizontal plane.

1372. We shall here submit another experiment, which tends to establish such an hy])o.

thesis. If a parallelopiped C {fig. 565.) of this stone be placed

between two others, BD, IIS, whose masses are each double,

upon a plane of the same stone, the parallelopiped C is sus-

tained by the frictiju alone of the vertical surfaces that touch

it. This effect is a consetjuence of our hypothesis ; for, the

inequalities of the surfaces of bodies being stopped by one ano-

ther, the parallelopiped C, before it can fall, must push aside the

two others, BD, US, by making them slide along the horizontal

plane of the same material, and for that purpose a force must be employed ecjual to cIouIki

the weight sustained.

* The Paris pound = T^fil Troy grains.
Ounce = 47'2"')'i25.

Dram or gros = .')9l)703.

CtMW ~ 0-8-2Ot.

And as thii KiiRlish avoirdupois pound = 70(10 Troy grains, it contiiins H538 I'aris grain*
The I'iiris foot of 12 iiiclies = 12-7977 KMslish inc-hrs.

1 he Pdi is line i^ one-l*»»i''th of the loot.
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1373. If to this experiment tlie |)riiicit)les o'' mediaiUL-s bu

applied, consideiinj^ tlie pline of 30 degrees incliiialiun ;is ;i

horizontal plane, the vertical faces KU FR may be considered

as inclined planes of 60 degrees. On this hypothesis it may l-e

demonstrated by mechanics, that to sustain a body between two
planes firming an angle of 60 degrees {fg. 566.1, the resist-

ance of each of these planes must be to half the weight sustained

as H D is to DG, as the radius is to the sine of 30 degrees, or

as 1 is to 2.

\^^^^

Fifi. .')fi6.

EQUILIBRIUJI OF ARCHFS.

1374. The resistance of each parallelepiped represented l)y the prism ABDE (fig. .565.)

being equal to half their weight, it follows that the weight to be sustained by tlie two ])risms

should eijual one quarter of the two parallelopipeds taken together, or the half of one,

which is confirmed by the experiment. This agreement between theory and jiractice deti r-

mined Kondekt to apply the hypothesis to models of vaults composed of voussoirs and wedges
disunited, made of freestone, with the utmost exactness, the joints and
surfaces nicely wrought, as tiie parallelopipeds in the preceding example.

1375. The first model was of a semicircular arch 9 inches diameter,

comprised between two concentric semi-circumferences of circles 21 lines

apart. It was divided into 9 equal voussoirs. This arch was 17 lines

deep, and was carried on piers 2 inches and 7 lines thick. It was found,

by gradually diminishing the ])iers, which were at first 2 inches and 10

lines thick, that the thickness first named was the least which could be

assigned to resist tne thrust of the voussoirs.

1.376. The model in question is represented in fig. 567., whereon
we have to observe, — 1st. That the first voussoir, I, being placed

on a level joint, not only sustains itself, but is able to resist by
friction an effort equal to one half of its weight. 2d. That the second

voussoir, M, being upon a joint inclined 20 degrees, will also, through
friction, sustain itself; and that, moreover, these two voussoirs would
resist, previous to giving way on the joint AB, an horizontal effort e(|ual

to one half of their weight. 3d. That the third voussoir, N, standing

on a joint inclined at 40 degrees, would slide if it were not retained

by a power PN acting in an opposite direction. 4th. 'I hat taking, ac- ,||-,|. ;

cording to our hypothesis, an inclined plane of 30 degrees, whereon r |r liii^ij ;,j
'(, L

the stones would remain in e(]uilibrium as an horizontal one, the in- n

clined point of "10 degrees maybe considered as an inclined plane of Fig. M7.

10 degrees, supjiosing the surfiices infinitely smooth. 5th. That the effort of the hori-

zontal power which holds this voussoir in ecjuilibrium upon its Joints will be to its weight
as the sine of 10 degrees is to its cosine, as we have, in the section on Mechanics, pre-

viously shown. (1255 et seq.)

1377. The model of the vault whereon we are speaking being but 9 inches, or 108
lines in diameter, by 21 lines for the depth of the voussoirs, that is, the width between the

two concentric circumferences, its entire superficies will be J257s(iuare lines, which, divided

l)y 9, gives for each voussoir 473 scjuare lines. Then, letting the weight of each voussoir

be expressed by its superficies, and calling P the horizontal power, we have

P : 473:: sin. 10 : cosin. 10';

Or, P : 473:: 17365 : 98481 ; which gives P = 8.3/g.

The fourth voussoir, being placed upon a bed inclined at 60 degrees, will be considered as

standing on a plane inclined only at 30 degrees, which gives, calling Q, the horizontal

power which keeps it on its joint,—
Q : 473:: sin. 30° : cosin. .30^.

Or, Q, : 473:: 50000 : 86603^ 273fg.

1378. The half-keystones, being placed on a joint inclined 80 degrees, are to be considered

as standing on an inclined |)lane of 50, the area of the half key which represents its

weight being 236^. If we call R the horizontal power which sustains it on its joint, we
shall have the proportion

R ;
236i

: : sin. 50 : cosin. 50 ;

or, R :
236i::76604

: 64279 ; which gives 11 = 281^5.

1379. WishiMg to ascertain if the sum of these horizontal efforts, which were necessary

to keep on th. ir joints the two voussoirs N, O, and the half-keystone, was ca))able of

thrusting away the first voussoir upon its horizontal joint AB, the half arch was laid i\o<^'»

ujion a level plat.e of the same stone without piers, and it was proved that to make it give
VI ay an hori^jcntaJ. etl'ort of more than 16 ounces was recjuired, whilst only 10 were aece.s-
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Rary to sustain the lialf-kcystone and the two voussoirs N, O. Tlie two halves of the arches

united bore a wei^lit of 5 lbs. 2 oz. before the first voussoh-s gave way.

1380. To find tlie effect of each of these voussoirs when the arch is raised upon its piers,

let fall from the centres of gravity N, O, S of these voussoirs tlie perpendiculars N«, Oo, Ss,

in order to obtain the arms of the levers of the powers P, Q, R, which keep them in their

places, tending at the same time to overturn upon the fulcrum T tlie pier which carries

the half arch, and we have their eflbrt—
P X N« + Q. X Oo + R X Ss.

The height of the pier being 195 lines, we have

N«== 244-94

Oo= 256-26
' and Ss = 260-50, whence we have

The effort P x Nre= 83-4 x 244-94, which gives 20427-996

Q,x Oy = 273-3 x 256-26 70035-858

R x Ss =281-9 X 260-50 73434-950

Total effort in respect of the fulcrum, 163898-804

1381. The pier resists this effort, 1st, by its weight or area multiplied by the arm of the

lever determined by the distance Tm from the fulcrum T to the perpendicular let fall from
the centre of gravity G upon the base of the pier. 2d. By the weight of the half arch

multiplied by the arm of its lever VY detennined by the vertical LY let fall from tiie

centre of gravity L, and which becomes in respect of the common fulcrum T= T/or
V15 — BY, in order to distinguish BY, which indicates the distance of tiie centre of gravity

of the half aicli (and wliich is supjjosed known because it may be found by tlie rules given
in 1275. et seq. ) from the width VB that the \nev ought to have to resist the effort. of

the half arch sought. In order to find it, let P, the eflbrt of the arch above found, be
163898-804.

Let the height of the pier —a
The width souglit =.f

The weight of the half arch =b
The part BY of its arm of lever =c

1382. The area of the pier which represents its weight multiplied by the arm of thn

lever will be ax x -==!—. That of the half arch multiplied by its arm of lever will be

shown by VB + BY, where .r + c will be bx + hc, whence the equation P = -^ ji-Ix + lc,

ivliich we have to solve.

Now first we have "— + hx = V— hc.
2

Multiplying all the terms by - 1 o , 2'<j: ip-ibc • i • , • . , .''=' •'a}^+ — +— , an expression in whicli .r is raised to

to eliminate .r", we have J

the second power; but as x* +— is not a perfect square, that is to say, it wants the

square of half the known quantity - which multiplies the second term ; by adding this

souare, which is —J, to each side of the equation, we have x^ -i- zl^ + -' = JLl—--{-^,, The
' «- a a^ a a-

first member by this means having become a perfect square whose root is a + -, we shall

have X +- + k/ '^~'^
- + -„, which becomes, by transferring - to the other side of the

a V a gV •' ° a

eduation, x= ^/ ^~^ '^+- , in which x being only in the first member of the e(ina-

tion, its value is determined from the known quantities on the other side. Substituting,

then, the values of the known quantities, we have

-v/ I6389S-804x2-2128x2xJ2J , 2m 2128_2I28

f95
' 19) '^ liin 195'

which gives j:=28j lines instead of 2 inches and 5 lines, which was assigned to the piers that

they might a little exceed equilibrium in their stability.

\
Proof of the above Method by another Method of i^i-:, /-^.^.t^^S,

estimating Friction,

1383. A proof of the truth of the hypothesis in the preceding

section is to be found in the method proposed by Bossut in his

Treatise on Mechanics.
mV'''''

'\
Let the voussoir N (/</. 568.) standing on an inclined

iWmIiBI'J,: ^ '/;..
: ,','K.c

plane be sustained by a power Q acting horizontally. Froi.u the j,,. oi.s,
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centre of gravity let fall the vertical Nh, which may be taken to express the wein'hl

of the voiissoir. Tliis weight may be resolved into two forces, whereof one, Nc, is

parallel to the joint, and the other Nrt is perpendicular to it. In the .same manner the
power Q, expressed by QN in its direction may be resolved into two forces, whereof

Nf will be parallel to the joint and the other N(/ perpendicular to it. Producing the
line from the joint IIG, drawing the horizontal line GI and letting fall the vertical HI,
consider the line IIG as an inclined plane whose height is HI and base IG. Then the

Force Nc with which the voussoir will descend will be to the weight as the height H

I

of the inclined plane is to its length H G. Calling p the weight of the voussoir, we

then have Nc=/> x -jjj, and the force Na which presses against the plane as the base of the

plane IG is to its length, which gives the force Na=/> x y.^.

1384. Considering, in the same way, the two forces of the power Q, which retain the

voussoir on the inclined plane, we shall find the parallel force N/"= Q x j-.y,, and the per-

pendicular force Nc^ = Q X Yic- -^'"^ force resulting from the two forces Na, NJ, whicli

press against the joint, will be expressed by p x yiq+ Q, x qjj ; and as the voussoir only

begins to slide upon a plane whose inclination is greater than 30 degrees, the friction will

be to the pressure as the sine of .30 degrees is to its cosine, or nearly as 500 is to 866, or

I'i'i of its expression. Calling this ratio /«, we shall, to express the friction, have

(^;;x^H+ Q x-(;h>"-

As the friction prevents the vcuvsoir sliding on its joint, in a state of equilibrium, we fluill

have the force Ny equal to the force Nc, less the friction; from which results the etjuatior.

—

^ IG HI ^ IG „ 111 N
Q "" TIG=P >< HG - {.P >^ G H - <^ X H G J "" "

-Ml tlie terms of which equation having the common divisor HG, it becomes—
Qx IG=j3x HI-(px IG-Q,x IH)xw;

and, bringing the quantities multiplied by Q, to the same side of the equation, we have

Qx IG + (Q,x IH)x n=p xHI — (/3xIG)x7i; which becomes

Q X (IG + n X IH=p X (HI— n X IG) ; whence results

Q=^ X jGi^wxIH' '^^l^i-'i is the formula for each voussoir, substituting the

values for the expression.

1385. Thus for the third voussoir N (,fiff. 567.) placed on an inclined plane of 40 de-

grees, HI wliich represents the sine of the inclination will be 643, and its co.slne repre-

sented by IG, 766, the expression of the friction n will be ^gj!, or Ja nearly. The weight of

tlie voussoir expressed by its area will be 473, wliich several values being substituted

in the formula, we have

0-4-Q 643-1^x766
^~^''^''766Tiix643'

which gives Q=83'6, the expression of the horizontal force P, which will keep the voussoir

N in ecjuilibrium on its joint instead of 83 "4, which was the result of the ojjcration in tiie

preceding subsection.
IT f M V TP

1386. The same formula Q,=p x iG+y^viH S^'^^^ ^^'^ ^^^'^ voussoir M on an inclined joint

of 60 degrees, whose sine HI is 866 and cosine IG500, Q=473 x ^^"iS >< ^^= 273-4;
500 + 55 X 866

instead of 273 "3, which was the result of the operation in the preceding section.

1387. For the half-keystone, the sine HI, being of 80 degrees, will be expressed by

985, and its cosine IG by 174; the half-keystone by 236.', and the friction by y.
935 15 ^ 174'

The formula now will be Q= 236.1 x prj—[|—rg-, which gives Q,= 282-2, instead

of 231-^ found by the other method. These slight differences may arise from sup-

pressing the two last figures of the sines, and some remainders of fractions which have been

neglected. Multiplying these values of the powers which keep the voussoirs in e(]uilibriuni

upon their beds by the several arms of the levers, as in the preceding calculations, their

energy will be as follows :
—

For the voussoir N, 83-6 x 244-94= 20476-98
— 0,273-4x256-26= 70061-48
— S, 282-2x260-50= 73313-10

For the total force in respect of the fulcrum T= 1 63851 -56.

Wliich ii the value of/;, and being substituted for It in the formula x= V -''";
i-

'.'; -
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as well as tlie values of the other letters, which are the same as ui the )ircce<rm<T exain|fle,

we liave

./l(j:5H.->l hUx-^—•^12Sx2xl2r7 21'.'8 2128 2128 r>o i ^ rX= V —
y^.

+ - .. X ,^- - ,,,.,
=28-1 n hni'S

for the thickness of the piers, instead of 28^ lines found by the preceding operation.

/Application of the Principles in the Model of a stroiijht Arch.

1;?88. The second model to which the application of the preceding methods was made
was a straight arch of the same sort (./?^'. 56'9. ),

whose 0])ening between the piers was 9 inches.

The arch was 21 lines high and 18 lines tliick.

It was divided into 9 wedges, whose joints were

concentric. To determine the section of the

joints, the diagonal FG was drawn on the face

of the iialf arch, and from its extremity F touch-

ing the pier, the periiendicular FO meeting O
in the vertical, passing through the middle of

the opening of the piers, all the sections meet-

ing in this point O. Each of the sections of

the piers which support the arch forms an
angle of 2P 15' with the vertical, and of 68-^

45' with the horizon.

1 389. In considering each of the wedges of

the lialf arch as in the preceding method, it

will be found that in order to retain the voussoir

A on the joint 1 F (of the pier) which forms

with the horizontal line NF an angle of

d8° 45', we iiave

For the horizontal force

second B
third C
fourth D -

half-keystone

Total 1 338 -07

The height of the jjiers being 195 lines to the imderside of the arch, and 216 to tlie top

of the extrados, it follows that the arm of the lever, whicii is the same for all the wedges,

is 20fj^, from which we derive for the thrust p of the fornuila.

ai b

= 1338 07 X 206 -33 = 276084 ;

/; which expresses the area of the half arch = 1219i ; c which expresses tlr

centre of gravity from the vertical F;i = 24, and the height of the pier a = '.

stituting these values in the formula, we shall have

distance of its

I 6. Now, sub-

./ 276084 x:a= V
21G

2J9i
21Gx'2lii

1211 = 42i lines.

Experiment gives 44 tines for the least width of tlie jiiers upon which the model will stand.

l>ut it is right to observe that from the impossibility of the joints being perpendicular to

tile intrados, the forces of the wedges press in a false direction on each other, as will be
s,een by the lines Fa, Ic, 2f, 3</, perpendicular to the joints against which the forces are
directed, so that such an arch will only stand when tlie perpendicular FG does not fall

wiihin the thickness of the arch; and, indeed, this sort of aicli is ^
only secure when it comprises an arc whose thickness is ecjual to

the section upon the piers IF, as shown in fig. 570.

Observations on the Ifiii/ in which Stones forming an Arch act to

support one avotlier.

1390. Let the semicircular arch AHCDNB (/?(?. 571.) consist

of an iniinite number of vonssoirs acting without friction, and only

ke|)t in their places by their mutual forces acting on each other.

It will fjHow —
1. That tlie first voussoir, represented by the line AB, having its

joiiils sensibly parallel and horizontal, will act with its whole weight

in the vertical direction IK to strengtiien the pier. Fig. 5;i.
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2. Tliat the vertica' voiissolr CD, which represents the keystone, havinj^ also its joints

sensibly parallel, will act with its whole weij^ht horizontally to overturn tlie semi-arches and
piers wliich carry them.

3. Tliat all the other voussoirs between these two extremes will act with the compound
forces Gn, nm, ml, K/, K/(, In/, r/f, J'T, wliich may eacli be resolved into two other?, whereof

one is vertical and the other horiyontal : thus the compound force K/( is but the result

of the vertical force 4fi, and the horizontal force 4K.
4. That the vertical force of each voussoir diminishes from T to G, where, for the kej'-

stone CD, it becomes nothin<j, whilst the horizontal forces continually increase in an in-

verse ratio ; so that the voussoir II X, which is in the middle, lias its vertical and horizontal

forces ecpial.

5. That in semi-circular arches whose extradosses are of equal height from their in-

tradosses, the circumference ])assing through the centre of gravity of the voussoirs may
rejiresent the suin of all the compound forces with which the voussoirs act upon one
another in sustaining themselves, acting only by their gravity.

6. That if from the points T and G the vertical TF and horizontal GF be drawn meet-

ing in the point F, the line 'I'F will represent the sum of the vertical force.", which assist the

stability of the pier, and FG the sum of the horizontal forces wliich tend to overthrow it.

7. That if through tiie ])oint K the horizontal line IKL be drawn between the parallels

FT and CO, the part IK will re])resent the sum of the horizontal forces of the lower ])art

.A UN 15 of the vault, and KL those of the u])i)er jjart IICDN.
8. The lower voussoirs between T and K being counterijoised by their vertical forces,

the part of the arch AHNB will have a tendency to fall inwards, turning on the point B,

••vliilst the voussoirs between K and G being counterjioised by their horizontal forces, the part

IICDN of the arch will re-act u])on the lower part by its tendency to turn ui)on the ]ioint A.

9. The horizontal forces of the upper part of the arch sliown by KL acting from L
towards K, and tliose of the lower part shown by I K opposite in direction to the former,

tliat is, from I to K, being directly opposed, would counterpoise each other if they were
e(jual, and the arch would have no thrust; but as they are always unequal, it is the dif-

ference of the forces which occasions the thrust, and which acts in the direction of the

strongest power.

10. If we imagine the width BO of a semi-arch constantly to diminish, its height

remaining the same, the sum of the horizontal forces will diminish in the same ratio, so that

when tlie points B and O are common, the horizontal force being annihilated, nothing

remains but the vertical force, which would act only on the pier, and tend to its stability,

thrust vanishing, because, instead of an arch, it would, in fact, be nothing more than a con-

tinued ])ier.

11. If, on the contrary, the height OD diminishes, the width BO remaining the same,

the curve B and D would, at last, vanish into the right line B(.), and the arch would
become a straight one. In this case, the vertical forces which give stability to the ])ier

being destroyed, all that remains for sustaining the arch are the horizontal forces which will

act with the whole weight of the arch ; whence this s])ecies of arches must be such as

exert most thrust, and circular arches hold a middle place between those which have no
thrust, and flat arches, whose thrust is infinite, if the stones whereof they are formed could

slide freely on one another, and their joints were perpendicular to their lower surfaces, as in

other arches.

1 2. The inconveniences which result from making the joints of flat arches concentric

have been before noticed. If the stones could slide freely on one another, as they only act

in a false direction, their forces could never either balance or destroy one another.

13. A vast number of experiments made by Ilondelet, upon fifty-four models of arches of

different forms and extradosses, divided into an equal and une(|ual number of voussoirs,

showed that the voussoirs acted rather as levers than as wedges, or as bodies tending to

slide upon one another.

14. As long as the piers are too weak to resist the thrust of the voussoirs, many of them
unite as one mas.s, tending to overturn them on a point opposite to the parts where the joints

open.

15. Arches whose vou.ssoir'; are of even number exert more thrust than those which are

of unequal number, that is, which have a keystone.

16. In those divided into uneven numbers and of unequal size, the larger the keystone

the less is their thrust, so that the case of tiie greatest thrust is when a joint is made at the

vertex, as in the case of areiies whose voussoirs are divided into e(|ual numbers.
17. A semicircular arch divided into four equal parts has more thrust than one divided

into nine equal voussoirs.

1 8. Arches including more tlian a semicircle have less thrust than those of a similar

s))an, the intrados.ses and extradosses being of similar forms.

1 9. Thrust does not increase as the thickness of an arch increases ; so that, catciis pai iius,

au arch of double the thickness has not double the thrust.
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"20. A semicircular arch whose extradjs is equally distant tlirouglioiit

from, or, in other words, concentric with, tlie intrados, when divided into

four etjual parts, will only stand when its (le])th is less than the eigh-

teenth part of its diameter, even supposing the abutments immoveable.
21. Whenever, in an arch of voussoirs of e(pial depth, a right line can

he drawn from its outer fulcrum to the centre of the extrados of the

keystone {fiih 572.), fracture does nt)t occur in the middle of the

haunches if the piers are of the same thickness as the lower part of the arch.

22. Arches whose thickness or depth diminishes as they rise to the

vertex have less thrust than those whose thickness is equal throughout.

23. Semicircular and segmental arclies whose extrados is an hori-

zontal line have less thrust than others.

24. As long as the piers in the models were too weak to resist the

thrust, it was jjossible to keep them in their jilaces by a weight equal to

double the difference between the thrust and resistance of one pier,

acting by a string susjiended passing through the joints in the middle of

the haunches, or by a weight equal to that difference placed above each
middle joint of the arches, as in Jig. 512.

From tliese experiments and many others, a formula has been
deduced to determine the thickness of piers of cylindrical arches of
all species whose voussoirs are of equal dejjth, whatever their forms ;

and to this we shall now introduce the reader.

Method.

1391. Having described the mean circumference GaT {figs. 573,574.), fiom the points

G and T draw the tangents to the curve ineeting in

the point F. From this point draw the secaHv FO
cutting it in the point K- This point is the place

of the greatest ettort, and of the consequent failure,

if the tliickness of the piers is too weak to resist the

thrust.

1392. Tlirough the point K, between the parallels

TF and GO, draw the horizontal line IKL, which
will represent the sum of the horizontal forces as

will the vertical TF express the vertical forces ;

the mean circumference GKT will express the com-
pound forces.

J 393. The arches having an equal thickness

throughout, the part I K of the horizontal line

multiplied by the thickness of the arch will ex-

press the horizontal effect of the lower part of either

arch, and KL multiplied by the same thickness will

express that of the upper part. These two forces

acting in opposite directions will partly destroy each

other; thus transferring IK from K to m, the difference mL multiplied by the thickness

of the vault will be the expression of the thrust. This force acting at the point K in the

horizontal direction KH, the arm of the lever is determined by the perpendicular PH raised

from the fulcrum P of the lever to the direction of the thrust, so that its effort will be ex-

pressed by »iL X AB X PH.
This will be resisted—
1. By its weight represented by the surfiice EP x PR multiplied by the arm of the lever

PS, determined by a vertical let fall from the centre of gravity Q, which gives for the

resistance of the pier the expression EP x PR x PS.

2. By the sum ofthe vertical efforts ofthe upper part of each arch, represented by INIK x AB
acting at the point K, the arm of their lever in resjiect of tiie fulcrum P of the pier being K H.

3. By the sum ofthe vertical efforts of the lower part represented by IT multiplied by

AB acting on the point T has for the arm of its lever TE. Hence, if e(iuilibrium exist.

Fig.

(See l:)'J^^, et seq.)

AB X TE.«<L X AB X PH = PE X PR X PS4- MK x AB x KH + IT ;

But as in this equation neither PR ( = BE) nor PS nor KH noi TE is known, we must

res(jrt to an algel)raic equation for greater convenience, in which

The effect ofthe thrust in the expression mL x AB =;3

Tlic height of the pier Pf^ . . - =a
EH =TI=KL=KV . . . . =d
I'H - - - - - - =.,itd

EB-PU .----=.«
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rs - - - - - - =2
The sum of the vertical forces of the upper part or

MKxAli - - - • . ^m
Tlie sum of the forces of the lawer ]'art IT x AB = »t

'J'he jiart /K of tlie liorizontal IKL - - =-c

TB equal to iialf the thickness of tlie arch - =e
The arm of the le\er KH . - . =f > ^
That of TE - - - - . =J--«

Thus the first eciuation iiccomos pa + ]id= - ' + m {c x .r) + n (,r — «),

Or pa xpd= ^^^ + nix + nic + iix— ne.

Transfa-iing the unknown quantities to the second side of the equation, wesliaJI

have -^^ + mx + vx + ==pa +pd + ne — mc.

Multiply all the terms by 2, and divide hy a, in order to get rid of x'^, and we

have x^ + nm+7i)x _ 2u + lpd+^nc-2mc
a ^ a

Making m + n= h, and adding to each member -^ for the purpose of extractii:"

the root of the first member,

We have x- + h -, = 2p + ' + -r,-

Extracting the root, x + * = */ 2n + ^P'i+'i"e-2mc^ljl
" n ^_ a a'

And lastly, x = v^2» + ^^"^+""'-'^'"-^^^-!i - -*.

1391. This last equation is a formula for finding the thickness of all sorts of arches
whose voussoirs are of ecjual depth, which we will now ap])ly to fig. 573. 'J'iie model was
3G inches and 3 lines in span. The arch consisted of two concentric circles, and it was
divided into four equal i)arts, a vertical joint being in the middle, tlie two others beiu"
inclined at angles of 45 degrees. The piers whereon it was ])laced were 40 inches and 4 lines

high, and on avery exact measurement the values were as follow : —
PE (a in the formula) was - - - . . 40'333
EH = TI = KL=KV ((/in the formula) - . . 13-87(5

jNIL X A 15 {p in the formula) representing the thrust or 8 '127 x 3 24-381

2p -...-.. . 48-762
2;)f£= 48-762 X 13-876 - - . . . 676-621
2MK X AB V KH represented by 2??ic (=5-749 X 3 X 4-249) - 73-282
2w6-, which is Tr x AB x AB ( = 13-876 x 3 x 3) - . 1 24-824
& = H(4-n =(MK + rr)x AB ( = 19-625 x3) - - . 58-875

a = EP, the height of the pier being 40-333, ^ will be |PI| or 1 -459

^ 2-128

Substituting these values in the formula x z=\/ '2i> + '——"^—'^^ \-'^
,

'^ ' a a- a

\ sV Ao TO ,
fi7G6-'l+ l;?4S94—73-282

, „ ,oo ^ Arcwe have T = V/ 48-/62 H ^n"'i!
+2-128—1-459;

wliicli gives a.-= 5-8, or 5 inches 9^ lines for the thickness of the piers to resist the thrust of

the arch, supposing it to be perfectly executed. But, from tl:e imi)erfection of the execution

of the model, it was found that the piers required for resisting the thrust a thickness of

6 inches and 3 lines.

1395. When tlie piers of the model were made 7', inches thick the arch on its central

joint was foimd cajiable of supporting a weight of three pounds, being equal to an ad-

dition of 8 superficial inches beyond that of the upper parts of tlie arcli which are the

cause of the thrust, and this makes the value of 2;j in the formula 56-762 instead of 48-762,

and changes the equation to a-= \/56-7G2 +
'

^^'

''"^"'"{u^jjf'"^—" + 2-430—1 SS; from

which we should obtain t = 7-366 inches, or 7 inches 3^ lines, exhibiting a singular agree-

ment between theory and practice. Rondelet gives another method of investigating tiie

preceding problem, of wliich we f^o not think it necessary to say more than that it

agrees with that just exhibited so singularly that the result is the same. It is dependent
on the i)laces of the centres of gravity, and therefore not so readily applicable in practice as

that which has been just given.

Second Experiment.

1396. Fig. 561., in a preceding jiage, isthe model of an arch in freestone, which has been
before considered. It is divided into nine equal voussoirs, whose depth to the extr.ulos is

21 lines, and whose interior diameter is 9 inches.
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ir>97. Ilaviiif,' drawn the lines lioiutofon; (lesfrlljeil, we shall find mLx A B exi)res:.ed

in the formula by

p = 26-7 X 21, whi'-h gives - - - 5^0-70

Andfor2/> - - - - lKl-40

EH = TI = KL= KV, expressed by d, will he - 45-60

Hence 2/W - - -
;

5113-584

2«e, which is twice the vertical effort of the lower part of

the arch, multiplied by i AB, will be 45-Gx21 x 21,

which gives - - " "

2me. which indicated twice the vertical effort of the upper

part, multiplied by iK, will be 18-9 x 21 x 2 x 8-4, which

20J09-60

g.ves - -
-.

- GG(;7-92

a, which represents the height of the piers, bemg 1 95, and

i = w + M=0-4-5 X 21 =1354-5,

- will become
-"j'gs"^

- " '''^^

And all these values being substituted in the formula, will give

x= n/ii2I-40 + '-^^^^^^^^^^,'95^^=^^^^^ + 48-163-694 = 2S-62 lines,

instead of 28^, before found.

Geometrical Application of the foregoing.

1398. Let the mean curve TKG of the arch (whatever its form) he traced as in

fi;'s. 573, 574., the secant TO perpendicularly to the curve of the arch, and through the

j/amt K, where the secant cuts the mean curve, having drawn the horizontal line IKL, and

raised from the point B a vertical line meeting the horizontal IKL in the point i, make

Km equal to iK, and set the part jhL from B to h. and then the double thickness of the

arch from B to n. Let hn be divided hito two equal parts at the point d, from which as a

centre with a radius equal to half /(//, describe the semi-circumference of a circle which will

cut in E the horizontal line BA prolonj^ed. The part BE will indicate the thickness to be

given to the piers of the arches to enable them to resist the thrust.

1399. Tlie truth of the method above given depends upon the graphio solution of t >e

following problem: To find the side BE of a square which shall be equal to a given sur-

face '«Lx2e; an expression which is equivalent to 2/), and we have already seen that

x= \"2p was a limit near enough ; hence we may conclude that the thickness BE obtained

by the geometrical method will be sufficiently near in all cases.

Experiments on surmounted Arches.

1400. Tlie interior curve of fig. 574. is that of a semi-ellipsis 81 lines high ; it is divided

into four parts by an ujjright joint in the crown and two others towards the middle of the

hamiches determined by the secant EO, perpendicular to the interior part of the curve.

Having traced the mean circumference GKT, the horizontal IKL, and thevertic.il hi,

we she'll find

KL - - - - - 36?

IK - - - - .21?
iK - - - - - I'l

IT - - - - - 6(,i

MK=d - - - - 19

The effect of the thrust indicated by KL-)K =/hL will be

19.J X 9, which gives for the expression ^j of the formula - 175*5

2p therefore - - - -351-0
d being 66-5, Qpd will be 351 x 66-5, which gives - 23341 5

m, which is KM x AB, will be 19 x 9, which gives - 171-0

c, that is,iK,beingl7i lines, wehave2me = 171 x 17^ x 2, which

gives - - - - 5899-50

The height of the piers a - - - 12000

by which expresses the sum of the vertical efforts in + n. will be

equal to MK + IT x AB or 19 + 66* x 9, which gives - 769-50

Hence ^=-{|^, which gives - - - 6-41

And „2 gives - - - - 41-11

• , <• 1 /Z. 2pd—2mc
.

6'^ 6
Substituting these values m the formula, x= v^ 2p + -^^ + ^2 -„.

We have the er^uation * = v^SSl +'J^^^^^ + 41 -1 1 - 6 -4 1 = 1 b'-T?
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lines, or a little more than 1 G^ lines. The model of this arch would not liowever stand

on jjiers loss than 1 7 Hues tliick.

In taking the root ot" double the thrust the result is 18^ Ihies, as it is alfo b^- the geo-

.•letiieal method.

Application to the Pointed Arch,

1401. The model which fig. 575. represents was of the same lunght

and width as the last, and the voussoirs were all jf ecjual tliifkuy .s.

Having laid down all the lines on the figure as before, we shall tiud /K
of tile formula to be

x=/2p + ^^'^=^+*' — wherein

KL -

7)iL -

IT, represented by rf, -

MK . . - -

AB . . . -

mL X AB, represented by ;; in the foiniula, w'.U

be 14 X 9 -

and 'Jj)

2pd will be 252 x 63, which gives

m, which is KM x AB or 23 x 9,

2nj = 414, 2«ic= 414 X 20

Ipd—^mc 15870—8220 = 6 8;Tlie height of the pier, represented by a, being 120, we have ^^ -^
j,q

6, or FT X AB, will be 86 x 9 = 774 ; whence -=
^.,^
= 6 •45, and j^ = 41 -60. Substituting

these values in the fornmla

x= a/252+63-8 + 41 •6-6.45=12-46 lines for the thickness of the pier.

In taking the square root of double the thrust the thickness comes out 15"88 lines, as it

does by the geometrical method. Kxperimeuts showed that the least thickness of piers

upon which the model would stand was 14 lines.

Application to a suniiouiited Cattnurean Arch.

1402. The lines are all as in the preceding examples {fiy. 576.).

The whole arch acts on the pier in the direction FT, which is resolved

into the two forjcj 1]/"and Tm, and the formula, as before, is

:= v/2p+i^*;'^ a- a'

thus having found B/« = 22l, we have the value of 7j = 22-^ x 9 = 201 ;

and 2fi = 402.

140;5. This model was of the same dimensions as the preceding:

b, which represents Tfx AB, will be 769-5; —^ will be 6-41, and

A 7'J9">
'^ — loir = 41 -1 1 These values substituted in the formula give

x= a/402 + 41-11 —6-41 =14-64 lines.

1 404. Exj)eriment determined that the pier ought not to be less

than 16 lines, and the geometrical method made it SO'O.".

i'lie following table shows the experiments on six ditlerent models.

Form of Arcli.

Thickness of the I'ii-

1

s.

•

By the formula. By I'xperiment. Geometrically.

l.inps. Lines. Lilies.

T.ie pointed 12-46 14-00 15-88

. The catenary 14 -64 15 00 20-05

The cycloid 14-66 15-00 17-24

The parabolic 15-85 16-50 21 -SO

The elli])tic 16-77 17-00 18-75

The cassinuid 19-62 21 00 20-79

i
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This table shows that, in practice, for surmounted arclies, the limit .?= \^^lp, or the thick-

ness obtained for the construction by graiibical means is more than sufficient, since it gives

results greater than tliose that the experiments require, excepting only in the cassinoid ; but

even in the case of tliat curve the graphical construction comes nearer to experiment than

the result of the first formula.

1 405. It '3 moreover to be observed, that the pointed is the most advantageous form for

surmounted arclies composed of arcs of circles. We have liad occasion to speak, in our First

15ook, of the boldness and elegance exhibited in this species of arches by the architects of

the twelfth and thirteenth centuries; we shall merely add in this place that where roofs arc

recjuired to be fire-proof, tliere is no form so advantageously capable of adoption as the

pointed arch, nor one in which solidity and economy are so mueli united.

1 406. Next to the pointed arch for such pur])ose comes the catenary (the graphical

method of describing which will be found under its head, in the Glossary at the end of the

work), and this is more especially useful when we consider that the voussoirs may all be of

equal thickness.

Application of the Method to surhased Arclies, or those whose Rise is less than the 11Jf Span.

1407. For the purpose of arriving at just conclusions relative to surbased arches, three

models were made of the same thicknesses and diameters, witli a rise of 35 lines, and in

form elliiitical, cassinoidal, and cycloidal. We however do not think

it necessary, from the similarity of application of the rules, to, give

more than one examjile, which is that of a semi-ellipse {Jig. 577.),

in which, as before, the formula is

.= ^/ 2j) +
2/7rf- 2mc i^ I)

The lines described in the foregoing examples being drawn, we have

KL= 45-5

iK= 8-5.

IT, represented by d in the formula,

MK - _ -

nilj X AB representing the thrust (37 x 9) gives

the value of/) . . - .

2p therefore

TI, represented by d, being 24-84, we have '2pd -

7H, v.'hich is KM x AB, will be 14-66 x 9, which gives

c, representing iK, being 8-5, 2mc
I), which expresses the sum of the vertical efforts m + »i(39-5 x 9)

24-84

14-66

333-00

666 -00

o, being always 120, - z= ^oq is -

T *i ^*
Lastly, -^

Substituting these values in the formula, we have

.r= \/666 + 'j?"
!
-^3;44^^2242-94 ^ g -76 - 2-96 = 25 -22 lines, or a little less than 25\ lines.

1 408. In the model it was found that a thickness of 26 lines was necessary for the pier,

and the lower voussoirs were connected with it by a cementing medium. Without which
precaution the thickness of a pier required was little more than one tenth of the o])ening.

Taking the square root of double the thrust, that is, of 666, we have 25-81, about the same
dimension that the graphical construction gives. The experiments, as well as the applica-

tion of the rules, require the following remarks for the use of the practical architect.

1409. I. The cassinoid, of the three curves just mentioned, is that which includes the

greatest area, but it causes the greatest thrust. When the distance between the intrados

and tlie cxtrados is equal in all parts, it will only stand, supjiosing the piers immoveable, as

long as its thickness is less than one ninth part of the opening
1410. II. The cycloid, wliich includes the smallest area, exerts the least thrust, but it

can be usefully employed only when the proportion of the width to the height is as 22 to

7 in surbased arches, and in surmounted arches as 14 to 11. The smallest thickness with

which these arches can be executed, so as to be capable of standing of themselves, is a little

more than one eighteenth of the opening, as in the case of semicircular arches.

141 1. III. The ellipsis, whose curvature is a mean between the first and second, serves

equally well for all conditions of height, though it exerts more thrust than the last-men-

tioned and less than the cassinoid.

1412. It is here necessary to remark, that too thin an arch, whose voussoirs are cqtial in

depth, may fall, even supposing the abutments immoveable, and especially when surbased;
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ht'causf, wlien once the parts are displaced, the force of the superior parts may lift up the

lower parts without disturbing the abutments.

Raking Arches.

1413. Let ACA' {fig. 578.) be the model of a raking arch of the same diameter and
thickness as the preceding example, the voussoirs of equal
thickness, and the piers of ditJcrent heights, the lowest being

10 inches or 120 lines in height, and the other 14i inches or

174 lines. The tangent at the summit is supposed parallel

to the raking lines that connect the springing.

1414. Tliis arch being composed of two different ones,

tlie mean circumference on each must be traced, and each
lias its separate set of lines, as in the preceding examples

;

the horizontal line KL of the smaller arch is produced to

meet the mean circumference of the other in S, and the in-

terior line of its pier in g.

1415. The part KLS represents the horizontal force of

the part of the arch KGS, common to the two scmi-arclies
;

50 that if a joint be supposed at S, the jiart LK represents

the effort acting against the lower part of the smaller arch,

and LS that against the lower part of the larger arch.

These parts resist the respective efforts as follows: the

small arch with the force represented by iK, and the

greater one with the force represented by ^S. But as ^S '*'
'

'

is greater than LS, transfer LS from g to / to obtain the difference /S, which will sliow
how much LS must be increased to resist the effort of the larger half arch ; that is, the
elfort of the smaller one should be equal to L/; but as this last requires for sustaining
itself that the larger one should act against it with an effort equal to KL, this will be
the difference of the opjiosite effort, which causes the thrust against the lower part of

the smaller arch and the pier from whence it springs. Hence, transferring fL from L
to 7, taking the half of iq and transferring it from L to A, the part /(K multiplied by the
thickness Ali will be the expression for the thrust represented hy p in the formula

^<2r.
b"-

^ ^ a 'a- a

Having found AK=30.land AB = 9, we have for the value of p SOi x 9 = 274.1, and for

that of 2/j — 549,f/ which represents IT, being 29i, 2pd= 16195}^. In 2mc ; m, which repro
sents MK X AB, will be 12^ x 9 = 111, and 2m = 222.

c, which represents fK, being 8, we have 2wc= 222 x 8 = 1776.
The height of the pier represented by a being 1 74, we have

'2pii—2mc_ 161951—1776
rt— 174"

The vertical effort represented by b, or TF x AB, will be 41 J x 9 = 375,
b _

til

1
/'-

82-81

and - =?Z? becomes - = 2-15

- = 4-64

Substituting these values in the formula, we have

x= V549 + 82-81 +4-64 — 2-16=23-08 for the thickness of the greater pier from
which the smaller semi-arch springs.

For the half of the greater arch, having produced the horizontal line IK'L', make
K'r equal to VL', and bisect rL' in t; ihe line K't represents the effort of th°

smaller against the greater arch, which resists it with a force shown by i'K';

thus making K'7' equal to i'K, the effort of the thrust will be indicated bv
q't X AB, whose value p in the formula will be

20 X 9 = 180, and 2p - - - - = 360
d, which is TI, being 69§, 2pd will - . =25080
In 2mc, m being 26 x 9 = 234, and c being 23J, 2;nc =10842
a, the height of the smaller pier

„r , i>pd-2mc 25t«U-li«42 , • , ,We nave -— = p^- , which becomes

6, which is TF X AB, will be 95§ X 9

^=8(51 =7.175^ and *' ....
120

118-65

861

51-48

S'lbstituting these values in the formula, we have

v'360+ 118-65 +51 -48 -7 -175 = 15 -855 lines for the thickness of the smallei pier.

B 1!
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Takiin^ the square root of double the thrust, we sliould have for the larger pier 23-44 lines,

aiul for the smaller one 19 lines. In the geonietrieal operation, for tlie larger pier make
]5« eijiial to /(K and B« e(]nal to '2AR ; then upon un as a diameter deseribe a semicircle

cutting the iiorizontal line 15 A produced in E. BE will be the thickness of the pier, and

will be found to be 23^ lines. For the smaller pier make B'u' equal to q't and H'n equal

to 2A'B. Then the semicircumference described upon un as a diameter will give 19 lines

for the thickness.

1416". By the experiments on the model 22 lines was found to be the thickness necessary

for the larger pier, and 18 lines for the smaller oi.e.

^^^

Arcli with a level Extiddos.

1417. The model of arch /?</• 5 7 9. is of the same opening as the last,

hut with a level extrados, serving as the floor of an iqijier story, 'i he

thickness of the keystone is 9 lines. To find the place of fracture or

of the greatest effort; having raised from the point B the vertical BF
till it meets the line of the extrados, draw the secant FO cutting

the interior circumference at the point K, and through this [loiiit

draw the horizontal IKL and the vertical II KM
The part CDKF will be that which causes the thrust, and its effort

is represented by

KL, which will be found - - - = 35 '14

FH = IK, which is c i)i the formula, will l)e - = 18-8C

The arch or circumference KD of 10° 36 - = 38-28

The arch KB - - - - = 46-57

The arch DKB - - - - = 84-85

KH, represented by rf, - - - = £2

The vertical UKM - - - - = 63 ^-r
The height of the pier, represented by a in the formula, = 183 Fir. 579.

The area of the upper voussoir FKCD = 667-44 ; but as the load of the haunches is borne

by the inferior voussoir, we must subtract the triangle FKH = -p-- =207-46. The

remainder 459*98 multiplied by KL and divided by the arc KD, that is.

422-24, represents the effort of the upper part

which becomes

263-67. The difference of the two efforts =158 -5

formula, and we have 2p — 31 7 -1 4.

1419. The piers being supposed to be continued up to the line EC of the extrados will be

greater than the arm of the lever of the thrust which acts at the point K. Thus the ex-

pression of the arm of the lever, instead of being a + </, as in the preceding examples, will be

a —t/, and the sign of— must be changed. In numbers, —'-T-„r?-^ =38-12 ; therefore, in the

formula, + '^ becomes —38-12.

1420. In the preceding €xam])les, 27nc, which represented double the vertical effort of the

superior voussoir multiplied by the arm of its lever, becomes nothing, because it is comprised

in the addition made to the lower voussoir ; so ihat the formula now is

. /n 2nf ~
l>- hx~\/ 2«--t +— --.

' a u- a

b, then, which always expresses the vertical effort of the half arch, is therefore

3«-28

xIK . G51-07 xls-85

! ' ^^ 46.57 '

will express the thrust or p of the

1111-05x63 oT.fi, \ c '> u ^24!i+ .^ ,
-'0,1 or—= 824-94; and for- we have -,0., =4-5, and

Substituting these values in the last formula, we shall have

20-25.

x= A./319-14— 38-12 + 20-25-4-5 = 12-88 lines.

Experiment gives 1 4 lines as the least thickness that can be relied on.

To find the thickness by the geometrical method, make Km equal to IK and B/( equal to

wiL, Bk to double CD, and upon n/i as a diameter describe the semicircumference cutting

the horizontal line OB produced in A : then BA = 17^ lines is the thickness sought.

1421. Rondelet proves the preceding results by using the centres of gravity, and makes
the result of the operation 12-74 instead of 12-J^O, as first foimd. But the clifhcnlty

of finding the centres of gravity of the different parts is troublesome; and with such a

concurrence of results we do not think it necessary to enter into the detail of the opeia-

tjon.
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A different Application nf the precedinn Example.

1122. The model {jfif). 580.) is an arch snnilar to that of the jire-

ceding example, having a story above it formed by two walls,

whose height is 100, and the whole covered by a timber roof.

Tile object of the investigation is to ascertain what change may
be made in the thickness of the piers which are strengthened in

their resistance by the additional weight upon them.

1423. The simplest method of proceeding is to consider the upper
walls as prolongations of the yjicrs.

1424. In the model the walls were made of plaster, and their

weight was thus reduced to
i|
of what they would have been if of

the stone used for the models hitherto described. The roof weighed
12 ounces. We shall therefore have that 100, which in stone would
have represented the weight of the walls, from the dilFerence in

weight of the jjlaster, reduced to 75. In respect of the roof, which
weighed 12 ounces, having found by experiment that it was equal

to an area of 576 lines of the stone, both being reduced to equal

thicknesses, we have 12 ounces, equal to an area of l;3-82 whose half

6 91 must be added to that of the vertical efforts represented by b in

and -rr. Changing these terms into - and -^6, the formula becomes

H.

The height of the piers or a in the formiila= 18:3 + 75 = 258.

/( does not change its value, therefore 2jo (as in the preceding

example) = 265 -SO".

d, the difference between the height of the pier and the arm of the

'^

lever, wi 11 = 7:

Hence,
9pd _5nx85x75
a ~ 258

/(, becomes 750-69 + 691 =

.And -=
-.,j.g —5-58.

= 77-28.

= 1441-69.

Again, '-=,'51-22.

Substituting these values in the formula, we shall have

x= a/265-86-77-28 +31 -22-5-58 = 9 15.

In the model a thickness of 1 1 lines was found sufficient to resist the thrust, and taking
the root of double the thrust the result is 1 3 lines.

1425. By the geometrical method, given in the last, taking from the result 17^ lines,

there found, the value of j, tliat is, 5 -58, the remainder 1
1

1

lines is the thickness sought.

1426. It maybe here observed, that in carrying up the
walls above, if they are set back from the vertical B F
in fif, the model required their thickness to be only 6
lines, because this species of false bearing, if indeed it

can be so called, increases the resistance of the piers.

This was a practice constantly resorted to in Gothic
architecture, as well as that of springing pointed arches
from cori)els, for the purpose of avoiding extra thickness
in the walls or piers.

Anoi ")' Aiipllcati'irt of the Piincip'es to a differently

cunstnwted Arch.

1427. The model (^i;. 581.) represents an arrh of 1

1

voussoirs whereof 10 are with crossettes or elbows, whinh
give them a bearing on the adjoining horizontal courss's

;

tlie eleventh being the keystone. The opening is 9 inches
or 108 lines, as in the preceding examjjles.

1428. Having drawn the lines BF, FC, the secant FO,
and the horizontal line IKL, independent of the five

courses above the line FC of the extrados, we have

^
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KI. = :«()-:^

]K = 'i;!-27

()C=BF _ 78-00

The arc KD = fiSTO
The arc KB = 52 15

KG = ;5;5-59

a, the height of the pier, =198-00.

The area KFCL of the upper part of the arch will be 1223-10, from wliich suhtractliio

that of the triangle FKG, whicli is 590-82, the remainder 832-28 being multiplied by
30-73 and divided by 32-7 makes the etlbrt of this part 782-44.

H29. Til J area of the lower part is 6'97-95,to which adding the triangle FKG =390-82,
we have lOSS-77, whicli multiplied by 23-27 and divided by 52-15, gives 485-82 for its

effoit. The expression of the thrust, represented hy p in the formula,

T= V 2p— ~^ + ^2 — „ being equal to the difference of these two efforts,

will be 29G-62, and twice p
d, re))resenting KG, being

W2 have 2joc?= 199'i(;-93, and
"''''

= 593-24

= 33-59

= 100-64

h, representing the sum of the efforts of the semi arch, will be

= 8-9 and
6_17G2-8
«~ 198

'—" ^ """ at

Substituting these values in the formula, we have the equation

= 1702-03

= 79-21

x= ^/593-24- 100-64 + 79-21 -8-9=15-01.

Hy taking double the square root of the thrust the result is 23-91, a thickness evidently
too great, because tlve siun of the vertical efforts, which are therein neglected, is con-
siderable.

1430. The geometrical method gives 19 lines. The least thickness of the piers from
actual experiment was 16 lines.

1431. llondelet gives a proof of the method by means of tlie centres of gravity, as \h

some of the preceding examples, from which he obtains a result of only 13-26 for the thick-

ness of the piers.

@C.;

Consideration, of an Arch whose Voussoirs increase towards the Springing.

1432. The model (.A.'/. 582.) has an extrados of segmental form not

concentric with its intrados. so that its thickness increases from the p
crown to the springing. The o])ening is the same as before, namely,

9 inches, or 108 lines. The thickness at the vertex is 4 lines, towards
the middle of the haunches 7^ lines, and at the springing 14.^ lines.

'I"he centre of the line of the extrados is one sixth part of the chord

AO below the centre of the intrado.s ; so that

The radius 1)N = 08 05
KI. = 3818
IK=15-82

(See 1390, obs. 22, and 1441). The arc BK = KC = 42-43

1433. The area KHDC of the upper part of the arch is 258-75,

that of the lower part 15AUK 486-5 ; hence the effort of the upper

part is represented by the expression -^^

—

ij7\z
— =232-47.

1434. The half segment ABe being supposed to'be united to the p"^
pier; BeliK, whose area is 178, is the only part that can balance the " „ ^.

. . . 178xlo-82 , , .

tiji. sas!.

upper effort; its expression will be —j.,.^j^'= 66-24. The difference

of the two eflbrts 166-23 will be the expression of the thrust represented by p in the

formida

Thus 2/) - - . = 332 46
IB=KL, indicated by rf, - - . = 38 1

8

Which makes the value of 2jBrf ... =1269392

The vertical effort of the upper part mdicated by m = "'

^,',.^y = 96 31)

and for 2;)m - -. I«-)'^ »j()

The value of f being 15 82, we have 2/«c - . •= SD-Jb .-k)
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'J'he hv'iglit of the piers being still 1 20, we have

2iKl-1mc_ 12G'J3 92—301G5
a ~ 120

I, wliich indicates the vertical effort of the half arch repre-

sented by FB, will be wj.«5
~ - -

h 473-48

a~ 120
- - , -

and

= 47;}-48

= 1 .5 -56

Tliese values being substituted in the formula, will give

x= ^/332•J6^- 80-39 + 15-56 -3*95 = 16-74 lines.

1435. The sniidlest thickness of pier that would support the arch in the model was
17i lines.

1436. With the geometrical method, instead of the double of CD, make BA double the

mean thickness HK, and B« equal to mL, and on nh as a diameter describe the semicir-

cumference cutting OB produced in E ; then EB = 18^ lines will be the thickness sought.

1 437. If the pier is continued up to the point e where the thickness of the arch is dis-

engaged from the pier, the height of the pier represented in the formula by a will be 151 -5

instead of 120, and the difference b, instead of being --—I-
—- , will be only — '—

= 277-46.

1438. d, expressed by le, will be 6-5, all the other values remaining the same as in the

preceding article, the equation is

ar=^/332-46-5-flT4-2=16 21.

'1439. Using the method by means of the centres of gravity, Rondelet found the result

for the thickness of the piers to be 15-84. So that there is no great variation in the dif-

ferent results.

1440. In the preceding examples arches have been considered rather as arcades standing

on piers than as vaults supported by walls of a certain length. We are now about to con-

sider them in this last resjiect, and as serving to cover the space enclosed by the walls.

In respect of cylindrical arches supported by parallel walls, it is manifest that the re-

sistance they present h;)s no relation to their length; for if we suppose the length of tlie

vault divided into an infinite ninnber of pieces, as C, D, E, &c. { Jiy. 584. No. 2. ), we shall

find for each of these ])ieces the same thickness of pier, so that all the ))iers togetlier would
form a wall of the same thickness. For this reason the surfaces only of the arches and

piers have been hitherto considered, that is, as profiles or sections of an arch of any given

length. Consequently it may be said that the thickness of wall found for the profile in

the section of an arch would serve for the arch continued in length infinitely, supi)osing

such walls isjlated and not terminated or rather tilled by other walls at their ends. When
cylindrical walls are terminated by walls at their extremities, after the uianner of gable

ends, it is not difficult to imagine that the less distant these walls are the more they add
stability to those of the arch. In this case may be applied a rule which we shall hereaftei

mention more at length under the following section on Walls.

1441. If in any of the examples {fig. 582. for instance) PR be produced indefinitely to

the right, and from R on the line so produced the length of the wall supporting the arch

be set out, and if from the extremity of such line another be drawn, as TB produced

through B, indefinitely towards a, and B(« be made equal to the thickness of tlie pier first

found, a vertical line let fall from a will determine the thickness sought. When arches

are connected with these cross walls, the effect of tiie thrust may be much diminished if

they are not very distant. If there be any openings in the walls, double the length of

them must be added to that of the ^^all as well as of _
any that may be introduced in the gable wall.

1442. Fig. 583. represents the mode in which an arch

fails when the piers are not of sufficient strength to resist

the thrust: they open on the lower part of the summit at DM
and on the upper part of the haunches at HN; from which
we may infer that the thrust of an arch mav be destroyed

by crampin.j the under side of the voussoirs near the

summit and the upper side of those towards the middle of

tlie haunches ; and this method is greatly preferalile to

chains or iron bars on the extrados, because these have
no effect in prevent.ng a failure on the underside. Chains
at the springing will not prevent failure in arches whose
voussoirs are of ctpial (Icjitli hut that too small, inasmuch
as there is no coiuiteraclioii tVoni them against the bulging l-'iB- 5S3
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that takes |)Iace at the haunches, like a hoop loaded when its ends are fixed. The most
advantajreous position for a chain to oppose the effort of an arch is to let it pass through the

point K wht^re the efforts meet. PC is the tangent before failure, and O the centre; R
being the inner point of the pier.
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OF cor.irou.ND vaulting.

i 443. M. Frez;ier, in speaking of the thrust of this sort of arches, proposes, in order to find

tlie thickness of the piers which will su|)port them, to find by the ordinary manner the

thickness suitable to each part of the cylin-

drical arch BN, BK (No. S. fig. 584.) by
which the groin is formed, making BE the

thickness suitable to tlie arch BN, and BF
that which the arch BK requires ; the pier

BEH F would thus be able to resist the

thrust of the quarter arch OKBN. Ac-
cording to this method we should find the

bay ofa groined arch 9 inches opening would
not require piers more than 21 lines square

and 1 20 lines high ; but experience proves

that a similar arch will scarcely stand with

piers 44 lines square, the area of whose bases

are four times greater than that proposed by

M. Frezier.

Methrxi f)r groined Vaulting.

1444. The model in this case see the

last figure) is 9 inches in the opening, vous-

soirs etjually thick, being 9 lines, standing

upon four piers 10 inches or 120 lines

high.

1445. The groin is formed by two cy-
Fi^. 5S4.

lindrical arelies of the same diameter crossing at right angles, as represented in No. 3. of the

figure. The four portions of the vault being similar, the calculation for one pier will

be sufficient.

1446. On the profile No. 1. of the figure describe the mean circumference TKG, draw the

tangents FT and FG, and the secant FOand the horizontal line IKL. Draw the vertical

B(, and NG and KI on the plan (No. 3.) equal to KL
1447. In the foregoing examples for arches and cylindrical vaulting there has been no

necessity to consider more than the surface of the profiles, which are constantly the same
tliroughout their length ; but the species of vault of which we are now treating being

composed of triangular gores whose profile changes at every point, we shall be obliged to

use the cubes instead of the areas of square.s, and to substitute surfaces for lines. Thus in

viewing the triangular i)art KBO, the sum of the horizontal efforts of the upper part of

this portion of the vault, represented in the profile by KL, will be represented in plan by
the trapezium KILO.

1448. The sum of those of the lower part /K in tlie profile is represented in plan by
BIL. The thrust is expressed by the difference of the area of the trapezium and of the

triangle multiplied by the thickness of the vault; thus, KB and KO of the jilan being 54,

the superficies of the triang-lt BK O will be 54 x 27 = 1458 ; the part BK of the plan being

ecjual to IL, and Bt to iK. of the profile =12^, the area of the triangle BIL, indicating the

sum of the horizontal efforts of the upper part, will be 12-'^ x 6-pj = 79|^.

1449. We obtain the area of the trapezium KILO by subtracting that of the small

triangle BIL from the greater triangle BKO, that is, 79{^ from 1458 ; the remainder

1 378-j'^ gives the horizontal effort of the upper part ; lastly, subtracting 79\] from 1378-^,

the remainder 129H-^ will be the ex])ression of the thrust whose value is found by multi-

plying 1298-^ by 9= 116833, which is tUe p of the formula.

/T Ipd-iiiic W b

Letting a always stand for the height, and d for TI of the profile, the arm of tlie lever of

the thrust will, as before, be a + d, and its algebraic ex])ression hi pa + pd.

1 450. The pier resists this effort by its cube multiplied by the arm of its lever. If the lines

K 15 and OB of the triangle BKO, (which represents the prrjcction ofthat ])art of the vault for

which we are calculating) be produced, it will be seen that the base of the i)ier to resist the

thrust will be represented by the opposite triangle BII F, which is rectangular and isosceles ;

tfierefore, letting x represent its side B F, the area of the triangle will be expressed b^ — , (he
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height of tlie pier being a, its cube "ill be "-^. 'llie arm of the lever of this pier will be

determined by tiie distance of the vertical let fixU from its centre of gravity on the line

HF= f, which gives for the pier's resistance -!Ii-.

1451. This resistance will be increased by the vertical effort of each part of the vault

multiplied by the arm of its lever.

That of the upper part will be expressed by its cube multiplied by the vertical KM,
and the ])roduct divided by the mean arc KG.
The cube of this part will be e(jual to the mean area; that is, the arc KG multii)lled

by the thickness of the vault.

1452. To obtain the mean area, multiply KG less KM by the length GO taken on the

plan. The length of the arc KG being 4G and KM ITf we shall have KG-KM=28f

:

GO being 54, the mean area will be 282x54 = 1558. This area multiplied by 9, the

thickness of the vault, makes the cube of the upper part 14024|, which multiplied by

KM = 17j and divided by the arc KG = 46, makes 5220'^ the value of the vertical effort

of the part of the arch m in the formula ; and the arm of its lever is IK + ill.

1453. IK being =c and eH=:r, its expression will be mx + inc.

The vertical etlbrt of the lower part will be represented by its cube multiplied by TI,

and the product divided by the lengtii of the arc TK.
This cube will be found by multiplying the mean area by the thickness of the vault.

The area being equal to the arc TK— TIx GO, that is, 46 — 4 If, x 54 = 250^ for the

mean area and 250J x 9 = 22563 for the cube of the lower part of the vault. Ihis cube

multiplied by TI and divided by the arc TK gives "——''- ^^ = 2028§ for the value of

the vertical effort of the part n of the formula. And it is to be observed, that this effort

acting against the point B, the arm BF of the lever will be .t and its expression nx.

1454. Bringing together all these algebraic values we obtain the equation pa+p/J=-^

+ mx + mc + nx ; and makmg t)i + n, which multiplies x = h, we have pa+pd=^ + bx

+

inc. Transferring ?nc to the other side of the equation, we have pa + pd— nic= -^r +bx.

Lastly, multiplying all the terms of the ecjuation by for the purpose of eliminating x^,

we shall have instead of the preceding formula 6p + P ~ ""' = x'^ + -^, which is an equation

of the third degree, whose second term is wanting. For more easily resolving tliis ecjua-

tion, let us find the value of 6p + ^ ~JI1£ and that of '', by which x is multiplied in the

srcond part of the equation.

jj being 1168 3f, 6_p will be - - - - = 70069f
d being 41f5, 6/?d will be .... = 28991 24f
m being 5226|, 6mc - - - - - = 537593J

r.,' 6pd— 6mc 2361537S i r,^Tr> ? i /• 6pd — 6mc ,,,, „, ,• , -,, ,,Thus -t- =

—

-" = 19679/,, and 6n+ ^ =89/ /9i, which we will call u

for the purpose of simplifying the remainder of the calculation.

&, which represents m + H, will be 52263 + 2038§ = 7 255§, and -= ,L =362^; this we will

call /; so that instead of the ecjuation (^P+
^^

~Z
'" — •^' -1—-> '^'^'i have y = x^ +fx, which is

thus to be resolved (Bossut, Elcmens cf A>yehre) '•
—

Substituting in Uiis formula the values of y and /, we have

x= -^448891+ ^2015073623 + 1767902+ -5^448891- ^'2015073623+ 1767902

= -?/44889| +44909^+ 5/448 89| -4'4909f, from which extracting the cube roots, we have
a: = 44^—2^ = 4'^-' for the length BF of one of the sides oi' the triangular pier BAF; the

other FA may be determined by the production of the diagonal or line of groin OB.
The part oi the pier answering to the part of the vault BNO is determined by draw-

ing from the points B and A the parallels BM and 31 A to FA and FB. These two
triangles will form a square base, each of wliose sides will be 42 lines, answering to one
quaiter of the vault KB NO ; thus, to resist the thrust of the vault, four piers, each 42 lines

thick, are necessary.

1455. The above result corresponds in a singular manner with the experiments which
were made by Rondelet, from which he deduced a thickness of 43.i lines. In his invest!-

nation of the example by means of the centres of gravity 40'53 lines was the result. Our
limits prevent furtiier consideration by otherexamplcs: we will merely therefore observe, that
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the method abi)ve given seems to be a safe guide to tlie ariliiiect. In the case of oblong
arL-hes, the results must he obtained for each side.

H56. In the case of grolnin;;s conipo'-ed of many i)Mys, the chief care necessary is in tlie

external piers, wliich will require especially to be of sufficient thickness. 1 hosa in the

middle, being counterb danced all round, have only to bear the weights of their respective

arciies, for which purpose they must have a proportional area and be of such stone as the

weight will not crush. But it ought to he recollected that in good construction the area

(if tlie points of support should he so distiihuted as to establish for each a sufficient strength,

because a single weak point will often endanger the whole fal)ric.

1457. In practice, a readier method will be wanting than that which has been just dis-.

cussed; we therefore subjoin one which agrees well enough with theory and experiment,

and it is as follows. Let ABCD (fy. 5S5. Mo. 1.) he the .space to be covered by a

groined vault supported in the centre by the pier E. Dividing each side into two equal
parts, draw the lines HI, ¥G crossing each other in the centre E, and the diagonals A E,
EB, EC, ED and H F, HG, IF", IG crossing each other in tFie points K, K', K", K'".
in No. 2. draw the pier its half height to the level of the sjiringing, which half height
transfer from K to L, and divide EL into twelve parts. One of these parts will be a half

diagonal of the pier. For the intermediate piers H, F, I, G, after finding the diagonals of

the half piers, produce them outwards to double their projection within, so that altogether

their thickness may be once and a half their wiilth. For the angular piers this method
will give an area of base 1.^ times greater, which will enable them to resist the thrust they
have to sustain.

1458. When the width of the space to be vaulted is to be divided int» three bays, and
th it of the middle is recjuired to be raised above those of the other two, as in the case of

churches with side aisles, the bases of the points of support may be determined in two
ways. That most used, which is borrowed from the Gothic examples, is to give to the

areas of the bases of the points of support merely the extent necessary to bear the load they
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are to receive, by tlirowing tlie strain of tlie thrust upon the external piers by means ol

ilyiiiji; biittressi s, and giving to their points of support a position and surface of base Ciipalde

of eiFeftual rehistaiice.

1-1.59. The most simple method deiived from tlie principles tf the theory for the firs'

case is as follows :—
Having laid down the plan oi' the two bays which fall upon the same pier (fig. .58G.

Ko. 1.), take one half of the sum of the two semi-diagonals AD, AE, to which add one

lialf of the height of the point of support and taking a twelfth part of the whole as a

radius, describe a circle as A, No. 1, it will show tlie surface of tlie base of the point (if

support. If it be not circular it must be circumscribed with the form that may be required,

so as rather to increase than diminish its solidity. For the exterior point of support B, let

a rectangle be formed, having for its width the side of a scjuare insciibed in the preceding

circle, and in length double.

1460. .Above the roofs of the sides a flymg buttress may be carried up, whose pier may
be raised on that below, set back one sixth from the exterior face and sloped as much on
the interior. The line of summit or tangent of this flying buttress, which should be of the

single arc of a circle, will be determined by the chord of the arc of the upper part of the

vault i)rotluced indefinitely. To find the centre, draw the chord Gil ( N'o. 'i. '), on the

middle of which raise a periiendicular, which will cut the horizontal line (! F in the

point I, which will be the centre of the arc. I'hcsc raking arches may be coni\cctcd by
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oilier return arches, wh'u'ti may bear a floor above with a siippoit, uijon wliich a passage

round the building may be made, and this may be concealed by an attic order outside

14C1. In the second case, the base of a pier must l)e foimd capable of resisting the effort

of the great middle vault of the nave, by taking as the height of its pier tiie distance from

its springing from the up])er side of the side vaults No. 2., and laying the half of this height

fniui B to H on the plan No. 3. Tlien having divided IH into twelve equal part-, make
I A equal to cne ot tliem and AF equal to two. The rectangle made upon the diagonal

FI shows the area of the interior pier, to which are to be added, to the right and left, pro-

jections to receive the aiches of the sides. The length FD is to be divided into six equal

jiarts, whereof two are for tlie projection of the pilaster or interior half column, upon which

the entablature is profiled, three for the thickness of the wall, and one for the pilaster on

the side aisles, whose prolongation will form a coimterfort above the lower sides.

14G'2. For the external pier B, as before, one half the height to the springing must be

transferred from EG, and -j'^ of BG from B to L ; lastly,
-fy

from B to K : the rectangle

formed upon the diagonal KL is equal to the area of tiie pier. We must add, as for thai

in front, the projections to receive the arclies or windows, as shown in No. 2.

1-163. As long as the intervals between the piers are filled in with a wall, if that be

placed flush with the outside, the piers will form pilasters inwards (see Jig. 585.), as ihef,

whose projection c/ is equal to one half of the face lie; this wall ought to have a thickness

equal to he; but if it is brought to the inner line of the face of the piers they need be

only two thirds of the thickness; so that the piers will form counterforts on the exterior.

In conclusion, knowing the etfort of the thrust, the calculations will not be attended witii

tlifficidty in providing against it by adequate means of resistance.

ON THE MODEL OF A COVEO VAULT.

1464. The model (fg. 587. Nos. 1. and 2.) is

square on the plan, each of its sides is 9 inches in-

fernal measure, enclosed by a wall 10 inches high ;o

the springing of the vault. The vault is semicircidar

in form, the voussoirs throughout 9 lines thick, and

it is composed of seventeen parts above the line of

greatest effbrt (see 1391.), as shown in Nos. 1. and

2. in the plan and section. On one of the sides of the

tir-t is supposed to be traced the mean circuinference

TKG, the tangents FT, FG, the secant FO, the

horizontal line IKL, and the verticals B/ and INIK.

We may now therefore consider this vault as four

triangular pieces of cylindrical arches, each resting

throughout the length of their base on one of the

ualls which forms the sides of the square. As the

|iortions of arches or vaults are equal, it is only

necessary to take one of them for an example.

1465. In the last example, cubes are taken in-

stead of the surfaces, and surfaces instead of lines.

Thus expressing the length of the wall by/, its height

by a, and its thickness by x ; the arm of the lever

being always-, its resistance is expressed by cf-r-.

INIaking the thrust , . . .

EH = TI = KL=^KV . . - -

PH - - - -

The sum of the vertical efforts of the upper part

U'hat of the lower parts - . - .

The part IK of the horizontal Tnu' . - -

'J'B = half the thickness of the arch - - -

Thii arm of the lever will he ...
TE - - - -

The equation is pn + j)d= '

_ -V (m + v)x — ne + mc ;

and making in + ?i=h.

,1

a + a

af.V
+ hx = pi + pn + lie— tru.
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„ri_ /'-P imt-^ine—lmc b'^ bW hc.ncc v=^^j^ -^ + „-y, - „j.

14C6. If, however, we sujipose the effort to take place at the point B, a supposition

.'litherto matle in tlie formula;, we have e = f), and the value of x becomes

I 4fi7. Tlie horizontal effort of the upper part, represented by the line KL, will be expressed
by the triangle eErf of the plan ; that of the lower part i'K in the section will be expressed
by tlie trapezium eBCd on the plan.

1468. The plan of the vault being square, the base ed will be double E^ = KL of the
section ; and the area of the triangle eE'/ ecjual to the square of KL = 41-^ x 41^ = 1710|.

1469. Ea of the plan being equal to the square of 54 less the square of 41 *-,, that

is, 12062, the superior effort being 1710| their difference is 504, which being multiplied b-"'

the thickness of the vault, or 9, is 4536 for the expression of the thrust represented by v in

the formula, and for that of

2jo = 9072 and 7=84,

rZ, which represents TI, being 41
f,,

2/)?/= 3751 92.

1470. To obtain the vertical effort of the upper part of the arch represented bv »!, its

cube must be multiplied by KM, and the product divided by the arc KG.
1471. The cube of this part is equal to the curved surface passing through the middle of

its thickness multiplied by the thickness. The mean area is equal to the product of the
length Jiq taken on the plan multiplied by KRI.

iiq being 117, and KM 17^, the product expressing such mean area is 2005S, which
multiplied by 9 makes the cube 18051|. This cube again multiplied by KM = 17i, and
divided by the length of arc KG = 46, gives 6727 for the value of m, and for 2m 13454;
f being 12^^, 2wc = 1 701C^0|.

2;)(f-2;nc^375192-170100f^j^.g<,

af 120x108

h. representing the vertical efibrt of the half vault, will be expressed by the cube multiplied
by Bf=5i^h, and divided by the mean circumference TKG = 92.

1472. To obtain the cube, the mean superficies, that is, 7iq x B/ or 117 x 58J, is to be
multiplied by the thickness AB = 9, which gives 68441 y 9 = 61600i.

This cube multiplied by B/=58i and divided by the mean circumference TKG
r--.92, that is, 61600i x ^y2' = 39169-88, for the value of b, and for that of

*'

and =9-12. Substituting these values in the formula,

Hence x= y84 + r5-82+ 9-12-3-02 = 7-41
;

that is, a little less than 71 lines for the thickness of the walls, which is less than that of the
vault; and shows that by giving the walls the same thickness as the vault, all the requisite
solidity will be obtained. This is proved by experiments, for in the model the vault was
borne etjually well on walls of 9 lines in thickness divided into 8 parts, as upon 1 2 Doric
columns whose diameter was 9 lines, four being placed at the angles and eight others under
the lower part of the vault.

1473. To find the thickness of these walls by the geometrical method: Take the
difference between the area of the triangle BEC and that of the triangle E«/, which
divide by the length BC.

Thus, the area of the greater triangle being "2-^= 2916; that of the smaller one,

-^i-^— " = 1710-4 ; their difference, 1205-6 divided by 108 = 11-16, which transfer to the

profile from B to h, and make Bn eejual to the thickness of the vault. Upon «/•, as a

diameter, describe a semicircle, which at its intersection with the horizontal line BE will

di'termine the thickness of the vault, and be foimd to be 10 lines.

1474. The small thrust of this species of vaulting occurs on account of the upper part,

which causes it, diminlsiiing in volume in proportion as the horizontal effort becomes more
considerable, and because the triangular form of its parts and their position give.lt the

advantage of having tne larger sides for bases ; whilst, in groined vaulting, the triangular

parts resting only on an angle, the weight increases as tht horizontal eflbrts.

1 475. Moreover, as the return sides mutually sustain each other, a half vault, or even a

•juarter vault, on a s(juarc base, would stand if the walls were 10 lines thick, proving that
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Ilic opposite parts, acting little more than against each otlier, the thrust becomes almost
nothing.

1476'. By the method of the centres of gravity, Rondelet found a result less than that

above given ; but that arose from neglecting some jjoints in the calculation which it was
difficult to introduce for general jjractice.

1477. It is obvious that in the above application great allowance must be made when
the apartment to be vaulted is not scjuare : that is, its advantages diminish as the two
ojiposite sides become longer than the width, and wlien the length is twice the width, or
even muv.'h less, the thrusts must be calculated on the princijde of cyliiuirical vaulting

;

and as in this species of vaulting tlie greatest effort occurs in or towards the middle of
ihe sides, opening for doors and windows should there he avoided.

Applh-.atioit of the Met'nul to S'p/ii-iicul (or d iiiu'cal) Vaultin;,.

1478. The models {fig. 5S8. Nos. 1. and 2. and fig. 589. Nos. ]. and 2.) were of the

FiR- ^^<'. FiR. 589.

Kame opening as the last mentioned. They are cut into eight equal parts by vertical

planes crossing each other in the axis ; each of these parts is subdivided by a joint at

45 degrees, altogether forming sixteen pieces. The vault stands on a circular wall of the

same thickness divided into eight parts corresponding to those of the vault. All the parts

are so arranged as to form continued joints without any bond, in order to give the

experiment the most disadvantageous result. Yet it stood firmly, and was even capable of

bearing a weight on the top.

1479. If for these eight pieces of circular wall we substitute eight columns of equal

height, as in No. 1. fig. 589., so that the vertical joints fall over the middle of each column
;

tiie vault will still stand, although the cube of these columns, as well as their weight,

occupies only one nintli part of the circular wall for which tluy are substituted.

From this it is evident that spheric al vaults, i.e., domes, have less thrusts than coved vaults.

1480. Apjjlying the method of the preceding examples, describe tlie mean circumference

( fiq. 588. Nos. 1. and 2.), draw the tangents TF, GF, the secant FO, the horizontal line

1 KL, and the verticals KM and 15/ ; lastly, calculating for one eighth of the vault, take the

sector Ohm to express the horizontal effort indicated by KL, and the part H/iMra to express

the horizontal effort of the lower part.

1481. The difference of these areas multiplied by the thickness of the vault will be the

expression of the thrust p of the formula.

1482. The radius Om of the sector being 41 -j'^ and its length 32.',, its area will be 672^*3.

I48,'3. The area of /*HiMm will be equal to the difference of the two sectors OHIVI
and Ohm, whereof the first is equal to the product of half ()M=27 by the arc IIM = 42^,

or 1 145|, the second =672fg ; whence the difference =47;5||.

1484. The thrust, being equal to the difference between 6723'^ and 4,
.^^IJ,

will be 198^3 x 9;

therefore /) = 780"^^.
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1485. /, representing the developement of one eiglith part of tlie circular wall, will be

42',, whence ^ = 42. d, the difference between the arm of the lever and the lieight of

tiie pier, being 41f^, we shall have ;)nf= 7;?897^.

I 486. To obtain tlie value of inc we must first find that of m, which represents the vertical

effort of the ujjjjer jiart of the vault, and is ccjual to the cube of this part multiplied by

KINI and divided by the arc KG. This cube is equal to the difference of the cube of tlie

sector of a sphere in which it is comprised with that which forms its interior capacity. \\'e

will merely recall here to the reader's recollection from a previous page, that the cube of

t'.;(i sector of a sphere is e(]ual to the product of the superficies of the sphere whereof it

forms a jiart by one third of the radius, and that this superficies is equal to the (iroduct

of the circumference of a great circle by the line which measures its depth. Thus the

area of the great sector OliCr
{ Jiff.

588. No. 1.) is equal to the product of tlie great circle,

whereof Aa is the diameter =126, by CS= 18-^, which is 7;508, and its cube 7308

X 21 = 1534 68.

1487. The area of the small sector OND« will be equal to the product of the great

circle, whereof B/> is the diameter =108 by VD = 15-|^, which gives 5369^, and its cube

by 5S69f| v 18=96648i'i. Deducting this last culie from that of tlie great sector already

found =153468, the remainder 56819 will be the cube of the upjier part of the vault

forming the cap, whose eighth part 7102| will be the cube sought, which multiplied by

KM = 17,1 and divided by the arc KG =46, gives 2646^ for the value of »t in the formula;

c, which represents zK, being 12^^, we have

7«c = 33461f ; pd-mc will be 738971 -33461 2 = 4043Gi
;

andfor^^-'"^ 40-^l«f =7 -92.
'

nf ' 120x42^

1488. In the preceding application to the model of the coved vault, the walls being

straight, the distance of their centre of gravity from the ])oint of supjiort was e(|ual to half

their thickness ; in this, the wall being circular, its centre of gravity is so much more distant

from the point of sujqiort as it takes in more or less a greater part of the circumference of

the circle. By taking it only the eighth part, the centre of gravity falls witliout the thickness

of the walls, by a tjuantity which we shall call e, so that the arm of the lever, instead of

being „, will be e + x, which changes the preceding formula to

afx(e + x) + bx=pa + pd— mc;

arranging with reference to x, this becomes

ufx'^ + {eaf+ b)x =pa + pd— mc
;

I 1 1 • •> ^ l> \ pa+pd—mc , ,
. nf ^, i n iwhence we obtain X' + (e + -')x=- —t. , and making e -v , =2n, we shall have

J of

I) expresses the vertical effort of an eighth part of the vault equal to its cube, mulliplied by
the vertical 15/", and divided by the mean circumference TKG. This cube is equal to an

eighth of the s])here, whereof Aa is the diameter, less that of the eighth part of a sphere

whose diameter is 156.

14-i:?. The diameter Ad being 126, the eighth of the circumference of a great circle will

be 49J(, which, multiplied by the vertical axis, which in this case is equal to the radius or

63, gives for the area of one eighth part of the sphere 3118^, and for its cube 31 18^ x 21

= 65688i.

1 490. The diameter Hh being 1 08, an c ighth part of the circumference of the great circle

will be 42^, which, multiplied by the radius 54, gives for the area 2291,1, ar.d for its cube

2291| >: 18 = 41240|; taking the smaller of these cubes from the greater, the difference

24447|^] will be that of this eighth part of the vault, which must be multiplied by B/'=
58J, and the product 1430203r;ji, divided by the mean arc TKG = 91f ; the quotient 15558
expresses the vertical effort of the eighth part of the vault, represented by b in the formula,

whence 1=;^^^;*^ = 3-0.^.

e being 2-51, we shall have for the value of/* 2-78 and /(- = 7'72.

Siibstituting the values thus found in the formula

} — ^
J.+

^j. +1 —n,

we have x = ^^42 + 7'-92 +772- 2-78 = v'57 •64-2-78 = 4-72.

Rv using the method of the centres of gravity, Ilondelet found the result rather less than

tint just found.

1491. The result of all these calculations induces the following facts: — I. That for a
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RPiriiirciilar cylindrical vault, whose length is eijiial to its diameter, the area of the two
parallel walls is 46iKS. II. Tliat tliat of the four s(|uare piers sui)porting a groined arcli is

70,)G. III. That of the four walls of the coved vault, the area should be :Hii5|. IV. That
that of the spherical vault is I'i.'iHJ..

1492. In res])ect of the ojieniiig of these vaults, which is the same for all the examples,

t.vking the area of the circular wall for the spherical vault at 1,

That of the walls of the coved \ault will be a little less than 3.

That of the cylindrical vault - - less than 4.

That of the groined arch - - less than C.

But if we look to the space that each of these vaults occupies in respect of walls and
points of support, we shall find that in ecjual areas the walls of the cylindrical vault will

be ^ of such spact

.

Those of the coved vaulting less than - -
J
of such space.

The piers of the groined arch a little more than - | —
The circular wall for spherical vault a little more than

^^
—

So that, if we suppose the space occupied by each of these vaults to be 400,

Tlie walls of the cylindrical vaulting will be II.

5

Those for the coved vault - - 91

, The i)iers for the groined arch - 60
The circular wall for the spherical vault - 48

Which figures therefore show the relative pro])()rtions of the points of support necessary in

each case.

1493. It is a remarkable circumstance that by the formula the coved and spherical

vaults give to the walls a less thickness than that of the arch. But although experiment
has verified the formula, we cannot be supposed to recommend that they should be made
of less thickness in practice ; but w-e see that, if of the same thickness, considerable open-
ings may be used in them. Irregular as well as regular compound vaults being only an
assemblage of the parts of more simjjle ones, if what has already been said be well under-
stood, and the examples given have been worked out by the student, he will not be much
at a loss in determining the efforts of all sorts of vaults.

On the AnuEsivE 1'oweh of ]Moktaii and Pi.ASTEa UPON Stones and Bricks.

1 494. The power of mortar and plaster will of course be in proportion to the surface

o*" the joints, compared with the masses of stone, brick, or rubble. Thus a vous.soir of

wrought stone, one foot cube, may be coimected with the adjoining voussoirs by four

joints, each of I foot area, in all 4 feet. But if instead of this voussoir three pieces of

rough stone or rubble be substituted instead of 4 feet area of joints, we shall have 8.

Lastly, if bricks be employed instead of rubble, we shall want 27 to form the same mass,

which gives for the developement of the joints 1 3 feet. Thus, representing the force which

connects the voussoirs in wrought stone by 4, that rejiresenting the joints of the rough

stones will be 8, and that for bricks 13 : whence we may infer that arches built witii

rough stones will have less thrust than those in wrought stone, and those in bricks more
than three times less. From experiments made by Kondelet, he found that at the end

of six months some species of mortar showed a capability of uniting bricks with sufficient

force to overcome the efforts of thrust in a vault segmental to § of a semicircle, 1 5 feet

diameter and 4 inches thick, the extrados being 4 inches concentrically above the intrados.

Plaster united a vaulted arch of 1 8 feet opening, of the same form and thickness. This force

is, moreover, greater in arches whose voussoirs increase from the keystone to the springing,

and that in pro])ortion to the thickness at the haunches, where fracture takes place ; so that

whatever the diameter and form of the arch, the strength of good mortar at the end of six

months, if the arches are well constructed, is cajjable of suppressing the tluust as long as

the thickness, taken at the middle of the haunches, is stronger than the tenth part of those

laid in mortar, and one twelfth of those laid in plaster. Here we have to ol)serve, that

arches laid in plaster, as long as they are kept dry and sheltered from the changes of the

season, preserve their strength, but, on the contrary, they lose all their stability in seven

or eight years, whilst those cemented in mortar endure for ages.

1495. The small quantity of mortar or of plaster used in vaults constructed of wrought
stone, in which the joints are often little more than run, ought to make an architect cautious

of depending merely on the cementing medium for uniting the voussoirs. There are other

means wliich he luay employ in cases of doubt, such as dowds and cramps, means which
were much employed by the Romans in their construction ; and these are far better than the

chains a"nd ties of iron introduced by the moderns.
1495a. Rondelet has stated that hard stones laid dry, commenced slipping at an ar.gle

tif 30'^
; and with mortar fresh laid, at angles of 34° anrl 36° ; with sol't stunts, on

jnortar fresh laid, at 45°, when the centre of giavity did not fall without the basL-. In
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Barlow's edition of Tretlgold's work, from 34° to 36°, is reiieated. G. Ueniiie, in lonie

^arufiil experiments at London Bridge, found tliat dressed voussoirs coniinenced sliding,

without mortar, at an angle of 33° 30'; and, with morar fresh laid, at '25° 30'.

1496. Well may it be said that tiie thrust of an arcli is the constant dread of an

architect; but it depends entirely on the method em|)loyed in the construction. It is only

dangerous where the jirecautions indicated in tlie foregoing examples have had no atten-

tion paid to them. It has Ijeen seen that the least fracture in too thin an a'ch of equally

deep voussoirs may cause its ruin ; and we shall here add, that this defect is more
ilangerous in arches wherein the number of joints is many, such as those constructed in

biick ; for when tliey are laid in mortar they are too often rather heapetl together tlian

well fitted to each ottier.

1497. Whatever materials are used in the construction of vaults, the great ohJ93t is

to prevent separation, which, if it occur, must be immediately met by measures for

making the resistance of the lower parts capable

of counterbalancing the effort of the upper parts.

Those fractures which occur in cylindrical arches are

the most dangerous, because they take place in straight

lines which run along parallel to the walls bearing

them. To avoid the consequences of such failures, it

is well to fill up the haunches to the height where the

fracture is usually to be found, as in K, K', K", K'"

(Jif/. 590. ) and diminish the thickness towards the key.

1498. Rondelet found, and so indeed did Couplet

before him, that the least thickness wliich an arch of

equal voussoirs ought to have, to be capable of stand-

ing, was one fiftieth part of the radius. But as the

bricks and stone employed in the construction of

arches are never so perfectly formed as the theory sup-

poses, the least thickness which can be used for cy-

lindrical arches from 9 to 15 feet radius is 4^ inches

at the vertex if the lower course be laid with a course

of brick on edge or two courses flatwise, and 5 inches

when the material used is not a very hard stone, in-

creasing the thickness from the keystone to the point

where the extrados leaves the walls or piers. But if

the haunches are filled up to the point N {Jig. 590.),

it will be found that for the pointed arch in the figure

the thickness need not be more than the f^j of the

radius, and for the semicircular arch, gL. For arches

whose height is less than their opening or that are seg-

mental the thickness .should be i part of the versed sine
;

a practice also applicable to Gothic vaults and semi-

circular cylindrical arches, to which for vaults cemented
with plaster one line should be added for each foot in

length, or -^ part of the chord subtended by the ex-

trado.s. With vaults executed in mortar J-. may be
added, the thickness of the arch increasing till it reaches the point N, where the arch becomes
detached from the haunches, and where it should be once and a half the thickness of the key.

It was in this way the arches throughout the Pantheon at Paris were regulated, and a very

similar sort of expedient is practised in the dome of the Pantheon at Rome. A like

diminution at the keystone may be used in groined, coved, and spherical vaults.

14 99. For vaultings of large openings, Rondelet (and we fully concur with him) thinks

wrouglit stone preferable to l;rick or rubble stone, because it has the advantage of being

liable to less sstllement and stands more independent of any ceinentitious medium em-
ployed. It is indeed true that this cannot connect wrought stone so powerfully as it does
rul)l)!e ; but in the former we can employ cramps and dowells at the joints, which are useful

in doubtful c.ises to prevent derangement of the parts. In many Roman ruins the suriaces

C/f the voussoirs were embossed and hollowed at the joints, for the purpose of preventing
their sliding upon each other ; and expedients of tlie same nature are frequently foimd in

Gothic ruins.

149961. The figure 590. is one that has been found to perplex students, as it is herein

given without much explanation of it. In Hondelet's work it is engraved for the purpose

of elucidating certain tables of thicknessis of the keystones, the parts KN, and the piers,

for ready reference in designing arched constructions. As a proi)er imderstanding of the

above system is of immense iniportaJTce to the effective carrying out of buildings, we
append an explanatinn from Rcuidelet, hut in a much abridged foiiu.

L>jSy
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1499^. IIav!n<:r laid down tlie lialf of tlie curve rcqiiirfd, draw B 4, forming an an"-le

of 4.)° witli tlie veitical 15 6; ))lace on this line from 15 to 4 the thickness shown in the
tal)le (in iiis work) for a cylindrical vault Y, of the diameter and tiiickness required, and
describe the quarter circle 1,4, G ; draw the ciiord C"I3, prolonged to meet the circle at 4 ;

tlien through tiie point in which it (the chord) will le cut, as 4 ; draw a line parallel to B6 ;

then 4c will represent tlie thickness required for tiie wa\l of the vault. For instance, if

in the segmental vault X, its chord C 13, be prolonf;ed, it will ciit the circle at 3 ; throuo-Ji

3 draw the vertical Sh, and it will be the thickness to be given to the wall for such a
vault. When the thickness at the key, and towards the middle of the extrados, is required
either stronger or weaker than those indicated in the tables, then, if the portion of the
extradossed line be of an e/jual thickness, take the rquare root of the double thickness of
this portion, multijilied by mL ; place it from B to 4, and describe tlie quarter of the
circle 1, 4, 6. which will determine, by the length of the chord jjrolonged beyond the point.

B, the thickness of the wall pipr.

1499c. Take a vault of 30ft. span; the extrados being half on a level and half of an
equal thicftness, which it is intended to make only 6 in. thick at ttie kiy. instead of 10 in., as

indicated in the tables. The radius being 15 ft., we have KL: 10-6, and i K =

15 - 10"6=4-4, which gives wL= f>-2, which multiplied by 1 foot, or double the tiiickness

of the keystone, will give 6-2, the square foot of whicli is 2*49, or a trifle under 2 It. 6 in.,

instead of 2 ft. 8 in. and 9 lines, marked in the tables. This measure of 2^*^^ ft.,

or 2 ft. 6 in., is to be placed from B to 4,

and the quarter circle and chord line drawn
according to the rise of the arch.

14 99c/. The geometrical method of drawing
it will be to place the double of the thickness of

the vault from B to v, and ml, from B to /;,

and describing on 7ili, as a diameter, a semicircle

whicli shall cut the horizontal BO, giving the

thickness to be jiliced from B to 4 on the clioid

line ; the remainder of the operation will be as

above described.

1499e. If the thickness CD and KN of an
extrados portion of a vault, be not the same as

indicated in the tables, the sum of the thick-

masses intended to he given is to be placed from

B to n, and wzL from B to h, and thea the

process goes on as above described. The letters

also refer to the preceding diagrams.

1499/". These observations, however, do not

apply to Jig h^O., for it will he observed that

the arches therein shown are n<it of equal thick-

ness. On drawing out these arches, according

to the directions given ( 14;i6, and_/7i7. 5H'i.), for

an extrados which increases towards the spring-

ing {fig. 590a ), we find that the chord lines

are not properly drawn; that the thicknesses of

the walls vary ; and that the two arches W and

X, which are less in height than the semicir-

cular arch Y^, are treated in the same manirer

as Y', instead of the line BF being drawn as

a tangent to the curve as directed (1398, and

fig. .573.) ; this would have caused the walls to

be of a less thickness the more the arch was de-

pressed, and therefore would evidently have been

wrong in principle.

CONSTRUCTIOK OF DoSIES.

1499.9. From the Remarks on Theatres, 1809, hy Samuel Ware, we extract t'le portion

relating to the now little studied subject of construction of denies. " It may with propriety

be asked," he writes, " and it is a question of much iinjiortance, what are the properties in

the construction of a dome, by which its vaulting may have that extreme tenuity, by which

its lateral thrust becomes so extremely small in comparison with cylindrical vaulting, while

the stone furthest from the supiiorts may be of extraordinary gravity, compared with any

other part of the vaulting, or it and any part below it contiguous may be wholly omitted,

,Tiid yet the equilibrium of the dome be not affected."
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1499//. " Tn analysing a dome, it will be found that it is nothing more than rib-vaulting

carried to its maximum, that it consists of as many ribs as there are vertical sections to be

made in the dome, or is composed wholly of ribs abutting tgainst each other, in direct

opposition, by wliich the force of each is destroyed. In the ceilings of King's College

Cliapel, Cambridge, and Henry VII. 's Chapel, London, this most admirable invention is

exemplified. The author ventures an hypothesis, that, in an equiUbrate.d dome, the tliick-

ness of the vaulting will decrease from the vertex to tlie sjjringing, and assigns tlie following

reason theoretically, and the Gothic vaulting practically, in contirmation.

1499i. " The parts of a circular wall compose a horizonial arch; but the whole gravity

of each part is resi.sted by the bed on which it rests, thtrelore the parts cannot be in mutual
opposition; and, althougli the paits are posited like those of an arch, a circular wall has

not the properties of one. In a semi-spherical dome the first course answers this descrip-

tion, no part gravitating in the direction of its radius. When the beds are oblique on
which the parts of the wall rest, each course may then be called an oblique arch, as it then

assumes the property of an arcli, by having a double action, the one at right angles to, or

on the bed, and the other in the direction of theradius; and if this arch be of equal thick-

ness tliroughout, and has an equal inclination to the horizon, it will be an arch of equili-

bration. All the courses in a dome are oblique arches of etjuilibration, of various inclinations,

between the horizontal line at the springing, and the perpendicular at its vertex.

]499y. " A dome is comprised of as many vertical arches as there are diameters, and as

many oblique arches as there are chords. The actions of the parts of a vertical arch are

eccentric, an oblique arch concentric ; conse(juently they will be in opposition, and the

greater force will lose power equal to that of the Lss. An oblique arch bears the same
relation to a dome as a voijssoir does to an arcli ; when the vertical arches are not in ecjui-

lihration, the action is upon the whole ohlicjue arch, not ujion the voussoirs separately ;

although a whole course or oblique arch (which must be tlie case, or no part of it, admit-

ting that each course in itself is similar and equal throughout) be tiirust outwards by the

inequilibration of the vertical arches; the incumbent oblique arches will descend per})en-

dicularly, keeping tiie same congruity of their own parts.

1499/j. ' As the voussoirs of each oblique arch are in equilibration, no one can approach
nearer to the centre of the dome than another, unless the other voussoirs squeeze or crush,

which, in investigations of subjects of this nature, are always assumed perfectly rigid
;

therefore, in their position in the dome, they have obtained their concentration. Hence
we obtain the essential distinction between an arch and a dome, that no part of the latter

can fall inwardly. Since no part of a dome can fall inwards, it resembles an arch resting

on the centre on whii-h it has l)een constructed, and the resistance which the vertical arch

meets with from that centre is similar to the oi^position of the ol)lique arches to the vertical

arches. If this deduction be just, the mechanician will be able to describe the extrados of

equilibration to a dome and its abutment wail, with the same facility as he may to an arch
and its abutment piers."

1499/. Pasley has likewise stilted that " as soon as any course is completed all round,
the stones or bricks composing it form a circular arch like that of a cone, whicli cannot
i)y any means fall inw.irds. Hence there is an important difference between tlie dome and
the common arcli, which latter cannot stand at all without its centering, unless tlie whola
curve be comjileted, and when fini.shed, the crown or upjier segment tends to overset the
haunches or lower segments. 'I'he dome, on the contrary, is perfectly strong, and is a com-
])lete arch witlioutits upper segment; and thus, as the pressure acts differently, there is less

strain upon the haunches and abutments of a dome, than on those of a common arch of the
sane curve. Hence a sufficient dome may be constructed witli much thinner materials than
would be proper for a common arcli of the same section. The dome of St. Paul's Cathe-
dral offers a fine specimen of tliis kind of work." It has been described in par. 472.

1499m. The Pantheon, at Paris, has a dome formed of tiiree portions. The first, or in-

terior one, is a regular hemisphere of about 66 ft. ^h'l't^. span, with a circular opening at

top of about .SI ft. 4|-in. in diameter. It is built of cut stones, varying from 18^ in. tiiick

at bottom, to 10^ in. at top. Tims tlie thickness is only about ^^vA part of the span. The
intermediate dome is a catenarian curve having a span of about 70 ft. with a rise of 50 ft.

;

and it lias to support consideralile weiglit at top. It lias four large openings in its sides to
give light, about 37 ft. high by 31 ft. wide, arclied at top in a somewhat parabolic form.
The outer dome has an external diameter of 78 ft. Its height is not stated, but it appears
to be a modeiately pointed Gotliic arch had it been continued, witliout forming an opening
at top for the sides of a lantern, which it was intended to support. Tiie thickness of the
stone at bottom is about 28 in. and 14 in. at top. A threat part of the surface is only half
the above thickness, as the dome is laid out internally in piers, supporting three tiers of
arched recesses, or niciies, of less substance, and showing like the panels in joiners' work.
(See figs. 177 and 178.)

1499«. Partington, in the British Cyclopcedia, 1835, expresses the opinion that "the
weight of the dome may force out its lower parts, if it rises in a direction too nearly ver-

C C
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tical ; and siipposinjr its form to be spluTical, aiui its tiru-kiu'ss eqii:il, it will require to he

confined by a boop or cbain as soon as tlie span becomes eleven fourteenths of the whole

diameter. Rut if the thici<ness of the dome be diminished as it rises, it will not require

to be bound so high. Tluis. if the increase ot tliickness in descendinfr begins at about

:iO° from the summit, and be continued umil at aliont 60°, the dome becomes little more

than tui'.-e as thick as at first, the equilibrium will he so far secure. At this distanci.* it

would be proper to employ either a chain or some external pressure to prove the stability,

since the weiglit itself would require to he increased without limit, if it -n-ere the only

source of piesstne on the lower parts. The dome of the Pantheon, at Rome, is marlv

circular, and its lower parts are so much. thicker than its upper parts, as to atlbrd a suffi

cient resistance to their pressure ; they are supported by walls of great thickness, aid

furnislied with many projections, which answer the ])urpose of ahutments and buttresses."

14990. Keeping to the theoty of the dome, we must avoid noticing its history, beyond

pointing out t!ie papers which have of late years treated on the subject. These are pub-

lished in tlie Transactions of tha Royal Institute' of British Architects. Tlie (irst was by

J. Fergu.sson, On the Architeclurul Splendour of the City of Beejnpore, November 185-4;

the discussion in December following, when J. W. Papworth detail d his interesting and

novel theory, to be presently noticed ; and two papers by T. H. Lewis, Some Remarks

on Domes, June 1857 ; and On the Construction of Domes, May 1859, in which, however,

great care must be taken by tlie reader to separate the arch from the doin.- constructions,

as in our opinion they are treated therein as of one principle. The question of a Gothic

dome was much discu.ssed without a solution in the journals of the period named. Domes
and pendentives are illustrated in Fergusson's Ila :<lhitok of Architecture. i'he very in-

teresting paper On the Mmhemotical Theorit of Domrs. by E. B. Denison, Q C. , read at ^
the Institute on fith February, 1871, should be consulted by all students on this difficult

subject; as well as the papers by E. W. Tarn, M. A., printed in the Cicil Enginoer and

Architect's Jovrnol of March 186S and February 1 S70.

M99/J. On the occasion referred to, Mr. Papworth asserted tliat a dome was not an arch,

and tliat domes were not governed by the same la" s as vaults. He tlien enteied into cal-

culations on the causes of the stability of liomes, showing that in domes of gieut thicknes

tlie upper half of eacli gore was only about one-third in weight of the lower half, and aa-

dticed tlie jiossihility of loading the crown to a certain extent. H^ produced a series of

drawmgs of domes, constructed upon principles which ought theoretically, if they were

arches, to lead to their failure, but which had nevertheless proved perfectly sound ; his

views being fortified by Mr. Fergusson's concurrence as to the absence of examples of

failure v.'here the bases were stable. He then alluded to the following arguments of otiieis,

and explained his reasons for not agreeing with them. Such as, that the dome of the Piin-

theon, at Rome, had been built on the iiriuciple of a bridge, i.e. of an arch; that it war.

impossible to plan a large dome without great thickness of walls, i.e. greater than suffi-

cient to bear the weiglit and its consequences ; that it was necessary for the exterior of a

dome to stand Husli with the wall of the building to which it belonged; that it was de-

sirable to append heavy corbelling to the inside of the wall to counteract the thrust of the

dome, with special reference to some circular tamliours,

of which he exhibit d sketches; to the sujipo-sed un-

necessarily great weight on the top of some examples:

and to the supposed beauty of jirinciple exhibited in the

dome of Sta. Maria, at I'lorence, which he character-

ised as a piece of octagonal vnulting and not a dome.

He also explained that domes which had failed had not

been supported on a stable foundation ; that he saw

great beauty in the idea of forming an rye in so large a

dome as that of the Gol Goonmz, at Beejapore, where

the centre of the curve on each side of the section was

in the edge of the eye ; that ihe outer face of the sjiring-

ingof the dome might he within the inside of the square

enclosing wall of the building ; that if the principles of

vaulting were applied, tlie wagon-headed section of the

Gol Goomuz dome would not be expected, theoretically,

to stand ; and concluded by some observations in expla-

nation of his illustrations, as to the requisite thickness

of domes. All writers, so far as he had seen, considered

the dome as a ease of vaulting on principles deduced

from their experiments on arches, which was a mode
repudiated by him.

Figs. 5906 and 5»0c. 1499?. The causcs of the stability of domes, as thus

put forward for the first time, by Mr. Papworth, are the

following:—Tet the plan (fig. 5906.). of a semicircular dome be divided, say, into twelve

or more equal parts, and the section {Jig. 590c.), say, into nine or more. Give a thickness
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l!V nn inner li.ie for stone or brickwork. Then it will be at once perceived that the lower

block K has to support a mass L of less dimensions as to horizontal length ; that the

block L supports a still less mass M ; that M supports a much less mass N ; and that N
uipports a mass of but a small lengtli in comparison with K, whilst in breadth it dimi-

aishes from a few feet to nothing at the apex. If the dimensions of a dome were worked

out, say of 50 fr. internal diameter, and of 4 ft. in tliickness, it would be found that the

block K would be about 41:4 ft. cube; L .'568^ ft. cube; M 274^ ft. cube; N 146^ It.

cube ; and the half block O 'i'ii ft. cube. The fact b.as to be remembered, that all domes

ire built in courses of stones which are bonded one into the other, forming circular rings;

and tliat even if a dome be cut down into four quarters, each quarter will stand of itself.

1499r. Rankine, Appled Mechanics, 1858, points out that tlie tendency of a dome

to spread at its base is resisted by the stability of a cylindrical wall, or of a series of

buttresses surrounding the base of the domes, or by the tenacity of a metal hoop encircling

the base of ihe dome. The conditions of stability of a dome are ascertained by him in the

following manner. Let /f//. 59. V/. represent avei- o

tical section of a dome springing fiom a cylindri-

cal wall BB. The shell of the dome is supposed

to be thin as compared with its external and in-

ternal dimensions. Let the centre of the crown

cf the dome, (), be taken as origin of coordinates;

lot X lie the depth of any circular joint in the

shell, Mich ;;s CC ; and y the radius of that jo nt

Let / be tlie angle of inclination of the shell at C
to the horizon, and ds tlie length of an elementary

arc of the vertical section of the dome, such as Fig. smj.

CU, whose vertical height is f/x, and the diflerence of its lower and upper radii dy ; so

tiiat / = cotan i ; '/=cosec i. Let Vx be the weight of the part of the dome above the
(ix a.r

1

circular joint CC. Then the total thrust in the direction of a set of tangents to the dome,

radiating obliquely downwards all round the joint CC, is Pj r^ = P^ -cosec i; and ihetotal

horizontal component of that radiating thrust is P-^-
i' = P^-cotan t. Let p^ denote the

intensity of that horizontal radiating thrust, per unit of perii)hery of the joint CC ; then

because the peripliery of that joint is 2 tt y ( = 6-2832 y), we iiave py = ^,'^° "" '
-.

1499s. If there lie an inward radiating pressure upon a ring, of a given intens'ty per

unit of arc, there is a tlirust exerted all round that ring, whose amount is the product of

that intensity into the radius of the ring. The same proposition is true, substituting an

outward for an inward r.idiating pressure, and a tension all round the ring for a thrust. If,

therefore, the horizontal radiating pressure of the dome at the joint CC be resisted l)y the

tenacity of a liooj), the tension at each point of that hoop, being denoted i)y Py, is given

by the equation Py =yPy = -^—^——• Now conceive the hoop to be removed to the

circular joint DD, distant by the arc ds from CC, and let its tension in this new position

be Vt/ —dPy. The difference, rfP^, when the tension of the hoop at CC is the greater,

represents a thrust which must be exerted all round the ring of brickwork CC DD, and

whose intensity per unit of length of the arc CD is ;)» =

—

f^=^r- • -(Vr cotan z.

)

1499^ Every ring of brickwork for which p-, is either nothing or positive, is stable,

indipmdently of the tenacity of cement ; for in each such ring there is no tension in any
direction. When p~ becomes negative, that is, when Py has passed its maximum and
begins to diminisii, there is tension horizontally round each ring of brickwork, which, in

order to secure the stability of the dome, must he resisted by the tenacity of cement, or of

external hoops, or by the assistance of ahutments. Such is the condition of the stability of

a dome. The inclination to the horizon of the surface of tlie dome at the joint where
Vz =0. and below which that quantity becomes negative, is the angle of rupture of the

dome; and the horizontal component of its thrust at that joint, is its total horizontal

tlirust against the abutment, hoop or hoops, by which it is jjrevented from spreading. A
dame may have a circular opening in its crown. Oval-arched openings may also be made
at loner points, provided at such jjoints tlierc is no tension ; and the ratio of the horizontal

to the inclined axis of any such opening should be fixed l)y the equation

hnrixonlnl ixis / Py
inclint d axis "^ p, 80C i'

Kankine concludes with examples of " spherical," and "truncated conical," domes.

1499m. Cones These are used in tile-kilns, glass-houses, and such like. A imihling in

the shape of a hollow cone forms everywhere a species of circular arch, which may be con-

structed without centering or support, provided the joints be made to radi;ite towards the

centre. The courses should be laid peri)endicular to the sides of the proposed cone. A

C C 2
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rod of variable k'liijth, tinning on a jiivot, must he stictclied all round from time to time,

upon a moveable centre, rising as the work proceei's, in order to regulate the internal out-

line. Snch is the strength of tliis form that the highest kilns are seldom built more than

one brick thick, althoiigli this dimension would be altogether insufficient for a common wall

of the s;niie height. It is, probably, tnis principle which has conduced to the existence of

tliL' Round Towers of Ireland. That of Kilkenny, for example, 100 ft. in height, was
built on, or very near, the surface, for at 2 ft. below it, wood coffins with skeletons were
found partly under the walls, tlius affording nn unstable foundation.

Pointed Auch Vaulting.

H99t'. We now proceed to enter into a view of the general forms of groining in pointed
a'chiteeture, observing, by the way, that the groins at the anises, u|) to the twelfth century,

were seldom moulded witli more tlian a simple torus or .some fillets. In the twelfth

century, however, the torus is doubled, and the

doubling parted by a fillet. Towards the end of

the twelfth century, three tori often occur ; and
at the beginning of the thirteenth, the moulded
arrises become similar to the moulded archivolts

of tlie arches, both in their form and arrangement.

In Fiance, until the middle of the fifteenth cen-

tury, the arrises of the groins only were moulded ;

but in this c untry the practice took place much
earlier, for, instead of simple groining, the intro-

duction of a number of subdivisions in the soffits

of arches had become common. In Jiff. 590e- is

given a plan of the soffit of a vault of this kind,

ill wiiicli A is an arc douhkau (by which is un-

derstood an arc supposited below another at cer-

tain intervals, and concentric with the latter) ; 15

'— is an upper arch, called iiy tlie French antiqua-

ries formeret ; C, the wall arch, or fonneret du
mur ; D is a diagonal rili, or croisee d'ogire; E,

intermediate rib or ticrcerun; FF, summit ribs
iig. oswc.

or Hemes ; G, the key or boss, c/tf (fe DOMfe. ]\Ir.

Willis has used the French terms here given, and as we have no simple terms to express

them in English, it may be convenient to adopt tiie practice.

1499/f. The lilis formed by tlie intersections of the groins perform the office of supporting

the vaulting which lies upon them, they in their turn

being borne by the pillars. Thus, in the simple

groin {Jig. 590/.), the arches AA, and diagonal

rib C, carry the vaulting BB, a rebate being

formed at the lower pait of the ribs on which the

vaulting lias. This figure exhibits the simplest

form of groining in any sjiecies of vaulting, tlie

intersecting arches being of equal height. The
contrivance in its earliest state was ingenious, and
the study attractive, and we cannot be surprised

at Dr. Robison observing, in respect of the artists

of the thirteenth and two following centuries, that
" an art so multifarious, and so much out of the

road of ordinary thought, could not but become
an object of fond study to the architects most
eminent for ingenuity and invention : becoming
thus the dupes of their own ingenuity, they were

fond of displaying it where not necessary." This

observation would be fully verified had we room for

Fig. ioiy. showing the reader the infinite number of devices

that ingenuity has created : he will, however, from

the few elementary ones thai we do give, be enabled to see the germs of countless others.

1499J. Ware, in his Tracts on Vaults and Bridges, 1822—a work which, notwithstand-

ing the quaint method in which the subject is treated, contains extremely valuable matter,

— has made some remarks which we must introduce at length, or justice would not be

done to them. "In the vaulting," lie says, " of the aisles of Durham and Canterbury

cathedrals are to be ol'served tlie arcs dnuhleau.r and groined rifis in round-headed vaults.

In the naves of the same buildings is the same character of vaulting, except tliat the arch

of the vault is pointed. Some vaults of ihis kind are to be diNtinguished from others liy thi»
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positing of tlie stones of tlie vault between the ribs, which, instead of being parallel to each
side of the plan, as in lloinan groined vaults, take a mean direction between the groined
rib and tlie ril)s of the avclies over tlie sides ; whence they meet at the vertex at an acute
angle, and are received by stones running along the verttx, cut in the form of a ratchet.

'J'he advantage of this method consists in requiring less centering, and originates in the

|)0.sition of tlie ribs at the springing." " From these beginnings vaulting b^'gan to assume
those practical advantages which tlie joint adaptation of the pointed arch and ribs was cal-

cul ted to produce'." •' The sicond step differed from the first, inasmuch as at the vertex

of the vault a continued keystone or ridge projects below the surface of tlie vault, and forms
a feature similar to the ribs. But here it was necessary that tlie r dge should be a stone ot

great length, or having artificially that property, because its suspension by a thinner \aidt

than itself would be unsafe, unless assisted by the rib arches over the diagonals and side, a

distance equal to half the width of the vault. To obviate tliis objection, other ribs were
introduced at intervals, whicii may be conceived to be groined ribs over various oblcings,

one side continually decreasing. This practice had a further advantage, as the panels or

vaults between the ribs might become proportionally thinner as the ])rinci])al siipjiorts in-

creased. It is now that the apparent magic hardiness of pointed vaulting and the high
embowered roof began to disjilay itself; from slender columns to streti h sliades as broad as

those of the oak's thick branches, and, in the levity of tiie panel to thj rib, to imitate that

of the leaf to the branch." " On comparing rib-iiointed vaulting with lltmian vaulting, it

will he invariably found that the rib itself is thinner tlian the uniform thickness of the

Roman vault under similar circumstances : and that the jianel, which is the principal part

of the vault in superficial quantity, sometimes does not exceed one ninth part of the rib in

thickness. The Gothic architects, it has been exjiressively said, have given to stone an
apparent flexibility equal to the most ductile metals, and liave made it forget its nature,

weaning it from its fondness to descend to the centre."

Fig. 590(7. Fig. 590A.

H99'/. In the second example (_/?.'/• 590ff.), another rib, a 6, is introduced, which on plai

produces the form of a star of four points. The forms of tliese thus inserted ribs result

from curves of the lines on the plan in the space to be vaulted. As many radii are drawn

FiR. siwfc.
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from the aiiglcb of the plan as tliore are ribs intciukd. until tluy mutually intersect each

otiier. Tlie curvatures of the ribs will be clonj^atea as they recede from the primiti\€

arch, till tliey reach the centre on the place wlure the groins cross, and where of course the

flongat.d curve is a maximijm The rihs thus form, when they are of the same curvature,

portions of an inveited conoid.

1499j. In the next example i Ji<t. 59?i/i-), the primitive arches are unequal in height, thi;

ai-ch A i)eing higher than 15 'I'he jilan remains tlie same as in that immediately preceding;

but from the inecjuality of heiglit, a d, c b, must be joined by curved lines, determined on

one side by the point a. where e a intersects th^' 1mger arch. A curved summit rib. as

well longitudinal! V as transversely, may occur with equal or unequal heights of primitive

<»rches (as in Jig. 59'Ji.) ; but the stellar form on the plan still remains, though diHerei.tly

niodilied, with the same, or a less or greater, number of ribs on the plan (Jiff. 590k. ). By
truncating, as it were, the summit ribs, level or otherwise, with the tops of the primitive

arches, and introducing en tlie plan a jiolygon or a circle touching quadiants inscribed in

the square, we obtain, by means of (he rising conoidal

quadrants, figures which perform the office of a key-

stone. In this, as we have aliove observed, the con-

struction of the work is totally diff'eient from rih

vaulting, inasmuch as each course, in rising, supports

the next, after the manner of a dome, and is not de-

pendent on ribs for carrying the filling-in pieces.

Hence the distinction between fanwork and radiating

rib work so judiciously made by Mr. Willis.

1499aa. The sixth example (Jiff- 590/.) has pri-

mitive arches of ditferent heights, forming an irre-

gular star on plan, that is to say, the points are of

different angles. The figure will scarcely need ex-

planation after what has been already said in relation

ti) the subject

I499i''. A polygonal space may be vaulted in

three different ways. First, by a central column
serving for the recejjtion of the ribs of the vault, the

:olumn or pillar performing In such case the office of a wall, as in the chapter-houses of

Worcester, Salisbury, Wells, and Lincoln. This mode evidently admits of the largest

sjiace being covered, on account of the subdivision of the whole area by means of the

Central pillar. The second mode is by a pendent for the reception of the arches, as in the

Lady Chapel at Caudebec, (given in the section Wasonrv). This mode is necess;irily re-

jtricted in practice to small spans, on account of the limits attached to the power of

materials; albeit in theory its range is as extensive as the former. The last method is by at

Fig.SOO;.

once vaulting the space from wall to wall, as in Jiff. 590m., like the vaulting to the kitchen

of the monastery of Durham Cathidral, or. Jiff. .590n., similar to the chai)ter-house at York,

of which, the upper part being of wood. Ware quaintly observes, " The people of Yorkshire

fondly admire and justly boast of their cathedral and chapter-house. The principle of

vaulting at the chapter-house may be admired and imagined in stone; not so the vaidt of

the nave ; it is manifestlv one of those sham productions which cheat « here tl)ere is no

merit in deceiving." The principle, as Ware justly observes, is perfectly m isonie, and

might be easily carried out with stone ribs and panel stones, it being nothing more than

an extension of that exhibited in the third examjjle of simple groining (Jiff. 590/.; above

given; and the same remark apulies to the Durham kitchen.

I499ec We propose to offer explanations of the nature of the vaulting at King's College

Chapel at Cainbridge, and the silly story related by Walpole of Sir Christopher Wren,

raying, "that if <?ny man would show him wnere to jilacc the lir.'jt stone he would
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engage to build another" (vault like it). The vault of the chapel in question is

(iivuled info oblong severies, whose shorter sides are phiced longitudinally (^fg. 590a)
It must be evident tliat the curves of the

invL-rted (juadraiits must intersect eacii other

urevious tj tlie whole (juadrant of the circle

being completed. Hence these iiitei sec' ions

i'orm a curved summit line lowest against

tlie windows or smaller sides of the oblong.

I'his siininiit line of tlie vaulting of tlie

building in the direction of its length

forms a series of curves, though from the

angle under which it is seen it is scarcely per-

ceptible. Mr. Ware says, " It is ol)servable,

in the construction of this vault, that theprin-

ciple of using freestone for the ribs, and tufa

for the panels, lias not been followed ; but
the whole vault has been yot out of the same
description of stone, and with an uniform face, and the panels worked afterwards, and re-

duced to a tenuity hardly credible except from measurement. The artists of this building
might b'j trusted in the decoration of a v.uilt with what is now called tracery ; they knew
how to render it the chief supnort, and wliat was the superfluous stone to be taken awav :

every part has a jdace, not only proper, iiut necessary ; and in the ribs which adorn the

vault we may in vain look for false positions. This is the ocular nuisic which affords

universal pleasure."

1499(W. We now return to the consideration of two more modes of simple vaulting. In
England, the summit ribs of the vault are almost always found running longitudinally and
transver.sely in the various exam])les. In Germany the summit riiis are more frequently
omitted than introduced. Thus in the example fiy. 5901, the scheme is merely a square
diagonally placed within tiie severy, subdivided into four parts and connected with the base-
points of the groins by ribs not parallel to the alternate sides of the inserted square. This,
however, sometimes occurs in English buildings, as in tliemoniurent of Archbishop Stratford,

at Canteibury Catl edral ; though in that the central portion is not domical. It is to lie

remarked that the intersecting arches are not of e((iial height, otherwise the arrangement
could not occur.

1499ee. In the example J7(j. 590p, the arrangement
completely assumes wliat JMr. Willis calls the stellai form.

Here in the soffit a star of six points is the figure on
which the projection depend-, the points radiating from

the angles of an hexagon, and thus forming a cluster of

lozeng, s whose middle longitudinal sides produceanother

h)ngitudinal lozenge to connect the centres of the pattern.

The longitudinal arches are, as in the preceding figure

lower than the transverse arches. INIr. ^^'iilis says, " the

principal distinction between tluse and our own fan-

vaulting is the substitution of lozenge-headed compart-

Uients in the fans, for the English horizontal transom

rib. We have also lozenge-headed compartments in our

early vaulting, but they are never so cymmetiically

arranged in stars throughout."

1499/y. From tiie simple lines or principles above

given, it is easy to perueive through what numberless ramifications of form they may be

carried. Another form is that called hexpartite vaulting, where the ribs spring from ilie

angles, and two others from a shaft placed in the middle of each long side, thus making
six divisions. This is a step beyond the quadripartite groining shown in Jig. 590/. Ex-
amples of hexpartite vaulting are scarce in England, but it may be seen in the chapel of

St. Blai.'^e in Westminster Abbey, the clior of Canterbury Cathedral, and in many parts of

l.incohi !Minstsr.

H99(;(7. It would be difficult to find a system of vaulting more unlike any English

example than that in Anjou generally, of which the Hosi)ital at Angers is a fair specimen.

Tt is always excessively domical in its sections, both longitudinal and transverse; and has

eight ribs, the cells being filled in with stones exactly parallel with the centre or ridge of

each cell : tiie ribs are edge-rull mouldings.

1499///(. 15e-ides ihe books named above. Prof Willis On Vint'.ting, and by T. Eagles,

1874, both read at the Ilo\al Institute c.f British Architects, the Diction nnire by Vi .llct-

le-Duc, the Lectures by Sir G. G. Scott, Il.A., and the paper by W. H. Wood, in Builder

for 188S, xliv , 55, should be referred to. A very cumi)lete outline of the subject has

been piintcd by Prof. Babcock, of the Cornell Univeroiiy, Ithaca, New York, for his

courses of lectures.

Fig. i'jOp.
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Sect. I X.

WALLS AND PIEHS,

1500. The micknt'ss wliich is to be assigned to walls and points of support, that tbeii

stability may be insured, depends on the weight they have to sustain, and on their forma-

tion with proper materials ; still more on the proportion which their bases bear to their

heights. The crushing of stone and brick, by mere superimposed weight, is of extremely

lare occiirrenc-e in practice, even with soft stone and with bad bricks. The result of S(ime

few experiments that have been inade as to the resistance of some of our bricks and stones

to a crusliing force, by George Rennie, in 1818, are here subjoined. Some later experi-

ments made by the Conmiissioners mentioned in Book II. chap, ii., and appended to their

Report on Stone, &c., in 1839; with a few others; as well as some important trials made
in 1864 by a committee of the Institute of Britisli Architects, given in Transactions,

1863-64, are likewise added.

Table of Crushing Force of Materials, by George Rennie (^Pliil. Trans. 1818).

Materials,
Specific
Gravity.

Cnisliing
Weight.

los. Avoir.

Portland stone, 2 inches long, 1 incli square ... - 805
Statuary marble, 1-incli cube . - 3216
Cragleith stone, ditto . . 86sa

Chalk - . 1127

Pale red brick - - - - . 2085 l'-'65

Roe stone, Gloucestershire . - 1449

Red brick ..... . 216S 1817

Hammersmith brick . - - y . - 2254
Ditto burnt .... 5 - . 3243
Ditto fire-t)rick 5 _ . 3864
Derby grit .... ^ . 2316 7070
Another specimen ... S . 2428 9776
Killala white freestone - - - "s - 2423 10,264

Portland stone.... ^ . 2428 10,28 I

Cragleith white freestone
rt

2452 12,346

Yorkshire paving, with the strata put; 2507 12,856

Ditto, ditto, against the strata o . - 12,856

White Stat nary marble - - - 5 - 2760 13,632

Bramley Fall sandstone . 2506 13,632

Ditto, against the strata - - . - 13,632

Cornish granite ... . 2662 14,302

Dimdee sandstone ... 2530 14,918

Portland stone, a 2-inch cube - - 2423 14,918

Cragleith stone, with the strata - [« . 2452 15,560

Devonshire red marble - - . 1 - - - . 16,712

Compact limestone . . - o .. 2584 17,354

Peterhead granite ... .2 - • - 18,636

Limerick black compact limestone ^ . 2598 19,924

Purbeck stone - - - . •| . 2599 20,610

Freestone, very hard - - - "3 " 2528 21,254

Black Bral)ant marble -
3 " 2697 20,742

White Italian marble - o - 2726 21,783

Aberdeen blue granite - o - 2625 24,556

1501. The above experiments lose much of their practical value from our knowledge

that the interior particles in granulated substances are inotected from yielding by the

lateral resistance of the exterior ones ; but to what extent it is impossible to estimate,

because so much depends on the internal structure of the body. We are, however, thus

far informed, that, taking into account the weight with which a point of support is loaded,

its thickness ought to be regidated in an inverse ratio to the crushing weight of the

material employed. In Gothic structures we often see, for instance, in chapter houses
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with a central culiinin, a prodi.'ioiis wciglit superimposed. It is needless to say that,

in such instances, the strongest material \v:\s necessary, and we always find it so employed.
So in the columns, or rather pillars, of the naves in such edifices, the greatest care was
usually taken to select the hardest stone. Generally speaking, the thickness of walls and
piers should be propoitioned rather to their height than to the weight tiiey are to bear;

hence often the employment of a better material, though more costly, is in truth the most
economical.

1502. Table of the Weight uequired to Crush Cubes of Stone.

Materials.
Specific
Gravity.

Cracking
Weight.

Cnisbing
Weiglit.

I. (7r««i7es (2-inch cubes): lbs. lbs.

Aberdeen (blue) - - . - . — 10,363 B
Dartmoor - - - - . . 12,175 B
Haytor- ...... — 13,865 B
Herm --.--.- — 14,873 B
Penriiyn ...... — 7,728 B
Peterhead (blue) - - - - - — 10,192 B
Ditto (grey) - . - . . — 9,666 B

11. Limestones (2-inch cubes) :

Marble (white) — 9 580
Bolsover --.... 2316 19,831 30,147-5 C
Bramham INIoor, Smawse ... 2008 I0,6(i6-5 23,649-7 C
Brodsworth -_---. 209.3 7,366-5 18,416-5 C
Cadeby ..-.-. 19,-:i 5,666-5 6,516-5 C
Chilmark (three specimens) :

- 2410 10,285 25,500 C
Hamhill 2260 6,233 16,149 C
Hildenley --.--. 2098 17,565-5 19,266-5 C
Huddlestone- - - . . - 2147 9,633 17,283 C
Jackdaw Craig . . . - . 2070 10,666-5 18,903 C
Park Nook ------ 2138 7,366-5 17,283 C
Roche Abbey - - - . . 2134 6,800 15,583 C
Totternhoe ------ 1891 3,966 7,700 C

! I L Oolites (2-inch cubes) :

Ancaster _.-.-- 2182 6,800 9,350 C
Barnack ..._-- 2090 4,533 7.083 C
Haydor .--..- 2040 4,533 7,083 C
Ketton ------ 2645 6,233 10,285 C
Ketton Rag------ 2490 14,166-5 35,983 C
Poi tland ( Waycrolt Quarry) - - . 2145 8,500 15.583 C
Box 1839 5,100 5,950 C

IV. S'tnds/o»es (2- inch cubes):

Bramley Fall ..... 2506 — 6.053

Binnie-.---.- 2194 10,766-5 20,116-5 C
Craigleith -.----. 2266 17,000 31,449-5 C
Ditto 2452 — 5,480 C
Darley Dale, Stancliffe .... 2628 26,014-5 28,333 C
Derby....... — — 3,110 C
Dundee ...... — — 6,490 C
GlIFneuch --.... 2230 13,698 19,266-5 C
Ileddon ...-.- 2229 7,366-5 15,866 C:

Hookstone ..--.- 2253 17.566-5 23,2:53 C
Kenton ...--- 2247 13,698 19,831 C
RIanslield, or C. Lindley's (red) 2338 8,0.38 20.397 C
Ditto, or ditto (white) - 2277 10,285 20.963-5 C
Morley IMoor - - . . . 2053 6,2'55 19,833 C
Park Spring---.-- 2321 ' 15,866 30,316 C
Redgate ----- 2'J39 15.383 23,649-7 C
Stanley ..--.- 2227 10,285 23,883 C

1502a. In the above list B stands fyr Bramah, and C for the Commissioners' Report,

Sec. It is of very great importance to notice that the size of the cubes experimented upon
by the latter, was only two inches ; those by Rennie were only one and a half inch

cubes. A set of experiments on Portland stone, of the weight sustained up to the point

of fracture, i.e. the crushing weight, by accurately cut cubes of two inch faces placed
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between iHTfcctly smooth had surfaces, were c:irriecl out witli tlie well-known American

iiieelianical testing maeliine. by Mr. Abel {Bnihki; 18fj:5, ]) SGO) :

—

War Department Quany, Vern Hill - - - - 14,795-8 lbs.

Tnmos bay Quarry, Wliit-bid - 14,591-8 „

Admiralty Quarry, Eough Wliit-bed - - - - 14,387-7 „

Whit-bed 13,979-5 „

B^ise-bed 13,77,5 „

New .Magi^ott Quarrv, Whit-bed - . - - 12.8.57-1 „

Old .Alairgott Quarry, LI Whit-bed - - - - 12,244-8 „

I T Base-bed ... - 12.857-1 „

L I Hase-bed - - - - 8,163-2 „

Indep ndent Quarry, Whit-hed 11,632 6 .,

Waycrolt Quarry, 13ase-bed - .... 1 1,836-7 ,,

He also observes that " no definite conclusion can be drawn from the comparative jiro-

perties of the specimens of stone from one and the same locality, quarried at dilhrent

)ieriods of time, regarding the influence exerted by exposure, alter quarrying, upon the

quality of the stone. On the whole, ihe evidence may be considered as a btile in favour

of the opinion that an improvement in the strength of the stone is efTected, to some ex-

tent, by seasoning."

\502b. A very instructive set of experiments on the strength of Portland stone (browD

bed), a material now so greatly employed in building, was made by a committee of the

Institute, above-mentioned.

Table of the SriiENGXu of Cubes of Poutlanh Stone.

Height. Base. Cracked. C] usheil.
0" s<iuare

ifcli.
Remarks.

Inches. Inchos. Tons. Tens. Tons.

2 2x2 • 3-2 0-8 At once.

2x2 40 6 1-5

4x2 - 20-2 2 -.5 At once.

2 6 21-0 23 5 1-7
I

4x4 8-0 41-0 2-5 I Across the bed.

6>.6 64-0 86-0

4 2x2 . 3-0 0-75

4x2 - 17-0 2 12

4x4 25 75 29-25 1 -82

4x4 2H-25 28-75 1-85

4x6 31-0 45-0 1-87 » Very slight, external.

6x6 48 0^ 82-0'' 2-27 '' Not crushed.

6 2x2 2-8 3-4 0-85

6x2 - 10-0 0-83

4x4 18-0 20-45 127
I At right angles to the bed.

6x4 28-0 32-0 1-33 \
* & '^ " D

6x6 64-0= 70-0 1-94 « Very slightly.

6 X 6 55-0 68 75 1-90

1502c. C. II. Smith has ( bserved {Transactions of the Intitule of British Architects,

1860, page 174.), that "the stone whicii i)o.ssesses the least cohesive strength, or that

which will crusli with less pressure tlian any other, is nevertheless strong enough, when

well fi.xed in a building, for almost all practical purposes. No architectural members have

to sustain greater pressure, in proportion to their size, than mullions of large Gothic

windows. The tracery in the great north window of Westminster Hall is now executed

in Bath stone, which is remarkable for having the least cohesive strength of all the speci-

mens described as expernnented upon in the Report on Stone, &.C. Some of the mullions

of that window are less than nine inches wide and more than forty feet high, sustaining not

only their own weight, but also that of the whole of the tracery heneath the arch. The

eastern window of Carlisle Cathedral, built with a fiiable red sandstone, is fifty feet high,

the mullions are smaller, and tlie tracery much heavier than in tiiat at Westminster, yet in

neither of these examples are there any symptoms of crushing. The coliesive stren;j,tb of

stones is never more severely tested than during tlieir conversion by workmen from the

rough state to being fixed in their final situation in a building. During these operations,

iron levers, jacks, lewises, and various other implements are applied, frequently with but,

little regard for the mechanical violence which a stone will safely bear ; and it may, there-
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fore, l)e co!)s1c1ltl'(1 a useful prnct'c;ii rule, tliat, bowevur soft a stone i/iay l)e, if it resist tlie

liability of damage until out of tlie masons' liands, there can be little doul)t of its possess-

ing sufficient coliesive strengtli for any i<ind of architectural work. If tlie foundation be

insufficient, or any part of tlie edifice give way, so as to cause an unfair or unequal pres-

oure, a soft stone will, of course, yield sooner than a liard one."

ISQ^d. "Unfortunately," writes Warr, Di/iKunic, 1851, "those experimcntnl results

which we possess were obtained witlmut attention to the fact that the sjKciir.ens should lie of

a certain height to show a proper compressive strength. The bulk of the examples an;

with cubes, a fault excusable witli those exjierimenteis who made their work ])uhlic before

those iiecullarities were well known, but the same cannot lie said of the investigations con-

ducted liy the Commissioners ; these exjieriments, executed with singular minuteness on

some points, would have been useful, from their variety and s|)ecification of the localiti's,

but they were made on (2 -inch) cubes, at a period when the laws of fracture were as publ c

as at ])resent, and are therefore of limited value."

1502e. Ilodgkinson {Phil. Trans., 1840, p. 385), found that in small columns (if one
inch to one and three-c]uarters inch square, and from one to forty inches long, a great

falling ofi' occurred when the height was greater than twelve times the side of the base.

Tims, when the length was

—

12 times the size of the i)ase, the strength was - - 138

15 ,, „ ,, „ - - a little less

24 „ „ „ ., - - 9f)

30 „ „ „ „ - - 75

40 „ „ „ „ - - 52

He also found that with pillars shorter than thirty times the thickness, fracture occurred

liy one ot the ends failing, and as the longer columns deflected more than the shorter, they

presented less of the base to resist the pressure, and therefore more readily gave way.

Thus the practical view from these experiments points out an increase of area at the ends

as lieing most economical, and that in proportion to the middle as 13,766 to 9,595 nearly.

From the experunents it woidd appear that the Grecian columns, which seldom iiad their

length more than about t.n times the diainetjr, were nearly of the form capalde of bearing

the greatest weight when their shafts were uniform; and that columns, tapering from the

bottom to the top, were only capable of bearing weights due to the smallest jiait of their

section, though the larger end might serve to prevent lateral thrust. This last remark
apjilies, too, to the Egyptian columns, the strength of the column being only that of the

smallest part of the section. (British Association for the Advancement of Science, \5 li

Be/iort, 1845, p. 27.)

1502/; It might be asked, how does this apply to those small shafts or colonettes so

freely used with piers in pointed architecture, and which are generally in height upwards
of thirty times their diameter. We would refer the student to the paragraph 1502c.,

respecting the muUioiis in windows, and to the circumstance that the small shafts are not

pinned-in to the work, but are left free, so that they only apjiarently carry the weight
imposed on their capitals. Where no attention has b^en paid to this necessary precaution,

in modern work, the shaft has fractured wiien of soft, or shakv, stone.

1502_i7. Table of the SriiENOTii of Shafts 12 inches long, 3 inches diajieter,

(Being experiments made by a committee of the Institute, as above-mentioned.)

Blaterials. Cracl^ed. Crusfied.
On s(|uare

inch.
Remarks.

Toils. Tons. Tons.

Portland stone : All yielded vertically.

Worked - . 7-3 10-25 1-48 Bediled in leatlier.

Rough tooled - 8-57 1-00 Bedded in plaster.

Devonshire marbles :

Ipjdepen, mottled red - 92 10-7 1-37 [with vein.

Poltesco, grey green - 4-3 4-3 0-60 Went across and not

Ditto - - 60 0-S4 Went at once.

'1

. 33-5 4-73 Went into fragments.

Signal Staff, red and hlac 20-0 22-5 3-18 Ditto.

12-75 16-25 2-29

Ciidgewith, green f<nd b ack 16-92 17-62 2-49

1502/2. Tairbaim, in a paper read at the Manchester Philosophical Society, and given in

vol. xiv. of ttie Proceedings ; and also in his Useful Infurmation, Sec , 2nd Series, has detailed

the following lesults of his researches;—
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Crushing Weight
in lbs. per sq, in.

- 16,893
- 11,970
- 12.861

- 10,917

- 11,820
- 9,R21

:5.500

8.5'iS

7098
3,050

Grail wacke from Penmaeninaur _ . , .

Basalt, Whinstone ..--.-
Granite, Mountsorrel . . - - -

Ditto, Artryleshire -..----
Sj'enite, Mountsorrel . - . - .

Sandstone, strong Yorkshire, mean of 9 e\|)eriments -

Ditto, weak specimens, locality not statoil 3,000 to

Limestone, compact, strong - - . - -

Ditto, JVIagnesian, strong ....
Ditto, ditto, weak - -

lS02i. He fiirtlier shows that the resistance of strong sandstone to cni.sliing in a direc-

tion parallel to the layers, is only six-sevenths of the resistance to crusliin!j; in a directian

perpendicular to the layers. The hardest sio.ies alone give way to crushing at once, with-

out i)rL'vioiis warning. All otliers hcgin to crack or split undjr a load less than that which
finally crushes them, in a proportion which ranges from a fraction little less than unity in

the harder stone-;, down to about one half in the softest. The mode in which stone gives

way to a crushing load is in general by shearing. The factor of safety in structures of

stone should not l)e less than eiylit. in order to provide for variations in t e strength of the

material, as well as for other contingencies. In some structures wiiich have stood it is

less ; but there can he no doubt that these err on the sl<le of boldness, as urged by
llankine, Civil Engineering, page 361.

1502;i. Table of the Weights required to Ckush Bkicks.

Experiments by T. Cubitt. Yielded to. Crushed hy. Rema rks.

Good place bricks 1 1 tons 16| tons Bedded on plaster.

Ditto .... 16 „ 22| Ditto.

Two common stocks 10 „
f 16

1 161 „
No plaster.

Good stock - - - 30 „ 3^

Superior washed stuck 36 „ 44^ .,

Ordmary place brick 3 „ 9 ..

Ditto - - . - 3 ,. 6

Common ditto . - - — 5 to 2| „

Cwt. Tone. C»f.

31 58 18

8-75 IG 12

90
83

HO
157

396

A brick made by Beale's machine being placed on bearers seven inches apart, was broken

in the iniddle by the weight of 2,625 lbs. A common hand-made brick was broken by

645 lbs. The hollow or frog formed in the underside of a brick necessarily lessens its re-

sisting power. Young (Nat. Phil.) states that the cohesive strength of a square inch of

brick is 300 Ihs., but the quality is not stated. Other experiments give the following

strength of bricks:—
Brick of Huntingdonshire clay, perforated, per square inch

„ Suffolk clay, solid : ( broke across) „ „

,, Made by Prosser's machine, bore „ ,,

,, Arsley, and not crushed ,, ,,

,, Ordinary stock, "j

„ Common tire clay, i per square foot

„ Good ditto, J

„ Used at Edinburgh Gas Works, of fire clay and iron stone,

per square toot . - . .

1502Z. Brickwork.—Brick piers 9 inches square, 2 feet 3 inches high, made of good

sound Cowley stacks, set in cement, and proved two days afterwards:—
Cractied St Broke at

Brick fl.it, compressed quarter of an inch - - - 25 tons 30 tons

Brick on edge, did not compress - - - - 3") „ 35 „

15n2m. IMr. L. Clarke's experiments for the woiks at the Britannia and Conway

(ui)ular bridges, on brickwork in cubes, showed that

—

9 inches, cemented. N'o. 1 or best quality, set between deal

boards, weighing 54 lbs., crushed with I 9 tons 1 8 cwt.

2 qrs. 22 lbs. . . - . = 551 '3 lbs. per square inch.

9 inches, No. 1, set in cement, weighing 53 lbs , crushed with

22 tons 3 cwt. qrs. 17 lbs. - - = 6127 lbs. „ „

400 O
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9 inches, No. f5, set in cement, weigliing 52 lbs., ci'uslieil with

16 tons 8 cwt 2 i|rs. 8ibs. - . = 454 3 lbs. per sqiuire incli.

9j inches, No. 4, set in cement, weighing 55,^ Ib.s., crushed with

'21 tons 14 cwt. Iqr. 17 lbs. - - = 568-5 lbs. „ „
9 inches, No. 4, set between boards, weighing 54^1l>s. crushed

with 15 tons 2 cwt. qrs. 1 2 lbs. - - = 417-0 lbs. „
JNIean - - - - =521-0 His.

The three last cubes continued to support the weiglit, although cracked in nil directions;

they fell to pieces wlieii the lo.id was removed. All began to show irregular cracks a con-

siderable time before it gave way. The average weight supported by these bricks was
,33-5 tons per squire foot, equal to a column 58:5-69 feet high of such brickwork. ( Fair-

biirn. .-Ipfilication, &c., page 192 )

1502«. To crush a mass of solid brickwork 1 font square, requires 300,000 lbs. avoir-

dupois, or 134 tons Tg cwt.

1 >02o. Besides coiiipre<sion, stone is subject to delnisinn and a transverse strain, as when
used in a lintel. Of these strengths in stone little is officially known, but we are perfectly

aware of the danger of using any kind of stone for beams where there is much chance of

serious or of irregular pressures. Its weakness in respect to this strain is manifest from all

experimental evidence concerning it. Gauthey states the value of a constant S, for hard

limestone = 78 lbs ; for soft limestone = 69 lbs. Hodgkinson, taking the power of resisting

a crushing force as = 1000, notices

—

Black marble------
Italian marble - - . . _

Rochdale flagstone - . - - -

Yorkshire flag _ . . . .

JMean . . - . .

Common bricks, S = 64 lbs. (Barlow.)

1502/1. The danger above noticed is so great, that it becomes essentially neces.sary in all

rough rubble work to insert over an opening either an iron or timber lintel, or a brick or

stone arch, to carry the superincumbent weight, and thus prevent any pressure upon tlie

stone. This must be done more especially when beams or lintels of soft stone are used ;

the harder stones, as Portland, may in ashlar work support themselves without much
danger. In rubble masonry, the stone arch may be shown without hesitation in t'le face

of the work ; and also in domestic architecture, the brick arch may exhibit itself in the face-

work if thought desirable. Portland stone has been constantly used to extend over a

com]5aratively wide opening. All blocks set upon it should have a clear bed along thj

middle of its length. Thus cills to windows should always be set « ith clear beds, or, as the

new work settles, they are certain to be broken. Lintels over even small openings worked in

Bath or some of tlie softer stones, are very likely to crack across by very slight settlements,

especially when supported in their length by a mullion or small pier, as is often introduced.

We need hardly add that where imj.act or collision is likely to occur, no lintel of stone

sliould be used.

15027. i^'arble m-intles may sometimes be seen to have become bent by their own
weight. Beams of marble have been employed in Cirecian temples as much as 18 feet in

tlie clear in the pro yhea at Athens ; and marble beams 2 feet wide and 13 inches deep
were hollowed out, leaving 4| inches thickness at the sides and .3i inciies at the bott ;m ; the.so

beams were about 13 tVet in the clear in the north portico of the temple at Bassa near

Phigaleia.

1502r. The cnheslce power of stone is seldom tested. The subject of crushing weights,

or the compression of timber and metals, will be treated in a subsequent section ( 1631 e.

et seq.) ; and the strength of some otiier materials will be given in the chapter Materials.

Of the Stability of Walls.

1503. In the construction of edifices there are three degrees of stability assignable to

walls. I. One of uiidoiib<^ed stability ; 11. A mean b^tucen the last; and the III. The
least thickness which they ought to ]50ssess.

1504. 'J'he first case is that in which from many examples we find the thickness equal to

one eighth part of the height: a mean stability is obtained when the thickness is one tenth

p.irt of the lieight ; and the minimum of stability when one twelfth of its height. We are,

liowever, to recollect that in most buildings one wail becomes connected with another, so

that stability may be obtained by considering thein otherwise than as indejiendent walls.

1505. That some id-.a miy be formed of the difference between a wall entirely isolated

and one connected with one or two others at right angles, we here give _/ii;s. 591, 592,

a;id 593. It is obvious that in the first case (./f.g. 59 1.) a wall acted upon by the horizontal

force MN, will iiave no resistance but from the breadth of its base; that in the second
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Kig. 591 Fig. A9'2.

.^iisu (fih 592.) the wall GV is opposed to tlie force MN. so that only the triangle of il

llIF can be detached; lastly, in fiy. 593. the force MN would only be effective against

the triangle CGH, which would, of course, be greater in proportion to the increased dis-

tance of the walls CD, HI.
] 506. In the first case, the unequal settlement of the soil or of the construction may

produce the effect of the force MN. The wall will fall on the occurrence of an horizontal

disunion between the parts.

1507. In the second case the disunion must take place obliquely, which will require

a greater effort of the power MN.
1508. In the third case, in order to overturn the wall, there must be three fractures

through the effort of MN, requiring a much more considerable force than in the second case.

1509. We may easily conceive that the resistance of a wall standing between two others

will be greater- or less as the walls CD, HI are more or less distant; so that, in an extreme
approximation to one another, the fracture would be impossible, and, in the opposite case,

the int. rmediate wall apjnoaches the case of an isolated wall.

1510 Vv'alls enclosing a space are in the preceding predicament, because they mutually
tend to sustain one another at their extremities ; hence their thickness should increase

as their length increases.

1511. The result of a vast number of experiments by Rondelet, whose work we are

still using, will be detailed in the following observations and calculations.

1512. Let ABCD (^fiy. 594.) be the face of one of the walls for enclosing a rectangular

\
"^

\ ^^^..
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space, E!''GII {fiij. 595. )• Draw the dlaf^oiial BD. and abort 15 make Bi/ equal to one
p;g!ith jiart of the height, if great stability be required; for a mean stability, the ninth or

tentli part ; and, for a light siaoility, the eleventh or twelftli i)art. If through the point
d a |)arallel to A B be drawn, the interval will give the thickness to be assigned to the great
walls EF, GH, whose lengtli is equal to AD.

1513. The thickness of the walls EG, FH is obtained by making AD' equal to their

length, and, having drawn the diagonal as before, p\irsuing the same operation.

1514. When the walls are of the same height but of diillrent lengths, as in fr/. 5W>.,

'fe:--

V\'-s "^"--
-.

\ ^x ^~,

'•v ~--^

\ ^-^ ~"--,^

\ ^v "-, ^^^

^ X ^^

Imr. 536. Fig 597.

the operation may be abridged by describing on the point B (^fig. 597.) as a centre with a

radius equal to one eighth, one tenth, or one twelfth, or such other part of the height as

may be considered necessary for a solid, mean, or lighter construction, then transferring

their lengths, EF, FG, GH, and HE from A to D, D', D", and D'" ; and liaving made
the rectangles AC, AC, AC", and AC", draw from the common point B the diagonals

BD, BD', BD", and BD"', cutting the small circle described on the point B in different

points, through which parallels to AB are to be drawn, and they will give the thickness ot'

each in proportion to its length.

1515. In figs. 598. to 602. are given the operations for finding the thicknesses of wails

""• Fig. GCI.

enclosing polygonal areas supposwd to be of the same height; thus AD represents the

side of tic hexagon {fig. 602.); AD' that of the pentagon {fig. 601.) ; AD ' the side of

the square {fig. 599.) ; and AD'" that of the equilateral triangle {fig. 600.).

L516. It is manifest that, bv this method, we increase the thicknesses of the walls in

pro])orlion to their heights and lengths ; for one or the other, or both, cannot increase or

diminish without the same ha])]iening to the diagonal.

I SI?. It is obvious that it is easy to calculate m numbers the results thus geometrically

ohtaine-:! bj- the simple rule of three; for, knowing the three sides of the trial g e ABD.
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similar to the sm;iller triangle Bi/e, we have BD : B</::AD : ed. Tims, suppose the

length of wall represented hy AD = 28 feet, and its height AB = 12 feet, we shall have tlie

length of the diagonal =30 feet 51 inches ; and, taking the ninth part of AB, or 16 inches,

as the thickness to be transferred on the diagonal from B to cl, we have 30 ft. 6 in. :

1 6 in. : : 28 ft. : 1 4 in. : 8 lines (ed). The calculation may also be made trigonometrically

;

into wliich there is no necessity to enter, inasmuch as the rules for obtaining the rijsult may
be referred to in the section " Trigonometry," and from thence here applied.

Method of enclosing a given Area in any regular Folygoii.

1.518. It is manifest that a polygon may be divided by lines from the centre to its angles

into as many triangles as it has sides. In Jig. 601., on one of these triangles let fall from

C (which is the vertex of each triangle) a ))erpendicular CD on the base or side AB which
is supposed horizontal. The area of this triangle is equal to the product of DB (half A B

j

by CD, or to the rectangle DCFB. Making DB=x, CD=y, and the arua given =/;, wx
shall have,

For the equilateral triangle, x x g x 3=p, or xg—r.;

For the square, xg x 4 =p, or a-y = ^ ;

For the pentagon, xg x 5—p, or xg=^
;

For the hexagon, xg x 6 =p, or xg = ?•

Each of these equations containing two unknown quantities, it becomes necessary to as-
certain the proportion of x to g, which is as the sines of the angles opposite to the sides
DB and CD.

1.519. In the equilateral triangle this proportion is as the sine of 60 degrees to the sine of
30 degrees ; that is, using a table of sines, as 86603 : 50000, or 8§ ; 5, or 26 : 15, whence

X : g::26 : 15, and 15x= 26y; whence g= „^.

Substituting this value in the equation xg= ^, we have

-TiF = ,, which becomes x* =Tir> and x= ^ - '".

20 3 45 ' 45

Supposing the area given to be 3600, we shall therefore have

x= \^^—,^^ = 45-6, and the side AB = 91 -2.
45

For the pentagon, x : y::sin. 36° I sin. 54°, or as 58779 : 80902, whence

_80902x
^ ~ 58799

•

g this valu

80902*^ _.3G00 , _i/^779x720.
58779 ~ 5' ^"'l^— ^ 80902 »

which makes a: = 92-87, and the side AB=45"74.
For the hex.igon, x : y::sin. 30° ; sin. 60°, or as 50000 ; 86603 ::5 : 8§, whence the vali!<!

of y= "T- 'I'his viilue, substituted in the equation xg = j, will give ^^=600; wlunce

,.2 = GOO X IS

26
=— ; lastly, therefore, a: = v 346-15 = 1 8-61, and the side A B =37-22.

Gcometricallg.

1520. Suppose the case that of a pentagon {Jig. 601.) one of whose equal triangles is

ACB. Let fall the perpendicular CD, which divides it into two equal parts; whence its

area is equal to the rectangle CDBF.
1521. Upon the side AB, prolonged, if necessary, make DE equal to CD, and from the

middle of BE as a centre describe the semi-circumference cutting CD in G, and GD will

be the side of a square of the same area as the rectangle CDBF. The sides of similar

figures ( Geometry, 961.) being as the square roots of their areas; tind the S(]uare root
of the given area and make Y)g e(]ual to it. From the point g draw parallels to GE and
GB. which will determine on AB the points e and h, and give on one side \)l> equal to

one half of the side of the polygon sought ; and. on the other, the radius Deof the circum-
ference in whi'-h it is inscribed. This is manifest because of the similar triangles EGB
and eiih, from which BD ; DE :: /;D : Df.

15'J2. From the truth that the sides of similar fgures are to each other as the square

roots of their areas we arri'se at a simple method of reducing any figure to a given area.

Form an angle of reduction {Jig. 603.) one of whose sides is e(]ual to the square root

of the greater area, and the chord of the arc, which determines the size of the angh' e(jual
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to the square root of the smaller area. Let, for instance, the

larger area —1156, and that of the smaller, to wliiL-li the figure

IS to be reduced, =529. Draw an indefinite line, on wliicli

make AB = 34, the square root of 1156. Lastly, from the

point A, as a centre, having described an indefinite arc, with a

lensjth equal to the S(]uare root 23 of 529, set out Bt/ ; through

q draw kq, which will be the angle. of reduction (/A 15, by means

"of which the figure maybe reduced, transferring all the niea- "

'

j

sures of the larger area to the line AD, with which arcs are fik. 503.

to be described whose chords will be the sides sought.

1523. ]f it be not recjuired to reduce but to describe a figure whose area and form art

given, we must make a large diagram of any area larger than tiiat sought, and then

reduce it.

1524. Tlie circle, as we have alreadv observed in a jirevious suiisection (933.), being but

apolvo-on of an infinite number of sides, it would follow that a circular enclosure would be

stible with an iniiuitelv small thickness of wall. This property may be easily demonstrated

by a verv simple experiment. Take, for instance, a sheet of paper, which would not easily

be made to stand while extended to its full length, but the moment it is bent into the form

of a cvlinder it ac(iuires a stability, though its thickness be not a thousandth part of its

height.

1525. But as walls must have a certain thickness to acquire stability, inasmuch as

thev are composed of particles susceptible of separation, we may consider a circular en-

closure as a regidar polygon of twelve sides, and determine its thickness by the preceding

process. Or, to render the operation more simple, find the thickness of a straight wall

whose length is ecjual to one half the radius.

1526. Suppose, for example, a circular space of 56 ft. diaineter and 18 ft. high, and

the thickness of the wall be re(iuired. Describe the rectangle A BCD (fii). 594.), whose

base is equal to half the radius, that is, 14 ft., and whose height AB is 18 ft. ; then,

drawing the diagonal BD, make Bti e(iual to the ninth ])ari of the height, that is, 2 ft.

Through d draw ad parallel to the base, and its length will represent the thickness sought,

which is 1 4^ inches.

1527. By calculation. Add the square of the heisjht to ih:it of half tlie radius, that is,

of lg_,324, and of 14=196 ( = 520). Then extract the s(|nare root of 520, which will be

found =i2-8, and this wi'l be the value of the diagonal B D. Then we have the follow-

ing proportion : 2^-8 : 14 :: 2 ft. (i the height) : 14-74.

1528. The exterior wall of the church of St. Sttfuno Botondo at Rome (Temjile of

Claudius) incloses a site 198 feet diameter. The Mall, which is coutructed of rubble

niasonry faced with bricks, is 2ft. 4 in. (French) thick, and 22^ ft. high. Li aj)-

plving to it the preceding rule, we shall find the diagonal of the rectangle, whose base

would be the side of a polygon, equal to half the radius and 221 ft. high, would be

\/49lx 49,^ + 221 X 22^= 54fjg. Then, using the proportion 54-37; 49-5:: H?i : 2ft.

3 in. and 4 lines, the thickness sought, instead of 2 ft. 4 in., the actual thickness. We
mav as well mention in this place that a circle encloses the greatest quantity of area

with the least (juantity of walling ; and of polygons, those with a greater number of sides

more than those with a lesser: the proportion of the wall in the circle being 31416 to an

area of 78540000 ; whilst in a stjuare, for the same area, a length of wall equal to 35448

would be re(juired. As the square falls away to a flat parallelogram, say one whose sides

are half as great, and the others double the length of those of the square, or 17724 by 4431,

in which the area will be about 78540000, as before ; we have in such a case a length of

walling =44310.

On the Thickness nf Walls in Eaildings nut vaulted.

1529. The walls of a building are usually connected and stiffened by the timbers of the

roof, supposing that to be well constructed. Some of the larger edifices, such as the

ancient basilica; at Rome, have no other covering but the rot)f ; others have only a simple

ceiling under the roof; whereas, in palaces and other habitations, there are sometimes two

or more floors introduced in the roof.

1530. We will begin with those edifices covered with merely a roof of carpentry, which

are, after mere walls of enclosure, the most smiple.

1531. Among edifices of this species, there are some with continued points of support,

such as those wherein the walls are connected and mutually support each otlier ; others in

A-hich the points of support are not connected with each other, such as piers, columns, and

pilasters, united only by arcades which spring from them.

1532. When the caruentry forming the roof of an editiee is of great extent, instead of

being injurious to the stability of the walls or points of siqiport, it is useful in keeping lliiiu

together.

DD
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1533. INInny edifices exist wherein tlie walls and points of support would not stand

without the aid of the carpentry of the roofs that cover them.

1531. The old basilica of St. Paolo faori le mtiid at Rome was divided into five navc»

formed by four ranks of columns connected by arcades, which carried the walls whereon tlie

roof rested; the centre nave 73.^ ft. ( French) wide, and 93 ft. 10 in. high. The walls

of it are erected on columns 31 ft. 9 in. high, and their thickness is a little less than 3 ft.,

that is, only
,1^

Jiart of their height.

1535. At Hadrian's Villa the most lofty walls, still standing, were but sixteen times

their thickness in height, and 51 ft- 9 in. long. The walls were the enclosures of

large halls with only a single story, but assisted at their ends by cross walls. And we
may thei'efore conclude that if the walls of the basilica above mentioned were not kejit in

their places by the carpentry of the great roof they would not be safe. It is curious tliat this

supposition, imder the theory, was proved by the fire v.hich destroyed the church of St. Paolo

in 1 8'i3. The walls which form the nave of the church of Santa Sabina are raised on colmnns

altogether 52 ft. high ; they are 145 ft. long, and somewhat less than 2 ft., that is, ^L ])art

of their height, in thickness. They are, therefore, not in a condition of stability without the

aid of the roof. In comparing, however, the thickness of these walls with the height only

of the side aisles, in the basilica of St. Paolo the thickness is J^, and at Santa Sabina Jj. In

the other basilica; or churches with columns, the least thickness of wall is .,L of greater i)ro-

portion unconnected with the nave, as at Santa Maria INIaggiore, Santa Maria in Trastevere,

St. Chrysogono, St. Pietro in Vincolo, in Rome ; St. Lorenzo and St. Spirito, in Florence

;

St. Fllippo Neri, at Naples ; St. Giuseppe and St. Dominico, at Palermo.

1 53f). We must take into accoimt, moreover, that the thickness of walls depends as much
on the manner in which they are constructed, as on their height and the weight with which

they are loaded. A wall of rough or squared stone 1 2 inches thick, wherein all the stones

riui right through the walls in one piece, is sometimes stronger than one of 18 or 20 inches

in thickness, in which the dei)th of the stones is not more than half or a third of the thick-

ness, and the inner part filled in with rubble in a bad careless way. We are also to recollect

that stability more than strength is ofttinies the safeguard of a building ; for it is certain

that a wall of liard stone 4 inches thick would be stronger than would be necessary to

bear a load e(}ual to four or five stories, where a thickness of 18 inches is used ; and yet it

is manifest that such a wall would be very imstable, because of the narrowness of the iiase.

1537. F'rom an examination which Rondelet made of 280 buildings in F'rance and Italy,

ancient as well as modern, he found that in those covered with roofs of two inclined sides

and constructed in framed carpentry, with and without ceilings, and so triis.sed as not to

act at all horizontally upon the walls, the least thickness in brick or rough stones was

5', of the width in tiie clear.

1538. In jjrivate houses, divided into several stories I)y floors, it was observed, generally,

that the exterior walls ran from 15 to 24 inches, party walls 1 6 to 20 inches, and })ar-

tition walls 1 2 to 1 8 inches.

1539. In buildings on a larger scale, exterior walls 2 to 3 feet thick, party walls

20 to 24 inches, i)artition walls 15 to 20 inches.

1540. In ))alaces and buildings of great imiiortance, whose ground floors are vaulted,

the exterior walls varied from 4 to 9 feet, and the ])artition walls from 2 to 6 feet. In

many of the examples which imderwent examination, the thicknesses of the walls and

l)oints of sii])port were not always well ))roportioned to their position, to the space they

enclosed, nor to the loads they bore. In some, great voids occur, and considerable loads Avere

supplied v/ith but slender walls and points of su))port ; and in others, very thick walls en-

closed very small spaces, and strong points of support had but little to carry.

1541. For the purpose of establishing some method which in a sure and simple manner
would determine the thickness of walls in buildings which are not arched, we have con-

sidered, says Rondelet, that the tie-beams of the trusses of carpentry whereof the roofs

are composed, being always placed in the tlirection of the width, as well as the girders and

leading timbers of floors, serve rather to steady and connect the opposite walls; but, con-

sidering the elasticity and flexibility of timber, it is found that they strain the walls which

supjjort them in proportion to the widths of the .s])aces enclosed, whence it becomes often

the better plan to determine the thickness of the walls from the width and height of the

apartments requisite. Hence the following rules.

First Rule.

1542. In buildings co.vered with a simple roof, if the walls are insulated throughout,
their height up to the under side of the tie-beams of the trusses, being as shown in _/?</. ()04.

Having drawn the diagonal 15 D and thereon made 15/; and DrZ, equal to the twelfth ))ari

of the height A 15, then through the points h and il, draw lines parallel to BA and 1)C,

which will bound the thickness of the walls recjuired.

1543. If the height AB and width AD be known, the thick^iess Ac may be calculated.
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seeing that BD= \/ AB^+ AD'; knowing the

value of BD, we have that of c.-\ hy the pro-

ponion BD : AD::B6 : cA = -^^—

.

First Example.

1544. Supposing tlie widtli AD = 24ft.,and

the heiglit A 15 = 32, we shiiU have

^/AB'+ AD = ^24 X24 + 32 x 32 ; whence

BD= a/576 + 10'.J4=A/1600 = 40ft.

Bl), which is the twelfth part of A B, or of

32 ft. = 2 ft. 8 in. ; the thickness of the wall

expressed by —j^j^— , will be —rp = 13 ft., or

1 ft. 7 in. 2 lines, for the thickness sought.

1545. If the walls supporting the roi)f were
stiffened hy extra means, such as lower roofs at

an intermediate height, as in churches with a

nave and side aisles, we may make Be in the

diagonal B 1) (fiff. 605.) equal to one twelfth

of the iieiglit above the springing of the side

roofs, and efa twenty-fourth i)art of thnt height

below it, and draw througli the point / a line

parallel to AB, which will determine tlie thickness A/' sought; or, which amounts to the

same thing, add together the total height AB of the interior, and that of E B above the

point of support, E, whereof take the twenty-fourth part, which will be equal to Be + ef.

Second Example.

1546. Fig. 605. is a section of St. Paolo fnori le mura, near Rome, as it was in 1816.

'-W^y
I : ____d

Fus. Mb.

The interior height to the under side of the tie-beams is 93 ft. 10 in. (French), whereof
26 ft. 2 in. is the exterior height above the roofs of the side aisles. These two dimensions

together make 120 ft., whose twenty-fourth part is 5 ft., to which, on the diagonal BD
make B/' equal; then from the point f letting fall a vertical line, the horizontal line Be
will determine the thickness, which will be 3 ft., the width of the nave being 73 ft. 6 in.

In figures, as follows :
—

BD= V93ft. loin, x 93 ft. 10 in. +73 ft. 6 in. x 73 ft. 6 in. = -y/l 4207 = 1 1 9 ft. 2 in.

1547. For the thickness, eB, as before, BD : AD::B/: A/'; whence, A/' = ^'^^"-'

- itl^^^J^- =3 ft. 1 in., instead of 2 ft. 11 in. 9 lines, the actual thickness of the walls.
119 ft. 2 in.

1,54 S. The same calculation being applied to the walls of the nave of Santa Sablna

D D 2
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(Uonio), whose height of imve is 51 ft. 2 in, and width 42 ft. 2 in., .vith a height c,f 16ft.

of wall above the side aisles, givei 21 in. 4 lines, and they are actually a little less thaa 24 in.

1549. In the church of Santa Maria Maggiore, the width is 52 ft. 7.1 in., and 56 ft. 6 in.

and 4 lines high, to the ceiling under tlie roof. The height of the wall above the side

aisles is 19 ft. K fti., and the calculation requires the thickness of the walls to be 26^ in.

instead of 28J in., their actual thickness.

1550. In the cliurch of St. Lorenzo, at Florence, the internal width of the nave is

37 ft. 9 in., and the height 69 ft. to the wooden ceiling ; from the side ai.^les the wall is

I 8 ft. high. The result of the calculation is 21 in., and the actual execution 21 in. and

6 lines.

1551. The church of Santo Spirito, in the same city, which has a woodeii ceiling sus-

pended to the trusses of the roof, is 76 ft. high and 37 ft. 4 in. wide in the nave the walls

rise 19 ft. above the side aisles. From an application of the rule the thickness should be

21 in. 3 lines, and their thickness is 22;^ in.

1552. In the church of St. Philip])o Neri, at Naples, the calculation requires a thicknesj

of 21 in., their actual thickness being 22^ in.

1553. In the churches here cited, the external walls are much thicker ; which was ne.

cessary, from the lower roofs being applied as hantnes, and hence having a tendency, in

case of defective framing of them, to thrust out the externnl walls. Thus, in the church
of St. Paolo, the walls are 7 ft. thick, their height 40 ft. ; 3 ft. 4 in. only being the thickness

recjuired by the rule. A resistance is thus givtn capable of assisting the walls of the aisles,

which are raised on isolated columns, and one which they require.

1554. In the church of Santa Sabina, tlie exterior wall, which is 26 ft. high, is, as the

rule indicates, 26 in. thick ; but the nave is flanked with a single aisle only on each side, and
the walls of the nave are thicker in proportion to the height, and are not so high. For at

St. Paolo the thickness of the walls is only J, of the interior width, whilst at Santa Sabina

it is Jp At San Lorenzo and San Spirito the introduction of the side chapels affords great

a.ssistance to the external walls.

Seconh Rule.

jPor the Thickness of Walls xf Houses of more than one Stori/.

1555. As in the preceding case, the rules wliidi Rondelct gives are the result of ob-

servations on a vast number of buildings th.it have beeu executed, so tliat the method
proposed is founded on practice as well as on theory.

1556. In ordmary houses, wlierein tlie height of the floors rarely exceeds 12 to 15 ft.,

in order to ajiportion the proper thickness to the interior or partition walls, we must be

guided by the widths of the spaces they separate, and the number of floors they have to carry.

With respect to the external walls, their thickness will depend on the dejith ;ind height of

the liuilding. 'I'hus a sinyle house, as the phra'-e is, that is, only one set of apartimiits in

def)th, re(]iiires thicker external walls than a double house, that is, more than one apartment
in depth, of the same sort and height ; because the stability is in the inverse ratio ofthe width.

1557. Let us take the first ofthe two cases {fy. 606.), whose depth is 24 ft. and height

«f—^/'—^Mf--'^7^=w=^^'='ty—t^^

^
^^^4^^ f^^jM__^^_^m^^^=,^^=;^

, , , ,,,? J&-

to the under side of the roof 36 ft. Add to 24 ft. the half of the height, 1 8, and take j, part

of the sum 42, that is, 21 in., for the least thickness of each ofthe external walls above the

set-off on the ground floor. For a mean stability add an inch, and for one still more solid

add two inches.

1558. In the case of a double house (fc/. 607.) with a depth of 42 ft., and of the same
height as the preceding example, add half the height to the width of the building ; that is,

21 to 18, and ^-^ ofthe sum =19j is the thickness ofthe walls. To determine the thickness

of the partition walls, add to their distance from each other the height of the story, and

take 3'g of the sum. Thus, to find the thickness of the wall IK, which divides the space

LM into two parts and is 32 ft., add the height of the story, which we will take at 10 ft-,

making in all 42 ft., and take ^'g or 14 in. Half an inch may be added for each story above

the ground floor. Thus, where three stories occur above the ground floor, the thickness in
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tiic lower one would be 15.' in., a tli'uk-

noss wlsicli is well calculated for bricks

and stone, whose hardness is of a mean
ilescrijjtion.

1559. For the wall A B, which divides

the space between the external walls,

e(]ual to 35 ft., add to it the height,

which is 10 ft., and ./g of 45, the sum of

the two; that is, 15 in. is the thickness

re<]uired for the wall, if only to be car-

ried up a single story ; but if through
more, tlien add half an inch, as before,

for each story above the groimd floor.

For the sjjaces NO, PQ., US, in this

and the preceding figure, the repetition

of the operation will give their thick-

nesses.

1560. To illustrate what has been said,

jig. 60S. is introduced to the reader, being
the plan of a housj in the Rue d" Eiifer, near the Luxembourg, known as the Hotel Vendoire,

Fig. COS.

built bv T,e Tllond. It is criven by r)'Aviler in his Conrs {J'/lrrliifccfure. The building ia

46 ft. deep on the right side and 47 ft. in the middle, and is S3 ft. high from the p.ivement

to the entablature. Hence, to obtain the thickness of the walls an the line FF, take the

sum of the height and width = -,— = 40 ft., whose twenty-fourth pirt is 20 in. The

building being one of solidity, let 2 in. be added, and we obtain 2-2 in. instead of 2 ft., wiiicli

is their actual thickness. For the thickness of the interior wall, which crosses the building

in the direction of its length, the space between the exterior walls being 42 ft. and the

height of each story 1 4 ft., the thickness of this wall should be ~^r-^ = 18 in. 8 lines, instead

of 18 in., which the architect assigned to it.

1561. By the same mode of operaticm, we shall find that the thickness of the wall R,

separating the salon, which is 22 ft. wide, from the dining-room, which is IS ft. wide and

14 ft. high, should be 18 in. and 6 lines instead of 18 inches ; hut as the exterior walls, which

are of wrought stone, are 2 ft. thick, and their stability greater than the rule requires, the

interior will be found to have the retiuisite stability without any addition to their thickness.

1 562. We shall conclude the observations under this head, by reference to a house built by

Palladio for the brothers Mocen-go, of Venice, to be found in iiis works, and here given (./?</.

609.). Most of the buildings of this master are vaulted below ; but the one in question is not

in that predicament. The width and height of the ]irinci|)al rooms is 16 ft., and tlicy are

separated by others only 8 ft. wide, so that the width which each wall .scjiarates is 2,5^ ft.,

and their thickness consequently should be "
\q =13 in. 1 () lines. The walls, as nxecuted^
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are 14 in. in thickness. The exterior

walls heinir 2-1 ft. hijiii, and the dLptli of

the buihiinii 4(> ft. Their thickness by
tlio rule should be 17:^ in. : they are IH in.

On passing the INletropolitan Build-

ing Act in \855, previous to which
the thicknesses of walls depended on
buildings falling within certain clas-^es or

rates, we had the satisfaction of advising

the Government to adopt the thicknesses

of walls now directed to he used. These
are based upon rules deduced from sec-

tions I5l2et seq. Inasmuch, however, as

it was thought that builders might he
liable to mistakes in extracting the square
root of the sum of the squares of the

heijihts and lengths of walls, tables were
inserted in the Act to meet all cases.

Generitlly the formula t =
Jp

will be a useful guide in adjusting the thickness of walls.

in which t = thickness, h and I respectively the height and length, d the diagonal formed
by the height and length, and n a constant determined by the nature of the building. In
the tables for dwelling-houses, the constant multiplier (n) used was 22; for warehouses, 20.

And but for the interference in committee of the present Right Hon. Member tor

Oxfordshire (Mr. Henley), for what scientific reasons it is difficult to sav, the constant
multiplier for public buildings would have been 18.

M hen h is less than —
' the constants are 27, 23, and 20 respectively.

Fig. C09.
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Fis. 610.

Of the Stnhil'.ty of Piers or Points of Support.

1.563. Let A BCD {fg. 610.) be a pier with a square base whose resistance is required
in respect of a power at M acting to overturn it F
horizontally in the direction IMA, or obli(]uely in

that of NA upon the point D. Considering the

solid reduced to a plane passing through G, the

centre of gravity of the pier, and the point U,

that upon which the ))ower is supposed to cause

it to turn, let fall from G the veitical cutting the

base in I, to which we will suppose the weight of

the pier suspended, and then supposing the pier

removed, we only have to consider the angular

lever BDIor HDI, whose arms are determined
by perpendiculars drawn from the fulcrum 1),

in one direction vertical with the weight, and in

the other perpendicular to the direction of the

power acting upon the pier, according to the

theory of the lever explained in a previous section.

1564. The direction of the weight R being always represented by a vertical let fall from

the centre of gravity, the arm of its lever ID never changes, whatever the direction of the

))ower and the height at which it is applied, whilst the arm of the lever of the jiower varies

as its position and direction. That there may be equilibrium between the effort of the

power and the resistance of the pier, in the first case, when the power I\I acts in an hori-

zontal direction, we have M : R::ID : DB, whence Mx DB=Rx ID and M= -f'j..

If the direction of the power be oblique, as NA in the case of an equilibrium, N : R;: ID

: DH ; hence N X DH = R X I D and N = ~
,^
/ ° •

1.565. Applying this in an example, let the height of the pier be 12 ft., its width 4 ft., and

its thickness 1 ft. The weight R of the pier may be represented by Its cube, and is there-

fore 12x4x1 =48. The arm of its lever ID will be 2, and we will take the horizontal

power M represented by DB at 1 2 ; with these values we shall have M : 48 : : 2 ; 1 2 ; hence

M X 12= 48 X 2 and M=^" = 8.

That Is, the effort of the horizontal power M should be equal to the weight of 8 cube

feet of the materials whereof the pier Is composed, to be in equilibrium.

1.566. In respect of the oblique power which acts in the direction N.A, sujiposing DH
48 X 2

= 7j, we have N : 48::2 : 7J,
whence N < 7| = 48 x 2, therefore N =—^— = 1;^3. whilst the
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expression of tlie liorlzontal power M was only 8 ft. ; but it must be observed, that tlie arm
of the lever is 12, wliilst that of the power N is but 7i ft. ; but IS^x 7i = 8 x l'2 = 9b",

wliich is also eijual to the resistance of the pier expressed by 12 x 4 x 2 = 96 It is more-

over essential to observe, that, considering the power NA as the result of two others, MX
and FA, the first acting horizontally from M against A, tends to overthrow tlie pier ; whilst

the second, acting vertically in the direction FA, partly modifies this effect by increasing the

resistance of the pier.

1567. Suppose the power NA to make an angle of 53 degrees with the vertical AF,
and of 37 degrees with the horizontal line AIM; then

NA : FA : MA::rad. : sin. 37 deg. : sin. 53 deg. : : 6 : 10 : 8.

Hence, NA being found =13,1. we have 6 : K^ : 8::1.3^ : 8 : lo:f

Whence it is evident that, from this resolution of the power NA, the resistance of

tlie pier is increased by the eflTorl of the power FA = 8, which, acting on the point A in the

direction FA, will make the arm of its lever CD = 4, whence its effort =8 x 4 = 32.

1568. The resistance of the pier, being thus found =96, becomes by the effort of the

power FA = 96 + 32 = 128.

1569. The effort of the horizontal power M being 10|, and the arm of its lever being

always 12, its effort 128 will be e()ual to the resistance of the pier, which proves that in

iliis resolution we have, as before, the effbit and the resistance ecpial. The application of

tills ])ropositioii is extremely useful in valuing exactly the effects of parts of buildings

wlilch become stable by means of oblique and lateral thrusts.

1570. If it be re(iuired to know what should he the increased width of the pier to coun-

terpoise the vertical effort FA, its expression must be divided by ID, tha.t is, 8x2, which
gives 4 for this increased length, and for the expression of its resistance (12 + 4) x4 x 2

= 1 28, as above.

1571. If the effort of the power be known, and the thickness of a pier or wall wh: se

height is known be sought so as to resist it, let the power and parts of the pier be repre-

sented by different letters, as follows. Calling the ])ower p, the height of the pier (/, the

thickness sought x ; if the power p act in an horizontal direction at the extremity of the

wall or pier, its expression will be /j x (/. The resistance of the pier will be expressed by its

area multiplied by its arm of lever, that is, d ^ x ><'-
; and supposing equilibrium, as the

resistance must be equal to the thrust, we shall have the equation p x d=d x x x ^. Both

sides of this equation being divisible by d, we have p = x x ^ ; and as the second term is

divided by 2, we obtain 2p= .r x x or x- ; that is, a square whose area =2;), and of which x

is the side or root, or .r= \/2p, a formula which in all cases expresses the thickness to he

given to the pier CI) to resist a power INI acting on its upper extremity in the horizontal

direction MA.
1572. In this formula, the height of the pier need not be known to find the value of x,

hi^caiise this height, being common to the pier and the arm of the lever of the power, does

not alter the result ; for the cube of the pier, which represents its weight, increases or di-

minishes in the same ratio as the lever. Thus, if the height of the pier be 12, 15, or 24 ft.,

its thickness will nevertheless be the same.

Example. — If the horizontal power expressed by p in the formula x= V-'p be 8, we

have x= a/1 6 =4 for the thickness of the pier. Whilst the power acting at the extremity

of the pier remains the same, the thickness is sufficient, whatever the height of the pier.

Thus for a height of 1 2 ft. the effort of the power will be 8 x 12 = 96, and the resistance

12 X 4 X 2-^96. If the pier be 15 ft. high, its resistance will be 15 x 4 x 2= 120, and the

effort of the power 8 x 15 = 120. Lastly, if the height be 24 ft, the resistance will be
24 X 4 X 2= 1 92, and the effort of the power 8 x 24 = 1 92.

1573. If the point on which the horizontal force acts is lower than the wall or pier, the

difference may be represented by ./"; and then p x (d—/)=d x .r x ^ ;

Which becomes 2pd—i>pf= dx- and 2p— '^ —x"^ ',

Lastly X= \,/ 2p— ''-''^

.

Suppose p= 9 . f= 6 and rf= 1 2,

the formula becomes x= \/ 18 \d~= -^9 = 3, which is the thickness sought.

1574. When the power NA is oblique, the thickness may be equally well found by the

arm of lever DII, by resolving it into two forces, as before. 1 hus, in the case of tlie obli(|ue

power ;j= 13^, calling /its arm of lever 7i, we shall have p xf=''^'' which will become 'H'-f

•=x-, whence x= /'^-rf'-, '" which, substituting the known values, we have x= ^ 2xi.six7^

whence x— \^1() —4, the thickness sou'/ht of the pier.
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1575 In resolving the obli(|ue effort NA into two forces, wliereof one MA tends to

overturn the pier by acting in an iiorizontal direction, and the other /"A to strengthen it by
acting vertically, as before observed; let us represent the horizontal effort MA hy p ; its

arm of lever, equal to tlie height of the pier, by d; the vertical effort _/A by n ; the arm of

le\er if the last-named effort, being the thickness sought, will be x ; from which we lia\e

tiie equation

pd =''-^''' + 7ii\ or 'i« = .1= + ^-.'2 ' (I

1576. As the second member of this equation is not a perfect square, let there be added

to each side the term wanting, that is, the square ''"> the half of the quantity —", which

multiplied x in the second term, whence
,, ,

n- <• '2ii.r
,
n

(/- ad
1 577. The second member, by this addition, having become a square whose ro.it is x + " '

"
rf

we shall have .r + -" — »/ ^p + '-^ and lastly i-= ^/' 2p + "l — ^ will be the general formula

for fmding the thickness x.

Application of the Fornivla.

1578. Letp = 10^, M = 8, d—\2. Substituting these values in the form.ula, it will become

X= ^/10§x2 + ^% --8, = ^21 ^ +J - §= ^/2rrp % = 4.

1579. If, for proof, we wish to calculate the expression of the resistance, by placing in the

e(juation of equilibrium 2pd= dx^y x ?jx, the values of the quantities p, c?, and x, above found,

we shall have

1 0§ X 12 = 12 x 4 X 2 + 8 = 1 28, as was previously found for F A.

1 580. From the preceding rules, it appears that all the effects whose tendency is to destroy

an edifice, arise from weight acting in an inverse ratio to the obstacles with which it meets.

When heavy bodies are merely laid on one another, the result of tlieir efforts is a simple

pressure, capable of producing settlement or fracture of the parts acted u])on.

1581. Foiuidations whose bases are spread over a much greater extent than the walls

imposed upon them, are more susceptible of settlement than of crushing or fracture. But
isolated points of support in the upper parts, which sometimes carry great weights on a

small superficies, are susceptible both of settlement and crushing, whilst the weight they

have to sustain is greater tlian the force of the materials whereof they are formed ; which
renders the knowledge of the strength of materials an object of consequence in construction.

Till of late years it was not thought necessary to pay much attention to this branch of

construction, because most species of stone are more than sufficiently hard for the greatest

niunber of cases. Thus, the abundant thickness which the ancients generally gave to all

the parts of their buildings, proves that with them this was not a subject of consideration ;

and the mors remotely we go into antiquity, the more massive is the construction found to

be. At last, experience taught the architect to make his buiklings less heavy. Columns,
which among the Egyptians were only 5 or 6 diameters high, were carried to 9 diameters

by the Greeks in the Ionic and Corinthian orders. The Romans made their columns still

hi>,;her, and imparted greater general lightness to their buildings. It was under the reign

of Constantine, towards the end of the empire, that builders without taste carried their

boldness in light construction to an extraordinary degree, as in the ancient basilica; of

St. Peter's at Rome and St. Paolo fuori le mura. Later, however, churches of a different

character, and of still greater lightness, were introduced by the Gothic architects.

1,582. The invention and general use of domes created a very great load ujjon the sup-

porting piers ; and the earlier architects, fearful of the mass to be carried, gave their piers

an area of base much greater than was required by the load supported, and the nature of

the stone used to sup])ort it. They, moreover, in this respect, did little more than imitate

one another. The piers were constructed in form and dimensions suited rather to the

arrangement and decoration of the building that was designed, than to a due apportion-

nvent of the size and weight to the load to be borne ; so that their difference from one

another is in every respect very considerable.

The piers bearing the dome of St. Peter's at Rome are loaded with a weight of 14 964

tons for every superficial foot of their horizontal section.

The piers bearing the dome of St. Paul's at London are loaded with a weight of 17 "705

tons for every superficial foot of their horizontal section.

The piers bearing the dome of the Hospital of Invalids at Paris are loaded with a weight

of 13'598 tons for every superficial foot of their horizontal section.

The piers bearing the dome of the Pantheon (St. GeneviJve) at Pans are loaded with a

weight of 26 •9.'54 tons for every superficial foot of their horizontal sectiun.

The Rolumns of St. Paolo fuori le mura, near Rome, are loaded with a weight of 18 "123

tuns for every superficial foot of their horizontal section.
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Li tlic cluiroh of St. Mery, the piers of the tower are loaded with upwards of 27 tons to

tlie superHcial foot. With such a discrepancy, it is ditRcull to say, wiihout a inost per-

fect knowledge of tlie st^ine employed, what should he the exact weiffht per font. The
dome of the Hospital of the Invalids seems to exliihit a maximum of pier in relation to

the wcijjht, and that of the Pantt'eon at Paris a minimum. The weakest sand^tcnes

(used in huilding) will l>ear a coni]iression of 120 tons per foot, while onlinary building

stones lange from 140 to 500 tons per square foot ;
granites and trsps 700 or 800 tor.s

per square foot ( Building Constn/ctio/t, 1 87 9, part 8, p. 8). Stones in some form of arclus,

letalTiing walls, &c., are more liable to he crushed by reason of the pressure be'ng con-

centrated upon certain points; and walls wherein difTerint qualities of stone are used

lire suhjected to strains by reason of inferior stones decaying, leaving their duty to be

taken by others of better quality. Settlements in a wall bring on strains not expected.

Ratio of the Points of Support in a Building to its total Superficies.

1583. In the pages immediately preceding, we have, with Ilondelet for our guitie,

explained the principles whereon depend the stabilities of walls and points of su]iport, with
their application to different sorts of buildings. Not any point relating to construction is

of more importance to the architect Without a knowledge of it. and the mode of

even generating new styles from it, he is nothing more than a pleasing draughtsman
at the best, whose elevations and sections may be very captivating, but who must be con-

tent to take rank in about the same degree as the portrait painter does in comparison with

liiui wiio paints history. We subjoin a table of great instruction, showing the ratio of the

points of support to the total superticies covered in some of tiie principal buildings of

Europe. It exhibits also the com])arative sizes of the different Ijuildings named in it.

Table showing the ratio of the Walls and Points of SuproiiT of the principal
Edifices of Eukote to the total Area which they occupy.

Names of Ediiiccs.

Total Area
of the Biiiki-

ing in ICnglish
supprCicial

feet.

Total Area
of the Points
of Support
in Eii^'iish

superficial

Ratio in

Thousanilths
of the P<.ints

of Support to
tlie total

feet. Area.

' The Pantheon at Rome - . _ 34,328 7,954 0-232

Temiile of Peace at Rome ... 67,123 8,571 0-127
Great temple at Passtuin ... 1 5,353 2,649 0-172
Ancient temple, Galuzzo, at Rome 9,206 2,167 0-235
Temple of Concord, Girgenti, Sicily 6,849 1,330 0-194
Teni]de of Juno Lucina, Sicily 6,821 1,110 0-163
Central building of the baths of Caracalla 275,503 48,91

1

0-176
Central building of the baths of Diocletian 351,636 58,797 0-167
Temple of Claudius at Rome, now church of

S. Stefano ..... 36,726 2,051 0-056
Mos(pie of S. Sophia at Constantinople 103,200 22,567 0-217
Basilica of S. Paolo fuore le inura (Rome),

1816 ..... 106,513 12,655 0-118
Duomo of S. Maria del fiore at Florence 84,802 1 7,030 0-201

Diiomo of S. Maria del fiore at Milan 125,853 21,635 0-169
St. Peter's at Rome, as executed 227,069 59,.308 0-261

St. Peter's at Rome, as jjrojected by Bramante 213,610 46,879 0-219
Church of S. Vitale at Ravenna 7,276 1,142 0-157
Church of S. Pietro a \ incola, Rome . 21,520 3,353 0-155
C'barch of S. Sabino— destroyed 15,139 1,543 0-100
Church of S. Domenico, Palermo 34,144 4,988 0-146
Church of S. Giusepjie, Palermo 26,046 3,611 0-139
Church of S. Filipjio Neri, Naples 22,826 2,944 0-129
Church of St. Paid's, London 84,025 14,311 0-170
Church of Notre Dame, Paris 67,343 8,784 0-140
Hotel of the Invalids, Paris ... 29,003 7,790 0-268
Cluirch of S. Sulpice, Paris - - _ 60,760 9,127 0-151

Chuich of S. Genevieve, Paris 60,287 9,269 0-154

1583a. It will be manifest, that as these jioints of support are diminished in area, in
resjject of the mass, so is a greater degree of skill exhibited in the work. From the fol-

lowing table, it will be seen that, in seventeen celebrated medi:cval edilices, tiie ratio of
their points of support to their whole areas varies from "116 to -238, nearly double. It is

curious to observe the high rank borne in this table by Henry VII. '.s chapel
;
generally;

skill seems to have increased with greater experience :

—
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TABI E OF I'OINTS OF slIprOUT.

Ralinnf
Building. Century. Part of Century. Puints of Support

to tlieir wliolt' areas.

Hinry VII. 's Cluipel 16 First 0-116

rre;bnrg Dom - - 13 Second 0-133

Notje Da'i.e, Paris - K! Second 0-140

King's College Cliapel, Cambridge 13 Second 0-1,52

I\Iihin Diioiiio . 14 Second 0-IC9
^'ork Catlu'dral - - 13 Sicond 0-174

Wt'stniiiister Abbey - 13 Second 0-178

Temi)le Cliurcli - -
1 ! S-cond 18.5

Ely Catbedval - - ]•-' Second 01S8
Gloucester Cathed'al . 1 1 Second 01 88
Salisbury Catludral - 13 First 01 90
Florence Diionio - 15 First 0-20

1

Li;icolii Cathedral . V2 Second 0-202

Worcester Catbedral - 13 First 0-208
Marburg Dom - 14 Second 0-218
Canterbury Catliedral - IL' Second 0-2 -.'5

Norwich Cathedral - 12 First 0-238

1.583t. Led by Le Brun (Thcoiie de I'Architecture, &c. fol. Paris, IS07.\ we were
many years ago induced to inijuire into the doctrine of voids and solids in the Greek
and llonian temples, and though we soon discovered that that author had committed
manifest errors in his mode of applying his theory, there could be no doulit that if its

principles were properly carried out, they would coincide with the best examples both

ancient and ni'dern. Tiie study we have

subsequently bestowed upcii it has not,

we regret, from various pressing occu-

pations, received from us all the atten-

tion necessary to reduce the exaiii])ies

within such bounds as to make the

matter subject to certain laws, thougli

we think an approximation has b.eii

eUlcted towards it.

1.583c. It is to be lamented that,

among the many and able writers on

Gothic architecture, details, more than

principles, .seem to have occupied their

minds. The origin of the pointed arch

seems to have entirely absorbed the at-

tention of a large proportion of thein,

wiiilst otliers have been mainly content

with discussions on the peculiarities of

style at tiie different periods, and watch-

ing with anxitty the periods of transition

fnjm one to another Foliage, mouldings,

and the like, have had charms for others
;

all, however, have neglected to bislow

a tlumght upon the grand system of

etpiilibrium by which such stupendous

editices were poised, and out of which

system a key is to be extracted to the

detail that enters into them. It is,

however, to be hoped that abler hands

than ours will henceforth be stimulated

to the work, such being abundant in the

))rofession whereof we ])lace ourselves as

the binnblest of its members.
Fig. 610a. 158:;rf. As on the liorizontal projec-

tion or plan of a building, the ratio of the points of sui)i)ort have been above considered,

so in the vertical projection or section of a building may the ratio of the solids to the voids

be compared, as well as the ratio of the solids to tlie whole area. \nji(/. 610a. the shaded
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p<irts represent the solids, which therefore give boundaries of the voids. Worcester Cathe-

dral is tlie example shown. Li this mode of viewing a structure, as also in that of tlie

))oints of support, there is a minimum to which art is confined, and in both cases fot

obvious reasons there are some dependent on the nature of the iriati-rials, and others on

the laws of statics. Though there may be found some exceptions to the enunciation as a

general rule, it may be safely assumed that in those buildings, as in the ease of the points

of support, wherein the ratios of tlie solids to the voids in section are the least, the ait

not only as respects construction, but also in point of inagnificeiice in effect, is most ail-

vantageously displaced. In every edifice like a cathedral, the greater the space over which

the eye can range, whether liorizontally or veitically, the more imposing is its effect on the

s; ectator, provided the solids be not so lessened as to induce a sensation of danger.

1583e. The subjoined table contains, with the exception of Notre Dame de Paris, the

same buildings as those already cited. It will be sern that the latios of the solids to the

voids varies from •47'i to I'l 18, a little less than half to a little more than a whole. But
if m their sections we coinpare the ratios of the solids to the whole area, there results a set

of numbers varying from -321 to "528, and that nearly following the order of the ratios of

the points of support.

TABLE OF VEllTICAL SOLIDS AND VOIDS.

Building. Century.
Part of
Century.

Ratio of
Solids to Area.

Ratio of
Solids to Voi.is.

Salisbury Cathedral 13 First 0-321 0-172
iMarburg Dom 14 Second 0-3?,3 0-503
Norwich Cathedral 12 First 0-376 0-603

Worcester Cathedral 13 First 0-,;88 633
Milan Duomo 14 Second 0-393 0-648
Temple Cliurch - 13 Second 0-395 6^8
Gloucester Cathedral 14 Second 0-403 0-674
King's College Chapel 15 Second 0-419 0-722
York Cathedral - 13 Second 0-421 0-729
Westminster Abbey 13 Second 0-440 0-980
Henry VII.'s Chapel 16 First 0-457 0-648
Freiimrg Dom 13 Second 0-478 0-916
Canterbury Cathedral 12 Second 0-496 0-904
Ely Cathedral 12 Second 0-498 1-000

Lincoln Cathedral 12 Sfcor.d 0-499 1-000

Florence Duomo - 15 First 0-528 1-118

Tliough the coincidence between the ratios of increase, in the points of support, does not
run quite concurrently with the ratios of the solids and the areas in comparing the catlie-

drals of the different centuries, yet sufficient appears to show an intimate connection be-

tween them. Where the discrepancy occuis, the points of support seem inversely set out.

Such, for instance, will be seen in Ely Cathedral, wherein, though the ratio of the solids to

the voids in section is as high as 1 (or ratio of equality), that of the points of support is as

low as 0*182, so that the space, or airiness, which is lost in the former, is compensated by
the latter. Generally speaking, however, the points of support diminish as the orna-

ment of the style increases. Thus, in Norwich Cathedral (the nave), of the early part of

the twelfth century, the ratio of the points of support is 0-238, that of the solids to tin

voidsbeing 0'603 ; while at Salisbury (latter part of the thirteenth century) the ratio ol

the points of support is only 0-190, and that of the solids to the voids, 0-472.

From the foregoing examination, there can scarcely exist a doubt that the first and lead-

ing lines of these fabrics were based upon a geometrical calculation of extremely sim])le

nature, but most rigidly adhered to. Thus, taking a single bay in the nave, say, from
centre to centre, and ascertaining the area, that has only to be multiplied by the ratio, to

give the superficies necessary for the points of support, which, as the tables intlicate, were
tliminisbed as experience taught they might be. These matters then being adjusted, and
falling as they might, the system of ornamentation was applied altogether subsidiary to the
great and paramount consideration of stability.

1583f. A very ingenious writer and skilful architect (Mr. Sarn. Ware), some years ago,

took great trouble to deduce the stability of the buildings in question, from the gener;:l

mass of the walls and vaidting containing within them some hidden catenarian curve. If

such were the case, which can hardly be admitted, in as much as a chain for such purpose

might be made to hang in all of them, it is tpiite certain this projierty was unknown to

those who erected them. Dr. Hooke was the first who gave the hint that the figure of a

flexible cord, or chain, suspended fioin two points, was a proper form for an arch.
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Pressure of Eautii against Walls.

1584. It is not our intention to pursue this branch of the jiractice of walling to any

extent, the detennination of the thicliness of walls in this pre-.'icament being more useful,

ptrhaps, to t!ie engineer than to the arcliitect. We shall tlierefore be contented witli l)ut

a concise mention of it, Rondelet has ('.vitl), as we consider, great judgment) adopted the

theory of Bclidor, in his Science ties Inyenieurs, and we shall folloiv him. Witliont tlie

f-li'jhtcit disrespi'Ct to later authors, we know from our own practice that walls of reiete-

ment may be built, with security, of much less tliicknes'i than either the theories of Belidor

or, latterly, of modern writers require. VVe entirely have out of the question the rubs
of Dr. Hutton in his Mathematics, as at)surd and incomprehensible. (Dobson, Art nf
Bidldiiig, 18'19, preface, writes, " from neglecting to take into consideration the friction

of tlie earth against the back of tlie Mall, the rules given by many writers are inapplicable

to practice; " and to Gwilt's observation on Dr. Hutton he says, " Dr. Hutton's formnbe

are strictly correct, and only reqnire the correction for friction to make thtm agree with

modern practice.") Tlie fact istliat,.in carrying up walls to sustain a bank of earth, the

earth mu^t be carefully r.immed down, layer by layer, as the wall is carried up, so as to

prevent the weiglit of the earth, in a trianjiiilar section pressing upon the wall, which is

the foundation of all the theory on the sulyect If tliis precaution be taken, the thickness

resulting from the following investigations will be more than sufficient.

1585. Earth left to itself takes a slope proportionate to its consistence; but for our

purpose it will sufficiently exhibit the nature of the investigation, to consider the substance

pressing against the wall as dry sand or pounded freestone, which will arrange itself in a

slope of about 55]^^ with the vertical plane, and therefore of 341" with an horizontal plane,

as Rondelet found to be the case when experimeriting on the above materials in a box, one of

whose sides was removable. Ordinarily, 45° is taken as the mean slope into which earths

recently thrown up will arrange themselves.

1586. Belidor, in order to form an estimate for the thrust or pressure into which we are

imiuiring, divides the triangle EDF {fig. 611.) representing the mass of earth which

creates the thrust, by parallels to its base

pjD, forming slices or sections of equal

thickness and similar form ; whence it

follows, that, taking the first triangle aVb
as unity, the secotid slice will be .S, the

third 5, the fourth 7, and so on in a pro-

gression wliose difference is 2.

1587. Each of these sections being

supposed to slide upon an inclined plane

parallel to ED, so as to act upon the lace [BE __ \ "vxf
l-'D, if we multiply them by the mean ^fc^ -__ ""Xi/ ^^
height at which they collectively act, the ^ ^' ''"

sum of the products will give the total Fir. 6il.

effort tenditig to overturn the wall ; but as this sum is equal to tlie product of the whole

triangle by the height determined by a line drawn from its centre of gravity parallel to

tlie base, this last will be the method followed, as much loss cinnplicated than that which

15elidor adopts, independent of some of tliat author's suppositions not being rigorously

correct.

1588. The box in which the experiment was tried by Rondelet was Ifilin. (French)

long, 12 in. wide, and 17iin. high in the clear. As the slo))e which the pounded free-

stone took when unsujiported in front formed an angle with the horizon of 34J
, the height

AE is 11^, so that the part acting against the front, or that side of the box where would be

the wall, is represented by the triangle EDF.
1589. To find by calculation the value of the force, and the thickness which should lie

giv'.-n to the opposed side, we must first find the area of the triangle EDF= - h^^ =93.i
;

but as the specific gravity (or equal mass) of the pounded stone is only {f of that of the

stone or other species of wall which is to resist the effort, it will be reduced to 731 ^ ^= 81.

This mass being supposed to slide upon the plane ED, its effort to its weight will be as

AE is to ED::14 : 20, or 81 xy|=45-9, which must be con.sidered as the oblique

power qr passing through the centre of gravity of the mass, and acting at the extrennity of

the lever ik. To ascertain tlie length of the lever, upon whose length depends the thick-

ness of the side which is unknown, we have the similar triangles qsr, qho, and kin, whose

sides arc proportional : whence qs ; sr Wqli : ho ; and as ho = hh — ho, we have qr ;qs\'. hk —

ho : ik.

^^ hence, ik= -
. ;

The three sides of the triangle qxr are known from the position of the angle q at the centre

of gravity of the great triangle EFD, whence each of the sides of the small triangle is

etiual to one third of those of the larger one, to which it is correspondent.
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Thus, making the side qr= a,

qs = b.

rs = c.

The unknown side sh=x,
hh =f.

The pressure 45 '9 found —p,
Tlie hei-ht DF =d.

We have b '. cWh + x — ,— =/io, and hh —ho wiii be /

—

^a"^*

To obtain ik, we have the proportion a ; b

hf^br—ex

:/
he—ex

b
— : ik.

Whence ih=- so tliat the pressure p x ik is represented by jd \ — -, j, to which

tlse resistance expressed by ''4 '""** equilibrate.

T'l 4.1 ^- 1 '?•'- (bf—bc—ex\ „ ,
Ipcx

llius the equation becomes ir =p\ '

), or x- + -, = 1p{bf—bc) .

ad

For easier solution, make ~
d'""— ^'"' ^""^ ^~-"' ^""^ ^^^ liave ar- + 2»a; = 2»i, an

equation of the second degree, whicli makes .r= V^m + n^ —n, which is a general formula

for jiroblems of this sort.

lieturuing to the values of tlie known (juantities, in which

f=~l

d=in

6§+nr

2 -28 and k?

a = 6i|

b = 5h

m=pbx'— . becomes m-^4.'r9 x 5k : = 1 2 -70 and t>m = 25 -i

pc
n= , becomes n =

act

45-9 X 3-75
•20.

From tlie above, then, the formula .r= V2m + u- —« becomes .r= V 25-4 + 5-20 — 2 28 =
3-22, a result wliich was confirmed by the experiment, inasmuch as a facing of the thick-

ness of 8^ inches was found necessary to resist the pressure of pounded freestone. By
Belidor's method, the thickness comes out 4^ inches ; but it has been observed that its

application is not strictly correct. In the foregoing experiment, the triangular part only

of the material in the box was filled with the pounded stone, the lower part being supposed

of material which could not communicate pressure. But if tlie whole of the box had been

tilled with the same material, the requisite thickness would have been found to be 5\ inches

to bear the pressure.

1590. In applying the ])receding formula to this case, we must first find the area of the

trapezium BEUF (/(/. 61 2.),

which will be found 1 95^

;

multiplying this by \% to re-

duce the retaining wall and

the material to the same spe-

cific gravity, we have l('9y^.

This mass being supposed to

slide upon the inclined plane

ED, its effort parallel to that

plane will be 1 95i x -|j' =
95 76=/). Having found in

tlie last formula that qs is rc-

))resented by o = 6'9;5, sr by
c = 4-76, qr by a= 8-40, /=
11-3, d-.^n-5; the thickness

of the retaining wall becomes

J-",
ill be-= sh — x; m =pb % —^

come, substituting the values

?i«fi'l7^0 = -9''^- and 2m = 59 -04.95-76 X 6-93 = '-^ becomes ^r,ad ^ '

ft>7nx4-7(i

8-40xl7-Su'
3-1, and n^ „

9'61. Substituting these values in the formula x= \^2!n + w^ —n, we have x= ^59-04 + 9-61
— 3-1 =5-2, a result very confirmatory of the tlieory.

1591. In an experiment made on common dry earth, reduced to a powder, which took a
slope of 46^ 50', its specific gravity being only \ of that of the retaining side, it was found
that the thickness necessary was 3 inches ^.

1592. It is common, in iiiactice, to strengthen walls for the retention of earth witli piers
at certain intervals, whicli are called counterforts, by whicli tlie wall acquires additional
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strenpjtli ; but after what we have said in the beginning; of this article, on the dependence
that is to be placed rather on well ramming down eacli layer of earth at the back of the

wa'l, supposing it to be of ordinary tliickuess, we do not think it necessary to enter upon
any calculation relative to their employment. It is clear their use tends to diminish the

re(|uisite thickness of the wall, and we would rather recommend the student to apply him-
self to the knowledge of what has been done, than to trust to calculation for stability,

though we think the theory ought to be known by hiin.

Presscjre or Force of Wind against Walls, &c.

1592a. Air rushes into a void with the velocity a heavy body would acquire by fiUni'^

in a liomogencous atmosphere. Air is 840 times lighter than wiiter. The atmosphere
supports water at 33 ft. ; homogensous atmosphere, therefore, is 33 x 840 = 27,720 ft. A
heavy body falling one foot acquires a velocity of eight feet per second. Velocities are as

tlie square roots of their heights. Tiierefore to find the velocity corresponding to any given
height, ex|n-essed in feet per second, multiply the square root of the height in feet by 8.

For air we have V= v'27,720 — 166,493 x 8 = 1332 feet per second: this, therefore, is

the velocity with which common air would rush into a void : or 79 920 feet per minute

;

some say 80,880 feet. (Telford's Slemoraudum Book). Some authors say that the weiglit

or pressure of the atmosphere is equal to the weig'.it of a volume of water 34 ft. in height ;

or 14-7 li)s. per square incli at a mean temperature; for air and all (?) kinds of gases are
rendered lighter by the ap])lication of heat, because the particles of the mass are repelled

from each other, or rarefied, and occupy a greater space.

1592/>. The force with which air strikes against a moving surface, or with which the
wind strikes against a quie-'ceiit surface, is nearly as the square of the velocity. If /3 be tlie

angle of incidence ; S the surface struck in square feet ; and v the velocity of the wind in

lejt per second ; tlien if /equals the force in pounds avoirdupois, either of the two follow-

ing ajjproximations may be used, viz.,/=^^

—

^^

"

; or, /= •0022SSt)-Ssin-;3. The first

is the easiest in operation, requiring only two lines of short division, viz., by 40 and by

11. If the incidence be perpendicular, sin- ;8= 1, and thise become /=jtj7= •0322S8i;-5.

(Gregory). The force or pressure per square foot in lbs., is as the square of the velocity

multiplied by •OJ2288.

1592c. Impulse of the Wind on a Square Foot.

Velocity ill Feet
Per Second.

Impulse in lbs.
Velocity in Feet
Per Securnl.

Impulse in lbs.
Velocilyin Feet
Per Seco (1.

Impulse ill lbs.

10 0-229 60 8-234 110 27-675
14-67 0-492 6601 9-963 117-36 31-493
20 0-915 70 11-207 120 32-926
30 20.39 73-35 12-300 130 38-654
36-67 3 075 80 14-6.38 140 44-S.SO

40 3-660 90 18-526 146-70 49-200
44-01 4 4-.'9 100 22-872 150 51-462
50 5-718

159-V/. The resistmce of a sphere is stated not to exceed one-fourth of that of its

greatest circle 'JVedgold, Carpentri/, and Iroiu lias minutely examined tlie effect of the
al)ove forces, and the ])rinciplL' of forming the necessary resistance to them in the construc-

tion of walls and roofs. See Hurricanes. Where the roofs of buildings, as in the coiuitry,

are exposed to rude gusts and storms, it is necessary to increase the weight of the ridges,

hips and flasliings.

1592e. The utmost power of the wind in England is said to lie 90 miles per hour, or

40 lbs. per square foot. Tredgold takes the force at 57^ lbs. per square foot. Dr. Nichol,

of the Glasgow Observatory, records 55 lbs. jjer square foot, or "382 lbs. per square inch,

as tlie greatest pressure of wind ever observed in Britain (Rankine, Civil Eng. 538).
During the extremely heavy gale ofJanuary 16, 1866, the pressure in London was recorded
as 33 lbs. ])er square foot; at Liverpool it was 30 4 lbs. The velocity of the wind on the

south coist of England, during January 1 1, when it uprooted old elm trees, averaged 65
miles an hour; later in the day it was 90 miles ; the latter impetus is equal to the 40 lbs.

per s(]uare foot, at)ove mentioned.

1592/". Wind exercises a tendency to overthrow a building upon the external edge op-
posite to the line of its advance, equivalent to the surface of the face receiving the impul-
sion multi])lied by tlie force of the wind, and by a lever which on the average may l)e taken
to be equal to half the height of the building. To secure the stability of the latter, its
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Weight miiliiplied by a lever eq-ial to lialf tlie base must exceed the sum of the elemenis of

tiiL- wind's action.

1592(7. To dL'termine tlie pressure of wind in |)ounds per square foot, equal to the sta-

bilitv of a square stalk, multiply the weight of the stalk in pounds, by tw,ce its width in

feet at the ha^e, and divide the jjroduL-t by tiie square of its heiglit in feet, aiid by the sum
of its to|) and bott )ni breadths in feet.

Let !t> = \veiglit of stalk in pounds = 90,000

;7 = l)ressure of wind in pounds per scjuare foot eijual to stability of stalk

A = height of stalk in feet = 50 feet

fc = breadth of stalk at base in feet =4 feet

<;= breadtii of stalk at top in feet = 2 feet

Then ' '

,,„ ,̂
— "1, =n=48 pounds per square foot. If the stalk be circular, then, to

determine the pressure of wind, proceed as before, but rei)lace the breadths by the dia-

meter, and multiply tlie result by 'i. Canipin, Eni/ineers^ Puckel Remeinhramer, 1S6"3.

Sect. X.

BEAMS AND PILLAllS.

15y;j. ITie woods used for the jjurposes of carpentry merit our attention from their

iinportance for the purpose of constructing solid and durable edifices. They are often

employed to carry great weights, and to resist great strains. Under these circumstances,

their strength and dimensions should be projioi tioned to the strains tiiey Iiave to resist.

For building purposes, oak and tir are the two sorts of timi)er in most common use.

Stone has, doubtless, the advantage over wood : it resists the changes oi' moisture and
dryness, and is less susceptible of alteration in the mass ; hence it ensures a stability which

belongs not to timber. The fragility of timber is, however, less than that of stone, and its

facility of trans])ort is far greater. The greatest inconvenience attending the use of

timber, is its great susceptibility of ignition. Tins has led to expedients for auothtr

material, and it has become greatly superseded by iron.

15')4. Oak is one of the best woods that can be employed in carpentry. It has all the

requisite properiies; sucli as size, strength, and stiffness. Oaks are to be found ca| able of

furnishing jjieces 60 to SO ft. long, and 2 ft. square. In common practice, beams rarely

exceed 36 -to 40 ft. in length, by 2 ft. square.

1595. In regard to its dural)ility, oak is preferable to all other trees that furnish equal

lengths and scantlings: it is heavier, better resists the action of the air iqjon it, as well as

that of moi.sture and immersion in the earth. It is a saying relating to the oak, that it

grows for a century, lasts jjerfict for a century, and takes a century to perish. Wlien cut

at a proper season, u.sed dry, and protected from the weather, it lasts from 500 to 600
Vfars. Oak. like other trees, varies in weight, durability, strength, and density, according

to the soil in which it grows. The last is always in an inverse jnopoition to the slowness

of its growth ; trees which grow slowest being invariably tlij hardest ad the heaviest.

1596. From the experinunts made upon oak and other sorts of wood, it is found that

their strength is proportional to their density and weight ; that of two pieces of the same
species of wood, of the saine dimensions, the heavier is generally the stronger.

1597. The weight of wood will vary in the same tree; usually the heaviest portions are

the lower ones, from which upwards a diminution of weight is found to occur. In full-

grown trees, however, this difference does not occur. The oak of France is heavier than

that (if England; the specific gravity of the former varying from 1000 to 105-1, whilst the

latter, in the experiments of Barlow, varies from 770 to 920. The weight, therefore, of

an English cube foot of French oak is about 58 English ])ounds. Timber may be said

to be well seasoned when it has lost about a sixth part of its weight.

1598. In carpentry, timber acts with an ai)solute and with a relative strength. For
instance, that called the ai)solute strength is measured by the effjrt that must be exerted

to break a piece of wood by pidling it in the direction of the fibres. The relative strength

of a piece of wood depends upon its position. Thus a piece of wood placed horizontally

on two points of sui)port at its extremities, is easier broken, and with a less effort, than if

it was inclined cr ujiright. It is found tliat a smaller effort is necessary to break the ])iece

as it increases in length, and that this effort does not decrease strictly in the inver.se ratio

of the lengtii, when tlie thicknesses are equal For instance, a piece 8 ft. long, and 6 in.

square, placed horizontally, hears a little more than double of another, of the same dejith

and thickness, 16 ft. long, placed in the same way. In respect of the .ibsolute force, the

difference does not vary in the same way \v\i\\ respect to the length. The following are

experiments by Rondelet, to ascertain the absolute force, the specimen of oak being of

361 specific gravity, and a cube foot, therefore, weighing 4 9jLlL)s.
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Cohesive Force of Plecei draini in the Direction of their Lengtfi.

First experhnent.

A str.nll 10(1 of oak 0-0888 in. (=1 FVench line) square, and 2-14

in. in length, broke with a weight of - - - 1 15 lbs. avoirdupois

Another si)ecinien of the same wood, and of similar dimensions,

broke with - - - - - 105,8g

Another specimen . . - . - llO-j'jj

The mean weight, therefore, was, in round numbers, 110 lbs.

A rod of the same wood as the former, 0-177 inch ( = '2 French lines)

square, and 2-14 inches long, broke with a weight of - 4,S9;Jlbs. avi ird pc is

A nother specimen - - - - - 4 1

8

Another specimen . . . - . 45H
The mean weight, therefore, was 436 lbs. for an area ^^^ in. ( = 4 s(]uare lines

French, or 110 lbs. for each, French line = 0-0888 in. English).

1599. Without a recital of all the experiments, we will only add, that after increasing

the thickness and length of the rods in the several trials, the absolute strengtli of oak was

found to be 110 lbs. for every -^^^ of an inch area ( = 1 French line superficial).

The Strengtli of Wood in. an upright Position.

1600. If timber were not flexible, a piece of wood placed ujiright as a post, should bear

the weights last found, whatever its heiglit ; but experience shows that when a post is

higlier than six or seven times the width of its base, it bends luider a similar weight before

crushing or compressing, and that a piece of the height of 100 diameters of its base in

incapable of bearing the smallest weight. The proportion in which the strength decreases

as the lieight increases, is diflicult to determine, on account of the different results of the

ex])eriments. Rondelet, however, found, after a great number, that when a piece of oak

was too short to bend, the force necessary to crush or compress it was about 49 72 lbs. for

every f|^ of a square inch of its base, and that for fir the weight was about 56-1 G lbs.

Cubes of each of these woods, on trial, lost height l)y compression, without disunion of

the fibres ; those of oak more than a third, and those of fir one half

1601. A piece of fir or oak diminishes in strength the moment it begins to bend, so that

the mean strength of oak, which is 47-52 lbs. for a cube
-^^^n

°f ^" inch, is reduced to

216 lbs. for a piece of the same wood, whose height is 72 times the width of its base.

From many experiments, Kondelet deduced the following progression : —
For a cube, whose height is 1 , the strength = 1

] 2 __ s

__ — 48, — =
^— — 60, — =,(,

Thus, for a cube of oak, whose base is 1-066 in. area ( = 1 square in. French) jjlaced

upright, tliat is, with its fibres in a vertical direction, its mean strength is ex-

pressed by 144* X 47-52 = 6842 lbs. From a mean of these experiments, the

result was (by experiment) in lbs. avoirdupois ... 6853

For a rod of the same oak, whose section was of the same area by 12-792 in. high

(= 12 French in.), the weight borne or mean strength is 144 x -^^ =5702 lbs.

From a mean of three experiments, the result was - - - 5735

For a rod 25-584 (=24 French) in. high, the strength is 144 x -o- = 3421 lbs. - 3144

For a rod 38-376 (= 36 French) in. high, the strength is 144 x —g— = 2281 lbs. - 233G

For a rod 51-160 ( = 48 French) in. high, the strength is 144 x ^^= 1 140 lbs.

For a rod 63-960 ( = 60 French) in. high, the strength is 144 x ^|-= 570 lbs.

47 5"
For a rod 76-752 ( = 72 French) in. high, the strength is 144 x -5]p= 285 lbs.

F^r a cube of fir, whose sides are 1 -066 in. area ( = 1 square in. French), placed as

before, with the fibres in a vertical direction, we have 144 x 56-16 = 8087 lbs. - 8089

• The French inch, consisting "f" HI lines.
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For a sfjuare rod, wliose base was I '000 in. area ( = ] square in. French), 12'792in.

high, we have 144 x ^^'|^
"

-= 67 39 lbs. .... G86S

Fur a rod 25-584 (= 24 French) in. high, 144 x^—= 4043 lbs. - - 3703

For a rod 38-376 ( = 36 Frencli) in. high, 144 x -g—= 2696 lbs. - - 2881

Foi a rod 51-160 (=43 French) in. high, 144 x "g— = 1348 lbs.

For a rod 63-960 ( = 60 French) in. high, 144 x -[2-= 674 lbs.

For a rod 76-752 ( = 72 French) in. high, 144+^^^= 337 lbs.

The rule by Ilondelet above given was that also adopted by Mj\L Perronct, Lani-

blardie, and Gir;ird. Li the analytical treatise of the last-named, some experiments are

shown, whicli lead us to think it not very far from the truth. From the experiments, more-

over, we learn, that the moment a post begins to bend, it loses strength, and that it is not

prudent, in practice, to reduce its diameter or side to less than one tenth of its height.

1602. In calculating the resistance of a post alter the rate of only 10-80 for every 1 -066

superficial line English ( = 1 line super. French), which is much less than one quarter of

the weight under which it would be crushed, we shall find that a square post whose sides

are l-066ft.( = l ft. French) containing 22104-576 English lines (=20736 French), would
sustain a weight of 238729 lbs. or 106 tons. Yet as there may be a great many circum-

stances, in practice, which may double or triple the load, it is never safe to trust to a post

tiie width of whose base is less than a tenth part of its height, to the extent of 5 lbs. per

1 -066 line ; in one whose height is fifteen times the width of the base, 4 lbs. for the same
proportion ; and when twenty times, not more than 3 lbs.

Horizontal Pieces of Timber.

1G03. In all the experiments on timber lying horizontally, as respects its length, and sup-

ported at the ends, it is found that, in pieces of equal depth, their strength diminishes in

proijortion to the bearing between the points of support. In pieces of equal length between

the supports, the strength is as their width and the squares of their depths. We here con-

tinue iVI. llondelet's experiments.

1604. A rod of oak 2 -132 in. (2 in. French) square, and 25-584 in. (24 in. French) long,

broke under a weight of 2488 -32 lbs., whilst another of the same dimensions, but 1 9-1 88 in.

(18 in. French) bore 3353-40; whence it ap])ears that the relative strength of these two

rods was in the inverse ratio of their length. The proportion is 19-188 ; 25-584 :: 2488-32 :

3317-76, instead of 3353-40 lbs., the actual weight in the experiment.

li;'05. In another rod of the same wood, 2-1 32 in. wide and 3-198 deep, and 25-584 in.

bearing, it broke with a weight of 5532 lbs. In the preceding first-mentioned experiment

it was found that a rod of 2-1.32 in. square, with a bearing 25-584 in. bore 2488-32 lbs.

Supposing the strength of the rods to be exactly as the squares of their heights, we should

have 4-54 (2-132^) : 10-23 (3-198^) :: 2488-32 : 5598-7 lbs. ; which the second rod should

have borne, instead of 5532 lbs. There are numberless considerations which account for the

discrepancy, but it is one too small to make us dissatisfied with the theory.

1606. In a third experiment on the same sort of wood, the dimension of 3*198 in. being

laid flatwise, and the 2-1 32 in. depthwlse, the bearing or distance between the supports

beino- the same as before, it broke with a weight of 3573 lbs. : whence it follows that the

strength of pieces of wood of the same depth is proportional to their width. Thus, com-

paring the piece 2-132 in. square, which bore 2488 lbs., we ought to have 2-132 ; 3-198

::2488-.32 : 3624-48, instead of 3573 lbs.

1607. From a great number of experiments and calculations made for the purpose of

finding the proportion of the absolute strength of oak, to that which it has when lying

horizontally between two points of support, the most simple metliod is to multiply the

area of the piece in section by half the aI)solute strength, and to divide the product by the

number of times its depth is contained in the length between the points of support.

1608. Thus, in the experiments made by Belidor on rods of oak 3 French ( = 3-198

English) ft. long, and 1 French ( = 1-066 in, English) in. square, the mean weight

under v.-hich they broke was 200-96 lbs. avoirdupois. Now, as the absolute strength of

oak is from 98 to 1 1 lbs. for every -j^J^s^. in. ( = 1 French line), the mean strength will be

104 and 52 lbs. for its half, and the rule will become (144 lines, being =1 French in.)

144^52 ^207-30 lbs., instead of 200-96 lbs.
36 (F. 111. J

1609. Three other rods, 2 French in. square (2-132 Eng. ), and of the same length be-

tween the supports, broke with a mean weigiit of 1711-8 lbs. By the rule
5'C(=l44 xJ)x52

= 1658 -88 lbs. avoirdupois. Wltliout further mention of the experiments of Belidor, we

EE
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may observe, that tliose of Parent and otliers give results which confirm the rule, llie

experiments, however, of Burton, having been matle on a larger scale, show that the strength

of pieces of timber of the same size, lying horizontally, does not diminish exactly in the jn')-

portion of their length, as the theory whereon the rule is founded would indicate. It be-

comes, therefore, proper to modify it in some respects.

1610. Buffon's experiments show that a beam as long again as another of the same

dimensions will not bear half the weight that the shorter one does. Thus—
A beam, 7 -402 ft. long, and 5-330 in. square, broke with a

weight of . . . - - 12495-OG lbs. avoirdupois

Anotlier, 14-924 ft. long, of the same dimensions, broke with a

weight of - - - - - 5819.04

A third, 29-848 ft. long, of the same dimensions, bore before

breaking - - - - - 2112-48

By the rule, the results should have been, for the 7-462 ft. beam 12495 60
for that of 14-924 - 6247-80

for that of 29-848 - 3123-90

Whence it appears, that owing to the elasticity of the timber, the strength of the pieces,

instead of forming a decreasing geometrical progression, whose exponent is the same, forms

one in which it is varial)le. The forces in question may be represented by the ordinates of

a species of catenarian curve.

1611. In respect, then, of the diminution of the strength of wood, it is not only pro-
portioned to the length and size, but is, moreover, modified in proportion to its absolute
or |irimlti\e force audits flexibility ; so that timber exactly ofthe same quality would give

results following the same law, so as to form ordinates of a curve, exhibiting neither

inflection nor undulation in its outline : thus in pieces whose scantlings and lengths

form a regular progression, the defects can only be caused by a difference in their primitive

strength ; and as this strength varies in pieces taken from the saine tree, it becomes im-
jjossible to establish a rule whose results shall always agree with experiment ; but by
taking a mean primitive strength, we may obtain results sufficiently accurate for practice.

l"'or this jjurpose, the rule that nearest agrees with experiment is—
1st. To subtract from the primitive strength one third of the quantity which

expresses the number of times that the depth is contained in the length of tlie

piece of timber.

2d. To multiply tiie remainder thus obtained by the square of the length.

3d. To divide the product by the number expressing the relation of tlie depth to the

length.

Hence calling the primitive strength - - - = a
— the number of times that the depth is contained in the length = b

— the depth of the piece - - - = d
— the length - - - - = Z

The general formula will be,

1612. Suppose the primitive strength a = 64-36 for each 1-136 square rme(=l Inie

French), we shall find for a beam 5-330 in. s(juare, by 19"188 ft. long, or 230256 inches,

that the proportion of the depth to the length =*^.„;|^ =43-2 = 6.

1613. The vertical depth beii g 5-330 or 63960 lines, d- will be 4089-88; substituting

.1 1 • j.\ c , axd- d- , C4-3(; X 4089 88 4089-88 „ , rthese values in the formula -— —, we have —- — =406799, inste;id of

4120 20, the mean result of t.vo beams of the same s-cantlings in the experiments of
B„iron,

1614. Mr. Gwilt has stated that the world generally, the architect and engineer
especially, are indt.bted to Budbn, from whom certain tables have emaijated, which were
the result of laborious experiments and deserved much consideration. These several
tables have been omitted in this edition of the Encyclopavlia, :.s having bt en supcr-eded
by vlie more recent and scientific investigations in England of Roliison, Young, Bevan,
Ilcnnie, Tredgold, Barlow, Modgkinson, Fairbairn, Laslett, with others, from some of
whose treatises passages have been adopted herein. The results of their more modern
investigations have been to benefit botli the architect and engineer, by bringing tlie aid
ol mailieniatical investigations, to found upon their experiments safe and general rules
for practice.
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Of tlie Strength of Timbers in an Inclined Position.

1622. If we supiJose the vertical piece AB {fig. Gl.^n.) to l)ec me inclined to the base.

as 15 D, the action of a vertical force at D will tend to cause the piece to bend, and thereby
to lose much of its power of resistance to a force acting in tlie

dinction of its lenjrth. Sup()ose tlie radius AB or BD to

represent the vert'cal force actinjj at D on the pice BD tiien,

by the '•resolution of forces," it can be rusjlved into two
foices, one acting in the diriclion of its length, and the other

acting at right angles to its lergth. The former will i)e reprc

stnted by the line T)f or the veit cal force multiplied l)y the
sinf of the angle D 'JC ; while the latter, at right ang'es to BD,
will act at D, tending to bend the piece BD about its base B,
and will he represented by the line B/J or the vertical force

multiplied bv the cosine of the angle DBC. The piece is

supposed to be fi.xed firudy at B, and may be considered as a

beam fixed at one end and strained at tlie other by the force

represented by B/' tending to brtak it about the end B. Wiun the piece comes into the

horizontal po^ition, as BC, the virtical foice acting at C will cease to produce any strain

in the direction of its length, and the transverse stiaiii will bo represented by the line BC
or AB acting at C, and straining the piece about its fixed end B.

162;}. Example. Let AB be a piece of Riga fir 20 feet long, the scantling being
10 inches by 6 inches. First take it in the upright position AB, then (frcn par. 16316 )

the breaking weight W in tons of an oak pillar when the lo.id acts vertically down A B is

VfjbiP 18 x6^w = -= 11-24 tons.
id^ + -5l-i 14(5 + 200

And the strength of a pillar of Riga fir being (par. 1631e. ) five-sixths that of oak, we
hare W = 9';i7 tons for Riga fir.

1624. If we now place the piece in the horizontal position, as BC, the strain upon it

from the load \\\ at C will be entirely transverse, and the breaking weight can be found

from the formula (lC2y^. ) for a beam supported at both ends and loaded at the middle.

But as the load is at one end in the present case and the beam fixed at the other, we take

one fourth of the weight given in the above named formula, so that we have

4 " r
1625. Now let the piece be placed in the inclined position, BD, making 60° with the

horizontal. A load F, acting vertically at D, will be resolved into two others at right

angles to each other, one acting longitudinally and equal to F x sin 60°, and the other

transversely at D and equal to F x cos 60°, or ^F', which equals W, in the formida above

for a beam fixed at one end and loaded at the other. Therefore the breaking weight

applied vertically at D will be F = 2W, = 2 408 tons.

1626. The breaking weight acting longitudinally is F x sin 60° =W = 9-37 tons, as

found above. Therefore we have
w n-37F= -^^-j, =^= 10-82 tons.

siu GJ° -riiiU

1627. This value of F is, however, more than four times the value obtained for it when
taking into consideration the transverse strain as found above, and we must take the

smaller amount as the actual strength of the piece, which is therefore reduced in the

proportion of 2 408 to 9-37, in consequence of its inclination from the vertical.

1628. In Practical or Constructive Carpentry, Chap. III. Sect. IV., Tables of scant-

lings lor timbers are given more immediately useful to the practical architect. But in con-

seciuence of the \ery large amount of information obtained since the first edition of this

work, resulting from the investigations of scientific and practical experimentalists, the fol-

lowing condensed summary of the new ideas on the strength of BEAiMS, GIRDERS, and

PILLARS, both in timber and iron, are submitted for the consideration of the student.

1628i;. The term beam is applied herein to large rectangular sections; that of girder to

large irregular shapes : and those of bur and irons to small rectangular and irregular forms.

16286. Beams and girders are calculated for the follovving classes of buildings:—

I. Light woikshops and factories, public halls, churches, and other buildings in which

people only acciiiniilate, with warehouses for light goods. For all these an allow-

ance of 1| cwt., or 168 Ihs., per square foot of floor surface will include the weight

of the joisting, the flooring, and the load upon it.

II. Storehouses for heavy goods, or factories in which heavy machinery and goods are

placed. For these an allowance of 2\ cwt., or 280 lbs ,
per square foot of floor sur-

face will include the same weights.

II I. Ordinary dwelling houses. For these an allowance of \\ cwt, or 140 lbs,, per square

foot will include the same weights.

E E 2
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IV. The weight of a floor of timher has been calculated at 35 to 40 lbs. per square foot

;

20 lbs. is usually allowed. A single joisted floor without counter floor, from 1260
to 2000 lbs. per square. A framed floor with counter flooring, from 25<50 to

4000 lbs. per square. Barrett's system at 78 lbs. A half brick arch floor, 70 lbs.

A one brick arch floor, 120 lbs. Though Trcdgold allows 40 lbs per square foot

for the weight of a ceiling, counter floor, and iron girders, with 120 lbs. per sejunre

foot more supposing the floor to be covered with people at any time = to 160 llis.,

as the least stress, yet a wareliouse floor, as required at the docks, is there calcu-

lated at about 17 lbs. including girders, which, with about 9 lbs. for plastering,

allows 26 lbs. per sup. foot.

V. Partitions, <»r any other additional weights brought upon the floor, must also be

taken into consideration. This is calculated at froJTi 1480 to 2000 lbs. per square.

VI. The weight of the load to be carried must always include that of the girder itself.

STRAINS ON BEAMS AND GIRDERS.

1628c. These we shall consider under the heads I. TRANSVERSE STRAIN
(1628.9), which consists partly of the action of Tension as well as of Compression, each of

thetii being dependent upon the CoAes/on of the mateiial. Under II. TENSION (leSCc),
will be considered the ne-uiral axis (1630c.), deflection of beams (1630e. ), with the modulus

of elastici/i/ (1630/.), impact or collision (1630o.), and the tensile stre^rith (1630;).). Under
in. COMPRESSION (1630!^;.) is consideied Deflection of pillars, and Dctrusion

n631n.). The subject IV. TORSION (1631x.) closes this section.

162^6?. Timber is permanently injured if more than even \ of the breaking weight is

placed on it. Buflf'on allowed jj, which is now the custoin, for the safe load. Fairbairn

spates that for bridges and warehous-es, cast iron gir^'ers should not be loaded witli more
than i or ^ of the breaking weight in the middle. For ordinary purposes, i for cast iron

is allowed for the permanent load ( Barlow). A little more tlian | can be allowed for

wrought iron beams, as that material, from its extensile capability, does not suddenly give

way (Warr) ; but they should never be loaded with more than ^th (Fairbairn). Girders,

especially tliose of cast iron, which are liable to be less strong tlian intended from irrogu-

lariiy in casting and cooling, should be proved before use to a little more than the extent

of the safe load ; this proof, however, should never exceed the half of the breaking weight,

as the metal would be thoroughly weakeiud. 'J'redgold observts that a load of i ol tlie

breaking weight causes deflection to increase with time, and finally to produce a permanent
set. 1 he Board of Trade limits the working strain to 5 tons, or 11,200 lbs. per square

inch, on any part of a wrought iron structure.

]628e. Of all the circumstances tending to invalidate theoretical calculations, the sun
is about the worst. Mr. Clark writes, about the Britannia tubidar bridge: "Although
the tubes offer so effectual a resistance to deflection by heavy weights and gales of wind,

they are nevertheless extremely sensitive lo changes of temperature, so much so that half

an hour's sunshine has a much greater efTect than is produced by the heaviest trains or the

most violent storm. They are, in f;ict, in a state of perpetual motion, and after three

months' close observation, during which their motions were recorded by a self-registering

instrument, they were observed never to lie at rest for an hour. The same may almost be

said of the large bridges over the dotk passages. Tiie sun heats the top flange, whilst the

wind, alter sweeping along the water, impinges on the bottom flange, keeping it cool and
causing it to contract, whilst the top flange is being expanded by the sun, so putting a

camber on the bridge much exceeding the deflection caused by the heaviest working load.

At the Mersey Docks the top flanges of the bridges are painted white, to assist in meeting
the difficulty."

Transvekse Strain.

1628^. The strength of beams in general is directly as the breadth, directly as the

square of the depth, and inversely as the length ; thus I^!^—~t^—""• ^"* ^ certain

supposed quantity must, however, be added to express the specific strength of any material,

a (juantity only obtained by experiments on tha-t material. This supposed quantity is re-

presented bv S. We then obtain —^—— r'— = breaking weight. Therefore, in

experiments, a simple transposition of the quantities evolves the value of S; thus
length X breaking weight c i •

i o ... i . ^ a j ^i i »•

r TTT—T^., ., — = o, which S then becomes a constant. As regards the usual form

of a cast-iron girder, using C as a constant for a signification in a girder, similar to that of

-, . , ..\ £ 1 nrra of section X (leptl'.^x , i • •
i » i-., i c a

IS in a beam, the tovmula ^ r

—

=breakin<; weight, llie values ot Js
' length «=

_

^

and C are only applicable to a beam or girder of a similar sectional form to that from



Chap. I. BEAMS AND PILLARS. 421

whicli the value was derived, since this coitstaiit expresses t'uc specific strength of that form

of section.

16'iS/i. Another formula for estimating the strength of heams rests on the knowledge
of the resistance (or r) offered by any material to fracture by a tensile or cmsliing force,

and tlie depth of the neutral axis (or n) of this area in the beam ; the latter, of course,

cannot be calculated, except from experiment. The rule is

weight. Sea Resistance, in Glossary.

r X breadth x deplh-

71 X length
breaking

1628/. Table of the Transverse Strength of Timber: 1 Incli Square, 1 Foot Long.

Warr. Barlow. Tredgold
Hurst.

Moles-

Name.
Specific Value of

Gravity. Value
of S.

Sof
others.

Vnhie
of S.

Vnlue
of S.

1«05.

Value of S.

U.S. lb«. lb*. Ihs.

Ash, English - •760 506 518 675 f.56 560 672

Beech, „ •6P6 890 . . - 677

., Amer. White - •711 345
„ Red - •775 435

„ - - . . - - . - 519 - - 448 504
Poplar ... - - - . . - . 327
Birch, Common - •711 482 - 607

Elm, English •579 200 595 338 540 336 336

„ American - - - 6:n-5 611

0..k, English - •829 424 . 400 710

•„ ), " " - . . - . 470 400 560 560

„ „ - - . - _ 557

„ African •988 630 869-5

„ Adriatic - . - - . 461 448

„ Amer. White •779 433

„ Red •952 422 653-5

„ Canadian - . . - . . 588

„ Dantz'c •720 377 - 486

„ Memel •727 416 444

„ Riga . . - . . 714
Pine, Amer. Wliite •4:i2 307

„ Bed •?76 382 467 447 . - 448 448

„ „ Yellow - •508 300 35A-5 - - 658
„ Pitch •740 432 629 541 560 560
„ Dantzic •649 356

„ Weniel •601 334 - 577 545
„ Riga

1' ') * "

•654 346 - 376
359

530 336

Fir, Spruce •50.3 336

„ „ American - •772 260 . . . 570
„ I\Iar Forest •698 308 - 381

f 415
315

1 » » - -
1408

„ Scotch . . . . . _ . 582
„ New England - - . - . 367
„ Yellow .. . - - . . . . . 336
Deal, Christiania •689 400 . 521 686
Larch ... •505 256 . 280 557 3.36 336

„ Amer. Tamarac •433 230
Walnut - . - . - - . - - . 500
Spanish Chesnut - - - . - - - 610

1 Mahogany, Nassau •G68 430 673-5

„ Honduras . . - , . . _ C37
„ Spanish . - _ . - - - 425

Teak - - •729 527 . 820 717
Peon . - - - . 740 590
Mora . . - . . - 691
Sabicu ... . . . - 854-25

Green-heart . . . 1,079-5

Cowrie . _ „ . . -" - . , . 610
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16284. The results of Barlow, Nelson, JVIoore, Denison, and some otliers. are collected

in the above table, which gives ame^wof'the whole (Warr); Barlow's values arc alvo noted

separately, being those usunlly sui)i)lievl in tlie Handbook^; and obtained by Barlow's for-

mula,-—^^- = S, from experiments on a projecting beam or arm; or from the formula

-

—

—T-,— = S, when a beam supported at the ends is under trial. A measurable set is

jiroduced by a straining force very much less than that to which the material will be likely

to be exposed in practice. Without having this principle in mind, tlie differences between
the actual breaking weight and the permanent set weight of son e writers will l)e misun-

derstood. I'lie ])ractical man, however, will use one third or some other proportion of

these values, as noticed in pur. 1628d. (See another Table, par. 1630s ).

16'28Z. Table of the Transverse Strength of Metai.s: 1 Inch Square, 1 Foot Long.

Name,

Wrought iron, good English

,, best Derby
Staffordsh

shire and 1

hire - J

Scotcli hot blast

Breaking
Weight.

lbs.

8550?

Cast iron -

Brass, cast

Lead, cast

'I'in, cast -

Zinc, cast -

7644

One-tliird
for set.

Ills.

2850

2548

Tredgdld*
(Safe

Weiglits);
iiiid

otliers.

Ihs.

*952

2048

2500

1700
to

1900,
*2290'

*850

2000
*890
*i96
*372
*746

WOltll.

Breaking Weight.

Ills.

2800

Dobson.

2016

5-96

784

3021

2016

896

728

6-916

Break. Wt.

578 lbs.

357 lbs.

Ult. dcflfCt.

1 74, hard.

1 -36, soft.

1628/K. Fairbairn's experiments on cast irons obtained from the principal iron-works, and

made into bars 1 inch square and 5 feet long, proved that the longer Ijeams are weaker than

the shorter in a greater pro))ortion tlian tlieir resjiective lengths ; tliat the strength does nut

increase (juite so rapidly as the square of the de])th ; that the deflection of a beam is |)ro-

j)ortional to the force or load; and that a set occurs with a small portion of the l)reaking

weight.
Spec. Grav,

In 59 experiments, the strongest; Ponkev \ - .^^
No. 3, cold blast - - - J

^^-"^

In 59, exi)erimenis, the weakest ; Plaskynas-
]

ton. No. 2, hot blast - - -
j

]\Iean value 440 lbs., affording for the specific strength, S= 1980 lbs., or.— '884 tons. For
the rule including n, a comparison of two specimens gave 7i = 2-63.

1628/1. Morries Stirling has considerably strengtisened ca>t iron by adding a portion of

malleable cast iron. Four experiments, by Hodgkinson, gave the following results :
—

No, 2 quality (20 per cent, scrap), bars 9 ft. long, 2 ins. square - S = 2248
No. 3 „ (15 per cent, scrap), „ „ „ - S = 1682

No. 2 „ „ „ „ bars 4 ft. 6 ins. long, 1 in. square S = 2803
No. 3 „ „ „ ,, „ „ „ „ - S=1996

His irons are also stronger under compression and tension.

Tensile power, No. 2 - 11 -50 tons, I Compressive power, No. 2 - 54-62 tons.

„ „ No. 3 - 10-47 „
I

„ „ No, 3 - 64-41 „

16280. Hodgkinson also found the average breaking weight in pounds of a bar of cast

iron, 1 inch square and 4 feet 6 inches long between tlie supports, to be as follows :

—

Average of 21 samjilcs of /(o< t/asi iron ... 445-57 14 pounds
Average of 21 samjiles of co/(/ 6/os* iron ... 4569090 ])ounds

Tlie superior transverse strength of cold bluit iron equals nearly 2^ jier cent. R. Stephen-

son experimented, in 1846 and 1847, on bars of different kinds of cast iron, 1 inch square

and 3 feet bearing. The results are given in t!ie Civil Engineer, 1850, pp. 194-9.

Shapes of Beajis and Girders,

1628p. *' Calculation affords the following aliapes fur iron beams, as being enabled to do

the most work with the least expenditure of substance. Beams supported at one end : I.
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If the load bo terminal niul tlte depth conslant, the f(irm of the beam in breadth should be
wedgesliapcd, the breadth increasing as the length of the beam (the latter measured from
tlie loaded end). IL If tlie breadth be constant, the square of the depth must vary as the
lengtli, or the vertical section will be a parabola. JI[. Wlien both breadth and depth
vary, the section should present a cubical parabola. IV. When the beam supports only
its own weight, it should be a double paral)ola, that is, tlie upper as well as the lower sur-
face should be of a parabolic form, tlie depth being as the square of the length. V. When
a beam is loaded evenly along its surface, the upper surface being horizontal, the lower one
should be a straight line meeting the upper surface at the outer end, and forming a trian-

gular vertical section; the depth at the point of support being determined by the length
of the beam and the load to be sustained. VI. If an additional terminal load bo added to

such a beam, the under surface should be of a liy))erbolic curvature. VII. And in a flau'i-ed

beam, the lower flange should describe a parabolic curve (as in example IV^. ).

I()'i87. " Be ims mipportcd at both ends. I. A beam loaded at any one point, as scale

beams and the like, should have a parabolic vertical section each way from the loaded point,

A A. fig. 6lSb. II. In flanged bco'iis, the

j:!
lines may be nearly straight, and approach
the straight lines more as the flanges are

^H K,'f| thinner. III. A beam loaded uniformly
along the whole of its length, should have

I'ig.MJi).
^ij elliptic outline for the upper surface,

the lower one being straight. This form applies to girders for bridges and other purposes

where the load may be spread. IV. With thin flanges, a beam so circumstanced should

be of a parabolic figure. V. If a flanged beam have its upper and lower sides level, and

be loaded uniformly from end to end, the sides of the lower flange should have a paral)olic

curvature." (Gregory.) VI. In the case of example III., Fairbairn observes that the

greatest strength will be attained, while the breadth and depth is allowed to be diminished
towards the ends. This
diminution should take place

in curved lines which are

strictly jiaiabolic. The most
convenient way of doing this

is by preserving a horizontal

level in the bottom flange,

diminishing its width, as

'
, ,

well as the height of the
"'

' girder, asy?_(/. 613c. Thus the

spaces hb should be square on plan for the bearings on the wall, &c., and eijual to the width

of the bottom flange at the centre ; the intermediate length I t) be curved to the form jue-

scribed. The width of the bottom flange is to be reduced near the ends to one half of its

size in the middle, and the total depth of the girder reduced at the ends in the same pro-

portion. At the middle of the bearing, a flange may be cast on to connect the upper and

lower flanges, and this will give additional stillness to the girder.

1628r. Gregory further remarks on this subject : when the depth of the beam is uniform,

and (VII.) the whole load is collected in one point (as A,flg. Gl;3rf.) the sides of the beam
should be straight lines, the breadth

• K >'i
^ at the ends, i>, being half that where

jD the load is applied.

VIII. When the load is uniformly

distributed (fig. 61.'3e.) the sides

should be portions of a circle, the

radius of which should equal the square of the length of the beam divided by twice

its breadth. When the breadth of the beam is vniform and (IX.) the load is collected

in one point, the extended (under) side should be straight, the depth at the ])oint

where the load is applied twice that at the ends, and the lines connecting them
straight (fig. G13i. ) See examjile I. When the load is uniformly distributed, X. the ex-

tended (under) side should be straight, and the compressed (upper) side a portion of a

circle wliose radius equals the square of half the length of the be.im divided by its depth.

See examples III. and VI. W^ien the transverse secti^m of abeam is a similar figure

throughout its whole length; XI. if the load be collected at one point, the depth at this

point should be to the depth at its extremities as 3 : 2 : the sides of the beam being all

straight lines. XII. When the load is uniformly distributed, the depth in the centre

should be to the depth at the end as 3 : 1, the sides of the beam being all straight lines.

Various Laws AFrECTiNG Beams and Giuders.

1628a. The principles on which the rules subjoined are founded may be seen in Gregory,

Mechanics, Sfc. and Barlow, Strength of Materials, but divested, certainly, of the refine-

, G13rf,
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ment of Dr. T. Young's Modulus of Elastlctfi/, and some otlier matters, wliicli we cannot
lielp tliinking unnecessary in a subject wliere, af'ttT exhausting all tlie niceties of the ques.
lion, a large proportion of weight is considered too much for the constant load.

]6"28f. 'J'he trnnscerse stretigth is that power, in tlie case of a l)eam, exerted in opposing a

force acting in a direction peii)endicular to its length. 'l'i)e following formuke and rules
apjjly to the various positions in whicli a beam or girder is placed.

I. If a beam be loose (or supported) at both ends, and the

weight be applied in tlie midiile _ . .

II. If a beam be loose at both ends, and the weight be ap-

plied uniformly along the same length, it will bear twice

the load placed in the middle . - - -

III. if a beam be loose at both ends, and the weight be ap-

plied at an intermediate point; tlie spaces in with n = l-

IV. If a beam be fixed at both ends, and the weight be ap-
plied in the middle, it will bear one half more than if

both ends be loose (I.) - _ . - .

V. If a beam be fixed at both ends, and the weight be ap-

jilicd uniformly along the same length, it will bear three

times more than the load in the middle of No. 1, than if

both ends be loose .....
VI. If a beam l»e fixed at both ends, and the weight be ap-

plied at an intermediate point....
VII. If a beam be fixed at one end, and the weight be ap-

plied at the other end. it will bear only one fourth of tlie

weight carried by beam No. I, of the same length

CjuP
I

=W

t^"±-=^\\

Beam.

Sh(P w

7Shd- = w

'=w
l-SSArf-'

=w

u\v

w
VIII. If a beam be fixed at one end only, and the weight be ap})lied in the middle, it will

bear half as much again as at the end.

IX. If a !)eam be fixed at one end, and the weight be applied uniformly along its length,

it will bear double the load at tiie end.

X. If a beam be fixed at one end only, it is as strong as one of equal breadtli and
depth, and twice the length which is fixed at both ends.

XI. If a l>eam be sujiported in the middle and Ifiaded at e:icli end, it will bear the same
weight as when loose at both ends and loaded in the middle (as I.)

XII. If a beam be continued over three or four points and the load be uniformly dis-

tributed, it will suffice to take the part between any two points of support as a

beam fixed at l)oth ends.

XIII. If some of the parts have a greater load than the others, it will be near enough in

jiractice to take the parts so loaded as supported at tlie ends only.

XIV. If a lieam be inclined and xupported at both ends, it has its breaking weight tcpial

to that of the same beam when horizontal, multiplied by the length of the inclined

beam and divided liy the horizontal distance.

Note.—In calculating for the strength of a beam or of a girder, it is usual to reckon
on the ends being loose, from the difficulty of fixing the ends in a sufKcient manner
to warrant the rule in that case being followed: and when the ends a'e solidly em-
bedded, they should penetrate the wall for a distance equal to at least three times the

depth of the beam or girder (par. 1630na.) ; but this precaution is seldom carried out
in practice.

1628!/. For the effect of running loads over bars, we must refer to Professor WilKs's

experiments at Cambridge, given at the end of Barlow's Strength of Materials, &c.,

1851.

16'28v. Two geometrical metliods of finding the lest proportion of a beam to be cut out
of a given cylinder have been propounded. The stijfest beam, says Tredgold, that can be

cut out of a round tree, is that of which the depth is to the breadth as V^ to 1, or nearly

as 1'7320508 to 1 ; this is in general a good proportion for beams that have to sustain

a considerable load. Tlie required propor-

tions are obtained by dividing a diameter

as lib mfiq. G\Sf., into two equal parts, ac

and ch, tlien drawing with a and b as cen-

tres two arcs through c to cut the circle

in e andT; the points (tehf hcmg joined, the

figure is that of the st'ffcU beam that can
he cut out of a cylinder, to resist a perpendi-

cular strain. It is aliO observed by Tredgold
that the strongest beam which can be cut out of a round tree is that of wliitli the depth

Fig. 6 1 33.
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IS to the breadth as •v'^^ls to 1, or nearly as 1*4142136 to 1 ; or as 7 to 5. Its two sidea

must be to the diameter of the tree as the '^^, and '^f to I. The required proportions are

obtained by dividing a diameter ah. Jig. 6I:3A., into tliree equal parts ac, cd. dh, and
drawing tlie lines ce and df at riglit-angles to ah ; the points ae?)/ being joined, the figure

is that of the strongest beam that can be cut out of a cylinder. The strength of a square

beam, fg. 6\^g., cut from the same cylinder, is to the strength of the strongest be.im

nearly as 101 to 110, although the square beam would contain more timber nearly in the

ratio of 5 to 4 "7 14. The stiffest beam is to the strongest as 097877 to 1, as rc'gards

power of bearing a load ; but as 1 •04382 to 1 as regards amount of deflection, in equal

lengths between the sujiports.

1628u'. Buffon, during his extensive series of experiments on oak timber, from 20 to 28

feet in lengtii, and from 4 inches to 8 inches square in section, found tliat the heart-wood

which "as densest was also strongest, and the side on which the beam M'as laid also artected

tlie stiengtli ; fjr when the annual layers were horizontal, and the strength 7, the layers

laid vertically gave a strength of 8. He also found that beams which had each supported,

witliout breaking, a load of 9,000 lbs. during one day, broke at the end of five or six

montlis witli a weight of 6,000 lbs., that is to say, they were unable to carry for six months
two-thirds of the weight tliey bore for one day.

ST"

Transverse Sections.

1628a-. The transverse section of a cast iron girder previous to Hndgkinson'sexperimenti?

was that of Tredgold, consisting of equal flanges at top and bottom, as A,

Jig.G\?>i; and that of Lillie and Fairbairn, in 1825, with a single flange, as

B; Ilodgkinson deduced a section of greatest strength iiaving areas of flanges

as 6 to 1, as C. Taking this form as unity, the ratios will stand :
—

For Hodgkinson and Fairbairn, as - - - 1 : "7.04

For Hodgkinson and Tredgold, as - • - 1 : '619

For Fairbairn and Tredgold, as - - - - 1 : -8 20

(Fairbairn, A/iplication, &c. p. 25 : Tredgold, Cast Iron, 1824, p. 55, describes

the advantages of his own form of section.)

1628y. Hodgkinson's complete section for a cast iron girder is shown 'vc\ Jig.

61.')/. Its chief principle is, that the bottom flange must contain six times the

area of the top flange. The several dimensions are taken thus :— I. For tlie

. depth, the total dimension I). II. For the bottom flan^fe, the width B, and
for the two thicknesses, one is taken at the centre hb ; the other h at the end.

ii^'. 6ioi. jjj_ Yov tlie top flange, the width T, and for the two thicknesses, one is taken

at tlie centre tt, the other t at the end. In this manner the dimensions of the flaiiges are

^....T..> quite independent of the thickness of the rib. IV. For the rib

«.6.^.-..» ti,e two dimensions r and rr are measured as continued to tlie

extreme top and bottom surfiices of the girder, with the same
view of making these dimensions independent of those of the

flanges, and promoting exactness in defining the entire section.

Hodgkinson's complex rule for obtaining the weight a girder

will carry, is ^-X b d^-{b-h^^) d^^ = W. Here W = tons, or

b eaking weight ; I feet, or length between s'.ipports ; d whole
depth ; c?, depth to bottom flange ; b breadth of bottom flange ,

and b^ thickness of vertical rib. The simp'er rule usually em-

ployed, as —
^ j.^^^

= WtoDs, or the breaking weight which should

not be less than four times the permanent load distributed; and
it gives a result less l)y 7 per cent, than the com|ilex rule above
described, therefore an excess of strength is obtained.

1628z. The projiortions of the rib are undetermined, biit it

^ L'JJ.j , is evident that they should bear some ratio to those of the

* --is--'-
» flanges. It must be sufliciently rigid to prevent lateral we ik-

Fig. 613;. ness. Moreover the very theory which maintains the nrinciple

of the neutral axis (par. 1630c) also recognises the increase of the forces of comprtssion and
extension upward and downward from the neutral a.ris, and would therefore lead to the

adoption of a rib tapered in iioth directions. In practice it is found desirable to taper tlie

rib so as to meet each of the flanges with a thickness corresponding to that of the flange, for

if any very great disproportion exists, the operation of casting the beam cannot be so

]ierfectly performed, from unequal shrinkage of the metal, and an imperfect casting or one
having flaws in it, renders futile all calculations of strength.

] 629 Hodgkinson gradually varied the form of section ofgirder in his experiments until

the widths and depths of the flanges were as follows:—Top flinge 2'33 inches wide, 0'31
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ri

jlLl
Fig. 6 lot.

incli deep; bottom flange G-67 inclies wide, GG inch deep; the areas being -720 and

4-1 inclies. Tlie rib was •2()G inch thick, and the total depth 5~ inches, 'I'he constant or

C was found to be 514 for cwts., or 2G for tons. (Warr.)

lG29a. ]t will scarcely be within our province to describe all the forms of sections, and

the results of the experiments made by Fairbairn in obtaining his box beam or plate girder

in wrought iron, but it is to be noted that all the cylindrical tubes broke by extension at

the rivets before the tube could fail by compression. Fairbalin in his Application of Cast

and Wrovght Iron to Building Purposes, edit. 1857-8, p. 80, notices that although the platt

girder be inferior in strength to the box beam, it has nevertheless other valuable proiierties

to recommend it. On comparing the strength of these separate beams, weight for weight,

it will be found that the box beam is as 100 : 9:5. 'I'he plate beam is in some respects

superior to the box beam; it is of more simple construction, less expensive, and more

durable, from the circumstance that the vertical jila'e is thicker than the side plates of the

box beam. It is also easier of access to all its parts for the purposes of cleaning. tS:c.

1G29/). Fairbairn has formed a comparison between a tcrovght iion and a cast iron g rder for

a span of 30 feet. The plate girder, jig.GVMi, would be 31 feet G inches in length, and would

be composed of plates 22 inches deep and j'^ths thick ; with angle iron < -\..

|ths thick, riveted on both sides at the bottom of the plate, and '

angle iron i inch thick at the top, the widtii o\er the top being 7i

inclies, and" the bottom 5r, inches. The breaking weight of this

,. ,
"__ .j.rtrfC ^,. 6 X 2.2 X 75

beam, takmg the constant at 1 5, would be —j- = \\ ; or —
^^^^
—

= 27-5 tons in the middle, or 55 tons distributed equally over the

surface. In the edition of 1857-8, the angle irons are described as

3 inches by 3 inches, i inch thick for the bottom, and 4 inches by

4 inches, | inch tliick at the top; it would, therefore, be 85 inches

over at the top, and about 6i inches at the bottom. Now a "ast

iron girder of the best form and strongest section and calculated

to support the same load, would weigh about 2 tons, the plate beam about 18 cwts., or

less than one half. To secure uniformity of strength in a rectangidar box beam, the top

is required to be about twice the sectional area of the bottom; hence resulted the use oi

cells in that portion.

lG29c. Fiq. 613/. is ii. plate beam having a single plate for the vertical web, while each

of the flanges consists of a flat bar and a pair of angle irons riveted to each other and to

the vertical web. Fig. 613w. is a

box beam, in which tl)ere are two

vertical webs. Fig. G13«. is a plite

girder of greater dimensions than

Jig. 613/. ; the flanges contain more
than one layer of flat bars, and the

web, which consists of plates with

their largest dimensions vertical, is

stiHened by vertical T iron ribs at

the joints of those plates, as shown
in the plan or horizontal section

Uttered A. The pieces shoidd abut

closely and truly against each other,

having end surfaces made exactly

perpendicular to the axis of the

beam. Tlie thickness of the web is seldom made less than |ths inch, and except for the

largest beams, this is in general more than sufficient to resist the shearing stress. Above each

of t!ie points of support, the vertical ribs must be placed either closer or made larger, so

tlwt they may be jointly capable of safely bearing as pillars the entire share of the load

which rests on that point of support. A jiair of vertical T iron ribs riveted back to back

through the web plates (as A, Jig 613«.) may be held to act as a pillar of cross-shaped section,

1629c?. The rib or web of a plate beam, as fig. 613/, having little or nothing to do with

the pressure directly, has been replaced in some cases by simple upright struts or diagonal

braces between the flanges, which in cast iron girders are in one casting, but experience has

proved this not altogether politic, particularly in cast iron. Hodgkinson remarked that

such beams were weaker than those with a solid rib. Rankine observes that transverse

rib« or feathers on cast iron beams are to be avoided, as forming lodgments for air bubbles,

and as tending to cause cracks in cooling. Open work in the vertical web is also to be

avoided, partly for the same reasons, and partly because it too much diminishes the resist-

ance to distortion by the shearing action of the load.

16i!9e. " Where the span renders it impracticable to roll a beam in one piece," Fairbairn,

page 91, notices that "convenient weights might be rolKd into sections of the proper form
— and being united by properly proportioned covering plates at top and bottom, and tC'
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B

the joints (par. 1630y.), and all the riveting be well executed, the beam will be equal in

sirength to one " of an entire length. " 'Ihis construction may be carried to a 'pan of 'lO to

50 feet. In practice it is found necessary to confine the use of cells to spans exceeding

100 or 150 feet : within these limits the same olijeits are most etonomically obtained l>y

the use of thicker plates" (l)age -215). " The more nearly the bottom ajjproximates to a

solid liomogeneous mass, ihe better it is calculated to resist a tensile strain" (see pages 248

to 256 for full instructions as to riveting plates; and Kirkaldy, Experiments, ^S'c. page

196, for comparison of strength). Asthe bendin? moment of the load on agirder diminishes

from tie middle towards the ends, and the shearing force from the ends towards the

middle, it follows that the transverse sections of the bottom plates may be diminished

from the middle towards the ends, and that of the vertical web from the ends towards tlic

middle, so as to make the resistance to bending and shearing respectively vary according

to the saine law. Consequently, towards the centre of a girder for a large span, tl)e

bottom plate is usually increased by additional plates to secure the requisite strengtli in

the sectional area, giving the underside of the ])late a bellied form. C. Graham Smith,

ll'rought Iron Girder Work, deserves attentive [jerusal by the student. It is print.'d in the

British Architect, for June 1877, pages S82 to 385.

1629/"; The results of various testings of a new manufacture of girder patented about

1866 by iNIessrs. Phillips are here recorded. A double weiglit in a cast iron girder is re-

quired to give equal strength with one of wrought iron. A riveted plate girder is not ahvays

adaptable for general purposes. The new system consists in riveting plates to the top and

bottom flanges of rolled iron beams, and so strengthening

„ them as to obtain results apparently disparaging to ordinary

plate girders. The experiments noticed here in an abridged

form were on a patent girder of 22 lbs per foot run, with a web
plate, as A, fig. 61;5o., and 20 feet bearing, as compared with

a riveted plate girder of 9 in depth; it gave a breaking weiglit
" of 7 tons and a safe load of 4 tons ; the formula for the break-

^ g ^ ing weight of an ordinary plate girder would give 3^ tons.

L
,_

'

/"T^ '*^' ^^~rr^^
^^ When two of the 8-inch rolled girders were riveted together

'f "
' " If " with a plate on the top, as B, the metal being about, 40 lbs.

per foot run, the girder was found to resist 20 tons, even then

not breaking, but becoming twisted. An ordinai-y riveted

plate girder of 40 lbs. per foot run, with a web of 12 inches,

with double angle irons of 3 inches by 3 inches and h inch

thick, would break with a strain of 9 tons. A simjile web
plate girder, with angle irons tO]) and bottom (fiy. 6t3A.),

Fife'- 6130. gives C = 60; a plate on top and bottom in adiliiio'i (j(?(/ 613/.

)

gives C = 75 ; and a box beam (fig. 6I3?n.) gives C = 80. The rolled girders made by the

Butterley Company give C = 57 to 88. The example A gives C = 210; and the example

B, 300. Other experiments are required fully to prove the superiority of the new system

over the beams and girders of the old sections. The details of the above testings are given

in the Builder, p. 148; Mechaidcs' Magazine, p. 129; Engineeriiig,"^. 139; &c., all for the

year 1866.

Condition of Breaking Weight in the 3Iiddle.

<:rp

u
u Jt; F G H I

Fig. 613p. VARIOUS FORMS IN USE FOR BE.iMS, GIRDERS, AND IRONS.

-AppTication to the manufacturer selected must be made for any special lengths and
strengths of rolled iron joists and girders, riveted and compound, &c. The former can
be obtained from 3 inches deep by 1| inches up to 22 inches deep by 8 inches, bein<T from
6 feet to 36 feet in length, with top and bottom flanges of usual proportions. The latter

can be obtained of the same lengths. One manufacturer advertises the following makes.

—

Rolled girders up to 19f inches deep and to 38 feet long. Zore's patent girders up to
8 inches deep and to 34 feet long. Channel iron to 12 inches wide and to 32 feet long.
Angle iron to 12^ urited inches and to 30 feet long. Tee iron to 12 united inches aiid
to 30 feet long. Flitch and .sandwich plates to 14 inches wide and to 36 feet long. Riveted
girders made up from stock to all sections. Bulb tees up to 10 inches deep. Rounds
to 61 inches. Squares to 5 inches. Flats to 14 inches. Chequered plates up to S feet by
4 feet.

The opinion is gaining ground that most of the constants in use for calculating the
strength of beair.s aie too high. A comparison of Trcdgold, Barlow, and Clark, will show
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a difference of something approaching 100 per cent,: TreJgold the highest, Clark the

lowest, and Barlow about midway. Mow sets of experiments are desirable, especially for

large scantlings. From 1866 D. Kirkaldy has made a number of experiments on full-

size timbers, and of late years Mr. Lanza has made some a-t the Massachusetts Institute.

His results show that the ordinary formulae require revision. For instance, a sprue -beam
12 inches by 2 inches and 15 feet lonir broke with a central load of 5894 lbs. Accor.dng

to Tredj;old's formula, it ought to have carried a load of 8928 lbs. before breaking. This

result was corroborated by other tests, and the general conclusion arrived at is tha*, whereas

we have been accustomed to use as a constant in the familiar formula W=^

—

— 4 cwt. for

fir or pine beams (in fact, in one of his examples 530 lbs. is used), we ought really to use a

constant of not more than 2^ cwt. The more thoroughly large size specimens, whether of

wood or irot), are tested, the more will our knowledge of their strength be increased, and
wo shall be less dependent upon theories. CJ. Slater, 1887). As an instance, put forward

fo long since as 1871-72 by Captain (now Colonel) Seddon from experiments by D. Kir-

kaldy on (1) white Riga iir, and (2) red Dantzic fir, where each piece was 20 feet long

—

White Riga fir was 13 inclies sqnare= 169 square inches area.
Ultimate stress 331,260 lbs. = 1960 lbs. per square inch.

or 147-88 tons=126*04 tons per square foot.

Gave way at knots 2 feet 9 inches from centre. Deflection •642.

Bed Dantzic fir was 13-5 by ]3'2 = 178 square inches area.

Ultimate stress 309,120 lbs. = 174 2 lbs. per square inch.
or 13S-00 tons= 112-02 tons per square foot.

Gave way at knot 0-9 off centre. Deflection -548 only.
Transactiuns, Royal Institute of British Architects, 1871-72, pp. 156-164.

Strictly speaking, the law that the breaking weight depended on the variations of stress

was known before 1849, when it was shown that cast iron bars broke with half tiie statical

breaking weight when subjected to continued repetitions of load. Subsequently Sir VV.

Fairbairn carried out an experiment on a riveted girder subjected to continual loading

and unloading for a period of two or three years. It broko with two-fifths of the statical

breaking load, and after repairing, with one-third the statical breaking weight, after over

one million changes of load in each case. The statical breaking stress was not, as com
monly assumed, the exact measure of the structural value of a material. (Prof. Unwin,
in Builder, 1887, p. 741).

1629t/. Problem I.^To find the breaking weight of a beam, the load being in the

middle and all the dimensions known. The ends loose or supported.

For A, Timber beams :
—

id-Slbs. ,,, ,, I
6(i-Scwt. ,,, . I 6 (J- S tons ,,- . I a4f?S ,,, ,,—

—

- = Wlbs. —rr-— =W cwt. ,. .
— =Wtons. -—— =W lbs.

neet I i teet I /feet i i lus.

Here S, in the first formula, represents the value of the breaking weight in poumls in the

middle, taken from the preceding table : in the other two it would be deduced from it ;

thus, taking Riga tir|^j^' = 3-21 for cwt., and
gijlrt. "

'^'^^ ^^^ *°"^
"

^ breadth in

inches ; <f depth in inclies ; / distmce between the points of support, in feet ; a area of

section. These letters will be continued in these problems, until other values are attached

to them. \V will always represent the breaking weight.

I629h. For B, Wrovght or cast iron rectangular beams:—
6d-;Slbs. ,,r 11 I

M-'Scwt. ,„ , I J(i"T' \rr ll>e
.

;— =W lbs. ; =Wcwts. ,.

,

= VV lbs.
( It I b I

Here F represents the weight in pounds borne by a rod 1 inch square, when the strain is

as great as the rod will bear without destroying part of its elastic force, = 15,300 for cast

iron. From a mean of 265 experiments by Hodgkinson and Fairb:iirn, it appears ( by
Gregory) that a weight of 454-4 pounds in the middle of a bar of cast-iron, I inch scpiare

and 4-5 feet bearing, produced fracture. Therefore, for a bar of any other dimensions,

wo have :
—

i£2z^2^^MVlhs.
I

MiC^H:?_5^Wcwts.
I ''^'^r'"' =Wtons.

I 1 / 1 ^

1629/. For C, Cast iron girder (Tredgold's section).

54_f X (1—9 x/j') =W lbs. Here q, difference between- the breadth in the middle and the

extreme breadth = -625 as fotmd to answer in practice: and p, depth of the narrow part in

the middle = •? as found to answer. When the middh; part of the beam is omitted, except

sufficient uprights to connect the top and bottom bars, then —^-r- x (1 —ja') = W lbs. Here
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d whole depth ; ami p deptli of part omitted. If the thickness of the web be about yj^lh

or jtth of the depth of the beam, then

—

--— =W cwts. -T-.—,— = W tons. —T-—— = W tons.
I inches I I luohts I I leet

Here 514 cwts. nnay be used for side castings, or 536 cwts. for erect castings. The other

quantities are obtained thus : „!^ .
"" '^'

= 25-7, called 26 tons; ~=26-8, called 27 tons.
^ 20 for tons ' '20
When / is used in feet, || = 2-1 66 : a represents area of bottom flange in inches.

1629A. For 1>, C«s/ iVon piVrfcr (Hodgkinson's pattern) :

—

adC = 5H ^.j ^ \adC= 2& ,,7, \adO= 2-\i -„, . \2(id .„ , I ad -r, .-— =W cwts. -7^—,— =W tons. ———— =W tons, -^-r-- =W tons. _- = P tons.
I lucues I I inches I / teet I t ft. I / it.

Here a and d as before ; P permanent load distributed, or about one-fourth of the

breaking weight distributed; and multiplied by 2 when the ends are fixed = one-half

BW. I'rom the experiments above quoted from Gregory, we obtain

—

(7^4852 ^,^1, I
n(J43-33 ,,, . 1

«(?2-16G ,„ ^— = W lbs. z— =W cwts. •—;— = VV tons.

1629?. Gregory's work also states an arbitrary formula given by Mr. Dines, which he
found to be tolerably correct in all cases where the length of the girder did not exceed y5
feet ; its depth in the centre not greater than 20 inches; tlie brt-adtli of the bottom flange

not less than one-third, or more than half, the depth ; the thickness of the metal not less

ttian jLth of the depth. Then

—

'^^[bd--{b-h.,)d.f] = ^\]hs.
I

~ [hd-'-(h-b.,)d;-] = ^N cwis.

^ [6 -f2- (6 - h„)d.?] =W tons.

Here 6 entire breadth of bottom flange; h^ thickness of the vertical part; d depth of
whole girder ; d^ depth without the lower flange, all in inches ; I length in feet.

1629m. Hurst, Handbook, notices that the area of the lop flange should be | of that of

the bottom flange when the load is on the toj); and J when the load is on the bottom flange;

Molesworth, Formula, has \ for the latter; he notes that if the depth of the girder be -^ of

the span, then a4 17 =W tons, the weight being distributed. When the depth is y^,

a5 =W tons, the weiglit being distributed. The depth at the ends may equal — . Ap-

proximate rules for these girders have been given in the Poclcet-book for 1 865, as / x P = d x a,

—J- = P, —r- = a- Here / feet ; P tons distributed ; d depth of girder ; a area of bottom

flange, both in inches.

1629«. For XS, Wrotight iron tube or beam, or box-beam :
—

--.—5—
- =W tons. —rj—:— = W tons, when d is more than --

I inches I I teut 14

Here a area of the bottom flange; C coefficient determined for this particular form of tube.

In the table given by Fairbairn (pp. 116-17), a area of the whole cross section, the con-
stant C= J 78 tons, for a tube having tlie top flange = -142 thick, twice the area of the
bottom one; the tube being 9*6 inches square, and 17*5 feet long between the supports.
Such a beam deflected 1"76 inches with a breaking weight of 7,148 lbs.

1629o. Hurst states it is usual to camber a riveted girder, so that on receiving the per-
mai.ent load it may become nearly horizontal. If thi> required rise or camber equals e in

the middle in inches, d being in inches and / in feet, we have -K=e. For girders uni-

formly loaded and of uniform section throughout the length, K = •018. When the section

is also made to vary so that tlie girder will be of equal strength throughout, K= '021.

Molesworth notes the area of top flange as al'18 ; Hurst says al-75. If the depth of
the girder be j^ of the span, then W= lS'3a tons; if ^, tlien W= 16a tons. The rivets to

be 1^ inch and inch in diameter, placed 3 inches apart in the top and 4 inches apart in

tlie bottom flange.
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1G29^>. For r, Wrought-iron p^ate girder

:

—

—P

—

, , = W cwts. : area of the top flange being ^ greater than the bottom flange, and tlie

tliickness of the web about tti or ^ of the depth of the beam. ——;——W tons, in which

case C = 75 for deep plates, as 22 inshes ; cr = fjO for less depth, as 7 inches. —TT~{— —^
tons, when d is more than — , and the area of the top flange is 1'75 of the bottom flange.

Here a area of bottom flange in inches ; some calculators deduct the rivet holes from its

total width. For depths under 12 inches, the width of the top flange should be half the

depth; and when over 12 inches, one-tliird. With the latter proportion, featlurs or

stiU'ening pieces should be used to supply the deficiency in lateral stiflhess occasioned by
the reduced width of flange {par. 16'J9c. ). The usual thickness of web for all depths

uncer 3 feet is | inch. Fairhairn ( Tubular Bridges, p. 247) discovered that the top flange

should iiave an area double that of the lower oiw. to give the strongest form of wroiigitt iron

beam, a contrary principle to that obtained in cast iron.

]629q. To find the area of either of the flanges at the centre of a girder supported at

both ends, the formula is ^— = «. Here W represents live and dead loads uniformly

distributed in tons; I span in feet; d depth in inches; and s safe strain i)er square

inch of metal on the flange, m tons. Therefore, say ^- r;;o."Q „<.„+ „,:oo
= ^5 square

^^ OX.?— OXo OeJ SSCLp. ell GUi

inches, excluding rivet holes in the bottom flange. This formula is t(;e equivalent of

W = weight per fcKU run x;2^^^
^y^^^^^ ^j^^ sectional area of the top flange is to bo greater

than that of t!ie bottom flange, multiply the latter area by 1"2. The average sectional

area of a theoretically proportioned flanged girder may be taken at |rds of the central

sectional area. To find the sectional areas of ei'her flange at any point along the whole

length of tiie girder, the formula is ^^{l- x) = a, excluding rivet holes in bottom flange.

Here W weight per foot run in tons; x lesser segment into which the span is divided;

l — x greater segment; s and d as before. To find the sectional area at any length of the

web, the formula is —-=a square inches. Here .r is the distance from the centre ; Wand

s as before. The vertical strain, at the centre of the beam, when one-half of the girder is

fully loaded, is equal to I of the fully loaded beam, that is |W x /. At tlie ends or p.llars,

the vertical stiain is greatest, and is equal to iW x /. Tiie strain at the centre, when tlie load

is uniformly distributed, is obtained from the formula JJ = S' Here W distributed load in

tons ; I length in feet; d depth in feet ; s strain in tons of compression in the top flange and

tension in the bottom flange. Half the load collected at the centre of a girder being equal

to the load distributed, the above formula becomes ^j-^ =«• At any othtr point, ratios of

strain will be as the square of half the span to the square of the segments into which a

given point divides the span. The approximate strain at the centre, per square inch, on

any beam, may be obtained from the formula -^=8. Here W distributed load in tons;

Z leno-th in terms of the depth ; a sectional area in square inches ; and s strain in tons per

square inch. To find the sectional area of a flange for a plate girder lixed at one end and free

at the other the formula is
^ = a, exclusive of rivet holes in the top flange; W weight in

tons at the end of the girder; x length in feet from loaded end to the point where the sec-

tional areas are required ; d depth in feet ; s safe strain per square inch in tons. Wlien the

load is uniformly distributed, us-ing the same notations as before, except that W in tons is

the load per foot run, the formula is r^-^ = a. (^Engineer's, Architect's, Sfc, Pocketboo/t, 1865.)

lG29r. For G, Rolled iraiis or bars :
—

«^^ilci6 _ \y tons. Here a area of bottom flange includes to above the upper part of
^^''^^ the swelling for flange, as i c (Ji</ G1:V/.); or to the

'^rP' *
'^^^^Tr--^ S^P 'ir' whole of the angle in plate girder T. A railway bar

is often useful in country places; the intricate form ulre

b — Jl -o 11
I

\(
for the strength of the various parts will be found in

'—^ i ' ^ c_r3 r ^-> B.irlou' ; and in the Engineer's §r., Puchel-bouk for

1

=-6>--?- 18Gi.

,r„«c_ .

^^^^^
1G2PS. For H, Tee irons, or RvUeJ T irons:—

,
,. . =W tons.
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izi

Fig.Gl,

W tons is

1629^ For 1, Tliversed Tec irons:—
Wlien X is ono-foiirlh of tl-e table or flange be, and the form as 5'. 12 of a rectangle, then

-r^^^ = SW, It was stated in the Oldliam Mill Report that this fo m of beam, which

nii^ht he considered to support a weight of say 1000 lbs., may be broken if reversed, that

is, the flange placed uppermost, as X> with a weight of say 340 lbs. Hodgkin«on experi-

mented on two bars 4 feet 3 inches long, the flange 4 inches wide, rib \j^ inch deep, witli

a tliickness of metal of about \ incli. One bar was tried with tlie flange uppermost, the

other bar « ith the flange downwards. The former broke with 2| cwt., the latter with

9 cwt. Experiments on three girders of tliis shape, the web being 2 inclies high and

5 inch thick, the flange 2 inclies wide by j inch thick, and 24 inches long, were made by
Cooper of Drury Lane. He stated that the gain in strength over a flitch D 2 inches by

\ inch was 25 per cent. ; the loss in stift'ne^s being 30 per cent. The strength arising from

the accumulation of the quantity submitted to tensile action

bears out an adequate result, or .',80 times its own weight, instead

of 40,), as D 2 inches by \ inch, and D D2 inches by \ inch each,

jilaced i inch apart, showing over them an increase of strength

of nearly 50 per cer.t. In using t'lis form of section, it makes
no diffeience whether the load be |)laced wholly on the top of

tlie vertic<d web, or on tlie lower flange ; the result obtained in

eitlier case was tlie same.

—

Builder, 1845, vol. iii. p. 593. The
rt suits of some other experiments on this useful form of iron

are given in the Enr/i/ieer's Pocliet -book for 1861, p. 205. The formula

also .ipplicable to the trough-shaped section, as N {fig. 61Sr.), as to the inverted Tee or

J_ shape W, taking the two vertical ribs to be equivalent to one rib of the same depth and
doiiJ)le tlie thickness. Tlie thickness of the horizontal and vertical parts of these gi.d^rs

should he equal, or nearly equal, so as to obtain as near an equality in cooling as possil le.

I629tt For 2C, ]Mixed beans ; Flitch be nns and double flilch beams :— Tlie^e beams are

com|)osed of an iron ])late (cast or wrought) placed betwen two pieces of fir timber,

fig. 613s., or of a plate placed on each side of the solid timber
beam, fig. 613<. The^e plates again may have a t.ible or

flange, as in the case of the single i)late; or of a half flange, as

in the case of the plates on each side of the beam. All these

should be bolted, or otherwise secured together, to render
them as homogeneous as possible. Hurst gives the formula

j-^j.(Ci< + 30<) = W in cwts. Here t breadth of the one, or

two, wrought fro/i flitches ; h breadth of wood, both in inches ; C, coeflficieiit = 4 teak, 3 oak,
2'5 fir, and 2*0 elm. Fairbairn considerstbat " theaddition of the timber on each side ofthe
plate gives increased stiffness, and renders it less liable to warp under strain. It is called a
sandwich beam." He states tliis beam "to be weak, comparing the results with those of
the simple plate girder ; and its elasticity, although considerable, is nevertiieless so imper-
fect as to render it inadmissible for the support of great loads, whether proceeding from a
dead weight, or one in motion over its surface. With riveted angles or flanges, the timbers
on each side might have been useful in preventing lateral flexure, but they would not liave

contributed, in any great degree, to the vertical bearing powers of the beam." (Application,
&c., p. 284-5.) Rolled flat irons can now be obtained about 13 to 14 inches deep, frotn

2 inch to an inch in width, up to 30 feet in length, and for special cases somewhat longer.

1629«. The muthod of trussing a beam is explained in Cakpentrv (par. 2021, et scq.).

Ftg- CI 3s. Fis- Gist.

and

I629w. The formulajfor finding the strength for examples IV.and V.,_^_V. 675., are— =A;

V/ ''2+-^ = s. Here Z length in feet ; d depth in feet—both measured from the points

of intersection of the stay, tension rod, and top beam ; W load in tons uniformly dis-

tributed; h horizontal thrust on beam in tons ; and s strain on inclined pait of tension rod
in tons. When the truss has more than one stay, h, /, and (/ will represent the same ; and
A, tensile strain on the horizontal portion of the rod. The strain on the inclined tie rod

will be —.\/ 1-
-'r u-d'^ — s ; n the number of times that the horizontal distance between the

pier and the nearest stay is contained in I. If any load be placed on the middle, the s'raiii

h will he doubled. If any load be placed en each of the stays, then I will represent the

distance of each loaded stay from the nearest pier; d depth as before; h horizontal

thrust on the part next the pier ; s tension on each of the inclined ties. Then —- = h; and

*/A-+ W- = s. To resist the strains of the inclined tie rods with safety, allow an inch of

sectional area in the tie rod for every 5 tons of strain. The stay, being in compression,

should be calculated as a column ca])able of supporting the load if in the middle, or one
half if distributed. The beam, though in compression, should be capable of supporting the
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load betwo'ii tlie stays, as a beam exposed to transverse strain, according to the rules before

given. 'l"ic rods, when exposed to great strains, are not generally of much value, because
the iron str tches.

16290?. Mr. Cnbitt experimented on an equal flanged cast iron girder, 27 feet long, 10
inches deep, and 4 inches broad across tlie flanges; the rods were 1 inch diameter. When the

ends of the rods were placed above the beam, it was found to be weaker than having no
rod at all. When the fastening was made at the upper end of the girder, and giving u
distance to the rod of 6| inches below the girder instead of an inch, an increased stiffness

was obtained of above a ton (Warr, p. 259). Some ex|ieriments are recorded in the

Builder, 1857, on two beams of Dantzic timber, each 28 feet long, 14 inches square, with

and without a tie rod. Barlow records an expeiiment (p. 158) on four beams, two being

trussed similarly to the figure on jilate xxxix. of Nicholson's Carpenters' New Guide.

iMr. Cooper's experiments on trussed beams are given in tlie Builder, 184.), j). 612. For
Trellis girdtrs, another mode of trussing a beam, Fairbairn, p. 129, uses the same formula
as for the plate girder F, but with the constant 60. For this, the student is referred to tlie

Application ^c. of Iron, enlarged edition, 1864.

Other conditions than that of the Weiyht in the ^[idJle,

1629^. To find the ultiinate strength of a beam (section A or S), when a weight

is placed somewhere between the middle and the end. Rule—

-

Multiply twice the length of the longer end, A, tig. 613*/, by
twice the length of the shorter end B, and divide the

product by the whole length C, which will give the effec-

tive length to be used as the divisor for the calculation

of strength under the conditions of the beam:— Thus say
I iff. 613U.

jj beam is

—

2xlO)yC.x5) ^^3.33 gg-^ctive length; and (S=2ol8 ens, irnn)x2xfi^^
jg^-g.^.g^ ^^^_ ^ ,,

l-T Ions \6'i'i
°

Hurst puts it as, -—^r-

—

'\ -.—

;

i

:-
'^ prodmt of two lengths Irum each end.

1629^. Barlow (p :59-40) has stated a case where a beam has to support ttm equal

weights between the points of support, FF', as at D and E, Example 1. fiy. 61.'ic,

then since IC = iC = AI.', and W = W', the general expression becomes' ti''''-?—?_ =
i ' O 1

J J-

1 n+iK W =f. And if we suppose fuither ID;

D c E

/E, then it becomes simply ID.W=/.

D c E

"S
\t

rO Qw

3"Now, if both weights act at the centre, it appears

from the preceding investigation, that ^I/. (2\V)
j_ • x r i

= i I/.W = IC.W=/. Whence the strain in Ow O^ W<J
the two cases will be to each other as ID to IC ; Fig gi3v.

and hence the following practical deduction:—
When a beam is loaded with a weight, and that weight is appended to an ivJlexiUe bar,

or bearing, as DE, in Ex. 2, the strain upon the beam will vary as the distance ID, or as

the difference between the length of the beam and the lengtli of the bearing; for tlie

bearing DE being inflexible, the strains will be exerted in the points D and E, exactly in

the same manner as if the bearing was removed, and half the weight hung on at eacli of

these p:iints. 'I'liis remark may be worth the consideration of practical men in various

architectural constructions. He also puts the case of a beam, which, instead of being fixed at

each end, merely rests on two props, and extends lieyond them on each side equal to half thi ir

distance, as Ex. 3 : if the weights W W' were suspended from these latter points, each

equal to one-fourth of the weight W, then this would be double of that which would be

necessary to produce the fracture in the common case ; for, dividing the weight W into

four equal parts, we may conceive two of these parts employed in producing the strain or

fracture at E, and one of each of the other jiarts as actin x in opposition to W and W ,

.'ind by these means tending to produce the fractures at F and F'. 'Fliis is the case

which has been erroneously confounded with a former one (fixed at each endj, but the

distinction between them is sufficiently obvious; because here the tension of the fibres, i.-;

the i)laces where the strains are excited, are all equal ; whereas in the former the middle
one was double of each of the other two.

16:30. Experiments are recorded in the Civil Engineer Journal, 1849, xi, page 44, on

para'lel bars of cast iron, 4 feet 8^ inches long and 4 inches square, pUced on two
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supports CC (Jiff GlSw.). Weii^lits were jilaced at each end at equal distances from
the supports, and the weights being gradually

increased, tlie bar broke simultaneously through

at EE. On another trial, a bar broke only

in one point F, being a little nearer to the

middle. Tliis was considered a sufficient proof

tliat a portion of the metal might be removed
from the middle of the bar without diminish-

ing its lateral strength, and tliat by adding this

metal about the points EE, the lateral strength

rould be increased.

Various Prohlenis.

1630o. L When a beam (as sections A. and B), with the ends supported, is to be cal-

culated to support a permanent weight in the middle, tlie formula; for obtaining the

bieadth and depth are -
"^y\.YJ

—=^' ^"^1
a^Jr""^'*

^^ weight to be supported, S safe

weight, or \ of the ultimate strength of an inch bar; b and d in inches.

IL Wlien a similar beam for obtaining the breadth and depth had the ends fixed, the

formula for the breadtli is syrf-'T^~^*
IT I. When a similar beam projects from a wall, and is loaded at the ends, the formula

/ W
for the depth is g_^.^ ^ •2i

~^"'

IV. When a similar beam has to support a load placed at some distance from the

end (,Ji(i- 6\oii), the effective lengtli must first be ob;ained by the rule, par. 1629y. Th.-n

the formula for the depth is
'

^_^^ .
— = d^.

Tq find the diagonal of a uniform square cast iron beam, to support a given strain in

the direction of tliat diagonal, when the strain does not exceed the elastic force of the

material (Tredgold):—
V. When the beam is supported at the ends, and loaded in the middle, the formula is

I w
212 for cast iron ~ "^ diagonal m mches.

W X B X A
VI. When a similar beam has not the strain in the middle of the length —t-t^—

-

.— ^ diagonal in inches. Here a and E refer to Jig. 613m.

1650/). To nljtaifi dimensions, 8fc. of beams and girders :—
1. To find the depth of a beam, the length, breadth, and weight being given. For

.A. and B, \/ -^—-.——=d inches. If no breadth or depth be given, let n = any

number, then y/ '-=d, and 6 = ?ah part of d.

T^ _ ^ // W not exceeding the elastic force .•, t7 »»'^ j-r'-.' w

II. To find the breadth of a beam, the depth, length, and weight being given. For
., _ / feet W lbs. ... ^ ^ ' """^

,A and B, ::pi = b inches, ror I>, i^-^ = b.

The proportion between the brsadth and depth which will afford the best result

is 6 : 10 depth, in timber. The formula for the least breadth a beam for a

given bearing: should have, is -i-r--—r- 7rF= breadth.» o ' ^d inches x U'6

III. To find the length, the weight, depth, and breadth being given :
—

boT A and B, -^^ —I.

IV. To find the constant S, the length, depth, breadth and breaking weight per foot in

length, inch square, being given. For A and B, v^_ = S.

V. To find the area of tlie bottom flange, the length, load, and depth being given.
„ __ / feet permanent load in tons distiibnted . , „ . ,, ,ror D, -T^— ,- =n inches, ror E, tension =2 load

+

'
(i inclips

beam, or tension not more than 5 tans per square inch.

VI. To find the multiple of depth and area oj' the bottom flange, the length and load being
given. For D girder, / P= d >; a.

VI I. To find the area of the top flange. For E girder, bottom + i.

V'lll. To find the area of the side plates. For E girder, i area of bottom.

Tension, etc.

16.50c. The neutral axis. A timber lieam supported at the ends and pressed down in

the middle by a weight, will have its lower fibres extended, while the upjier fibres arc

l- 1'
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pushed togi'tlier. S'mcj tlieie are tliesL- two strains, ihere will be son:e line or point in

ttie depth which is labouring under neither the one nor tlie other ; tliis is the neutral axis.

I'he fiirthei the fibres are from t! e neutral line, the more they will resist deflection from

the load. It miglit he inferred that the material should he placed so far above and bi low

ihe neutral line as other circnmstames will allow, in order tiiat thiy may be in a position

to exercise the greatest power. Tlie most simple application of these views is sliown ic

Laves's girder (dcscril)ed in Caufkntky ). "As cast iron resists fracture about six times

more powerfully under compressian tlian under tension, it is useless to give as much area

of material in tlie upper or compressed, as in the lower or extended, flange of a cast iron

beam." Hodgkmson {Experimental Researches, 1846, p. 484-94) slates that the position

of the neutral axis in cast iron rectangular beams, at the time of fracture, is situated ac

about 4 of the whole depth of the bam below its upper surface. The sectional area of the

top flange of a cast iron girder must be rather more than \ of the bottom flange, to keep

the position of the neutral axis at \ of the depth. In sudden f. actures it was from i to i

of the depth.

Ifi.SO'/. Trt'dgold, Iron. 1st edit. 1822, p. 53, considered the line of neutral axis in thl.s

section to be in the middle of the depth. He notices the curious fact jiut forth by
I)u Hamvl, who cut beams one-third, one-half, and two-thirds through, and found tlie

wights to be borne— by the uncut beam 45 lbs. ; and by those cut 51 lbs., 48 lbs. and

42 lbs. respectively wiiich would indicate that less than half the fibres weie engaged in re-

sisting extension, although it does not prove that two-thirds of the thickness contril.uted

nothing to the strength, as Robison imagines. Barlow found that in a rt-ctangular beam
of fir, the neutral axis was about five-eighths of the depth, as shown by the section of frac-

ture. Warr gives for cast iron, the value of n or neutral axis 2*63 ; n = 6 when the line

may come in the middle. Attention should be given to the highly valuable i)aper by the

.\stronomer Royal (Prof. Airy), On the Strains in the Interior of Beam x anil Tubular

Bri'lges, read in 1862 before the British Association at Cambridge. It is given in the

.Athenaeum for October II ; and its further elucidation in tlie last edition (1864) of

Fairbairn's Jpplicalion of Cust Iron, ^'c.

lP30e. D( flection. The deflection of a beam supported at the ends and loaded in the

middle, is directly as the cube of the length, inversely as the cube of the depth, and in-

versely as the breadth; therefore, ^^:^^|--j^^3 = deflection. Beams have been said to

I ear considerable deflection without any injury to the elasticity of the material. BufFor
and Tredgold considered the elasticity to remain perfect until one-third of the breakino
weight is laid en. Hodgkinson was perhaps the frst who practically showed that in a
east iron bean, a J,nd part of the breaking weight caused a visible set alter that weight
was removed ; while another beam took a visible set with g'^th part of its breaking weight,
He found the ; e'mnnent set in cast iron beams to be as the square of the load applied. He
also found that cast iion beams bore two-thirds, and even m )re, of tlieir bieakin; weight
for long periods, without any indication of failing. Gregory {Mechanics for Practical Men,
4th edit. 1862) considers that, though the above rule may he correct for lieams about 5 feet

in length, it does not apply when they are much longer. Thomas Cuhitt found Iiy iiis

experiments that, when tlie length became about 20 feet, the set was only as the weight

;

and that witli larger beims the set was still less. Fairbairn found the impropriety of
adopting any rule founded on elastic limits, since it was evident that, while the elasticity of
a bar is injured as soon as a weight was applied, the particles or fibres take up fresh

|)ositions until the antagonisTu- forces in the beam are brought nearly to equality, when
one-third or two-thiris of the breaking weight wid affect the subsequent deflection of the
beam.

1630/ For a rectangular beam of cast iron supported at both ends and loaded in the middle

to the extent of its elastic force, ^t-;^-= deflection. For similar beams, loaded uni-

formly, muliiply by -025 in place of 02. (Tredgold). It has been stated that the
ultimate strength of a girder of the usual proportions may be approximately ascertained
from its deflection under proo*', on the assumption that a load equal to lialf ihe breaking
Weight will cause a deflection of :,ig of its length (Dobson). The prop, rtion of the
greatest depth of a beam to the span is so regulated, that the proportion of the greatest
deflection tj the span shall not exceed a limit which experience has shown to be consistent
with convenience. That proportion, from various examples, appears to be for the working

load. ""^- - from g^ to ^Jg^ ; for the pro.f load, -y-'=from jij to glj (Raiikine).

1630(7. Mr D nes, when superintending upwards of two hundred experiments for Mr.
Cuhitt, oncast-ir.)n girders (as seetion D) who.se dimensions are limited, found that when
the load in the centre is taken as fths of the breaking weight, the following formulse may
be used: {d depth in centre ; / length in feet) :— I. When the top and bottom flanges are
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equal, and the girder parallel, or equal depth througliout, ^q- =defltction. II. ^Vlleu the

flanges are not equal, and tlie girdiT is not parallel, „r^ = deflection. III. When the beam

P
has no top flange, and the depth varies, g^- ^deflection (Gregory).

163CA. The tbrmulic given by Hurst, Handho.k. §-c. for finding deflection, which occur

under Siiff^ess of be tws, are, I. When supported at the ends and loaded in the middle,

/l et-t^ Wiwts. C _j„(i .• . Ti For rvlinders l^JL^ = deflection inches.
4(1 inch, sri'inclus"'-'^'''"^

uicties. 11. ror c) iinuers, 24^4 g,. j.^^, inches

1 1 1. If the beam be fixed at one end and loaded at the other, the deflection = 16 times tha

product. IV. If fixed at one end and uniformly loaded, 6 times. V. If supported at both

ends and uniformly load d, ?ths. VI. If fixed at both ends and loaded in the middle, ^th.

VII. If fixed at both ends and uniformly loaded, ^-'^jths. He gives the following :
—

Taei.e of the Relative Stkenc.th of Bodies to Resist Deflection = C.

Wrought iron - •067 Baltic oak - 1-120 Ash

1

- 1-176.

Cast iron - •112 Yellow fir - l-l'.O Beech - 1-434

Teak 8.5 1 Me 11 el fir . 1 -008 Elm - 1 -904

English oak 1-3-14 Red pine - - 1-232 Mahogany - 1 -300

Canadian oak - 1-008 Yellow pine - 1 -254

VIII. The deflection of a rectangular beam is to a cylindrical one, as 1 to 1-7. IX. When
the deflection is taken as ^'gth of an incli ])er foot in Itngth (which is consider* d to be safe

under a proof of ^ of the breaking weight) then for a beam supported at both ends and

loaded in the middle, -^j- = 6
;
y/f_pi= d; -^— =W; ^''«^^ = /; ^--^, =C; but -

for ,'g or 2C for gl,. XI. For cylinders, 4/i-7/.'WC = diameter. XI. For an uniform load

take jths, as before.

1630/. Tlie vioihihis of elasticiti/, or resistance of materials to stretching, is the term

given to the ratio of the force of restitution to the force of compression. It is the measure

of the elastic force of any sub.stance. By means of it, tlie comparative stijfhess of bodies

may be ascertained. Tiius from the following tal)le it will be perceived that a piece of cast

iron is 10-7 times as stiff as a piece of oak of equal dimensions and bearing. Rrsi/ie-ce,

or toughness 0/ bcdies, is strength and flexibility combined ; hence any material or body

which l)ears the greatest load, and bends the most at the time of fracture, is ihe toughest.

Tlie modulus is estimated by supposing the material to present a square unit of surface,

and by any weight or force to lie extended to double, or compressed into one-half the

original length ; such a weight will represent the modidus.

Table of the Modulus of Elasticitv; with the portion or it (limiting the Cohesion

OF THE JMaTEUIAL, OK) WHICH WOULD TeAR THEJI AsUNDER LeNGTHWISE.

LEb LIE. Bevan.

Feet. Part. Feet.

Teak - 6,040,000 or 168 th Fir, bottom, 25 "1

7,400,000
Oak - - 4,150 000 „ 144th years old -

J

Beech - 4,180,000 „ 107th Petersburgb Deal - 6,000,000

Elm - . 5,680,00.) „ 146th Y'ew - 2,220,000

Memel Fir . 8,292.C00 „ 20,-;th Stonis, Sfc.

Christ iania Deal - 8,118,000 „ 146tii Dlnton » - 2,400,000

Larch . 5,096,000 „ 121st Ketton - - 1,600,000

Jetternoe

Reigate -

- 635.000
6 2.,000

Bevan.
"Yorkshire paving

Portland stone : :

1.3'iO.OOO

1,570,000
Ket't.

Yellow Pine . 9,150,000

11,840.000 Slate, Leicester - 7,800,000

Finland Deal . 6 000,000 (i lass-tubes - 4.440,000

Teak . 4,780.000 Ice - - 6,000.000

Mahogany . 7.500,000 White marble - - 2,150,000

Dry Oak • - 5.100,000 M^t.,ls.

Oak - 4,350,000 Steel . - 9,300,030

Lincolns. Bog OA 1,710,000 Bar iron - 9.000,000

I.ance-wood - 5,100,000 M .. - - 8,450,000
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Table op the Modulus of Elasticity, &4.

—

t^Ktinrifd.

Tredgold and otheks. TllEfi nl.D UNO OTHERS.

lbs. avoir, per sq. inch. ll)s.; voir, per sq. iiicli.

Beech
1,350,000 R Oak, Adriatic 974,400

"

1 1,345.000 „ Canadian - 2,14S,80O

Elm -

to
1

700.000 R
1,340,000

,, African .; 1,728,000

2,282.300

Larch -I
1,363,500

1,740,000
„ Riga .

„ D.intzic

- 1,610,500

1,998,000

,. - r 900,000 R
American Red ();k "r 2,150,000 R

to L 1,360,000 I 1,958,700

Fir, Red or Yellow 2,016,000 Saul - - 2,420,000 R
„ VVIiite -

„ Yellow A merican -

1,830,000

1,600,000
Teak, Indian -

•(
2.167,074

2,414.400 R
„ Mar Forest - 845,066 Poon - 1,689,800

„ Scotch . 951,750 Cowrie . . l,a82,400

,. Riga -
r 1,687,500 Melals.

" 'i J,32S,800 Cast steel - . 13,680,000

,, Memel 1 ,957,7,TO

1,536,200

Bestshe.1' steel, not hard- 1

ened - - - J

29,000,000

15'irch " - . 1,645,000 R Cast brass - . . 8,9,30,000

Chesniit . 1,140,000 R „ ,,
- . 9,1 70,000 R

Walnut - 1,432,000 Cast iron - -f 18,400,000

Cedar . 486,000 average I 1 7,000,000 R
Red Pine - - -f 1 ,4!:0,000 R Cast lead - . 720,00.)

to
I 1,900,000 R Cast tin - . 4,608,000

Spruce Fir -

-.o-{
1 ,400,000 R Zinc - . . 13,680,000

1,800,000 R Gun metal - - 9,873,000

Christiania W hite Dial 1
1,672,000

1,804,000

Brass wire -

Copper wire, ( 2)

- 14,2.30,000 R
17,000,000 R

American Wh ite Spruce 1,244,000 Iron wire - - - 25,300,000 R
Weymouth or Yellow Pine 1,633,500 Stones, &-C.

Pitch Pine - {
1,252,200

1,225,600

Portland stone

Slate, Welsh, ; verage

- 1,530.000

15,800,000

Mahogany -

-.o-{
1,255,000 R Window glass - - 8,580,000

1,596,300 " " . 8,000,000 R
Good English Oak 1,700,000 White marble - . 2,520,000

Oak -

.0
•{

1,200,000 R
1,714,500 R, from Ra nkinp, C 1'// E ngi'neering.

163C*. Hence, the modulus of elasticity being known for any substance, the weight may
be determined which a given bar, nearly straight, is capable of supporting. For instance,

in fir, supposing its height 10,000,000. a bar one inch square and 10 feet long mny
begin to bend with the weiglit of a bar of the same thickness, equal in length to

1
•8225 ;x 10,000,000 fiet = 571 feet, that is, with a weight of about 120 lbs; neg-

120x120
lecting the effect of the weight of the bar it.self. If we know the force required to crush

a bar or colunui, we may ciilculate what must be the jiropoition of its length to its dejjth,

in order that it may bejjin to bend ratl)er than bo crushed. (Gregory, p. 382.)

1G30/. For a rectangular beam supported at both ends and the weight ap})lied in the
4 "2 P \V

middle, Gregor)', p. 388, gives the formula = deflection in inches in tlie middle.MbiP
HereM modulus of elasticity in pounds; I length in feet ; W weight in pounds; Zi breadth and

d depth both in inches. Fenwick, Mi chmiics of Construction, gives the formula jtj-t-^ or
VV /3 . ... . .

"io fl

Tj^.-. = deflection. Hi re /length is in inches; and I moment of inertia of the section,

Which for a rectangle, =-fr^ hd^.

1 630/«. As it may often be necessary to calculate the deflection for an arm from that of a

beam, or vice vc7sd, we notice the statement made by Barlow, edit. 1837, that "the deflection

of a beam fixed at one end in a wall and loaded at tlie other, is ilovhlc that of a beam of

twice the length, supported at !)oth ends, and loaded in the middle witli a double weight."

But l)y his editor in 18.<1, the word dduhlewsis altered to equal Certain experiments made
by us on both the l)eam and the arm, tended t.) prove that the former was correct {BuilileT,

1S66, p. 124); but scientific investigations sliow that mathematically the latter is correct;
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but as they mainly depend upon the perfect manner in which the tail of the arm is SLCurecl,

the former, or doiihle deflection, is recommended to l)e anticipated in practice.

16"30'i. ThL're is no such thing as permanent elasticity in any rigid material, and the only

possible way of constructing a beam which will return to its original form after the load

is removed, is a compound or trussed beam, put together in sucli a way that the permanent

alteration of one material counterbalances that of the otlier. All beams, without excep-

tion, will settle in the course of time, even witli the lightest load. Not only the load, but

ihe changes of temi)erature aH'ord a permanent cause of this sett ing. Facts on this point

are difKcult to obtain, as the exi)eriments refjuiie to be extended over years, and on the

same piece of material. Inm rods, one inch scjuare, which may carry 60,000 lbs. before

they are torn, stretch permanently by a load of less than 20,000 lbs. The best wrought

iron cannot bear more than one-sixth of its load, without being permanently altered.

These data a|)ply only where the material is permanently at rest; if motion or accidental

increase of burden happens, the above rules and numbers are considerably modified. As

elasticity in material varies as much as its strength, and does not follow tlie same rules as

cohesion, it is advisable to make experiments in each particular case where important

structures are to depend upon the smallest quantity of material. (Overman).

Ifi30o. Impact or Collision. A second force, after direct pressure, is that of impact, says

Fairbairn, involving a proposition on which mathematicians are not agreed. For practical

purposes, we may suppose a heavy case equal to 'i.'i'lO lbs. or one ton, falling from a height

of 6 feet upon the floor. According to the laws of gravity, a liody falling from a state of rest

olitains an increase of velocity in a second of time ecjual to 3-'i fiet and during that period

falls through a space of le^'^feet. This accelerated velocity is as the square roots of the dis-

tanci s ; and a falling body having acquired a velocity of S-05 feet in the tirst foot of its

descent, and 6 feet being the height from which a weight of one ton is supposed to fall, we

have ^/6^ 8'05 = 2-449 X 8-05= 19-714 for the velocity in a descent of 6 feet. Then

19-714 X £240 = 44.159lbs. or nearly 20 tons, as the momentum with which the body impinges

on the floor. In the present state of our knowledge, this momentum may probably be taken

as the measure oi the force of impact.—" On the effects of impact, the deflections produced

by the striking body on wrought iron are nearly as the velocity of imjjact, and those on cast

iion greater in proportion to the velocity. The experiments and investigations made for the

Coinmissioners on Railway Structures are extremely valuable. Their results showed that -'the

power of resisting impact increases with the permanent load upon the beam ; the greater

the weight at rest upon the beam, the greater must be the momentuin of a striking body

in order to break it. This is satisfactory, as it diminishes the risk from falling weights in

warehouses : the more nearly the weight upon the floors ajiproaches the point at which

danger begins, the greater is their power of resisting sudden impacts. Comparing the

mean results of the experiments on bars not loaded, '• we find that the transverse is to the

impactive strength as 2685 : 3744, or .as 1 : 1-39. Similarly, when the bar is loaded with

28 lbs. in the centre, the transverse is to the impactive strength as i'685 : 4546, or as

1 : 1-69; and when 391 lbs. is spread uniformly over the bar, the transverse is to the im-

pactive strength as i26"85 : 5699, or as 1 : 2-12."—(Fairbairn, p. 228).

1630/). Tensile strength is that power of resistance which bodies oiipose to a separation of

their parts when force is applied to tear asunder, in the direction of their lengths, the

fibres or particles of which they are composed. 'Iredgold's assertions of the principles have

been coinbated by Gregory, to whose work we must refer the student for tlie reasons he

gives. If a piece of No. 10 iron wire bears a tension of 2.000 lbs. before it breaks, ten

wires will bear ten times 2,000 lbs. If the sections of 50 wires of this nuinber, form the

contents of one square ineh, then it will bear a stress of 50 x 2000 lbs. before it is torn

asunder, provided the w ires are so arranged that each will carry its full weight. But it

does not follow that a bar of wrought iron of one square inch will carry an equal weight,

not even if the iron be of the same quality. If a solid iron rod of one square inch will

carry 50,000lbs., it does not follow that a rod of 10 squaie inches in section will eairy ten

times as much. Wiien welded together, the capacity for resistance appears to be weakened.

This observation apjdies to almost every kind of material, and varies only in degree. The

tables of cohesion are generally computed to the tearing of the material, but our calcula-

tions should never go beyond the excss of elasticity, for fear of injuring the material.

(0\erman. )

I63O7. If the strain upon a rod or strut be greatest on any one side, that side must

sustain the whole force or break. This consideration is of great practical moment in

estimating the value of all kinds of ties, as king and queen posts, &c.—(Tredgold).

1630r. The formula for the strength of tie-rods, susiiension bars. &c. is C tons x are.i

of s.ction in inches=W tons—a quarter to be taken for safe weight—or C lbs. x area ol

lection in ir.^lies = \V los. . C being obtained from one of the columns in Tables I and II.
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If the weight to l)e sustaiiud be given, :ind tlie sectional diinensi:)ns of tlie bar he

re()iiired. divide tlie weight given by one third or one-i|iiarter of the cohesive strength,

ind the sijuare root of the quotient will be the side of the square. If the section be

rectangular, the quotient must be divided by the breadth.

Table I., of the Ab<!olute Cohesive Power, (or Biuaking Weight) of jMetai.s:

Sectional area, 1 inch square, 1 foot in length.

METAI.S. ColipsWe Cohesive METALS. Cohesive Cohesive 1

Rctinle, 1817, and others. I'owcr. I'ower. Rcm.ie, 1817, and others. Power. Power.

lbs. To,,.. lbs. Tons.

Bar Iron, Swedish - - - 65,' 00 29-20 Bars, Cast, Blistered, Rolled, )

and Forged - j
104,298

,, „ ,, ruUcd 72 064

,. „ - R f 41,VS1
1

., Shear, holled, >

and Forged - j
118.408

„ „ RussiaM . - - .59,470 2(;-7o
j „ Besseiner's, Rol- 1

led and Forged J
111,400

.... ,. - - K C 49,5')4

I 59.0;iG

!

,, ,, Bessemer's, Cast i

Ingots- - ]
03,024

„ English 55 872 2l-'3
1

„ ,, Mean strengtii,- U . 27 OU
,, ,, Bessemer's, Ham- >

152,912
., ,, Charcoal. R - - f)3 62(1 mcred or Rolled J

„ Lancasliire, - R f 5.3,775

I UOIIO
„ S|iring, Ham. j

meredor Rolled J

72,5-29

„ „ , ,, - - (;4,200 Homogeneous Metal:—
„ „ Luw Moor, - R 52,4!i0 Bars, R(,lled .... 9n,047

C 6n,075

/ ti(;,H9il

93,1,00
,, ,, ., crosswise

,, Forged - - 89,724

„ Welsh - 1 6 255 Puddled Steel :—

„ Staff)iilsliirp, - R f .5(V15
1 6.',231

Bars, Rolled and Forged - f 6>,7fi8

t 71,4^4
90,' 00
94,7.V2,, „ Laniirkshire, - R f SI. 327

1 04. 7 95 ;; ;; ;; : :

Biiiige Iron, Yiirk.liire, - R
„ „ ., ordsswise

4!i.930

43.940
Plates :— Cast Steel f

75,.S94

1 90,280

., „ Staffordshire, R - 47,i;"(i C 69,082

( 97,150,. ., „ crosswise 44.385 „ „ crosswise

Rivet Iron, Low Muor > t.

and Staflr..nlsliire, J
.59,740 „ „ bad 102,910

„ ,, soft.... 8.3,40>)

Bnsheil d Iron from Turnings 55.87-I H.'inogeiieous Bletal, First

Scrap, Hainineied - - . .53 420 Quality .... 90,280

Angle Iron, various Districts

-

r 50.1150

{ G1.2G0
„ ,, crosf.wise .

„ Second Qiiali:y .

97,1 SO

72,40s

Strap „ „ - - -

Plaies:— (R»uk;De

r 41..3-6

i 55,937
„ „ crosswise

Puddled Steel .... 73, =.-0

r 71,532
1 I02,^93

„ Yorkshire -
f 52,000

} 58.487 „ „ crosswise .
1 67,(W6

[ 8^,305
93,1 00„ Bessemer, roU-d, M 70.000

,. .. - - 72,013 Iron, Cast .... l7,(i2-< 7.87

1, ., boiler- R 08.31!)
>• • .... 19,4«8

„ Staffordshire

-

f 40,41)4

1 r>6,'.i'jr, „ ,, horizontal . G
19.090
IS 650

C 44,7G4 „ „ vertical - G 19,488
,, „ crosswise

1 51,251
,, Cnrron, No. 2, cold Blast 16,0-<3 Tate

„ „ BB, charcoal 45 0:0 ,, Bi'ssemer, . - M 41,1 OO

„ „ crosswise -

,. .. BB -

41,421)

f 49,'t45

) .59,820

Ingot
I J,

(see also in text) J
41,242

Gun Metal, hard 30,36'? 16-23

( 54 H20

} 40,470
Mushels . R 103,400

„ ,1 >, crosswise
(Jupper, Wrooght ... 33,S"2 15-08

Best - - r,i,->o „ Cast . . . - 19,' 90

„ „ t,
ciosswise 53,820 „ Sheet . . R 30,ono

„ ., Coniino.i 50,820 „ Bolts . - R 30,( )

,. „ .. crosswise 52,825 Wire - . R 6l).000

,, Lancashire - • .
r 43,433
> .53849

Brass, Yellow Cast . 17 9-i8

., Wire . . . T 49,000

„ „ crosswise -
r 39,514

[ 48,-48

51,245

Zinc . . . . R
lin,Cast . . . .

7 to 8,000

4,730 2-11

„ Durham - . - ., „ . . . R 4,601)

„ „ crosswise 4ii,712 Bismuth. Cast.... 3,-/50 1 45

Steel and Steely Iron :— 59-93 Lead, Cast . . . - 1,8-J4 081
Bars, r;ist 1 31,2.50 .^9-43 sheet, - . . R 3,300

Bl'Stered . . - 133,1.52 50-97 Iron Wire, English, l-lOthin. 1
30-

„ Shear . . - 127,032 diameter . . . }
*

Plates, average - - R 8I),0( „ ,. „ TeKord . . 3S- 4

Bars, Cast, Rolled, and Forged r 92,015

I
1.32.909

„ Russian, 1.20th in 1 ,.

diameter • - - i
- - 60-

' -
130,0(0

Tables I. and II. are derived chiefly from the summary in Rankiiic's Civil Eiuiineeiing,

p. 511. ol)tained from the expeiiments of Clay, Fairbairn, Ilodgkinson, INIallet, JNJorin,

Napier, Napier and Sons, Rennie, Telford, and VV'ilmot. iNIost of tlie remainder are from

Reimie and other authorities.

1630s. English boiler-plates are stated to be of two classes: Yorkshire, and the manu-

facture of otlur districts, classed as .Siad'urdshire.
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Tabi.f I L, of thk Absoiuie Cohesive Power (o:i Hreaking VVKioHr)
usu.M.i.Y EMri.ovEi). S.ciional area, 1 inch square, 1 foot in leiigili.

Turfosa, nr Afriran Teak
'1 cak, ur !i;Uian Oak

Ash -

Beoeh
Ta

I'oona or I', on
C.wri,-
S-iu) . - - -

Fir or Piop, Aniericai

„ Nuw Knglai'd -

Sfirure
American, wliitt'

Red I'uiH -

Weyniouih or Y
Pitch
Rl.ir Forejit

Scotch
MeM.tl

I,

i>l li

lA.IKO

l-2,!il?>

15 7K0
14 l:in

17.2(17

1 -2,1100

17.«o(l

11, on
l'.',-.2.T

l-.'^.M)

io.!u:o

111,010

11,800
|:<,4h9

:0 4

I '.',0(10

12,41)0

|0,2!;(i

12,0(10

14,0! '0

1 1 ,H:io

0.7'.)(i

7,-<23

7,11(1

'.I,.') 10

Tons.

(J-47

7 04

i-.ir,

5-0

1

5-20

Deal, Clitistiaiiia

„ middle -

Oak -

„ Dantzic

„ nia-< •

", I'li-iish -

., American lied

Cedar

Che.snut, Spanish

Lircli - " -

Mahogan}-, Hnndnras
Siianish-

Wnlnut

Hempen Rope, I sq. ii'

tion, ) f,)(.t=--'J78 Ihs.

1 in.circuiur.= 046 lbs

Diuo, Cables -

OF THE TlMBhRS
{See 1628/.)

1

lbs.

12,:iiG

12,401
11,.VI2

In.o,

ll,«r;o

12,7>'0

l2,>'S-t

12,-07
l(',s=.:i

10,2.'i0

74.0
ll,4i)ii

11,1110

;i,7-'(i

I0,s()i

13,' 00
9..ii

12,240

11,175
7.m)
W.OOO

7,74(1

8,8(0

R,40O

5 12

3 37

l6S0t. Tlie te''sUe .strength <>f" cast iron was long very mil' h overrated wlien Trecl'iokl

estimated it at 20 tons. C'ajxain Hrown, liowever, put it at ""ilStons; G. Hennie ( /7///.

Tiiifi. 1818) oht.iincd 8'52 and 8'66 tons; Barlow conjectured at least 10 tons from
theoretical principles; Hodgkinson made the following experiments more recently;

Name and Quality of Iron.

Carron, No. 2 - -

,, No. 3

Devon (Scot.). No. .S

Butlery, No. 1

Coed Talon ( N.Wales) No. 2

Hot Blast Iron.

Weis-'tu, Mis. Mean. Tons cwt.

15.892 I

12,993 I

13,629!
'•''50., =6 0^

16,840
\

18,671
J

17,755 = 7 18^

21,907 9 15}
13,434 6 O"

16,279
]

17,074 j 16,676 =7 9

INIean 7 42

Cold Blast Iron.

16,772 T

16,594 j

Weight, Ihs. !\Iean. Tons cw(.

16,683 =79
13,984 "1

14,41 'J 14,200 = 67

17.46'S 7 16

19,610
]

18,]00j 18,355 = 84

Mean 7 14

Low Moor, (Yorkshire,) No. 3, bore 6^ tons.

A mixture of irons, a mean of four experiments, gave 7 tons

1630'/ The mean of several experiments on the ultimate cohesive strength of a wruiKjIit

iron bar, 1 inch square section, was:—
No. 1 1 expi riments by Captain Brown, gave
No. 9 „ by Telford, „ -

No. 10 „ by Brunei, „ -

No. 4 „ by Barlow, „ -

56,000 lbs. =25-00 tons

6 "5,520 „ =29 25 „
6'<,992 „ =30-80 „

56.560 „ =25-25 „

Mean 61-768 lbs. = 27-5^5 ton*.

No. 3 ex|)eriments by Brunei, on hammered iron, gave 304, 323, and 30-8 tons

res))ectivLly.

Seveial experiment- by t'ubirt, gave - . . 58,952 lbs. =26 tons 6-3 cwt.

Breaking
Highest I.ou'pst Mean Weight.

Ihs. ll)s. Ids. T'liis,

188 bars rolled, experimented upon byKlrkaldy, 68.848 44,584 57,5 55 =25|
72 angle irons „ ., „ 63,715 37,909 54.729 =24|
167 plates, lengthways „ „ „ 62,544 37,474 50,737) _^^^
160 plates, crossways „ „ „ 60,756 32,450 46,171/""'*

He states that 25 tons for bars and 20 tons for plates, arc the amounts generally assumed
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1630r. The detailed experiments by Messrs. Clarke and Fairbairn, on the strengtli of

won plates, are given in the work i)y the latter, and in the Eiigineers' Pocket Book for 1861

and 1865. Clarke assumes the ultimate tensile strength of wrought iron plates at 20 tons

I)er square inch, and of bars at 24 tons, and that witiiin this former limit, its extension maj

be taken at ^^%^^ of the lengtli, per ton, per inch square of section.

The ultimate strength of plates drawn in direction of 1

the fibre ------- J

, , „ „ broken across the

fibre --------
TTie ultimate extension was twice as great when the plate was broken in the direction of the

fibre. The best scrap rivet iron, made by Messrs. Mare at their London works, broke on

an average with 24 tons per square inch ; the mean ultimate extension, which was uniform,

was g of the length. (See 163 ir.)

experiment I, 19-66 tons

.. 2, 20- 2 „

I, 16-93 „

2, 16- 7 „

Compression, &c.

1630w. Compression is the second of the forces iinder which Transverse strain is com-

prised. The following facts appear to be well established as to materials under a crusliing

force. I. The strength is as the transverse area or section. II. The jilane of rupture in

a crushed body is inclined at a constant angle to the base of the body. III. The measure

of compression -strength is constant only witliin certain proportions of the heiglit and

diameter in any specimen. Hodgkinson found that twelve cylinders of teak wood fur-

nished the following results:—
i inch diam. imh diam. 2 inch diam.

Crushing weight . - - - "2^39 lbs. 10,171 lbs. 40,304 lbs.

Proportion of weights - - - 1 „ 417 „ 16-5 „

The areas being as the squares of the diameters an exact proportion would have been 1,4,

and 16 ; but some materials may possibly be found to have an increased apparent strength.

Table I , of Experiments on Timber Pillars, made hy the Committee of the

Institute of British Architects, 1 863-64.

Wood.
Crushed

Per
square Remaiks.
inch.

4 inch cube. tons. tons.

Moulmein Teak - - - 50- 8 3-17 Crushed endways ; fibres torn

Archangel Deal . - - 28- 8 1-11 apart.

Shafts, 12 ins. long, 3 ins. diam.
1

\ Lost
I
of its lenajth. Point of

Moulmein Teak - - - 18-25 258
} yielding -^^ of its length.

„ same piece with 6 ins. sa» n off 18- 7 2-64

Moulmein Teak - - - 16- 2--'6 Ditto.

„ same piece, ditto 17-75 2-50

Deal, Archangel - - - 19- 1 2-70
\ Lost ^\ of its length. Point of

,, same piece, ditto 19- 3 2-73
) yielding f.^of its length in both.

„ Archangel • 16-3 2-30

„ same piece, ditto 19- 4 2-74

Table II., of Compression of Timber.

Wood.
Crushing
Strength.

Wnnd Crushing
^°"'*- Strength.

Wood.
Crushing
Strength.

Christiania - /

white Deal - S

English Oak
Quebec Oak
American red }

Oak - - i

American Fir )

and Pine - S

lbs.

6,000

9,509

5,982

6,000

5,430

American >

white Spruce )

Walnut -

Red Deal
Yellow I'ine

Elm
Larch
Spanish Mahogany

lbs.

6,844

6,645

6,167

5,375

10,331

5,5G8

8,198

Cedar
Blue Gum
West India Ebony
INIorra

IndiHU Teak or )

MoulmeinTeak \

lbs.

5,768

12,100

Rondelet gives the power of Oak as 6,853 lbs., and of Fir as 8,089 lbs. (See par. ]C,Ol.)

Reimie (inch cube, crushed) English oak, 3,860 lbs. ; a piece 4 inches high, 5,147 lbs.

Elm, 1,284 lbs. ; White Deal, 1,928 lbs.; American Pine, 1,606 lbs.
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Table IIL of Co.mprf.ssion of Timber. (Hodgkinson and others).

441

Wood.

Damp,
2 ins. Iiigh

and
inch diam.

Dry,
Inch liigh

generally.
Wood.

Damp,
2 ins. high

and
inch diam.

Dry.
Inch high
generally.

1
lbs. His lbs. lbs.

Alder 6,831 6,960 Oak, Diintzic - .. 7,731

B.ech 7,7:53 9,f36;3 „ English - 6,484 10,058

American Birth - 11,663 „ Queliec - 4,231 5.982

Englisli Birch - 3,297 6,402 Pine, Pitch 6,790 6,7yo
Cedar 5,674 5,863 „ Yellow, full)

5,375 5,445Red Deal 5,748 6,586 ! of turpentine \

White Deal 6,781 7,293 „ Red 5,395 7,518
Elm - 10,331 Teak . 12,101

Spruce Fir 6,499 G,8i9 Larcli 3,201 .5,568

Mahogany 8,198 8,198 Walnut - 6,063 7,227

1630.r. It is now a well ascertained circumstance that the crushing strength of a body
varies according to its relative height and breadth. Hodgkinson remarks, " When bodies

are crushed they give way by a wedge sliiling off" in an angle dependent on the nature of

tiie material ; and in cast iron the iieiglit of this v.'edge is about l^ of the diameter or tiiick-

ness of the biise of the wedge." Gregory puts the angle of this wedge at 34°. If tlie body
to he crushed is sliorter than would be sufficient to admit a wedge of the full leng h to

slide off", then it would recjuire more tlian its natural degree of force to crush it ; because
tlie wedge itself must either be crushed, or slide off in a direction of greater difficulty.

If, on the other hand, the height of the body to be crushed be much greater than the

length of the wedge, then the body will susiain some degree of flexure, and fracture will

be facilitated in conse(juence. P/il. 2Van\., 1840, cxxx. page 419. Wiirr says, "It is

highly ])robable that none of Hodgkinson's values would agree with the most careful trial

on any similar woods." See \502d, et xeq.

1630y. The power of resistance to compression of cast-iron was heretofore very much
overrated. It has now been well ascertained by experiment that a force of 93,000 lbs.

upon an inch square will crush it; and that it will bear 15,300 lbs. upon an inch square
without permanent alteration.

Table of the Co.aipression of a Cast Iron Bar (as a pillar), 10 feet long

and 1 inch square.

Compression Total Total Per- Compression Total Total Per-
per Ton. Compression. manent Set.

Tons.

per Ton. Compression. manent Set.

Tons. Inch. I ch. Inch. Inch. Inch. Inch.
1 •020330 •020338 •000510 9 •022374 •201373 024254
2 •0210:^8 •042077 •002452 11 •022567 •248237 •032023
3 •021618 •064855 •00-1340 13 •02:5014 •299187 •043318
5 •021594 •107«72 •009188 15 •023539 353092 •0609 )5

7 •021950 •153654 •015243 17 •024805 •421695 •086298

1630z. Hodgkinson's experiments in 1851 on the ultimate strength of cast ii on, the pieces
being placed in an iron box or frame, gave a mean in 81 trials of 107,750 lbs. per square
inch, or 48 tons 2 cwt. ; and the crushing force to the tensile, as 6-507 to 1. ilennie's

calculations gave only 40 tons per square inch for the lowest estimate.

Table of the Ckushins of Cubes of Iron.

Crushing Weight. Crushing weight. !

Square incli. Square inch.

A cube of 1 inch side lbs. lbs. lb'.
1

lbs.

Soft cast iron 1,439 92,138 Cubes of
J
inch side 9,773 156,;i6S

ditto, 2 lieights 2,116 135,4 24 Horizontal casting 10 114 161.824

ditto, 3 or more 1,758 112,524 Vertical casting 11,110 177,760

( Overman)
Cubes of \ inch side :

—

Directly cast, not cut from a \

larger piece . . . . / 219,490

Cast copper. . . . 7,318 Same iron, but twice inel ed,

'

Cast tin ....
Cast lead ....

966
483

once in the cujiola, and
once in the reverberatory

262,675

(Kennie) furnace, and cast in cube (Renniu)
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16:51. Hodgkinson, " considering tlie pillar as having two functions, one to support ;inc!

liie other to resist flexure, it follows tliat when the material is incompressil)le (supposing such

to exist), or when the pressure necessary to hrtak the pillar is very small on account of the

greatness of its length com|)ar(.d wi.h its lateral dimensions, then the strength of the whole

•ransverse section of the pillar will l)e employed in resisting Hixure ; when the hreaking pres-

sure is one hall of what would be required to crush the material, one-half only of tlie strength

mav he cinisidered as available for resistance to flexure, whilst the other half is employed
to resist crusiiing ; and when, through the shortness of the pillar, the breaking pressure is

so great as to he nearly equal to the crushing force, we may consider that no part of the

strength of the pillar is applied to resist flexure." Thus lie assumed that the real breaking

weight would be equal to the breaking weight as obtained for the long columns, multiplied

by the force requisite to crush it without flexure; and divided by the same two (|uantities

added together, minus the pressure wliicii it would support as flexible, without being

weakened by crushing. The formula thus found for calculating the strength was \V+ <•.

4

Here W lirealung weight of long pillars, and c crushing force of the iron. (^Warr ai.d

Gregory.)

16:5Irt. Euler, treatingon the strength of pillars purely on theoretical grounds, showed

that the strength varie.l as the fourth power of the diameter, and inversely as the square of

the length of the pillar. The strength of similar (iillars increases as the square of ih'ir

diameter; and as the area is as the scjuare of the diamUer, the strength increases as the

area of the pillar (Warn)

\63\l). The strength of a pillar or a column, or the power of resistance to compressive

force, is obtained by the law that the resistance to crushing is as the cube of the

thickness multiplied by the width, and this divided by tlie st]uare of the length. Therefore

in columns of equal length and thicknes,s, the resistance is as their width ; and in e(|iuil

lengths and widths, it is as the cube of the thickness. If the width and thickness be
equal, or if the ])illar be square, the resistance is inversely as the square of its length.

I! l> (P
la. The formula for a rectangular pillar of oak, is ^^r:^l = W lbs. R= 3,960.

n. „ „ cast iron, is ^^"_^.f^/,=
Vv lbs. R=.l,'-,,300.

!" « ,- wrought iron, is |^t;;j^7|^=\V lbs. Rr. 17,800.

lla- n solid ry/^/f/e/- of oak, is ^-^7—^ =\V lbs. 11= 2,470.

J'''- " » cast iron, is
^^^.^'i^^

- =W lbs. 11= 9,.')6'2.

I'c. „ „ wrought iron, is ^-^T^j^l^^W Ib.s. R = 11.1 2,5.

Here / length in feet ; h brcadtli in inches ; d diameter in inches ; li resistance to com-
pressive force ; W breaking weight of the pillar or cylinder. ( I'redguld, Cast Fro,,.)

163 If. The relative strengths of long columns of different materials, hut of the same
dimensions, are as follows:

—

Cast iron. C;ist steel. Wroualit iron. Danlzic oak. Reil deal

1,000 2,518 1,745 108-8 78-5 (Gregory)
English oak. Red Pine. !( .,k. Larch. E'm.

100 180 79 18 15 19 12 10(Hur.st.)

1631rf. Hodgkinson, Cat Iron, 1846, .states that there are general properties common to
wrought iron, steel and wood. It appeared from exjieriments that long (solid) pillars
break first at, or near to, the middle; this occurred in all case.s. Pil'ars were, therefore,
tried, having a middle diameter of from \\ to 2 inches, the ends being 1 inch. The stren'^th
was not increased according to the increase of the middle diameter, but appeared to'^le

from ^.p.^ to ^., or from one-seventh to one-eighth ; they did not, however, fracture in

tlie middle, as did those of uniform diameter. He found that

The strength, as dependent on the diameter, was on the mean - 3-736
5> i> 5) len;zth, ,, „ -1-7

1. The formula given by him for Innp solid cylindiical pillars (when / exceeds 30 J) with

flat ends and fixed, is '-^ = W tons, or (33.379 lb.s. = 14-901 tons). The
formula for ditto with rounded ends (or when I is less than 30(/ and exceeding

. 14-9 tons d^ ?6 *'

15rf, IS -pj =W tons, or ^ 98,923 lbs. = 44- 16 tons). Here </ external diameter
inches; / length feet

; ,'5 of W to be taken for safe weight.

i
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IL For t^hort piUai s, l)elow 30 times their diaiiieter in lieiijlit witli flat ends, or 15 times

their dameter in pillars with rounded ends, tlie above tbrrmiiae do nut apply.

IlL For so/iV fo^/mns, when the length is less than serf, the formula is =,' , =\V'. Her*-

W crushinfj weight df "hurt column in tons; a <ec ioiuil area of solid part of

(clumns in indies. In hoiluw columns the thickness of metal should not he lc>s

than — . .=r^ ^- =\V' tons. Here W as found iibove for long columns; C

crusiiing force of miiterjal x sectional aria of column; and W crushing v.*eight

of short columns.

ItJSle. The formula for a rectangular pill-ir of oak, fixed ;it

both ends - - - - -

„ „ cylindrical pillar of cast iron, fixed

at botii ends . . - -

„ „ rectangular strut of wrought iron,

fixed at both ends ...

-^ = W 11,

1+ __:^\Vlb
4UU/J-

30,f.OO'/

T+——,= W Ih
3,UU'/j-

A ijillar ronn'k'd or joined at botli ends / , ,_,, .= W lbs.; or 36,00 ), or 7,'200, as

the case may be. (Rankine, from Gordon, and Hodgkinson.)

l(>;5)y. In Older to give lateral stiHhess to a flat-ended pillar, its ends should be spread

so as to form a capital and base, whose abutti.ig surfaces should he '• faced " in the lathe,

or planed to make tliem exactly jilane and perpendicular to the axis of the pillar. For
the iaiue rea'-on, when a cast iron pillar consists of two or more lengths, the ends of those

lengtiis shoidd he made truly jjlane and peipendicular to the axis of the pillar l)y the same
process, so that they may abut firndy and e(]nally against each other ; and tliey should l)e

fasteued togetlier by at least four bolts passini; tlirough projecting flanges. (Rankine.)

16S1A. Holliw Colmnns.—With an equal quantity of metal, a roimd column cast

hollow is far strongtr than one cast solid. 1 he best form tor cast iron cohuuns is to make
the inner diameter five-eightlis of the size of the exterior diameter. The ring thiisformed

ot the section of the cjluinn increases in strength according to the thinness, hut the size of

it must be kept w.thin (jractical limits. If, in casting a hollow column, the core is driven

to one side, the culinnn of course caimot be loaded to its full resistance; it will not carry

moie than the thinnest part of it is strong enough to bear. Hollow columns, therefore,

require particular care in casting them. Hodgkinson noticed in hollow jnllars above 30
times as long as their diameter, that although the jnllars were generally thicker on one
side thar. the other, yet in bending, the compressed was always the thinner side ; and as

cast iron resists compression with above six times the force with wliich it sustains tension,

no daiic/er resulted froui this almost unavoidable dirtereace of thickness.

L Tile formula given by him for a hollow cylinder not less tl an 15 times its diameter
•

I
• 1 t -ii 1 J I

13m tuns dS-'t'-rfi"-^" ,,,
in height, with rounded ends, is ,.., — = VV tons.

11. For the same when not less than 30 times its height, with llat ends and fixed by discs,

. 44-3 ions rf'-^-i-rf.a S5

IS ,,.7 — =VVtons.

111. When the length is ecpial to '_'0 d'ameters, the value of W is —77,817 lbs. or 34*7

tons.

Gregory has adopted an average of (/' ^ j^ both of these formulae.

1 v. For ilioit pillars, below those lengths, the formula' do not apply, as the strength of

the column becomes modified in consequence of its being then partially crushed as

well as bent.

S'unclieons and Struts.

lf)3l£. Gordon's fornnila for the uhiinate strength of wrought iron struts of a solid

rectangular section fixed at the ends, as deduced from Hodgkinsoa's experiments, is

/-t- 3ii(i ).-__ 2
*" "•"— . (h least thickness). For other forms of cross section ai)proximate

1.'^ u or sect, aiea

rules have beea given. But it may be, in many cases, more satisfactory to take into

account the least "radius of gyration " of the cross section; and for that purpose the
3G,()i

formula may be put in the followin"; shape; i -u i = . Here r- is the mean of the
-' ' n 1

^30,U..O;- <t
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sijiiarrs of the distances of the particles of the cross section from a neutral axii traversing

its centre of gravity in that direction which makes i'^ least. For hinged ends, take ^, oi

9,000 is to be substituted for 36,000. The value of r" for a solid rectangle, least dimen-

sion =6, then .5. For a thin square cell, side = 6, then ^. For a thin rectangular cell,

breadth = fc, depth = A, the jtj.rrrjfi" For a solid cylinder, diameter = t, then
j^

For a thin

cylindrical cell, diameter = 6, then -. For an angle iron of equal ribs, breadth of each = Z/,

then .,-. For an angle iron of unequal ribs, greater = 6, Iesser= A, then
\2rb'~+h'iy

^'""^ ^

cross of equal arms ,r,. For |-J iron, breadth of flanges = 6, their joint area=B, area of

\veb = A, then jt. . „ . (Rankine, who follows out the subject further.)

\6'^^k. Stanr/ieons of cast iron are recommended to he used in lieu of cast iron cnluvuis.

The form shown in Jig. 6l;5.r. is generally considered as the best for use;

the flanges whicli divide the length into tliree equal parts, aie found to

add considerably to tiie s-trength of tlie casting in resisting tiie tendccy
of its load to produce de iectiou from the veitical position. Hodgkin-
son's experiments show that wliile caU iron is the better material for a pillar

whose leugih does not exceed 'J6 times the diameter, wrotn/lit iron is tiie

better material when the length exceeds tliat limit. For pillars with hinged

ends, about 1:5 times is the limit, hut these results are rougiily a|)pioxiuiate

only. In order to stili'en u-rdiajlit iron sruts, they are made of various forms

in cross secton, sucli as angle iron, "T iron, double T iron, channel iron, &c.

The cross is a very conve..ient form as in cast iron ; it is generally built by

riveting bars of simple forms together. Thus it may he made up of "P irons

riveted back to back, or four angle irons riveted hack to back ; or by one flat

bar, two narrower flat bars.

and four angle irons, all

riveted together, as Jig.

^=i-:^ Cl:iy., and as used for the
-".nA-

strut diagonals of the War-
.^ ren girdeis in the Cruinlin

"m viaduct. The stiflfest form
^ for a wrought iron strut is

''^^' that of a cell or built tube,

^r
Jg. 6\4a., which may be cylindrical, rectangular, or triangular, as Jig. 6\Ab. Wlien a

w rought iron strut is considered as hinged at the end, that is generally eflTected i)y its

abutting at each end against a cylindrical pin, by which it is connected with some other

)iiece of the tViime-work, in the manner already described for tie-bars. To fix its ends in

direction, as it seldom has large aoutting faces, it is in general necessary to fasten it to

the adjoining pieces of the structure by several holts or rivets.

1631Z. Cast iron, from its great resistance to crushing, is peculiarly well suited for struts,

especially those of moderate length. The best form containing a given quantity of metal is

that of a hollow cylinder {Jig. 614c.) ; the thickness of metal is seld im less than ,,';5 of the

diameter. I. The formula for the cylinder has already been given; II. for a cast iron strut

80,()00

of a cross shajie (^Jig.614d.) the whole width being rf, then i + ._?il =W lbs. per square mch
400cP

80,000
of sectional area. Til. For a hollow square (_/!(7. 61 4e. ) rf = diagonal, 1+

'"' =W,asbefore.',P
' 800 d-:

before. ThesIV. For a hollow cylinder (Jig 614/!), a = diameter i-|.
'" =W,

formuhe refer to struts fixed at both ends. V. Wlien they are hinged at the ends, tlie

second term of each division is to be made four times as great.

I6.'5Im. With the ends fixed; I. the formulae for a hollow tube (Jig. 614c.) a= 3000, then
16x (or sectional area inches)

1 + /'-
inches z= \V tons.

a D-'or (liiam. inches)

Fig. CUc. Fig. 6Ud. Fig. 6He. Fig. G14/.

II. The formulas for a cross with equal arms (Jig. 6I4c?) a=l000.
I I I. 'J'he formulas for an angle with equal sides (Jig. 6l4e) a= 1000.

IV. When hinged at the ends, take ?.

]631n. Detrusion, or shearing, denominates that kind of fracture, which would occur in

the use of shears if their edges were blunt; or when the punch of a jiun-jhing machine



Chap. 1. BEAMS AND PILLARS. 445

.iiakes a hole in a plate. Faii"l)aini lias deduced the f:illowing laws from his cx]ieriments :

I. That the ultimate resistance to sliearing in any bolt or rivet, is ])ro|jortional to the sec-

tional aria of the bar torn asunder. IL That the ultimate resisiance ot" any bar to a

shearing strain is nearly the san.e as tlie ultimate resistance of the same bar to a direct

longitudinal tensile strain.

Table of the Resistance of INIaterials to Shearing and DiSTORTio>f.

1

1

Resistance to Shearing,
Trnnsverse Elasiicitv, nr
Resistance tci Distortion,

1

per square inch.

Us. avoirdupois. lbs. avoirdupois.

Brass wire, drawn - 5,3SO,000

Coi)i)er ... - 6,200,000

Cast iron ... 27,700 to 32,500 2,850,000

AVrought iron 50,000 8,500,000 to 9,500,000

Pine, red . . - 500 to 800 62,000 to 116,000

Fir, Spruce - - . 600 —
I>arcli - . - - 970 to 1,700 .

—

Oak, English 2,300 82,000

Poplar 1,800 —
Ash and Elm L400 76,000

Deal . - - - 592 "1

Cast iron ... 7.3,000 f \
Warr. Kankine.

Wrought iron 45,000 to 53,000 J

1631o. To find the length between the end of a beam and the foot of a strut or of a

ra(ter, necessary to resist the tiirust of the latter, so as to prevent the detrusion of the
4h . .

beam, the formula to be used is ^ = the length in inches. Here b tlie breadth of the beam

in inches; h horizontal tlirust in pounds; and S, the cohesive strengtli in pounds of a

square inch of the material. Tredgold states that 4 is a sufficient value for a factor of

safety in this case ; S = 600 lbs. per square inch for fir, and 2 300 lbs. for oak. Tlie strap

or bolt usually employed to bind the rafter and beam t(igether, sliould be at as acute an
angle as ])ossible, and holds the rafter in its place should the end of the beam give way.

163Ip. Iron fastenings to joints. In forming eyes by welding, at the end of iron bars

for ciiain links and other jiurposes, the bar is found to be weaker than in its plain form.

In iron plate work, tlie joints are made by riveting on which the whole efficacy of the

built-up plate work depends. Taking the strength of the i)lain plate as 100, a double-

•J - 8

o ooo O o o

o ooo ooo
o ooo oo oo
o oo O O

Fig. Cllj.

riveted plate will be 70; and a single-riveted, 56- Again, with Angle plate jointinos

having a top and bottom covering plate over the joint, and with half inch rivets, as A,

/J^. 613x, the phites were torn asunder tiirough the rivet-iioles, with 2441 tons in the

square inch. Witli a double plate, having a single covering plp.te on the side of the joint,

as B, the plates broke asunder by shearing off the rivets close to the plate, with 18-73 tons

per square incli ; but the rivets having been made larger, a similar strength to the previous

experiment was realised. A plain phite broke with 22 -78 tons mean value.

163 liy. Fairbairn recommends the flanges or double plates to be used as long as possible,

and the joints to be carefully united by covering plates, i/iain-rireled, as C, with three or

more rows of rivets according to the widths of the plates. Eight rivets are required in

each of the lines, four on each side of the joints, to give sufficient strength, and the area of

the rivets collectively should be equal to the area of the jointed plates taken transverseW

through one line of the rivets, the area of the parts punched out in that line being deducted
These proportions give the required security to the joint, and afford nearly the same
strength to a tensile strain as the solid

i
late ; that is, if the coveiing plates be as muc)

thicker as will give the same area ot seciion through tiie rivet- holes as the unperforatec

double pla'e. {par. 1629e.)

163 Ir. Rivets are made of the most tough and ductile iron. It is essentially necessary

that the rivet should tightly fit its hole; and the longitudinal compression to which rivets

are sid)jected during the formation of its head, whether by hand or machinery, tends to

produce that result The diameter of a rivet for plates less than half an inch thick, is
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iiboiit (U)iiblu llie tlii:-kness of tlie plate. P'or plates of lialf an inch tliifk ai-.d upwaids,

about once and a lialf the tliickiiess of the plate. The length of the rivet before clenthiiig

(Mhicli is edeoied whilst tlic rivtt is ri'd-liot). measuring from tlie head, equals the sum
of the thickness of the platt-s to be connected, added to 'J^ inche<; multiplied by the

diameter ot the rivet. A good rivet may be l)ent double whilst cold without showing any

signs of fr.ictcre ; and the head when hot should stand being hammered down to less than

^ in. in tkickness without cracking at the edge. fhey should also stand having a punch

«:f nearly their own diameter driven right tlirough the shank of the rivet when hut,

without cracking the iron round the hole. CC. G. Smith.)

1631s. Steel rivets, fully larger in diameter than those used in riveting iron plates of

the same thick ne'^.-;, being found to be greatly too small for riveting steel plates, the pro-

bability is suggested that the proper proportion for iron rivets is not, as generally assumed,

a diameter equal to the thickness of the two jilates to be joined. The shearing strain of

steel rivets is found to he about a fourth less than the tensile strain. (Kirkaldy;.

16?)lt In the bridge over the Thames for tlie Charing Cross Railway, the holes were

drilled and not punched. 'J'his is a point upon wliich engineers differ considerably ; but

u.evst firms punch the holes. At Fairbaim's works at Maneliester, drilling holes was con-

sidered to lie more expensive without adding to tlie strength. Mr. Parkes thinks that the

punching injured the iron considerably, and ihought Fairbairn's experiments went to show

it. (Society of Engineers, Transactions, 1865).

163 1h. I'ins, keys, and wedyes are exposed, like rivets, to a shearing stre'^s. The formula

for finding their proper sectional area is the same. They must he held tiglitly in tiieir

aeats ; and in order that a wedge or key may not .slip out of its seat, its angle of obliquity

ought not to exceed tlie angle of repose of iron upon iron, which, to provide for the con-

tingency of the sur'aces being greasy, may l)e taken at about 4°. (Ilankine).

163I('. If a boll or screw has to withstand a shearing stress, its diameter is to be deter-

mined like that of a cylindrical pin. If it has to withstand tension, its diameter is to be

determined by having regard to its tenacity. In either case the effective diameter of tne

bolt is its least diameter; that is, if it has a screw upon it, the diameter of the Sjiindle

inside the thread. The projection of the thread is usually one-half of the pitch ; and the J
pitch should not in general be greater than one-fifth of the effective diameter, and may l)e M
considerably les.s. In order that tiie resistance of a screw or screw-bolt to ruptm-e, by

stripping the thread, may be at least eq.ial to its resistance to direct tearing asunder, tlie

length of the nut should be at least one half of the effective diameter of the screw: audit

is often in practice considerably greater; for example, once and a half that diameter. The
head of a bolt is usually about twice the diameter of the spindle and of a thickness which

is usually greater than |tlis of that diameter. (Rankine).

16;'l?t). Witslmrs are flat plates of iron, placed at the sides of timbers to secure them

against the crushing action of the head and nut of a bolt whilst being screwed up. For

fir. the diameter of the washer is made about 3^ times that of the bolt; and for oak,

about 2^ times. Wlien a bolt is placed oblique to the direction of the beam which it

traverses, a notch should lie cut in tlie timber perpendicular to the bolt, to receive the

pressure of the washer equally, or notched to receive a bevelled washer of cast iron, one

side of which fits the wood, and the other fits the axis of the bolt.

TousioN.

1631a-. Torsion, or the resistance of bodies to being twisted, is found : I. When a body

is fastened at one end and a force is applied at the other. II When the force at one end

isgreater than at the other end. III. When the forces at the ends are in opposite directions,

and are so applied as to twist the body. As this fact chiefly, if not entirely, concerns rr.achinery

in motion, we refer the student fcr more specific details to Warr, Dynamics, p. '269, who gives

a table of " modulus of torsion " of various timbers and metals, derived from experiments

made by Bevan, in Phd Tians. 1H29. p. 128. Approximate formula are given by Hurst:

—

I. When the shaft is circidar, Y/^^'= d. And y-'= W. II. When the shaft is square,

»/'• ^^ ' = «. Here d diameter inches ; W weight pounds permanently sustained by the shaft;

/ leno-th of lever in feet, at the end of which W acts ; s side in inches ; and C, cast steel 590
;

wrought iron 335; cast iron 330; gun metal 170, brass 1.50; copper 135; lead 34.

IGSly. In the Artizan for 1857 and 1858 is an instructive Em/niri/ into the Strength oj

Beitins and Girders, hy S. Hughes, deserving attention. The chief authorities for the data

rontained in that article, and also in tliis section, are quoted herein.
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1632. WoEKixG Strength or Matkui.als.

S''fe loads in lbs. per square inch.

Wrought-iron bars - - - -

Teinion. Pressure. Shearing.

10 400 10,400 7,800

„ plates . - - - 10,000 10,000 7,500

Drawn iron wire _ - _ - 13.2(10 — —
Cast iron ------ 3,690 10,000 2.700

Solt steel, iinhardencd _ - - 17,700 17.700 13,200

., hardened and tempered 3O.400 3;"), 4 00 26,600

Stppl wire ------ 27,300 —

.

—
Timber, Ash a - - - - - 1,700 940 —

b - - - - - — 510 —
„ Oak « - l,t,60 940 100

b . - - - - — 510 —
„ Beech a - - - - - 1,700 940 85

b - - - - - — 510 —
„ Pine a - - - - - 1,000 620 55

b - - - . - — 310 —
Good brickwork ----- — 140 —
Ordinary „ - - _ - _ — 86 —
Stone .-.--- — 200 —

a, Stress parallel to the fibres; f>, ditto perpendicular to the fibres.

The above vaLies of the safe load may be taken for structures subject to travelling loads.

When subject to dead ioads, these values may, in the case of iron and steel, be
multiplied by |. G. S. Clarke, Graphic Strains,''ito, 188il, p. 138.

1632a. Table of Strength of vakious Timbers.

The primitive horizontal or transverse strength of oak is taken at 1000; its supporting

or primitive vertical strength at 807 ; ami its cohesive cr absolute strength at 1821
;

being deduced from pieces 19'188 lines Euglish square. The relative strengths of

other woods are given :

—

Primitive Primitive Abso'ute
Sprcies of
Wood.

Primitive Primitive Absolute
Species of Wood. horzontal vertical cohesive horizontal vertical cohesive

Strength. Strength. Strength. Strength. Strength. Strength.

Acacia (yellow) 780 1228 1560 Fir 918 851 1250

Ash 1072 1112 1800 O^k 1000 807 1821
Beech - 1032 986 2480 Pine-tree - 882 804 1141

Birch - 853 861 1980 Poplar - 586 680 940
Cedar - 627 720 1740 Service-tree 965 981 1642
Cherry-tree - 961 986 1912 Sycamore

-

900 968 1564
Chestnut 957 950 1044 Yew-tree - 1037 1375 2287
Elm - 1077 1075 1980 Walnut - 900 753 1120

STEEL.

1633. Steel is now largely superseding wrouuht iron in all uses to which tho latter

material was usually applied. Nearly every section of L, "Y, and C. as well as rolled

joists I. are now made in steel to specification. Railway metals or rails have been made
of steel for some years. Plates, sheets, and bars for every purpose of bridge girder,

roof, and boiler making, are now commonly in use, as also for cyliudrical and octan ular

columns which have 'to carry great weights; also for ship armour and gun mounts.

Steel is most useful wlien bulk and weight is a consideration ; the constructional cost,

as a rule, can be brought down almost to that of iron ; the price per ton is m ire, but less

weight is required. The kind mostly used is called mild steel, containing about 018 per

cent, of carbon, bearing a tensile stress 30 to 35 tons per square inch with the fibre, and
28 to 30 acrO'S the fibre. Much higher results can be obtained for special purposes, but

the manufacture for ordinary structural purposes cannot be fully relied upon beyond
30 tons tensile. The Commifee of the Bririsli Asiociaiion advised a maximum of
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9 tons per square inch as working tensile stress, Lut Mr. Stoney considers 8 tons per inch
ample. Many engineers are content witli 7| tons.

1633a. But Mr. Arch. I). Dawnay has found, from a large series of experiments upon
the actual beams, &c., that ordinary mild steel scarcely exceeds 7 tons per square inch,

while many inferior makes have not exceeded 6 tons. For important works, the architect

or engineer may specify certain results as being required, and they can always get it,

though, of course, at a special price. In many ways cast mild steel is superseding

cast iron, especially in machinery, spur and other wheels, shaft, gearing, &c. A saving

of 40 per cent, is shown over the use of cast iron. Some makers anneal their castings,

thus raising the modulus of rupture from 7 to 12 tons, and at the same time increasing

the ductility. Steel castings are more liable to defects than catt iron. (See 1769.)

1634. In the paper read April, 1880, by A. B. "W. Kennedy, M.I.C.E., at the Royal
Institute of British Architects, On Mild Steel and its Applicatio?i to Bitilding Pur-
poses, he mentions that out of the great number of qualities of mild steel which are

made, there are two claf-ses of special importance fur constructive purposes. 1. The very

mild steel accepted by three companies for shipbuilding purposes : tlie Admiralty limits

for tenacity are 26 and 30 tons per square inch; Lloyd's limits are a ton higher; and the

Liverpool Underwriters' a ton higher still, or 28 to 32 tons per sqiiare inch. The first

two also require the ultimate extension of the piece before fracture to be not less than
20 per cent, in an 8-inch length. Such steel requires practically no annealing, and is not

more injured by punching than wrought iron, and in many case* less. 2. The steel

which has a tenacity of about 10 tons per square inch more than the former, or about
40 tons per square inch. It is much harder and considerably less ductile, and much less

suitable for places where much work has to be done on it. But it can be obtained just

as uniform in quality as the milder material, and its superior tenacity gives it greater

advantages where it can be used substantially in the form in which it leaves the rolling-

mill. It will extend 10 to 12 per cent, in 10 inches before fracture.

1634a. The tests commonly enforced are of three kinds. 1. The tenacity of the steel

must lie between certain definite limits. 2. The samples tested must have a minimum
percentage of extension, in a specified length, before fracture. 3. For "temper" test,

sample strips heated to a low cherry-red, and cooled in water at 82*^ Fahrenheit, must
stand doubling round a curve whose radius is not more than one and a half times the

thickness of the strip. All the tests are made upon sample strips of from Oh to TO
square inches in sectional area, cut from the plate, bar, or angle iron, the strips being

generally of the same thickness throughout, parallel for a length of 8 or 10 inches in the

centre, and being wide at the ends where held in the machine.

1635. Table of Safe Distributed Loads on Rolled Iron Joists I, and on Steel
Joists I, at about a Quarter Bkeakino Weight.

Q. Bearing in Feet.

Q

ins

c

ins. lbs.

6 8 10 12 14 16 18 20 22 24 2G 28 30

tons. tons. tons. tons. tons. tons. tons. tous. tons. tons. tons. tons. tous.

3 It 6 0-8 0-6 05 0-4

3 3 10 19 1-4 1-1 10 08
4 3 12 31 25 1-9 1-5 1-3 1-2 1-1

5 4i 23 7-6 60 4-4 4-0 3-5 3-0 2-5

6 5 29 11-5 8-8 6-8 5-9 4-9 4-3 3-8

10 36 240 18-0 14-8 120 10 6 9-0 8'2 7-3 6-7 6-2 0-7 5-3

16 6 62 61 8 45 35-0
1

300 260 23-1 20-6 18-3 168 15-4 14-2 13-2 12-3

S PEEL Joists. ( Moreland. )
(A. D. Dawnay.)

3 3 10 2-7 1-9 1-5

4 3 12 4-5 3-3 2-7 2-2 1 9 1-7

5 4i 23 u-o 8-2 6 3 5-0 4-6 4-1 36
6 5 28 16-3 12-3 9-8 8-1 7-1 61 55 4-9 4-0

10 5 37 26 -rt 21-4 lH-0 15 3 13-4 11-8 10-7 97 9-0 8-2 7-6

16 6 63 — — 44-6 3S-2 ?4-.» 29-8 26-5 21-3 22-3 20-6 19-1 17-8

This table affords an approximate view of the relative strength of joists of the two

materials.— 1887.
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CHAP. ir.

MATERIALS USED IN BUILDING.

Sect. I.

STONE.

1636. It is almost superfluous to say that the choice of stone for a building intended to

be durable is of the very highest importance. " In modern Europe," it has been observed,

"and particularly in Great Britain, there is scarcely a public building, of recent date, which

will 1)6 in existence a tliousand years hence. Many of the most splendid works of modern
architecture are hastening to decay in what may be justly called the infancy of their exist-

ence, if compared with the dates of public buildings that remain in Italy, in Greece, in

Egypt, and the East."

1 637. The various sorts of stone take their names either from the places where they are

quarried or from the substances which principally enter into their composition. The terra

" Freestone," which is used in a very arbitrary way, is, as its name implies, that sort which

can be wrought with the mallet and chisel, or cut with the saw, an operation which cannot

be performed upon granite, whose hardness requires it to be dressed with pointed tools of

different weights and sizes. It includes the two great general divisions of Limestone and

Sandstone. The limestone of Portland is that which has for many years past been chiefly

used in the metropolis. Latterly, other sorts have found their way in from the provinces

;

and though, from many circumstances, we do not think it likely that Portland stone, from

its facility of transport and other causes, will be altogether superseded, there is no doubt

that its use is on the wane from the introduction of provincial sorts.

1638. We shall proceed, after some preliminary observations, to give, from the Report

addressed in 1839 to the Commissioners of Woods and Forests on the occasion of select-

ing the stone for building the new Houses of Parliament, a view of the principal sorts of

stone found and used in the island. A new edition was printed in 1845.

1639. The qualities requisite for a building stone are hardness, tenacity, and com-

pactness. It is not the hardest stone which lias always the greatest t-nacity or toughnes.s

,

for limestone, though much softer, is not so easily broken as glass.

1640. The decai/ and destruction of stone are accelerated by nearly the same causes as

those which destroy rocks themselves on the surface of the globe. Such causes are of two

kinds : those of decomposition and those of disintegration. The former affects a chemical

change in the stone itself, tlie latter a mechanical division and separation of the parts.

The effects of the chemical and mechanical causes of the decom|)osition of stone in

buildings are much modified, according to their situation, as in the town or coimtry.

In populous and smoky towns the state of the atmosphere accelerates decomposition more

than in those placed in the open country, (par. 1667.)

164L " As regards the sandstones that are usually employed for building purposes, and

which are generally composed of either quartz or siliceous grains, cemented by siliceous,

argillaceous, calcareous or other matter, their decomposition is effected according to the

nature of the cementing substance, the grains being comparatively indestructible. With

respect to limestones composed of carbonate of lime, or the carbonates of lime and mag-

nesia, either nearly pure or mixed with variable proportions of foreign matter, their

decomposition depends, under similar circumstances, upon the mode in which their com-

ponent parts are aggregated, those which are most crystalline being found to be the most

durable, while those which partake least of that character suffer most from exposure to

atmospheric influences.

1642. "The varieties of limestones termed Oolites (or Roestones) being composed of

oviform bodies cemented by calcareous matter of a varied character, will of necessity

suffer unequal decomposition, unless such oviform bodies and the cement be equally

coherent and of the same chemical composition. The limestones which are usually termed
' s/i(.'%,' from being chiefly formed of either broken or perfect fossil shells cemented by

calcareous matter, suffer decomposition in an unequal manner, in consequence of the shells,

which, being for the most part crystalline, offer the greatest amount of resistance to the

decomposing effects of the atmosphere.

1643. " Sandstones, from the mode of their formations, arc very frequently laminated,
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more I'specially when micaceous, the plates of mica being generally deposited in planes

parallel to their beds. Hence, if such stone be placed in buildings with the planes of

lamination in a vertical position, it will decompose in flakes, according to the thickness of

the lamina; ; whereas, if it be placed so that the planes of lamination be horizontal, that is,

most commonly upon its natural bed, the amount of decomposition will be comparatively

immaterial.

1644. " Limestones, such at least as are usually employed for building purposes, are not

liable to the kind of lamination observable in sandstones ; nevertheless, varieties exist,

especially those commonly termed shelly, which have a coarse laminated structure, generally

parallel to the planes of their beds, and therefore the same precaution in i)lacing sucli stone

in buildings so that the planes of lamination be horizontal, is as necessary as with the

sardstones above noticed.

1645. " The chemical action of the atmosphere produces a change in the entire matter

of the limestones, and in the cementing substance of the sandstones acccording to tlie

amjunt of surface exposed to it. The mechanical action duje.to atmosplieric causes occa-

sions either a removal or a disru))tion of the exposed particles, the former by means of

powerful winds and driving rains, and the latter by the congelation of water forced into or

absorbed by the external portions of the stone. These effects are reciprocal, chemical

action rendering the stone liable to be more easily affected by mechanical action, which

latter, by constantly presenting new surfaces, accelerates the disintegrating effects of the

former.

1646. " Buildings in this climate are generally found to suffer the greatest amount of

decomposition on their southern, south-western, and western fronts, arising doubtless from

the. prevalence of winds and rains from those quarters ; hence it is desirable that stones of

great durability should at least be employed in fronts with such aspects.

1647. " Buildings situated in the country appear to possess a great advantage over those

in populous and smoky towns, owing to lichens, with which they almost invariably become

covered in such situations, and which, when firmly established over their entire surface,

seem to exercise a protective influence against the ordinary causes of the decomposition of

the stone upon which they grow.

1648. " As an instance of the difference in degree of durability in the same material

subjected to the effects of the atmosphere in town and country, we may notice the several

frusta of columns and other blocks of stone that were quarried at the time of the erection

of St. Paul's Cathedral in London, and which are now lying in the island of Portland, near

the quarries from whence they were obtained. These blocks are invariably found to be

covered with lichens, and although they have been exposed to all the vicissitudes of a marine

atmosphere for more than 150 years, they still exhibit, beneath the lichens, their original

forms, even to the marks of the chisel employed upon them, whilst the stone which wai

taken from the same quarries (selected, no doubt, with equal, if not greater, care than the

blocks alluded to) and placed in the cathedral itself, is, in those parts which are exposed to

the south and south-west winds, found in some instances to be fast mouldering away.

Colour is of more importance in the selection of a stone for a building to be situated in a

populous and smoky town, than for one to be placed in an open country, where all edifices

usually become covered, as before staled, with lichens ; for although in such towns those

fronts which are not exposed to the jjrevaiUng winds and rains will soon become blackened*,

tlie remainder of the building will constantly exhibit a tint depending upon the natural

colour of the material employed.

1649. " Before we proceed to adduce a few examples of the present condition of the

various buildings we have examined, we would wish to observe that those which are highly

decorated, such as the churches of the Norman and pointed styles of architecture, afford a

more severe test of the durability of any given stone, all other circumstances being ccjual,

than the more simple and less decorated buildings, such as the castles of the fourteenth and

fifteenth centuries, inasmuch as the material employed in the former class of buildings is

worked into more disadvantageous forms than in the latter, as regards exposure to the

effects of the weather ; and we would further observe, that buildings in a state of ruin,

from being deprived of their ordinary protection of roofing, glazing of windows, &c., con-

stitute an equally severe test of the durability of the stone enii)loyed in them.

16.50. " As examples of the degree of durability of various building stones in particular

localities, the following may be enumerated. Of the sandstone buildings which we ex-

. amined, we may notice the remains of Ecclestone Abbey, of the thirteenth century, near

Barnard Castle, constructed of a stone closely resembling that of the Stenton quarry in the

vicinity, as exhibiting the mouldings and other decorations, even to the dog's-tooth orna-

ment, in excellent condition. The circular keep of Barnard, ajjparently also built of the

same' material, is in fine preservation. Tiatern Abbey may also be noticed as a sandstone

* We must take leave to question tins statement; as, for instance, in St. Paul's Cathedral we find the

nortliein front peculiarly black, whilst the south front and soiilh-wcstern angle are comparatively white

This we have always cousidered to have arisen from the more conslaul action of tho sun's rays iipou them.
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edifice that has to a considerable extent resisted decompor,ition : for although it is decayed
in some parts, it is nearly perfect in others. Some portions of Whitby Abbey are likewise

in a perfect state, whilst others are fast yielding to the effects of the atmosphere. The
older portions of Ripon Cathedral, constructed of sandstone, are in a fair state of preser".

ation. Rivaulx Abbey is another good example of an ancient sandstone building in a
fair condition. The Norman keep of Richmond Castle in Yorkshire affords an inEtance

of a moderately hard sandstone which has well resisted decomposition.

1651. "As examples of sandstone buildings of more recent date in a good state of preserv-

ation, we may mention Hardwicke Hall, Haddon Hall, and all the buildings of Craig-

leith Stone in Edinburgh and its vicinity. Of sandstone edifices in an advanced state of

decomposition we may enumerate Durham Cathedral, the churches at Newcastle upon
Tyne, Carlisle Cathedral, Kirkstall Abbey, and Fountains Abbey. The sandstone churches

of Derby are also extremely decomposed; and the church of St. Peter at Shaftesbury is in

such a state of decay that some portions of the building are only prevented from falling by
means of iron ties.

1652. " As an example of an edifice constructed of a calciferous variety of sandstone, we
may notice Tisbury Church, which is in unequal condition, the mouldings and other enrich-

ments being in a perfect state, whilst the ashler, apparently selected with less care, is fast

mouldering away.

1653. " The choir of Southwell Church, of the twelfth century, may be mentioned as

affording an instance of the durability of a magnesio-calciferous sandstone, resembling that

of Mansfield, after long exposure to the influences of the atmosphere.

1654. " Of buildings constructed of magnesian limestone we may mention the Norman
portions of Southwell Church, built of stone similar to that of Bolsover Moor, and which are

throughout in a perfect state, the mouldings and carved enrichments being as sharp as

when first executed. The keep of Koningsburgh Castle, built of a magnesian lim.estone

froin the vicinity, is also in a perfect state, although the joints of the masonry are open in

consequence of the decomposition and disappearance of the mortar formerly within them.

The church at Hemmingborough, of the fifteenth century, constructed of a material re-

sembling the stone from Huddlestone, does not exhibit any appearance of decay, lickhill

Church, of the fifteenth century, built of a similar material, is in a fair state of preservation.

Huddlestone Hall, of the sixteenth century, constructed of the stone of the immediate
vicinity, is also in good condition. Roche Abbey, of the thirteenth century, in which
stone from the immediate neighbourhood has been employed, exhibits generally a fair state

of preservation, although some portions have yielded to the effects of the atmosphere.

1655. " As examples of magnesian limestone buildings in a more advanced state of

decay, we may notice the churches at York, and a large portion of the Minster, Howdeu
Church, Doncaster Old Church, and others in that part of the country, many of which are

so much decomposed that the mouldings, carvings, and other architectural decorations are

often entirely effaced.

1656. " We may here remark, that, as far as our observations extend, in proportion as the

stone employed in magnesian limestone buildings is crystalline, so does it appear to have

resisted the decomposing effects of the atmosphere ; a conclusion in accordance with the

opinion of Professor Daniell, who has stated to us that from the results of experiments,

he is of opinion ' the nearer the magnesian limestones approach to equivalent proportions

of carbonate of lime and carbonate of magnesia, the more crystalline and better th.ey are in

every respect.'

1 657. " Of buildings constructed of oolitic and other limestones, we may notice the church

of Byland Abbey, of the twelfth century, especially the west front, built of stone from the

immediate vicinity, as being in an almost perfect state of preservation. Sandysfoot Castle,

near Weymouth, constructed of I'ortland oolite in the time of Henry VIII., is an example
of that mateiial in excellent condition; a few decomposed stones used in the interior (and

which are exceptions to this fact) being from another oolite in the immediate vicinity of

the castle. Bow and Arrow Castle, and the neighbouring ruins of a church of the four-

teenth century, in the Island of Portland, also afford instances of the Portland oolite in

perfect condition. The new church in the island, built in 1766, of the variety of the Port-

land stone termed roach, is in an excellent state throughout, even to the preservation of the

marks of the chisel.

1658. " Many buildings constructed of a material similar to the oolite of Ancaster,

such as Newark and Grantham Churches, and other edifices in various parts of Lincoln-

shire, have scarcely yielded to the effects of atmospheric influences. Windrush Church,

built of an oolite from the neighbouring (juarry, is in excellent condition, whilst the Abbey
Church of Bath, constructed of the oolite in the vicinity of that city, has suffered uuicli

from decomposition ; as is also the ease with the cathedral, and the churches of St. Nicholas

and St. Michael in Gloucester, erected of a stone from the oolitic rocks of the neighbour-
hood.

1659. " The churches of Stamford, Ketton, CoUcy Weston, Kettering, and other places
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in that part of tlie eountry, attest the durability of the Shelley oolite, termed Barnack Rag,
with the exception of those portions of some of them for which the stone has been ill-

selected. The excellent condition of those parts which remain of Glastonbury Abbey show
the value of a shelly limestone similar to that of Doulting, whilst the stone employed in

Wells "Cathedral, apparently of the same kind and not selected with equal care, is in part3

decomposed. The mansion, the church, and the remains of the abbey at Montacute, as

also many other buildings in thrt vicinity, constructed of the limestone of Ham Hill, are
in excellent condition. In Salisbury Cathedral, built of stone from Chilmark, we have
evidence of the general durability of a siliciferous limestone; for, although the west front

has somewhat yielded to the effects of the atmosphere, the excellent condition of the build-
ing generally is most striking.

16G0. " In the public buildings of Oxford, we have a marked instance both of decom-
position and durability in the materials emjiloyed ; for whilst a shelly oolite, similar to that
of Taynton, which is employed in the more ancient parts of the cathedral, in Me-.ton
College Chapel, &e., and commonly for the plinths, string-courses, and exposed portions oT

the otlier edifices in that city, is generally in a good st:ite of preservation, a calcareous stone
from Heddington, employed in nearly the whole of the colleges, churches, and other public
buildings, is in such a deplorable state of decay, as in some instances to have caused
all traces of architectural decoration to disappear, and the ashler itself to be in many places
deeply disintei;rated,

ICG'l. " In Spofforth Castle we have a striking example of the unequal decomposition
of two materials, a magnesian limestone and a sandstone ; the former employed in the
decorated parts, and the latter for the ashler or plain facing of the walls. Although the
magnesian limestone has been equally exposed with the sandstone to the decom])osing
effects of the atmosphere, it has remained as perfect in form as when first employed, wliile

the sandstone has suffered considerably from the effects of decomposition.

1 G62. " In Chepstow Castle, a magnesian limestone in fine preservation, and a red sand-
stone in an advanced state of decomposition, may be observed, both having been exposed to

the same conditions as parts of the same archways ; and in Bristol Cathedral there is a
curious instance of the effects arising from the intermixture of very different materials,

a yellow limestone and a red sandstone, which have been indiscriminately employod both
for the plain and decorated parts of the building ; not only is the appearance in this case

unsightly, but the architectural effect of the edifice is also much impaired by the unequal
decomposition of the two materials, the limestone having suffered much less from decay
than the sandstone.

1663. " Judging, therefore from the evidence afforded by buildings of various dates,

there would appear to be many varieties of sandstone and limestone employed for building
purposes which successfully resist the destructive effects of atmospheric influences;

amongst these the sandstones of Stenton, Whitby, Tlntern, Kivaulx, and Cragleith, the

magnesio-calciferous sandstones of IMansfield, the calciferous sandstone of Tisbury, the

crystalline magnesian limestones, or Duloinitts of Bolsover, Huddlestone and Roche Abbey,
the oolites of Byland, Portland, and Ancaster, the Shelly oolites and limestones of Barnack
and Ham Hill, and the siliciferous limestone of ('hilmark appear to be amongst the mcst
durable. To these, which may all be considered as desirable building materials, we are inclined

to add the sandstones of Darley Dale, Humbie, Longannet, and Crowbank, the magnesian
limestones of Robin Hood's Well, and the oolite of Ketton, although some of them may
not have the evidence of ancient buildings in their favour." The Report upon which we
have drawn so largely, and from which we shall extract still larger drafts, then proceeds to

close by a preference to limestones on account "of their more general uniformity of tint,

their comparatively homogeneous structure, and the facility and economy of their con-
version to building purposes," of which it prefers the crystalline ; on which account, and its

combination with a close approach to the etiuivalent proportions of carbonate of lime and
carbonate of magnesia, for uniformity in structure, facility and economy in conversion, and
for advantage of colour, the parties to the Report prefer the magnesian limestone or

dolomite of Bolsover Moor and its neighbourhood. The Report deserves every commend-
ation ; upon ;he whole it has been well done, and is the first scientific step the government of

this country has ever taken in respect of practical architecture. It, moreover, only cost the

moderate sum of £l,400, including the many collections of specimens deposited in various

iinstitutions for reference.

1664. The following table presents a synoptical, and, to the architect, important vie^v of

the relative value, in every respect, of the principal species of stone which the various pr-'-

vinces of England affoid for building purposes. It is taken from the Report s) much
quoted, the list of stones being consdirably alridged. We should direct attention to

the fact that facilities of conveyiince have greatly modified the cost of each stone in London.
It will be well idso to notice the valuable " Quarry Returns" of building and other stones,

the produce of Ihe United Kingdom of Great Britain and Iri land, ijubllshed in liie

Memoirs (if the Gcoltyknl Survey of Great Britain, &c., and edited by Rob.rt Hunt, beiiig

Part II. for 185S, but published in 1860.
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SANDSTON'ES.

Name of
Quarry, anfl

rhcre situated.

Abercarne
and Kew-
BitiDGE. near
Newport,
Monmouth-
shire

'Ball Cross

Bareadoes,
Tintern,
Monmouth-
shire.

BiNNIE, Up-
hiiU, and in

hinlitligow-
sliire.

Bolton's
Qt AKHV,
Aislaby,
Yorkshire.

Prcprietor of
Quarry.

Sir B. Hall
Bart.

nuke of
Beaufort.

Dark
hluish

grey.

Bramley
Fall (Old
Quarry),
near Leeds,
Yorkshire.

Calverley,
Tunbridge
Wells.Kent,

Messrs. El
gie and
Lawson,
as execu
tors of the
late Mr
Noble, of
York.

Earl of Car-
digan.

John Ward,
Esq., Hoi-
wood
Park,
Bromlt^y,
Kent.

Kerrugi-
nous
brown
striped,
and
zoned in

deeper
j

tints.
I

Light
greyish
brown.

Brownish
grey.

Quartz and si-

liceous grains,
moderately
fine, with ar-

gillo. siliceous

cement ; mi-
caceous, and
with remains
of fossil plants

.Siliceous grains
with argillo-
siliieous ce-
ment ; occa-
sionally mica-
ceous, ferru-
ginous.

Fine and coarse
qi.artz, and
other siliceous
grains, with
argillo-sili-

ceous cement,
ferruginous
spots, and
plates of mica.

Fine quartz
grains, with
argillo-sili-

ceous cement,
micaceous,
chiefly in

planes of beds.

Moderately fine Warm
siliceous light

grains, with brown,
argillo-sili-

ceous cement,
plates of mica,
and spots of
carbon disse
minated.

Quartz grains Light
(often coarse), lerru-

and decoin- ginous
posed felspar, brown,
with argillo-
siliceous ce-
ment. Mica
rare. Sinall
ferruginous
spots dissemi-
nated.

Fine siliceous Varie-
gralns, with a gated
slightly cal- browns,
careous ce-

ment.

>a
s.t-1

•5

Sf

tons, II

thick-
nes.-es

ol 5 feet

10 i\d., o
5s pe
ton

li

to 10
tons,

thickest
bed 10 to

12 It.

lOrf. to

140 1 Bands 14 Is. Irf. f
to 18 It.

thick (3
in nuin
her).

100 ft.

cube ;

top beds
for

house
build-
ing,

bottom
beds for

docks.
Beds 3
to 8 ft.

thick.

142 8, Up to la

tons.

Is. for

largest
block

I0</.

U.

ft., and
upwards
to 500.

Beds to

3ift.

2 9
to

3 8

1 9
to

2 1

I 2
to

1 4

Old churche*
and modern
buildings
vicinity ; new
Docks at New.
port and Car
diS.

At Chatsworth
and BakewelL

Tintern Abbey.

New club-house
in Prince'
Street, Edin
burgh, and
numerous pri-
vate houses
there and in

Glasgow.

Whitby Abbey,
New Univer-
sity Library at
Cambridge,
Scarborough
and Bridling-
ton Piers,
Sheerness and
St. Katha-
rine's Docks,
&c.

In numerous
bridges,
waterworks,
&c.

Upper part of
new church at

Tunbridge
Wells ; Ca-
tholic Chapel,
the Calverlev
Hote:, r.ew
Market
House, and
Victoria Na-
tional School,
and about 1'

houses, &c., at

Tunbridge
Wells and its

vicinity.
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SAND STO X I<: S— continued.

Book II.

wGe.

Craigleith,
Oiaigleith
Hill, near
Edinburgh

Propriefor of
Quarrj.

W. F.Ram-
say, Esq.,
of Barn-
ton.

Fine quartz
grains, with a
siliceous ce-
ment, slightly

calcareous, oc-
casional plates
of mica.

Crawbank,
Botrow-
stones,
Linlithgow-
shire.

Dl'FFlELI)
Hank, Duf-
field, Derby-
sliire.

Duke'sQuau
RIES, Ilult

Stanwell
Uridge,
Derbyshire

EilandEdge,
near Hali-
fax, York-
shire.

Gatherley
Mooit, near
Kichmond,
Yorkshire.

Duke of H;i

milton.

Mrs. Stra-

than.

Duke of
Devon-
shire.

John War-
ton, Esq.
Gis-
borough.

Whitish
grey.

Fine quartzose
grains, witli

an argillo-si-

liceous ce-
ment, some-
what ferru-
ginous ; disse-

minated mica.

Quartz grains of
moderate size,

and decom-
posed felspar,

with an ar-
gillo-siliceous

cement, ferru-
ginous spots,
and ocrasion-
aliy plates of
mica.

!uartz grains,
generally
coarse, with
decomposed
felspar, and an
argillo-sili-

ceous cement

;

ferruginous
spots.

Fine quartz
grains, with
an argillo-sili-

ceous cement,
micaceous in

planes of beds.

Quartz grains of
moderate size,

and an argillo-
siliceous ce-
ment ; ferru-
ginous spots
and plates of
mica.

Light fer-

ruginous
brown

Light
brown
with
dark
brown
and
purplish
tints.

Red, va-
ried

with
green,
brown,
and
grey.

Light grey
brown.

-

Any prac- 9rf. to
ticable 2x. Grf.,

length acconl-
and liig to
breadth. quality.
from U
in. to Id
ft. thick.

5 ft. thick. \s. for

o--'

3 74

J. (I.

I lOJ Used exten
sively in public
buildings
Edinburgh

;

the College
(l-'iSO), Regis-
try (1774)_
courts of law.
Custom
House, Royal
Exchange,
National Mo
nument, and
numerous
churches, and
now using lor
repairs at
Blackfriars
Bridge.

6 ft.

broad
;

10 ft.

long.

1.50 ft. ;

thickest
beds
about
4 ft.;

half the
de[ith

brown,
half

white.

135 13;i to3tons,
a bed 12

ft. deep

blocks
of not
more
than 5
cubic
ft.

\s. \d.
the
white
stone,
9rf. the
brown
stone

2 2

M. for

ths 12

ft. bed

A Roman bridge
(A. D. 140.)
old church of
Kinneil, of tlie

twellth c
tury.

St. Mary's
Bridge, Re-
porter OfKce,
Mechanics'
Lecture Hall,
and Bishop
Ryder's
Church now
building
(Derby) ; also
Duffield
Bridgo and
chimney
shafts

Grammar
School, Bir-
mingham.

Penitentiary at

Millbank, and
the filling in

parts of Wa
terloo Bridge,
Loudon.

Aste Hall near
Richmond,
and Caterick
bridges over
the Swalf
Purse Bridfje
over tlie

Tees ; Skelton
Castle, Dar-
lington Town
Hall, i.ocU-
burn Hall,
and numerous
modern build
ings.
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SANDSTONES — cyn/(Hf/rrf.

Name of
"_c ^

o A

Quarrv, an.l

where situated.
Prorrietor of

Quarry.
Component Parts

of Stone.
Colour.

III

C

Hi
cl-H

Where used.

lb. nz. s. d. i. rf.

Gatton, Oat- Lord Mon- Fine siliceous Greenish 103 I 3.5 to 60 ft. 1 4 . . Hampton Court
ton, Surrey. son. grains, with a light cube. to and Windsor

calcareo-si- brown. from 1 6 Castle, &c. ;

licecuis ce- 4 to 10 m.any
ment, contain- ft. long. churches in

ing green sili- Surrey ; Town
cate of iron Hall and
and plates of Almshouse
mica. Elstahlishment

at Croydon ;

and several
modern build-
ings in the pa-
rish of Gatton.

Olammis, F.arl of Siliceous grains Purple IGl 2 .\ny prac- 7 about Glammis Castle
Forl'arshire. Strath- of moderate grey. ticable to I'.l.s-. and Inver-

more's size ; cement size ; 1 per quharity
trustees. slightly cal-

careous ; mica
abundant in

planes of beds.

thickest
bed G It.

ton. Castle, sup-
posed of the
tenth century;
Cortachy
Castle ; and
in modern
buildings ;

Lendertis
House, &c.

Heddov, near Mrs. Be- Coarse quartz Light 130 11 Beds 4 to 6 1 8 Church at Hed-
Newcastle, wick, near grains, and de- brown 1-2 fr. to ti don, steeple.
Northum- Newcastle composed fel- ochre. thick. 10 2 17G4 ; Norman
berland. upon

Tyne.
spar, with an
argillo-sili-

ceous cement,
ferruginous
spots.

chancel ; co-
lumns of por-
tico to theatre,
and Grey Mo-
ntunent at

Newcastle
;

and nearly all

the buildings,
ancient and
modern, in
and about
Newcastle.

IIOLLIVOTON, Sir J. Gib- Quartz grains of Light 133 1 30 to 40 ft. 7 2 G Trentham Hall,
StaflTord- bons, moderate size, brown- squane. to Drayton Ma-
shire. Bart.,near

Staines,

iVIiddle-

sex.

with an argil-

lo-siliceous ce-
ment ; plates
of mica.

ish grey. and 8 ft.

thick.

1 nor, Heath

-

house, and
various public
and private
buildings iu

Staffordshire ;

Town Hall,
Derby ; Mear
Hall, irhe-
shire, ^c.

Hi'MniE, Karl of Fine quartz Pale grey White 90 cubic 1 2 6 Newliston
Ilumbie, Hope- grains, with and 140 3 ft. and to to House, Kirk-
I.inlitligow- toun. siliceous ce- light grey up- 1 10 3 2 liston ; Dun-
shire. ment ; .slightly

calcareous :

mica chiefly in

planes of beds.

brown. 13.5 13 wards,
if re-
quired ;

thickest

bed 8 ft.

das Castle
;

additions to
the Uoyal In-
stitution; front
of Surgeons'
Hall, spire of
Tron Church,
and various
other public
buildings in
Edinburgh

;

also in Glas-
gow.

LONC.ANNET, Trustees of Fine quartz Light fer- 131 11 4 to .5 tons; 8 1 8 Staadt House,
near Kin- late Lord grains, with rugin- thickest to to Amsterdam

;

cardine, in Keith. siliceous ce- ous beds 5 ft. 2 G 3 6 Exchange,
Perthshire. ment, contain-

ing oxide of
iron ; a few
plates of mica.

brown. Edinburgh
;

Tulle iMare
Caslle, Perth-
shire; and part
of a street io
Perth. 1
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SANDSTONES — C07j//nufrf.

a .

'S'2 ^i 8 b
I"?

Name of O ..-/J
b. a sti

QuHrrv, and
wllcre siLUal^d

Proprietor of
Quanj.

Component Parts
of Stone.

Colour. III.
B3
|l.s

Where ustd.

o 3 £,S &.b

lb. oz. «. d. s. d.

MuNLOCHT, 111 JohnMathe- Fine siliceous Red and 160 9 Of large 5 . , Cathedral

KooS-shirc. son, Es(|., grains, with an variega- size ; to Church of
of Ben- argillo-sili- ted. beds 24 5i Ross at Fort-
netsfield. ceous cement

;

micaceous.
to 6 ft.

thick.

rose, A D. 1 124;

Inverness Old
Bridge, Crom-
well Court,
&c.

Mylnf.fielp, James Fine siliceous Purplish 160 Any prac- 9 . Old steeple oi"

or KiNtioo-l iMyliie, grains, with a grey. ticable to Dundee, 12th
l)i|-., ncarl Ksq. calcareo-argil- size. 1 6 century, well
Dundee, in lo-siliceons preserved ;

Ferthsliire.

!

cement ; mica-
ceous in planes
of beds.

Royal Asylum
of Dundee,
&c.; Bell Kock
Lighthouse,
Royal Asylum
of Perth, Kin-
fauns Castle,

Castle Hunt-
ley, &c. &C.

Park Spbino, Earl of Car- Fine quartz Light fer- 151 1 10 to 12 ft. 7 2 li
to

Commercial
near Leeds, dli;au. grains, and de- rugin- long ; buildings at

Yorksliire. composed fel-

spar, with an
argillo-sili-

ceous cement

;

mica chiefly in

planes of beds.

ous
brown.

thickest
bed 2 It.

4 iu.

2 5 Leeds, from
the old quarry,
which is of ex-
actly similar
stone to that
of this quarry.

Pensher, near Marquess of Coarse quartz Pale 134 S Any prac- 8f 1 7 Pensher Cha-
Houghton- Londou- grains, with whitish ticable pel ; Scotch
le- Spring, derry. an argillo-sili- brown. size ; Church, Sun-
Durham. ceous cement

;

plates of mica.
thickest
bed 20
ft.

derland ; Su.".-

derland Pier,

Seaham Har.
bour, Victoria
Bridge, on the
V;ear, &c.

Pyotdykes, Alexander Siliceous grains Purplish 102 8 Thickest 10 2 1 Extensively for

near Dun- Clayhills, of moderate grey. bed 3 to to to the works at
dee, Forfar- Esq , In- size, with a 4 It. 1 2 2 6 Dundee Har-
shire. nergow-

rie.

calcareo-argil.

lo-siliceous

cement ; mica-
ceous.

bour, &c.

SCOTGATK The free- Quartz grains, Light l.iS Thickest 8 1 2 York Castle

;

Head, Hud- holders of of moderate greenish bed 3 It. Bath Hotel, at
dersfield. Ouley. size, with an grey. (J in. Huddersfield.
Yorkshire. argillo-sili-

ceous cement

;

mica in planes
of beds, and
occasional
specks of car-
bon.

Stanclifp, or A.H. Heath- Quartz grains of Light fer- 148 3 Of very 1 5 3 3 Abbey In Darley
Darley cote, Esq., moderate size. rugin- large Dale.StanclitI
Dale, near Black- and decom- ous size. llall.ijirming-

liakewell. well. posed felspar. brown. ham; Gram-
Derbyshire. with an argil-

lo-siliceous

cement, ferru-
ginous spots,

and plates of
mica.

mar School,
Birmingham ;

and Notting-
ham Railway
Station
Houses.

STSNTON.near Duke of Fine quartz Ferrugin- 142 8 15 to 20 ft. ii 1 5 The Round
Barnard Cleve- grains, and <le- ous light long, 2 Keep' of Bar-
(Castle, Dur- land. composed fel- brown. ft. to 8 nard Castle

,

ham. spar, with an
argiUo-sili.

ceous cement,
ferruginous
specks, and
some plates of
mica.

ft. in

thick-
ness.

Joint Stock
Bank, and
MarketHouse,
Barnard Cas-
tle.
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SANDSTONES — coH/inufrf.

a .

'^^ti -i 3^ .

Niint of "sll
O ;; c .^ ^ M uN

Quixry, and
nnere situated.

Proprietor of
Quarry.

Component Parts
of Stone.

Colour.

lb. oz.

la

»- — "^

•C Q.5

s. d.

Where used.

s. d.

Whitby Com- Mrs. Helen Siliceous grains Light I2G 11 40x25 ft. 10 1 8 Some parts of
pany's Noble, of moderate i)rown. Whitby Ab-
AlSLABY, York. size, with an bey ; New Li-
near Whit- argillo-sili- » 123 2 brary at Cam-
by, York- ceous cement

;

bridge ; Katlis
shire. some plates ol

mica and spots
of carbon dis-

seminated.

and Town
Hall at Whit-
by ; cemetery
at Highgate";
Hungerford
Market, &c.

Whitby Com- Robert Gary . Pale, to Arnrliffe, U\ 1 OJ Grosmont Ab-
pany's Eg- Klwes, dark 1.5x10x9 bey aiull
TON QUAIl- Esq.. bruwii. Prod- i5ridge; EgtonI
niES, being Great Bil- dams, Bridge; Lon-I
Aincliffi.; lings, 10x8X8 don and Bir-
Julian Noith- • • . • 127 14 Lease mingham
Park, Prod- ampton- Rigge, Railway

;

dants, anj shire. lOxOx-T Whitby and
LeaseRi'sge, Pickering
near Whit- Railway.
by.

Whitby Com- Charles . ."* 134 1321x9x3i 1 1 1 11 Parts of Whitby
pany's SaunJers, Abbey, and a
Sneaton, Esq., portion of the
near Whit- Sneaton parapet of old
by. Castle. Blacklriars

Bridge, Lon-
don.

Whitby Com- R. W. Skel- . . » 131 n G ft. by 4 10 1 8 Lcwisham
pany'sNew- ton, Esq., ft. and Church.
loN Dale, near Pick 18 in.

near Whit- ering.
by.

LIMESTONES.

Ji ^,!.- 8i^ :I1
.

Name of W. .? 5 C>%
Quai rj, and

where sUuattd.
Proprietor of

(Jaarrj.

Component Parti Colour. .r - -o 2 h^ I—."^

of Stone. tfU. ^ .-iS— 3 i-SS
>x~ £ c-

gi-1^ -s^S. ^riB
u ° s." c^

lb. or. s. d. s. d. 1

Beer, near Lord Rolle. Chiefly carbo- 'Light tint 131 12 6 to 7 ft. . . . In the churches
Axminstpr, nate of lime,' of long, 3 of the viiinitv.
Devonshire. friable, and: brown,

with partial

indurations. |

ft. wide,
and 2 ft.

thick.

St. Peters "

Church, Exe-
ter, in ex-
posed parts ;

Colyton
Church. Cliar-

raouth,&c.&c.

CniLMARK, Earl of Carbonate of Light 153 7 10 cwt. to I 6 4 10 Salisbury Cathe-
near Salis- Pern- lime, with a green- 3 tons. to to dra), Wilton
bu-y, Wilt- broke. moderate pro- ish Several 2 5 4 Abbey, and
shire. portion of sili-

ca, and occa-
sional grains

brown. be.ls
;

thickest
bed

many other
ancient and
modern build-

• of silicate of
iron. 1

about 3
ft.

ings in the vi

cinity.

HOPTON Philip Gall, Compact carbo- Warm 158 7 100 feet 3 4 10 At Chatsworth,
Wood, near Esq., nate of lime,' light cube

;
to to Belvoir Castle,

Wirks- Hapton with encrinal grey. beds 4 5 10 Trentham
worth, Der- Hall, near fragments vary in Hall, Dravton
bysi.ire. Wirks-

«onh.
abundant. thick-

ness
from 3

Manor, Bir-
mingham
Grammar

to in ft. S^chool, \c.

* l"rom my own experiments.
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LIMESTONKS — continued.

IT.

iS .

S:A •"J
^ = 3 ^S 3 t;

=
" '^-3

Quarry, and
where situated.

Proprietor of
(Juarry.

Component Parts
of btone.

Colour. Zol

'^i'^
H-2
•Co--

VThcte 'jyeA.

CJO e-'^ U^b

lb. oz. i. d. S. (I.

&EACOMBB, William Semi-compact Light 151 olXhe larg- 1 2i 1 9i' Lighthouse at

near Corfe John carbonate ofi brown. est 6 to 8 Margate ; the
Castle, Dor- BanJies, lime, with! ft., by 2 Cloikhoufe,
setshire. Esq. fragments ct

shells.

to 3 ft.

by 3 to 4

ft.

Dover Pier ;

prison at Win-
chester ;at the
West India
Docks, forty

years since',

lighthouse
now building
on the Isle of
Weight, &c.

Sutton, near The Crown, Compact-carbo- Very light 13G 6tcins,and • . . Dunraven Cas-
Bridgend, and nate of lime. ctsaiij. up- tle, Ogmond
(il iniorgan- others. highly crys- wards ; Abbey, St.Dr-
shire. talline. thickest

bed 1-21't.

nats Corty,
Neath Abbey,
and very an-
cient buildings
in the adjoin-
ing counties.

TOTTERNHdE, James Jaly Calcareous and Greenish 116 8 40 cubic 1 3 2 5 Dunstable Prio-
near Dun- Wing. argillaceous white. ft. or up- ry Curch, Lu-
stable, Bed- matter in wards ; ton, and many
fordshire. about equal

portions ;

structure fine.

5 to ft.

long.
other churches
in Bedford-
shire and
Hertfordshire;
Woburn Ab-
bey, Fonthill
House, Ash-
ridge, ^c.

MAGNKSIAN LIMESTONES.

1

Name of
" = § •s^ii il II.

Quarry, and rro^rietor of Cf mporent Parts Colour. *-• 3 •"^ * " 2

^6£
Where used.

where bituated. Quarry. of 8tor.e.
•it§ IliSi
?3^ •^=5 2S.
O o c*

lb. oz. s. d. s. d.

BOLSOVER, Ear! Bath- Chieflj carbo- Light vel- 151 11 .56 ft. cube. 10 2 Southwell
near Ches- urst. nate of lime lowish in beds Church, and
terfield, and carbonate brown. from 8 numerous
Derbyshire. of magnesia ;

semi-crystal-
line.

in. to 2
ft.thick.

buildings in

the vicinity.

Brodsworth, Lord Fen- Chiefly carbo- Light 133 10 Thickest Doncaster Old
near Don- dlesham. nate of lime brown bed 3 ft. Church and
caster, and carbonate tint. 6 in. Mansion-
Yorkshire. of magnesia,

with sub-ooli-
tic grains j fri-

able.

house, Brock-
lesby Hall, &c.

Cadeby, near Sir .Toseph Chiefly carbo- Cream. 126 9 Central 1 10 Day and Mar-
Doncjister, Copley, nate of lime beds tin's, in High
Yorkshire. Bart. and carbonate

of magnesia,
with sub-ooli-
tic and irregu-
larly formed
oolitic grains ;

friable.

(the
best) 4

ft.thick.

Holborn ;

almshouses at

Edgware, &c.
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MAGNESI AN LIMESTONES— co»/»«wrrf.

.5 .

-^Sa! si "5

o
1.

Nanie of *o — .*' tt n i s
Qinrr?, and Proprietor of

Quarrj.
Component Parts Colour.

•^IZ
^ •f .r.i 2 fS Where u.^oi.

wlit're situated. of Stone.

^«^i.
t

Ih
u o t" c

a.lb. oz. s. d.

Huddle. Oliver Gas- Chiefly carbo- Whitish 137 13 50 to 2^0 2 3 York Minster,
STONE, near coigne. nate of lime cream. cubic ft. Selby Cathe-
Sherburne, Es(|., near and carbonate Beds dral, Huddle-
Yorkshire. Abber-

ford.

of magnesi.i,
semi - crystal-
line.

have
been
met
with 4ft.

thick.

stone Hall,
Sherburne
Church,West-
minster Hall,
Galeforth
Hall,&c.

Jackdaw Sir Edward Chiefly c.irbon- Dark . . Beds irre- . . . York Minster,
CiiAiG, near Vavasour, .iteof lime and cream

.

gular. and probably
Tadcaster, Bart. carbonate of from a most of the
Yorkshire. magnesia. few in-

ches to

3 feet.

churches in

York ; also for

the late restor-
ations of York
Minster.

KocHE Abbey, Earl of Scar- Chiefly carbon- Whitish 139 2 8 or 10 8 2 i> Roche Abbey
nearBawtry, borough. ate of lime and cream. tons. to 2 11^ Church, Tick-
Yorkshire. carbonate of

magnesia.with
occasional den-
dritic spots of
iron or man-
ganese, semi-
crystalline.

thickest
bed will

work 2ft.

Gin.

1 6 hill Castle,and
Church and
Bridge, Sand-
beck Hall,
SelbyH.all,two
churthes at

Retford, Baw-
try Church,
and mmierous
churches in

Yorkshire and
Lincolnshire.

Smawse, near ThomasPer- Chiefly carbon- Light yel- 127 8 Largest n 7 2 IJ HullOldChurch,!
Tadcaster, rott, Esq. ate of lime and lowish obtained RiponMinster.i
Yorkshire. carbonate of brown. 8-0x30 St. Mary's!
(Br;iinli.im magnesia, X30. Church and
Moor). slightly crys-

talline.

the minster at

Beverley, the
minster and se-

veral churches
at York, and a
new church ati

Appleby, in

Lincolnshire.

OOLITIC STONES.

3 .

-^ii o ^
.S-3

Name of <s~_a f =^3
Quarry , and Proi»rietor of

yuarrj.
Component Parts Colour. -' § •Scj?" i

&"& Where used.
wliere situated. of Stone.

r.i Is^'i -?.?.
£.*§

1

6 °
"«!- i

lb. oz. s. d. s. d.

A NO ASTER, Mrs. Myers, Fine oolitic Cream. 139 4 3 to .1 tons. 9 2 7 Wollaton Hall,

near Slea- Grantham. grams, ce- beds, 18 to Belvoir Castle,

ford, Lin- mented by inches. 1 5 Belton House,
colnshire. compact, and

often crystal-

line, carbonate
of lime.

and numerous
mansions and
churches iu
Lincolnshire,

j

Barnack Mr. John Carbonate of LJght 136 12 Up to 30 1 2 3 Burleigh House,'

Mill, near IMartin, lime, compact whitish ft., beds. Peterborough
Stamford, Ulford, an<l oolitic. brown. 9 to 18 Cathedral,

Northarap- nearStam- with shells, in. Croyland Ab-
tonshii 3. ford. often in frag-

ments.coarsely
laminated in

planes of beds.

bey, and the
greater pro-
portion of
churches ia

Lincolnshire
and Cam-
bridgeshire.
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OOLITIC STOSV.S— continued.

Namerf
g-nfj il

1

Quarry, and Proprietor ot Component Parts Colour. ^JV, lis I,
— ^ Where u&ed.

where situated. of Stone. -"T « c^5|

^'if "WsS.
01 .. •g§.H

U o

lb. oz.

"S O.M ».&.

s. d. J. d.

Bath Lodge W. V. Jen- Chiefly carbon- Cream. UG 00 12 to 96 fl 6 . . Restoration of
Hill,Combe kins, Ksq., ate of lime, in cube. Henry Vll.'sl
Down, near Combe oolitic grains. Thick. chapel, twenty
Bath, So. Grove est bed. years since.
mersetshire. House,

Bath.
41ft. Kennet and

Avon Canal,
i and other

works.

Bath Bayn- Thomas Chiefly carbon- Cream. 123 00 Up to 10 7 1 U Laycock Abbey,
TON Quarry, Strong, of ate of lime, ill tons. Longleat, Bo
Box, near Box, near moderatelyfine Thick- wood, south
Chippenham. Chippen-

ham.
oolitic grains,

withfragments
of shells (wea-
ther bed;.

e.st bed,
5 ft.

front of Wil-
ton House,
Windsor Cas-
tle, &c.

Bath Wade Chiefly carbon- Cream. 122 10 120 to 12.5 C 1 10 Buckingham
(Dkewe's Brown, ate of lime, in ft. Se- New Palace ;

QUAKRY), Ksq., oolitic grains veral St. James's
Monkton Monkton of moderate beds,the Square, Bath.
Farleigh, Farleigh. size. deepest
near Bath. about

4 ft. 2 in.

thick.

Cranmore, . Carbonate of Light 131 i Of large 7 . . Cathedial of
near Doult lime, wi'-h a brown. size. Wells, Glas-
in;;. Wilt- few oolitic The tonbury Ab-
shiro. grains, and an

abundance of
small shells,

commonly in

fragments,
often crystal-

line.

tlii':-kest

beds will

work
20 in.

bey, &c.

Havdor, near John .Archer Carbonate of Brownish 133 7 14 ft. X 3 ft. 8 2 4 Lincoln Cathe-
Grantham, Iloiiblon, lime,with ooli- cream. X4ft. dral, Boston
Lincoln- Ksq , near tic grains,often Church, Gran-
shire. Bishop's

Stortfurd.

crystalline. tham Church,
Newark
Church, and
most of the
churches in

the neighbour-
hood, and ill

the lower part
of Lincoln-
shire; Culver,
thoipe House,
Belvoir Castle,

&c.

Ketton, in LordNorth- Oolitic grains of Dark 128 5 Up to 100 1 9 3 4 Cambridge,Bed-
Rutland- wick. moderate size. cream ft., beds ford, Bury St.
shire, near slightly ce- colour. vary Edmund's,
Stamford, mented by car-

bonate of lime.
very
much :

one 3 ft.

6 in.

thick,
called

rag.

Stamlord,Lon-
don, &c. ;

many of the
ancient and
modern build-
ings at Cam.
bridge; also in

the modern
works of Pe-
terborough
and Kly Ca-
thedral, and at

St. Uunstan's
New Church,
in London.

Portland Messrs.Wes- Oolitic carbon. Whitish . . Anjr prac- 1 H 2 3 Various public
(Trade ton. ale of lime. brown. ticable buildings in
Quarry), with a few size. LoniUni,
Island of fragments of
PurtUud. shells
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OOLITIC ST O'SES — conlniucd.

-JSl

Name of
Quarry, and

irhere situated.

Portland
(King Bar
ROW East
End Qoar.
RY)acljoinint

Waycroft,
Waml of
Portland

Portland
( Veun-
SriiEET
Quarry),
Island of
Portland.

Portland
(Castle's
Quarry),
Island of
Portland.

PORTUND
( WaYCROFT
Quarries).
hlaiid of
Portland.

Portland
(Magoott
QuAhUV).

Portland
({Gosling's
Quarry).

Portland
( (".KOVE

Quarry
B.-V KRS).

Portland
(

': HOVE
Q'IARRY,
RedCroft).

Messrs.Wes- Oolitic carbon-
ate of lime,

with a tew
fra^iments of

shells.

Proprietor of
Quarrj.

Messrs.Wes-
tou.

Messrs.Wes-
ton.

The Crown,
on lease to

Messrs.
Stewards
and Co.

Oolitic carbon-
ate of lime,

with a few
fragments of
shells.

Oolitic carbon,
ate of lime,

with a few
fiagments of
shells.

Oolitic carbon-
ate of lime,
with dissemi-
nated frag-
ments of
shells.

The Crown, Oolitic carbon-
on lease to ate of lime
Messrs.
Stewards
and Co.

Messrs.
Stewards
and Co.

Messrs.
Stewards
and Co.

Messrs.
Stewards
and Co.

withfragraents
of shells.

Oolitic carbon-
ate of lime,
with fragments
of shells.

Oolitic carbon-
ate of lime
with numerous
fragments of
shells.

Oolitic carbon
ate of lime,

with a
fragments
shells.

Whitish
brown.

VThirish
brown.

Whitish
brown.

Whitish
brown.

Whitish
brown.

Whitish
brown.

Whitish
brown.

Whitish
brown.

134 10

top
bed.

13.-) 8

top
bed.

nr, 13

Koach

147 10
hest
bed.

115 9

carf.

.5..

Any prac-
ticable

size.

Any prac-
ticable

Any prac-
ticable

Any praC'
ticable

Any pr.ic-

tiralile

.Vny prac-

ticalile

size.

Any prac-

ticable

Any prac-
ticable

size.

s. d.

1 4i

1 4J

1 4i

.g_g.i

I. d.

2 3

2 3

2 3

i 4}

1 ^ 2 3

1 4i 2

Various public
buildings
London.

Various public
buiMins^a

London.

Various publi
buildings ii

London.

Goldsmiths'
Hall, Kelbrm
Club House
and other pub
lie buildings in

London.

Various public
buildings
London.

3 Severn! public
buildings
London.

St. Paul's Ca.
thedral.and se-

veral church
in London,
built duiing
the reign ol

Queen Anne.

St. Paul's Cathe.
dr.il, andmanrt
churches in

Loudon, on
Queen Anne',")'

reign.

Of the Portland stones, It is to be observed generally, that the dirt bed is full of fossil roots, trunks,

and branches of trees, in the position of their former growth. The top ca|i is a white, hard, and
closely compacted limestone. The skull cap is irregular in texture, and is a well-corn pai ted

limestone. The roach beds are always incorporated with the freestone beds, that invariably lie

below them, and are full of cavities formed by the moulds of shells and the like. The top bed
is the best stone, the bottom one ill cemented, and will not stand the weather. A middle or curf

bed occurs only in the southernmost quarries on the cast cliff: it is soft to the north, and hard to

the south. The good workable stone in the east cliff quarries is generally less in depth than in

the same bed in the west cliff quarries, but the cast cliff stone is harder, moro especially to the

south of the islan I. The stone, even in the same quarries, varies considerably. That which
conlidns flints will not stand the weather. The bottom bed on the west cliff is not a durable
stone, though sold as a good stone in the London market. The best stone is in the north-

eastern part of the island ; the worst in the south-western part. The ,->nnual consumjition of

the whole of the quarries in the island is equal to an area of one acre of the good workable
stone, or about 24,000 tons. The entire area unworked is about 'iOOO acres. There are rt6

quarries in the island, and about 240 qur.rrymen employed, of which number Messrs. Stewards
employ usually about 133. (See Subsectiuu l6iJQ/. el Siq.)
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Si (0 ^V
Name of

Quarry, and
where &ituatea«

Proprietor of
Quarry.

Component Parts Colour. 111! Where used.
ut' btoiie.

^ CJ — " 5'

O o C-cd t.i

lb. oz. s.d. s. d.

Tavntin, or Lord Dyne- Carbonate of Streaky 135 15 Any prac- 10 2 4 Blenheim, Corn-
Tktnton, vor. lime, partly brown. ticable to bury Park,
iipar Bur- oolitic ana size. 1 Harrington
ford, 0x011. friable, witli

very small
fragments of
sliflls, irregu-
larly lami-
nated.

'I'hick-

est bed,
about
7 ft.

Park, the in-

terior of .St.

Paul's and
many other
churches in

London and
Oxford, and in

variousbridges
in O.xford-
shire.

Wass, neai Martin Sta- Compact car- I5rown. 141 11 Beds va- . . . . West front and
riiirsk, pletoii. bonate of lime. suft.

1
riable. a l.irge propor-

Yorkshire. Esq. with oolitic 162 8 about tion of Bj land
grains and an hard. 16 iu. Abbey.
argillo - calca-
reous cement ;

carbon disse-
minated.

WlNDRUSH, Lord Shel- Fine oolitic Cream. 118 2 5 to 40 ft. 8 2 7 Windrush
near Hiir- Liurne. grains, with soft,

i
Thickest Church, Bar-

ford, Clou- calcareous ce- l.!5 15, bed, 2 ft. rington House,
ceatershire. ment, and a

few IVagraeiit;

of shells.

hard. ia. and all the old
buildings
within many
miles of the
quarry.

1665. The following very useful enumeration of the stones used in buildings of the
Island, arranged under that liead, and divided into the sorts of stone employed in them,
tve add, verbatim, from the Report which we liave so much u.sed. The heads are under
Sandstone buildings, Limestone buildings, and Magnesian Luiestone buildings.

SANDSTONE BUILDINGS.

Bakewei.i,, Derbyshire. The houses generally are of sandstone, and in fair condition. A
new bank now erecting of sandstone from Bakewell Edge.

Bakevvei.l Church (14th century), of a sandstone of the vicinity, very much decomposed.
Baknaki) Castle, Durham (14th century). Circular keep, apjiarently of Stenton stone, in

excellent condition. In modern works, the Joint Stock Bank and Market-house of

Stenton stone, in good condition.

Beli'eiv New Church, Derbyshire. Built 10 years since, of sandstone from Ilungerhill,

in an incipient state (in parts) of decomposition.

Blandford Parish Church, Dorsetshire (1769). Of a green siliceous line-grained sand-

stone, the dressings being of a stone similar to the Portland oolite; the former much
decom))osed ; the latter in very good condition. Town Hall, about 80 years old, of

stone similar to the Portland oolite, in good condition.

Brancepeth Castle, Durham. Of ancient date, of sandstone of the vicinity ; recently

restored extensively ; older parts in various states of decomposition.

Briavel's, St., Castle, Glocestershire. In ruins (l.'Jth or 14tli century). Entrance gate-

way (the chief remains of the castle) built of red sandstone, decomposed.
Bristol Cathedral (13th and l^ith centuries). Built of red sandstone and a yellow

limestone (magnesian?) strangely intermixed ; tiie red sandstone in all cases decom-
))osed, the limestone more rarely decayed ; the tracery, &c. of the windows, which are

of the limestone, are in good condition ; but the pinnacles and other dressings, which
are of the same material, are much decomposed. The east end of the catiiedral is a
remarkable instance of the decay and preservation of the two stones employed. Nor-
man gateway, west of the cathedral (the upper part of the 15th century) ; the Norman
arcliway and its enrichments, which are of a very florid character, built of yellow
limestone (magnesian?), in excellent condition.

Btlasi) Abbev (12th century). In i)art of a siliceous grit (])rinclpally in the Interior),

fjid in part (chiefly- on the exterior) of a compact oolite, from the Wass quarries ii' the

\



Chap. II. STONE. 463

vicinity. The west front, which is of the oolite, is in perfect condition, even in the

dog's-teeth and other florid decorations of the doorways, &c. This building is covered

generally with lichens.

Carlisle. Ancient buildings: Cathedral (ISth century), of red sandstone, in various

states of decomposition. Modern buildings ; Many of red sandstone, more or less in

a state of decomjiosition.

Castle Howard, Yorkshire. Built generally of a siliceous fine-grained sandstone from
the park ;

generally in good condition, but in some parts, such as the parapets, cu-

polas, and chimney shafts, much decomposed. The pilasters of the north front from

a quarry at Applcton ; in good condition, except where subjected to alternations of

wet and dry, as in the plinths, where there are iigns of decomposition. The stables

are of Appleton stone, and in good condition.

Chatsworth House, Derbyshire. Original house built of Bell Crop sandstone from Bake-
well Edge, not in very good condition, particularly in the lower parts of the building.

In the recent additions the same stone is employed, together with that of Bailey

Moor and Lindrop Hill.

Chepstow Castle, Monmouthshire (11th and 12th centuries, with additions of the 14th

century). Of mountain limestone and old red sandstone ; the former in good con-

dition ; the latter decomposed. Dressings of doors, windows, archways, and quoins

are for the most part of magnesian limestone, in perfect condition ; the remainder is

of red sandstone, and is generally much decomposed. Chapel (of the 12th century);

mouldings and carvings of the windows, &c., which are of magnesian limestone, are in

perfect condition.

CoxwoLn Church, Yorkshire (15th century). Generally of fine siliceous grit of the

vicinity, and in part of a calcareous nature. Tower in good condition
; porch decora-

posed ; lichens abundant on the north side.

Derky. St. Peter's Church (13th century), of the variegated coarse sandstone of the

vicinity, similar to that of Little Eaton. The whole in bad condition ; but the red

stones less so than the grey or white. St. Almund's Church (of the 14th century),

iif a coarse sandstone of the vicinity, in a very decomposed state, to the obliteration

of the mouldings and other details ; it has lately been scraped and painted, to pre-

serve it from further destruction. All Saints Church (tower of the 15tli century),

of sandstone, similar to that of Duffield Bank, partly in fair condition, and jjartly

much decomposed, particularly the great western entrance. The body of the

church, built 110 years since, of sandstone, in part decomposing. Modern buildings:

Town Hall, of sandstone from Morley Moor, built a few years since, in very good
condition.

Durham Cathedral (11th and 12th centuries). Of a sandstone of the vicinity, elected

indihcriminately, and in all stages of decomposition ; few stones are quite perfect.

Castle (of the 1 1th century). Of similar stone, and in a similar state.

Easby Abbey, Yorkshire (1 :3th and 14th centuries). Of sandstone of the vicinity ; mould-
ings and carvings decomposed and in part obliterated. Walls built very rudely, and

in various status of decomposition; some parts, however, maintain their original

surface.

Eccleston Abbey, Yorkshire (ISth century). Of stone similar to that of the Stenton

quarry. The mouldings and other decorations, such even as the dog's-teeth enrich-

ments, are in perfect condition.

Edinburgh. Ancient buildings: Holyrood Chapel (12th century), of sandstone from
the vicinity, in part much decomposed ; in other parts, such as the west door, almost

perfect. The palace (built in the 16th and 17th centuries) of similar stone, generally

in good condition, the older parts being slightly decomposed. The oldest part of the

'I'ron Church (1641), of sandstone, much decomposed. A house on the Castle Hill

(1591), of sand^tolle, only slightly decomposed.

Modern buildings, wholly erected of sandstones from the Cragleith, Red Hall, Humbie,
and Binnie (juarries, for the most from the iirst-mentioned (]uarry. None
of them exhibit any appearance of decomposition, with the exception of ferruginous

stains, which are produced upon some stones. Among the oldest is the Registry

Office, which is of Cragleith stone, and built above sixty years since ; it is in a perfect

state.

Fountain's Abbey, Yorkshire (11th and 12th centuries, with additions of the 16th

century). Of coarse sandstone of the vicinity, generally in bad condition, particularly

the west front, which is much decomposed. The nave and transept, which are the

earliest portions of the building, are the best preserved.

Fountain's Hall, Yorkshire (1677). Of sandstone of the vicinity, and magnesian lime-

stone in the dressings. The whole in fair condition.

Forest of Dean, Ciloucestershire. I'ark End new church, built fifteen years since, of

sandstone, similar to that of Colford. No appearance of decomposition.



^f;4 TIIEOUY OF ARCHITECTURE. Boos IT,

GiAscnw. Ancient buildings: High Church (12th century), sandstone of the vicinity,

generally very much decomposed, particularly on the south side Old quadrangle of

the College (James II.), of sandstone, decomposed.

Modern buildings: llunterian Museum (1804) ; superstructure said to be of stone from

the President quarry ; slight traces of decomposition on the south-west front. The

basement of another sandstone, in a more advanced state of decomposition ; other

parts of the building are in an almost perfect state. The other buildings are gene-

rally erected of stone from the Giffneuch and other quarries in the immediate neigh-

bourhood, except the new Exchange buildings, which are of stone from the Humbie
quarry, thirty miles from Glasgow, recently erected, in which there are not any ap-

parent symptoms of decomposition.

GLOucEsTEa Cathedral (Norman for the greater part, altered and cased in the I.^th

century), built of a fine grained and ill-cemented oolite, a shelly oolite, and a red

sandstone (north side) intermixed, of which the former constitutes the greater por-

tion. The tower (1 5th century), of shelly oolite, in perfect condition. The early

turrets of the south transepts are also in good condition. The body of the building

is much decomposed. The great cloister is built of the same materials as the cathe-

dral. The moulded and decorated work is in good condition, the other parts are

more or less decomposed. The small cloister is built of a fine oolite with a compact

cement, and is in good condition. The New Bridge, of Whitchurch sandstone,

parapets of Ruordean fine-grained sandstone, in good condition.

Maddon Hall, Derbyshire (15th and 16th centuries). Of a fine-grained sandstone,

similar to that of Lindrop Hill. The dressings, parapets, chimney shafts, quoins, &c.

• are wrought and rubbed; the remainder of the walls is of rough walling. The whole

in fair condition.

Harrowgate. Cheltenham Pump Room, of sandstone from Woodhouse, near Leeds.

Built recently. In good condition. Swan Hotel and other modern buildings, of a

coarse sandstone of the vicinity ; generally in good condition.

Hardwicke Hall, Derbyshire. (1597). Of a fine-grained sandstone, chiefly from a

quarry in the hill on which the house is built, intermixed with a calciferous grit,

similar to that of Mansfield
;
generally in good condition. The ashler is in parts

decomposed, especially where it is set on edge.

Howden Church, Yorkshire (I5th century); partly of magnesian limestone, of a deep

yellow colour, and partly of a coarse siliceous grit, of a ferruginous colour. Dress-

ings and enrichments and the central tower are of the former stone ; generally de-

composed, particularly at the top of the tower. The other parts of the building,

which are of the grit, are very much decomposed.

KiRKSTALL Abbey, Yorkshire (llth century). Of coarse sandstone of the vicinity, in

various stages of decomposition according to the aspect. The east side is in fair con-

dition ; some of the zig-zag enrichments and early capitals and other enrichments of

moHildings are in perfect condition. The windows of the chancel and tower (inserted

in the 1 6th century) of a yellow sandstone, are for the most part gone, and what re-

mains is much decomposed.

Mansfield TownHall, Nottinghamshire.. Built three years since, of magnesio-calciferous

sandstone from Mansfield : no appearance of decomposition.

Newcastle-upon-Tyne. Ancient buildings: St. Nicholas' Church (14th century), of

sandstone of the vicinity, similar to that of the Heddon Quarry, very much decom-

posed. Parts restored within the last century, with the same stone, now decomposing.

The upper part of the tower and spire restored within the last five years, and painted

to preserve the stone from decay. Other ancient buildings, of the same stone, more or

less in a state of decomposition, according to the date of their erection.

Modern buildings, built within the last 25 years, of sandstone from the Felling and

Church quarries at Gateshead and the Kenton quarry : parts already show symptoms

of decomposition.

PoNTEFRACT Castle, Yorkshire (14 th century). Built generally of a coarse grit, of a dark

brown colour, occasionally mixed witli an inferior magnesian limestone. The whole

in a very decomposed state, more particularly the sandstone, in which all traces of the

original surface are effaced. Fragments of magnesian limestone are embedded in

several parts of the walls, with mouldings of the 1 2th century, in perfect con-

dition.

Raby Castle, Durham (14th century). Of sandstone of the vicinity ; parts in a perfect

state, others slightly decomposed.

Richmond Castle, Y'orkshire (llth century). The keep, of sandstone, similar to that of

Gatherly Moor, generally in good condition ; mouldings and carvings in columns of

window in a perfect state.

RiHON, Yorksliire. An obelisk in the market-place (1781), of coarse sandstone, much de-

composed ill laniiiKitions paralLI to the exposed faces.
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Ihi'ON Cathedhai,. Lower part, east end, and south-east angle (Norman), of coarse sand-

stone ot" the vicinity, in good condition. The west front, tlie transejits, and tower (of

the 1 2th and 1 3th centuries), of the coarse sandstone of the vicinity, in fair condition.

The mouldings, although generally decomposed, are not effaced. The dog's-teeth

ornaments in most parts nearly perfect. Tlie aisles of tlie naves, ihe clerestory, and

the choir (of the 14th and 15th centuries), of coarse sandstone and magnesian lime-

stone intermixed, not in good condition ; the latter stone, on the south side, often in

fair condition. The lower jiarts of the building generally, but particularly the west

fronts, which are of coarse sandstone, are very much decomposed.

RivAUi.x Abbey, Yorkshire (12th century). Of a sandstone at Hollands, one mile from

the ruins ;
generally in excellent condition. West front slightly decomposed; south

front remarkably perfect, even to the preservation of tlie original toolmarks.

Shaite'.buky, Dorsetshire. St. I'eter's Church (15th century). Of a green siliceous

sandstone, from quarries half a mile south of the church. The whole building mucii

decomposed. The tower is bound together by iron, and is unsafe, owing to the inferior

(juality ot the stone.

Sroi'FOUTH Castle, Yorkshire (14th century). Of coarse red sandstone; more or less,

but generally much, decomjjosed. The dressings of the windows and doors, of a semi-

crystalline magnesian limestone, are in perfect state, the mouldings and enrichments

being ex()uisitely sharp and beautiful.

TiNTERN Abbey (1:5th century). Considerable remains of red and grey sandstones of the

vicinity, in part lamin.tted. In une(|ual condition, but for the most part in perfect

condition ; covered with grey and green licliens.

TisBuiiY CniiRCH (13th and 14th centuries; the lower part of the tower of the 12th

centurv). Of calcifei'ous limestone from Tisbury. The dressings are composed of

stone throughout, in perfect condition. The ashlar variable ; in part much decom-
posed ; the undecomposed portions are covered with lichens. Tombstones in the

churchyard generally in good condition, some being more than a century old. The
houses of the village built generally of the Tisbury stone, and are in very good con-

dition. The whole covered with lichens.

Wakefield Parish Church, Yorkshire (tower and spire of the 16th century). Of sand-

stone, much decomposed. The body of the church, of recent date, of sandstone

strongly laminated, and generally decomposed between the lamina.

WuiTHY Abbey (I3th century). Of stone similar to that of Aislaby Brow, in the vicinity ;

generally in good condition, with the exception of the west front, which is very much
decomposed. The stone used is of two colours, brown and white; the former, in all

cases, inore decomposed than the latter. The dog's-teeth' and other enrichments in the

east front are in good condition.

limestone buildings.

Hath. Abbey church (1576), built of an oolite in the vicinity. The tower is in fair con-

dition. The body of the church, in the upper jiart of the south and west sides, much
decomposed. The lower parts, formerly in contact with buildings, are in a more

l)erfect state ; the reliefs in the west front of Jacob's ladder are in parts nearly ettaced.

Queen's Square, north side, and the obelisk in the centre, built above 100 years

since, of an oolite with shells, in fair condition. Circus (built about 1750), of an

oolite in the vicinity, generally in fair condition, except those portions which have a

west and southern aspect, where the most exposed jjarts are decomiiosed. Crescent

(built above 50 years since), of an oolite of the vicinity, generally in fair condition,

except in a few places, where the stone appears to be of inferior (juality.

Bristol Cathedral (of the 13th and 14th centuries). Built of red sandstone and appa-

rently a yellow limestone (magnesian?) strangely intermixed. The red sandstone in

all cases decoinposed ; the limestone more rarely decayed. The tracery, &c. of the

windows, which are of the limestone, are in good condition, but the pinnacles and

dressings of the saine material much decomposed. The east end of the cathedral is a

remarkable instance of the decay and preservation of the two stones employed. Nor-

man gateway, west of the cathedral (the upper part of the 15th century), the Norman
archway and its enrichments, which are of a very florid character, built of yellow

limestone (magnesian ?), in excellent condition.

, St. Mary Redclikee (tower of the 12th century; body of the church of the I5lh

century). Of oolitic Ihnestone, from Dundry ; vei y much decomposed.

Burleigh House (15th century). Of a shelly oolite (Barnack rag), in excellent condi-

tion throughout. The late additions are of Ketton stone.

BvLAND Abbey, Yorkshire (12th century). In part of a siliceous grit (principally in the

interior), and in part (chiefly on the exterior) of a compact oolite, from the Wass
quarries in the vicinity. The west front, which is of the oolite, is in perfect conditiou,

n 11
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c-veu in the do<];Vteeth and other florid decorations of the doorways, &c. This build-

ing is generally covered with lichens.

foLi-EY Weston Chukch, Northamptonshire (14th century). Of a shelly oolite (Barnack

rag), in perfect condition throughout.

DoucHF.sTKii. St. Peter's Church (15th centviry). Of laminated oolite, some—h.-t similar

to that of Portland, and of a shelly limestone, somewhat resembling that of Hamhill.

The latter used in pinnacles, parapets, and dressings. The whole in a decomposed

state.

Gi.ASTONBaRY — Abbey. Joseph of Arimathca's Chapel. Considerable ruins; Norman,

of shelly limestone, similar to that of Doulting
;

generally in good condition ; tlie

zig-zag and other enrichments perfect; the capitals of the columns, corbels, &c. are of

blue lias, much decomposed, and in some cases have disappeared. The Church. Con-

siderable remains of the choir, and a small portion of the nave (11th century), of

shelly limestone, similar to that of Doulting, in good condition. St. Benedict's Parish

Church (14th century). Of limestone, similar to that of Doulting, in good condition.

St. John the Baptist's Parish Chnrch (15th century). Of stone similar to that of

Doulting, generally in fair condition.

Gi.ocESTER— Cathedral, (Norman for the greater part, altered and eased in the 15th

century). Built of a fine-grained and ill-cemented ooliie, a shelly oolite, and a red

sandstone (north side) intermixed, the former constituting the greatest portion of the

edifice. The tower (15th centviry), of shelly oolite, in perfect condition. The early

turrets of the south transept are also in good condition. The body of the building is

much decomposed. The great cloister is bviilt of the same materials as the cathedral.

The moulded and decorated work is in good condition ; the other parts are more or

less decomposed. The great cloister is built of a fine oolite, with a compact coment,

and is in good condition. St. Nicholas's Church (body Norman ; tower and sjjire,

15th century), of a shelly and inferior kind of oolite intermixed, and in unequal con-

dition. St. Michael's Church (15th century), built of san^e stone as that of St.

Nicholas, and in the same condition.

Grantham Chijuck (13th century). Lofty tower and spire at the west end. Built of an

oolite, similar to that of Ancaster, in good condition, more especially the tower, except

as to some portions of the base mouldings.

Ketton Church, Rutlandshire. (West entrance door, Norman ; tower of the 12th or 1 3th

century ; nave, aisles, and chancel of the 14th century). Of a shelly oolite (Barnack

rag), in good condition. Dog's-teeth, carved corbels, and other enrichments in a

perfect state.

Kettering Church (14th and 15th centuries). Of a shelly oolite, fine-grained, the greater

portion resembling Barnack rag. 'I'he tower and spire in perfect condition. The
body of the church in parts slightly decomposed.

KiRKHAM Priokv, Yorkshire (isth century). Inconsiderable remains. The western

front and great entrance slightly decomposed throughout ; the portions which remain

of the body of the church very perfect, but many of the stones are much decomposed.

The stone is very similar to that of the Hildenly quarry. The whole is covered with

lichens.

Lincoln Cathedral (the minster generally of the 12th and 1 3th centuries). Of oolitic

and calcareous stone of the vicinity ; generally in fair condition, more especially tlie

early portions of the west front. The ashler and plain dressings of the south front

are, however, much decomposed. The mouldings and carvings of the east front are

in a perfect state. Roman Gate, of a ferruginous oolite, in fair condition. The Castle

Gateway (13th century), of an oolitic limestone ; ashler much decomposed, dressings

perfect.

Melton Old Church, Yorkshire (12th century). Light semi-compact limestone, similar

to that of the Hildenly quarry
;
generally in good condition, particularly the great

west door (of the 1 1 th century), where the zig-zag and other enrichments are perfect.

Some stones are much decomi)osed.

Montacute, Somersetshire— Parish Church (15th century). Of Ilamhill stone, in perfect

condition, covered with lichens. The Abbey (15th century). Supposed abbot's

house and gateway, of Hamhill stone, in good condition. Montacute House (17th

century), of Hamhill stone, in excellent condition.

Martock Church, Somersetshire (15th century). Of a shelly ferruginous brown lime-

stone from Hamhill, in good condition, except the jilinth and base mouldings, which

are much decomposed. Covered with lichens.

Newark Church (15th century; the tower, in part, of the 12th century). Of an oolite,

similar to that of Ancaster ;
generally in fair condition, with the exception of parts of

the base mouldings. The building is covered with a grey lichen. The Castle (Nor-

man, with additions in the 15th century). Chiefly of sandstone of the vicinity; in

unequal condition. A large portion of the dressings of the windows, ic. are orDulitc
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probably tVom Ancastur. Totcti Hull (50 or 00 years old). I'liilt of the Aucastcr

oolite ; in good condition ; in some blocks, however, tliere is an appeal ^nce of lami-

nation, where decomposition has to a slight extent taken place.

OxioKi) Cathedral, Norman (liith century). Chiefly of a shelly oolite, similar to that

of Tayntou ; Norman work in good condition, the latter work much decomposer

Mcrtim College C/iapel {I'.ith century). Of a shelly oolite, resembling Taynton stone;

in good condition generally. New College Cloisters (Hth century). Of a shelly

oolite (Taynton), in good condition. The whole of the colleges, church.es, and othci'

public buildings of Oxford, erected within the last three centuries, are of oolitic lime-

stone from lleddington, about one mile and a half from the university, and are ail,

more or less, in a deplorable state of decomposition. The plinth, string-courses, and

such portions of the buildings as are much exposed to the action of the atmosphere,

are mostly of a shelly oolite from Taynton, fifteen miles from the university, and are

universally in good condition.

I'aul's, hT., Cathedka!., London (finished about 1700). Built of Portland oolite, from the

Grove quarries on the east cliff. The building generally in good condition, esi)ecially

the north and east fronts. The carvings of flowers, fruit, and other ornaments aie

throughout nearly as perfect as when first executed, although much blackened; on

the south and west fronts, larger portions of the stone may be observed of their natural

colour than on the north and east fronts, occasioned by a very slight decomposition of

the surface. 1 he stone in the drum of the dome, and in the cupola above it, apjiears

not to have been so well selected as the rest; nevertheless scarcely any appreciable

decay has taken place in those parts.

I'xcKEKiNG CuuKLH, Yorkshire (llUh and 14th centuries\ Oolite reck of the neighbour-

hood ; very much decomposed ; the windows, mullions, and buttress angles obli-

terated.

PicKEKiNG Castle (14th century). The walls of the oolite of the neighbourhood, and the

(juoins of a siliceous grit. The whole in fair condition.

Portland, Dorsetshire— New Church (built 1766), of Portland oolite, fine roach; in a

])crfect state, still exhibiting the original tool marks. Wakeham Village, 'I'udor

House, of Portland oolite, in excellent condition. Old Chnixh, in ruins, near .Bow
and Arrow Castle (13th century), of Portland oolite, resembling top bed; in very

good condition ; original chisel marks still appear on the north front. Bow and Arrow
Ciistle. Considerable remains of the keep, many centuries old, of Portland oolite ; the

ashlar resembles the top bed, and is in perfect condition ; the (juoins and corbels of

tlie niachicolated parapet appear to be of the cap bed of Portland oolite, and are in

good condition.

Salisbuky Cathedral (13th century). Of siliciferous limestone from Chilmark

(|uarry. The entire building is in excellent condition, except the west front,

iviuch in parts is sliglitly tlecompused. The building generally covered with

lichens.

Sandvsioot Castle, near Weymouth (temp. lien. VIII.). Considerable remains of keep,

chiefly of Portland oolite, partly of the top bed and partly of the fine roach; generally

m excellent condition, with the exception of a few and apjjarently inferior stones. The
inside ashlar of the walls is of large-grained oolite, apparently from the immediate

vicinity of the castle, much decomposed.

Somerton Chukch, Somersetshire (14th century). Built chiefly of blue lias; the quoins,

buttresses, parapets, and other dressings of a coarse ferruginous shelly limestone, in

various stages of decay. The parapet of the clerestory of a lighter-coloured stone, in

good condition.

SrAMi'ORD— St. Mary's Church (1 ;3th century). Of a shelly oolite (Barnack rag), in

fair condition. St. Jolni\ CV(«/c/i (1 4th century ). Of similar stone, ill selected, and

conse(]uently decomposed in pjrts and in laminations, according to the direction of

the beds of shells. St. .Martin's Church (14tli century). Of similar stone, in good

condition. All Saints (lower part of the body of the church I ;5tli century ; the re-

mainder 15th century). Tower and sjjire in fine condition ; body of th.e church de-

composed. Standwell s Hotel, built twenty-four years since of an oolite similar to

that of Ketton ; in ])erfeet condition. St. Michael's New Church. Built four years

since ; no appearance of decomposition.

Wells, 'J'he Cathedral. West front (l;5th century), upper part of tower (14th century),

of shelly limestone, similar to that of Doulting, generally decomposed, but not to any

great extent. North flank (porch and transept ];5tli century, the remainder of the

14th century), of similar stone, in good conilition, excejit lower part of flank and west

tower. Ihe central tower (of the 14th century) in very good condition. South sidt

of the cathedral generally in good condition. Chapter House (13th century, with

additions of the 1.5th century). The whole in good condition excepting the «'est

front of the gateway, which is decomposed. Close gates ( 1 ,5th century) much de-
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compo!!!.'*!, but especially on tlie south and south-wt'st. Tlie cloisters (15th century)

jTcnerally decoin))Ose(l, jjarticularly the mullions anil tracery.

VAestminsteh Abbf.v (l.lth century). Built of several varieties of stone, similar to that ol

Gatton or Ryefjate, which is much decomposed, and also of Caen stone, which is

generally in bad condition ; a considerable portion of the exterior, es])ecially on the

north side, has been restored at various periods, nevertheless abiuidant symptoms
of decay are ajiparcnt. The cloisters, built of several kinds of stone, are in a very

mouldering condition, except where they have been recently restored with Batli

and Portland stones. The west towers, erected in the beginning of the 18th century

with a shelly variety of Portland oolite, exhibit scarcely any appearance of decay.

Henry the Seventh's Chapel, restored about twenty years since with Combe Down
Bathstone, is already in a state of decomposition.

WiNnuusH CHuurH (I5th century). Of an oolite from the immediate vicinity ; in ex-

cellent condition. A Norman door on the north side, enriched with the bird's-beak

and other characteristic ornaments, is in perfect condition. Tombstones in the

churchyard, very highly enriched and bearing the dates of 1681, 1690, apparently t)f

Windrush stone, are in perfect condition.

Wyke Church, Dorsetshire (15th century). Of oolite, similar to Portland, the whole in

good condition, except the mullions, tracery, and dressings of doors and windows,
which are constructed of a soft material, and are all decomposed. On the south side,

the ashler is in part covered with rough-cast. The entire building is thickly covered

with lichens.

MAGNESIAN LIMESTONE BUILDINGS.

Beverley, TorKshire. The minster (12th, 13th, and 14th centuries), of magnesian lime-

stone from Bramham IMoor, and an oolite from Newbold ; the former, which is used

in the west tower, central tower, and more ancient parts of the minster, generally in

good condition ; but in other parts of the building the same material is decom])osed.

The Newbold stone, chiefly employed on the east side, is altogether in a bad condition.

Some of the pinnacles are of Oulton sandstone, and are in bad condition. The build-

ing is partly covered with lichens. St. Mart/'s Church (14th century), now in course

of restoration, of magnesian limestone and oolite, supposed to be from Bramham Moor
and Newbold, respectively. The ancient parts are in a very crumbling state, even to

the obliteration of many of the mouldings and enrichments.

lioisovER Castle, Derbyshire (1629). Mostly in ruins; of magnesian limestone of

several varieties, and of a calcareous fine-grained sandstone. The dressings, which

are generally of sandstone, are much decomposed, in some instances to the entire ob-

literation of the mouldings and other decorations, and to the destruction of the form of

tlie columns, rustications, &c. Most of the string courses, a portion of the window
dressings, and the ashler, which are of magnesian limestone, are generally in excellent

condition.

BoLsovER Church, Derbyshire (15th century). Ofa magnesio-calcifcrous sandstone, more
or less in a decomposed state throughout.

Chepstow Castle, Monmouthshire (11th and 12tb centuries, with additions of the 14th

century). Of mountain limestone and old red sandstone ; the former in good con-

dition, the latter decomposed. Dressings of door, window, archway, and quoins are for

the most part of magnesian limestone, and in perfect condition. The remainder is of

red sandstone, and is generally much decomposed. C'hapel (of the 12th century),

mouldings and carvings of windows, &c., which are of magnesian limestone, in perfect

condition

DoNCASTER (OLn) Chukch (15th century). Of an inferior magnesian limestone, generally

much decomjjosed, more especially in the tower, and on the south and west sides; now
under general and extensive repair.

Hemingbokough Church, Yorkshire (15th centiwy). Of a white crystalline magnesian

limestone. The entire building is in a perfect state, even the spire, where no traces of

decay are apparent.

HownEN Church, Yorkshire (15th century). Partly of magnesian limestone of a deep

yellow colour, and ])artly of a coarse siliceous grit of a ferruginous colour. Dressings

and enriclnnents, and the central tower, are of tl)e former stone, generally decom])osed.

particularly at the toj) of the tower. The other parts of the edifice, built of the grit,

are very much decom])osed.

EiuunLESTONE Hai.l, Y'orksliire (1 5th century). Of semi-crystalline magnesian limestone

from the neighbouring quarry. In excellent condition, even to the entire preservation

of the mouldings of tlie chapel window in the south-west front. The outer gate pierj

in the fence wall, also of magnesian limestone, very much decomposed.

Knakesborough Castlk, Y'orkshire (12th century). Magnesian limestone, carious in pait

;
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gene r. 11 y in very good cond'rion, except on tlie south and soiith-.vest portions of tlie

circular turrets, where the surf.ice is much decomposed. The mouldings generally are

in a perfect state. The joints of the masonry, which is executed with the greatest

care, are remarkably close. The stone of the keep, which is of a deep brown colour,

and much resembles sandstone, is in good condition, especially on the south-west

side.

KoNiNGsKORouGH Castle, Yorkshire (Norman). Co.irse-grained and semi-crystnlline mag-
nesian limestone, f om tlie hill eastward of the castle ; in perfect condition. The
masonry is executed with great care, the joints very close, but tlie mortar within them
has disappeared.

KipcN CATHEnRAi.. Lower part, er.st end, south-east angle (Norman), of coarse sandstone

from the vicinity, in good condition. The west front, the transepts, and tower (of the

1 2tli and 1.3th centuries), of coarse sandstone of the vicinity, in fair condition. The
mouldings, although generally decomjjosed, are not effaced. The dog's-teeth orna-

ment in most parts nearly perfect. 'J"he aisles of the nave, the clerestory, and the

choir (of the 14tli and 1,5th centuries), of coarse sandstone and magnesian limestone

intermixed, not in good condition. The latter stone, on the south side, often in fair

condition. The lower parts of the building generally, particularly the west fronts,

which are of coarse sandstone, are much decomposed. An obelisk, in the market-

})lace (17S1), of co.irse sandstone, is much decomposed, and in laminations parallel to

the exposed faces.

UoBiN Hood's Well, Yorkshire (1740). A rusticated building, of magnesian limestone,

in perfect condition.

UocHE Abbey, Yorkshire (12th century). Inconsiderable remains, of semi-crystalline mag-
nesian limestone from the neiglibouring (]uarry, generally in f.ir condition. The
mouldings and decorated portions are perfect. Gate-house (12th century) generally

decomposed, with the exception of the dressings and mouldings, which are

perfect.

.Sf.i.bv Church, Yorkshire (nave and lower part of the tower of the 11th century ; the west

front and aisles of the I'ith century ; and the ch.oir with its aisles of the 14tli century).

The Norman ))ortion of the building, which is of grey magnesian limestone, is in

excellent condition, particularly the lower part. The early English portions of the

building are also of magnesian limestone, and in a partially decomposed state. The
L.ter portions of the building, which also are of magnesian limestone, are much decom-
p(>sed and blackened.

Southwell Church, Notts (of the 10th century). Of mngncsian limestone, similar to

that of Bolsover Moor, in perfect condition. The mouldings and enrichments of tlie

doorway appear as perfect as if just completed. 'J'he choir, which is of the 1 'ith cen-

tury, and built of a stone similar to that of Mansfield, is generally in good con-

dition.

Sroi'FoRTH Castle, Yorkshire (14th century). Of coarse red sandstone, generally much
decomposed. The dressings of the windows and doors, of a semi-crystalline mag-
nesian limestone, are in a perfect state, the mouldings and enrichments being eminently

sharp and beautiful.

Studley Park, Yorkshire. Banquetting house, about 100 years old, of yellowish mag-
nesian limestone, in perfect condition.

Thori-e Abbey \'ili.age. The houses generally of this village are built of magnesian

limestone from the vicinity ; they are in excellent condition, and of a very pleasing

colour.

Thorpe Salvin, near Worksop. Manor-house (15th century), in ruins. Of a siliciferous

magnesian limestone and a sandstone, in unequal condition ; tlie cpioins and dressings

are generally in a perfect state. Parish Church (15th century), also of a siliciferous

variety of magnesian limestone and a sandstone, in une((ual but generally fair condi-

tion. A Norman doorway under the porch is well preserved.

Tickhill Church, Yorkshire, (15th century). Of magnesian limestone, in excellent

condition. The lower part of the tower (of the 12th century) also in fair condition.

York. Ancient Buildings: Cathedral (transepts, l.lth century; tower, nave, &c., Hth
century). Of magnesian limestone, from Jackdaw Craig. West end and towers

restored thirty years since ; they are generally in fair condition, but some of the

enriched gables and other decorations are obliterated. The transepts are in many
places much decomposed, especially in the mouldings and enrichments. The central

tower is generally in good condition, but several of the enriched parts are decom-
posed. St. Mary's Alilny (12th century), of magnesian limestone. West front of the

church generally much decomposed ; the nortli flank in better condition, but in parts

much decomposed. The gateway, which is of Norman origin, is in fair condition.

Roman MuHungiilir Toicer. Built of small stones ; such as are of magnesian lime-

stone are in good condition. St. Denis's Church, Norman doorway, of ir.<igncsian
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limestone; south side liinhly eniiched witli zig-zag and other ornamonts ; the column.s

are "-one; the parts which remain are in good condition. St. Maryaret's Church (l.itb

century), of magnesian limestone ; east Front mucli exposed, and in good condition.

The porch is of ''Norm.ui date, and has been rtconstructed ; four l)ands of enrichment

in the head, in tolerably fair condition, but many stones, particuhirly those of a deep

yellow brown colour, are much decomposed. The other churches of Fork (which are

.,f the Hth .-uid 15th centuries) are built of magnesian limestone, and are generally hi

an extremely decomposed state ; in many instances all architectural detail is obliterated.

Modern BuUdhigs : The INIuseum, of Ilackness sandstone, built nine years since,

much decomposed wherever it is subject to the alternation of wet and dry, as at the

bottom of the columns of the portico, phnth, &.c. The Castlk (recently erected);

the plinth of the boundary wall (whicli is of Hramleyfall sandstone) already exhibits

traces of decomposition. York Saviugs Bank. Iluddersfield stone (?), in good

condition.

iRKsop Church Cprincipally of the 1 .'Jth century), of a silicifeious variety of magnesian

limestone and of a sandstone; in very iine.|ual condition. Some parts are very much

decomposed, whilst others are in a perfect state.

Table of the Chemical Analysis of Sixteen Specimens of Stone.

Silica
Carbonate of lime
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STONES.
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0-0
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2833 28671 28401 2847
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i
1-20 00
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2-50 1-20| 4 lO'

1 20 0-50 0-;iO

1-78 1-94 283
Do. I Do. 1 Do.

1839 2145' 2045

2675, 2702, 2706,

Limestones
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0-0 10-4
93-4 79-0
3-8 3-7

1-3 2-0

1-5 4-2

A trace. Do.

2090
2627
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26-21

Cohesive Poirers.

Ill I 100 I 56 70 72 117 61
I

55 61 21 30 30 101

16G6. In the above table the names of the quarries are in.serted under the general divi-

sions of the different species of stone, and tlie .specimens were considered as fair average

samples of tlie workable stone in such quarries. 'J'lie experiments were conducted by

Messrs. Daniel and Wheatstone. As a conclusion to the report, it may be satisfactory to

name the actual stones used in the construction of tlie first portions (1840) of the Houses

of Parliament.- The foundation was laid with Penryn granite, rising to the level of the

groimd, therefore but little seen. Ab )ve it is Fog-tor granite from Dartmoor. A small

portion only of the sui)erstructiire, to the top of the l)asement window.s, was built with

Bolsover Moor stone from near Chesterfield; after which Anston stone was used for the

remainder of the outside works. In the interior, Painswick and Caen stones have been

employed; St. Stephen's crypt is of Beer stone. It lias been a.sserted that had Guvern-

n-eiit employed a supervision at the quarries lo preve.it imperfect blocks being sent uj)

to London, the present uns'ghtly appearance of many parts of the building would not

have resulted.

166f?a In ;7ar. 1500-1.'02 is' supplied tables of the crvshinc/ u-e!(/hts of many o( the

stones liert'in mentioned. Hereto is added a further table of the weights o( a. large number

of building stones, taken from the one )iriparcd by the late C. H. Smith for R. Hunt's

Mineral Statistic.:! of the United Kingdom, Sfc. Part II for 1S.58, published 18G0; it was al.s<>

given in the Traniactions of the Iu.stitiite of British Architects, 18.-J9-60.
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I';'><;A. Tabi-f. u^ THE Weiohts op BupjMxg Stones, (in Continuation).

Kame of Quarry.

Tishiiry - . - .

{"'arleis^h Down - - -

Hov Hill . - - -

Park Qirarry . - .

Di'indry Hill

Stcetlty (vvliite) - - -

Doulting, Old Down
Morley Moor ...
Steetley (yellow) - - -

Dunmore Stable - - -

Gosling's Portland (bottom bid)
Castle's Portland - - -

M oakery ....
Hunger Hill . . .

i'rirk Nook . - - -

Duke of Hamilton's

Hildenley - - - .

Hawksworth Wood
Duke of Hamilton's

lledgate ....
Meanwood - - - -

Scuiicap, Portland
Stanley - . . -

Catciaig - _ . _

Craigleith (bed rock ) -

Ham Hill ... -

Hookstone - - . -

Westwood - . - .

tJiflheuk - _ - -

Anston, Norfall Qiiariy

„ Stone-Ends Quarry -

Kenton - . . -

\'ictoria - . - .

Woodhouse - . - -

(jun Barrel - . . -

Mansfield (white)

-

Corby - . . . -

New Leeds . - . -

Warwick . - . .

Mansfield (red) ...
.Amygdaloid _ - .

Talacre ....
Cbilmark (Troiigb bed)

„ ( Penney bed)
Iloyle House (clough)
Longwood Edge - . -

Cros,sland Hill . .. _

Ketton (Rag bed)
Viney Hill - . - -

Cliilmark (hard white bed) -

Ij')cliee . . . -

Auchray . . . .

Liocb
Kiiockley - . - .

Dylais- ....
Ke:itish Rag ...
'lVeI)aiinws....
Red Jacket - . . .

Cenfas . . . -

Mumble ....

'Aeilihf per
ciiliic tout

ttvoinlii|iOi.'i.

Tijbury, Wilts
Batli, Somerset
Cliippenhaiii, Wilts
Tixall, Stafford -

Corby, Lincoln

Bristol, Somerset
Workso]), Not's -

! Sbopton Mallet, Somerset
' Derby

-

' Worksop. Notts .

I

Falkirk, Stirling -

Weymouth, Dorset

I

Corby, Lincoln
i Be'per, Derl)y

Doncaster, York .

Linlithgow

Malton, York
Leeds, York
I>inlithgow ...
Wolsingham, Durham -

Leeds, York
Weymouth - - .

Bewdley, Shropshii e

Borrowstoness, Linlithgow
Edinburgh - . -

Yeovil, Somerset -

HaiTowgate, York
Le (Is, York
Gla.'jgow, Lanark
South Anston, York

Newcastle-on-Tyne
Leeds, York
Mansfield, Notts -

Bewdley, Shropsliire

Mansfield, Notts •

Corljy, Lincoln
Leeds, York
Huddersfield, Y'ork

IVIansfield, Notts -

Crediton, Devon -

Holywell, Flint .

Salisbury, Wilts -

Huddersfield, York

Ketton, Rutland -

Col ford, Gl iicester

Salisbury, Wilts -

Dundee, I-'orfar -

Colf'ord. Gloucester

Swansea, Glamorgan
Maidstone, Kent -

Swansea

111. OI.

Ill o

l'J2 10

\23

l'i4 9
125 11

126 2

128 3

i;50 4

130 8

l.'BO 9

]S2 2

1.32 5

133 6

133 8

1.3.5 15

137 3

137 4

137 10

137 14

1.38 2

139 9

139 14

140 1

141 7

141 11

141 12

HI 12

142 10

H3
143 14

144

144 3

115 1

14.5 3

145 12

IA6

l-)6 9

H6 11

147 8

148 10

148 10

149 9

150 4

151 6

151 9
151 7

163 7

155 4

155 10

1.55 11

157 6

158 11

158 14

159 3

159 5

166 3

166 9
168 1

168 2
17() 2

170 7
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IG'JCc In the year 1858, the pres°nt Cflitor contrihuted to tlie i?«//7<'r J"/rj'n/(pp. 632-S)
a li-t of the UuUding Stonet nsci exlernnlly in and iicar the 3Titrnpnlis, nith the nam's and
(kites of er.'ction of the huildiiigs in which they had heen use.'. 'I'liis li^t cannot he liere

inserted, l)iit tlie folhjwinjr are among the stones named :—Anston, Auhigny, Biith,

Uramley Fall, Hioomhill, Cadeby. Caen, Craigleith, Godstone, Great Barrinu'ton, Hare-
liill, Kentish rag, Yorksiiirt! stone. Ketton. Portland Priidliolme or Prudham, lleigale,

Roclie Ai)hey. Swanase or Piirheck, mimI Whitby (Ei/ton Quarries) stones besides

(Granite, and Flint. The paper by E. J. Tarver, on The Architecture of London Streets,

read May 10, 1887, at tlie Society of Arts, is also applicable.

\666a. Tlie North Anston stone of Yorkshire, not mentioned in tlie preceding liepnrt,

belongs to the magnesian limestone formation, and is of a yellowish brown colour. As i x-

amples of its use we point to the Museum of Practical Geology in .lermyn Street, I'al! Mall,

in the fa(;ad( s of wl)ich thee is scarcely a l)ad stone to be seen. Ihis well conceived struc-

ture was erected from tlie design of James Pennethorne during the years I8.'!7 to 1848.

At the New Hall and Library, Lincoln's Inn, designed 184,'5-45 l)y P. Hardwick, R.A.,

this stone is in a lamentable state of decay, occasioned (as is reported in tlie discussion

oa G. K. Hurnell's paper. On Build'nii Stones, §t., read at the Society of Arts in 1860), hy

the use of two jiarticular beds, the blocks of wliich were ui a state of decay he'bre they le-'t

the quarry, and supposed to have heen selected by the builder as yielding him the best

profit, 'i'he labour upon Anston stone is intermediate between Yorkshire and Portland

stones: it can be obtained of any required dimensions. The office of the Amicable Life

Assurance Comiiany, in Fleet Street, was erected 1843, with tlie Mansfield Woodhouse or

Bolsover stone, in the facade of whieii there is scarcely any trace of decay.

1666e. From the Mansfield quarries are now sent up the red Mansfield stone, the white
INIansfield stone, and the yellow magnesian or Bolsover limestone The former is mucli

introduced for colonnettes, short shafts, and liands in coloured coursed ashlar work. F'or

similar decorative work, the following stones have heen used (186,5) at the new offices of

tlie Crown Assurance Company in Fleet Street; namely, I'ortland stone in tl.-e piers and
caps ; Forest of Dean, red Mansfield, and blue Warwick, in other portions of the front

;

and Sicilian marble over the arches.

1666/' In consequence of the reintroduction of Portland stone of late years, we would refer,

in addition to what has been statid on p. 467, as to the quarries of Portland stone, to the

article Lithologj/, written hy the late C. H. Smith, and pulilished in the 'J'ram act Ions of

the Institute of Britisli Architects, 1842. Also to a report, published in the Builder of

186.'?, p. 8.59, by F. A. Abel, being the result of his examination into the comparative

(jualities and fitness for building purposes, of samples of stone from difTerent (juarries,

and made under the direction of the Inspector General of Fortifications.

1666p. These results "show that all the superior descriptions of ' whit bed ' stone

combine strength and compactness in a considerably higher degree than the varieties of

* base-bed' stone. Some kinds of the ' wliit-bed ' stone, however (i.e, tho^e from the New
Maggot and Inmosthay quarries), though ranking witli the best as regards strength, ex-

liibil a greater degree of jioros ty. Again, othi r ' whit-bed ' stones (from Old Maggot,
Waycroft, and Independent quarries) exhibit but little sujieriority, in point either of

strength or compactness, over the generality of the ' base-bed ' stones, and are, indeed,

inferior to the best ' base-bed ' variety."

1666A. "The 'base-hed' stones are, undoubtedly, more generally uniform in structure

tlian those of the ' whit-bed; ' this being mainly due to the comparative freedom of the

former from distinct petrifactions. Though such petrifactions were sliown, by the results

ol experiments, to imjiart, in many instances, great additional strength to the stone, they

fu'quently give rise hy their existence to cavities sometimes of considerable size, which

not only serve to weaken those particular portions of the stone, but may also, if they exist

in jiroximity to exposed surfaces of a block of stone, promo'e its partial disintegration by
the action of frost. Greater care i.s, therefore, unquestionably required in the selection

of' whit-bed ' stone than need be employed in the case of all the better varieties of 'base-

bed ' stone." The results of my exjieriments lead me to the following conclusions regarding

tlie comiiarative merits of the various descriptions of Portland stone in question, for

building purposes:—
" For External work, in the order of tlieir merit :— I. Stone from War Department

quarry, Vern Hill; and-wliit bed ' stone, Adn.iralty quarry.

1 1, ' Whit-bed ' stone. New Maggot quarry ;
' base bed ' stone. Admiralty quarry (this

may be considered quite equal in quality to 'whit-bed' stone); and 'wiiit-bed' stone, In-

mo.sthay quarry (particularly adajited from its texture and uniformity forornamental work ).

III.' Whit-bed ' stone. Old i\Iaggot quarry : a marked LI ; and b marked IT and 1 F-.

'I'he 'roach ' stone, from War De])artment <]uarry, is an invaluable stone for external work
in localities where any considerable strength and power of resisting mechanical wear are
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required, as iu connection with those portions of -work which may Leeome exposed to the

co.itiaual abrasive action of water. The rough ' whit-bed ' stone from Admiraltv quariy, ia

also a highly valuable stone for work of a similar kintl, where great strength isreqmred, and
particularly where the numerous irregularities in the ' roach ' stone may be ol jectiunalJe.

For Internal work, the following rank highest, on accountof nniiormity and comparative

strength:— 'l.a.^e-bed' stone, Old Maggot quarry, IT ;
'whit-l)ed' stone, Independent

quarry; 'base-bed' stone, Waycroft quarry; ;nid 'base-bed' stune, New Maggot
qn irry. The following are inferior to those ju>t named, both in texture and uniformity :

—

'Whit-bed' stone, Waycroft quarry; ' b;ise-bed ' stone. Old Maggi^t quarry, IE; and
' base-bed ' btone, Inmof-thay quarry. The 'base-bed' stone, from Old Maggot quarry,

marked LI, and that from Independent quarry, are of low quality, as compared wah the

remainder; and no reliance can be placed on the durability of the ' roach ' stone from
ludependent quariy, judging from the specimens received."

166fi/. Hopion Wood s;r/«e is obtained fromquanies situared near Middleton and Wirks-
wortb, in Derbyshire, in the mountiiin limestone districts of that part of the country. An
analysis of it gives:—lime 5o"09, magnesia 'l?, carbonic Ar\A 4t30, water 'IQ, organic

matter '0,5, silii'eous matter insoluble in acids "15, oxide of iron '10. alumina a trace, and
s^ilica soluble in acids a minute tiace= 100 02. It is well adapted for paving purpose.-,

owing to the closeness and evenness of the grain ; these properties give this stone its

principal recommendation ; its durability does not depend, apparently, upon any ntcessity

f'>r placing it on its quarry bed. The late Mr. C. H. Smith iias stated in the Builder,

!864, p. 912, that "these extensive quarries have been worked from time immemorial ; the

material is decidedly marble, for it is fine grained, compact in texture, and quite liard

enough to take a brilliant polish. The colour is a pale brownish white, certainly as white
as Sicilian marble, which approaches to a bluish grey. It is tuuch heavier than Purtland
stoue, but ligiiter than Carrara marble. Blocks of very large dimensions may be obtained

free from serious defects ; and as it is an aqueous formation, hard, and well crystallised,

there is no doubt of it standing weather extremely well. Both material and workmanship
are less than those of Sicilian marble. A quantity of it was laid down about the year
1854, for foot-pavements, close to the Parliament Houses iu Old Palace-yard, and part
of Abingdon Street ; and, though in constant use, no symptoms of decay, or of the sur-

face wearing away, are perceptible."

1666;'. Bath stone (noticed p. 46(») is an oolite, obtained from several quarries in the

neighbourhood of the city of Bath, in Some^^etshi^e. Its colour, a light cream, is more
agreeable than the cold tone of Portland stone; its texture is similar, but as it is softer

and more absorbent, precautions must be observed in the manner of using it, and to

prevent its rap'H decay. It may be sawn drj'. Much depends on the bedding of the

stone in the works. The Comham Bourn stone is usually iree f.'-om the bars and vents
which are found in the Combe Down stone ; it, is a sound stone, blocks being obtained of

any movable dimensions ; the beds vary from 1 foot to 4 feet in thickness. It is finer in

texture and more regular in quality than any other description of Bath stone, and is well

adapted both for external and internal purposes, except plinths. Below the beds of good
stone are two bels of a harder quality, called Corn Grit, which cannot well be used for

any purpose on which labour is required. It does well for steps and landings. One of

these beds run.s 2 feet 9 inches deep; the other al)oiit 4 feet 6 inches. The blocks
average 24 feet cube. Combe Bown stone, when well selected, is considered to Ve an excel-

lent weather stone, fcr ut-e in plinths, copings, and other work ; but the blocks have bars
and vents, which are defects. The beds vary from 10 inches to 4 feet 6 inches in thick-

ness, and are rccasionally found up to 6 feet; in length from o to 6 feet; wi h an
average size of block ot about 16 feet cube. Box Gruund stone is carse in texture, but
sound in qiuility, and a goocl weather stone: harder than Combe Down stone, and with
less vents. The beds vary from 1 to 4 feet in thiekne-s, with blocks of average size of
20 cubic feet. Farleigh Bown t^tone is at s^me distance. Ihe upper or white beds vary
in thickness from 10 inches to 2 f.^et 6 inches. The lowtr or reddish beds are coarser in

texture, but are supposed to stand ' he weather better than the upper beds, which are more
suitable for internal purposes. The average size o: block is 14 feef.

1666/t. The Monk's Park quarry stone is stated tobedurable and reliable, with uniformity
of colour and evenness of texture. Bath stone, on the whole, is one of the most fragile

of freestones, lor when first quarried it is as soft as cheese, and although it hardens in

the open air to some extent, yet it soon disintegrates, as it consists onlv of minute
globules cemented together byyellowish earthy calcareous matter, and contains a consider-

able portion of broken shells. It has been said that for outside work the stone from
Murhill Down quariy and the weather bed of the Combe Down quarry ar^ the only
two stones that will really stand the weather. This material has been well described by
writers in the Builder for the years 1845 and 1800, and the detailed mode of working at

the quarries in 1862, p. 613. The weight of Bath stone is about 123 lbs. per cube frot,

aLd the crushing weight about 1800 to 2000 lbs. per inch superficial. In an erperiineut
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ill 18G4, a 3-inph cube of Box Bath stone crushed with 8 tons 7 cwts qr. 16 lbs.,

while thp same of Corsham Bath stone crushed with 11 tons 11 cvvts. 1 qr. 20 lbs. A
1 .\-inch cube Box Ground crushed with 1 ton 3 cwts. 3 qrs. 12 lbs., and anoi her of Corsham
with 1 ton 10 cwts. 2 qrs. 4 llis. In some other f-xperiments Box Ground stone was first

fractured at an average of 46 tcnis 5 cwts. 2 qrs. 22 lbs. anil cru.-hed iit 5t tons;

while Corsham was fractured at 73 tons 14 cwts. 1 qr. 4 lbs., and crushed af

83 tons 2 cwts. 3 qrs, 12 ll.s.

1666^. The Bath Bay)iton quarries supplied the stone for Qufen Square, at Bath ; it is

the coarsest, hardest, and most expensive and most durable variety. The Combe Down
stone from the Bath Lodge Hill quarries is softer and finer grained, is said to have been
used between 1808 and 1822 in the restoration of King Henry VII. 's chapel at West-
minster; while Farlciffh Doum stone from the JVIonckton Farleigh quarries is said to

have been used from 1821 to 1840 on the north side of Westminster Abbey, since renewed.
1666w. Messrs. Pictor and .*ons, Messrs. Randell, Saunders & Co., Mr. Isaac Sumsion,

the CorsViam Bath Stone Co., Messrs. R. J. Mnr^^h & Co., Mr. S. R. Noble, and Messrs.
Stones Brothers, have amalgnmated the several Bnth stone businesses into one, under the
style of " The Bath Stone Firms, Limited," with the office at Bath. A vast quantity of

Bath stone of the best quality is thrown away at the quarries because the pieces are

not of sufficient size to make useful blocks. Tiiese would yield a hirge and reliable supply
for ashlar, quoins, &c., to serve as inside linings to walls with advantage, as non-
cracking and non-peeling, absence of water trickling down the wall, uniform and mellow
tint, and far better appearance than cement or plaster.

1666w. Ancaster stone from quarries near Grantham has been used locally for upwards of

five hundred years. It is an oolite (p. 459), a good-looking stone, easily worked, and, though
soft when first quarried, becomes hard with exposure, and is very durable. WolIatonHali in

Nottinghamshire, and most of the ancient churches in Lincolnshire, are built of this stone.

16660. Hollhigton stone, a sandstone from near yishbourne, 'n Staffijrdshire (p. 4oo), or
Eocester, near Uttoxeter. The three qiialities are—fine, medium, and very coarse.

1666/>. Little Casterton stone, an oolite, from quarries near Si;amford, Lincoln.shire, is

now used in lieu of the Barnack stone formerly obtained from quarries in Northamptonshire,
long since abandoned. It is said to be of a compact character, to stand all weather, and to

have been used in waterworks. It works freely with the saw. It is about 4 feet thick
iu the bed, and can be raised in blocks of large size ; in ashlar work it is not essential that
it should be placed on its quarry bed. The colour is of a lightish brown, resembling
Ketton and Bath stones.

1666y. Tisbury, in Wiltshire. The quarry gives a calciferous sandstone, close and fine

grained, of a light gi'eenish-brown colour ; a good weather stone when placed on its bed
;

easily worked with the saw, or with sand and water, when in block, and carries a fine

arris. The Chilmark and the Wardour quirries also give stones of the same qualities.

Their chemical composition, specific gravity, and resistance to strains, are the same as

those of Portland stone, in which they are placed geologically, but they have more grit.

The Chilmark stone, a siliciferous limestone of the same colour, was used for Salisbury
Cathedral, 1220-68 (p. 467). It is very non-absorbent, and weighs 153 lbs. 7 oz. These
stones have been used from 1864 in the restorations at Westminster Abbey. The houses
at Tisbury, built generally of Tisbury stone, are in very good condition, the whole covered
with lichens. The Chilmark stone does not absorb one thirty-sixth of its bulk, while a
specimen of Cadeby stone absorbed one quarter. The latter absorbed 5198 grains,

the former only 57*5 grains. This table shews its chemical analysis :

Carbonate Carbonate
Iron

Alumina

Water
Name of Stone Mineral designation Si'.ica of of and

Lime Magnesia Loss

Chilmark Limestone Siliciferous 10'4 79-0 3-7 2-0 4-2

Portland - Oolite - - - 120 95-16 1 20 o-fio 1-94

Bath Box Oolite - — 94 52 2-50 1-20 1-78

Mansfield Sandstone 49-4 26-5 161 3-2 4-8

Park Nook Magiiesian Limestone — 55-7 41-6 0-4 23

1666r. The "trough" or "hard" bed is of a close, even texture, of yellowish-brown
colour, weighing 143 lbs. to the foot cube in its ordinary state. It will bear a tensile

strain of 500 lbs. per square inch, and a crushing weight of 196 tons per foot super.
The average bed is 3 feet, and it can be obtained of any reasonable length and breadth ; the
random rubble blocks average 16 cubic feet. The " Scott " or " Brown " bed is of a warmer
colour, weighs 135 lbs. per foot cube, bears a tensile strain o^ 206 lbs. per square inch,

and a crushing weight of 104 tons per foot super, The average thickness of the bed
is 3 feet 6 inches tu 4 feet. The random rubble blocks average 16 cubic feet. This bed
is principally used for ashlar, mouldings, carving, balustrades, plinths, cornices, coping.
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&c. The " General bed " of the Garden quarry supplies a stone of a rich yellow tint and

fine texture, applicable to the most elaborate designs, equal to Caen, and superior to it

in colour and durability. It will bear a ten^le strain of 355 lbs. to the square inch, and

a crushing weight of 100 tons per foot super. Thickness of bed from 4 to 5 feet.
_

16G6s. Ketton stone is an oolite, from quarries in Kutlandsbire (p. 46u). It is very

similar to Barnack stone in colour, being a warm cream tint, but is harder and more

difficult to work ;
from some cause at the quarry it is more expensive. It bears a much

grenter crushing weight.

1666;!. Eobin Hood, Park Spring, Potter Vewiov, Bretton, and Hare HiU are among the

Yorkshire stones now much used in sawn landings and slabs, and steps. Potter Newton

and Hare Hill in blocks, with Portl.ind and Bramley Fall.

1666;^ Endon stone, from near Macclesfield, is put forward as the best of its class,

and as having been quarried for nearly one hundred years. It is of a hard and fine

texture, almo.'^t non-absorbent, bright in colour, and of great durability ; it is sawn out of the

solid rock, not being a laminated flag rock. It is used for bases, steps, hearths, landings,

thresholds, &c., wall courses, tombs, kerbs, setts and channel stone, and other purposes.

1666i'. Corncockle quarry, one of the oldest of the new red sandstone quarries in tlie

south-west of Scotland, is situated about three miles from Nethercleugh station, on the

Caledonian railway. It is obtained in any sized blocks up to 10 tons. The colour is a

light red, and very uniform ; slight black streaks occur here and there, which are a form

of mica, but they disappear entirely after twelve to fourteen months' exposure. The beds

are from 1 to 3 feet thick, with an occas'onal one up to 4 feet 6 inches. The stone is

considered locally to be the most durable of all the Dumfries red sandstones, and to keep

its colour best. It contains a very high percentage of silica, and stands frost well, as also

the sea air, and is a free-working although a strong stone. Its crushing strain is

2'38 tons per square inch, applied fn a block of 1| inch cube.

1666u'. Prudham quarry is situated near the Fourstones station, on the Newcastle and

Carlisle railway. The stone is of a light creamy-brown colour, very strong and durable,

and the crushing strain is 2-834 tons per square inch. It is well kn )wn in the north of

England and south of Scotland. It was used in the central station, post-office, and

other buildings at Newcastle ; the town-hall and corn-market at Hexham, and in other

towns : also in London, at the Army and Navy Hotel ; St. James's Kesidential Chambers,

Duke Street, Piccadilly ; and at AVinchester House, Old Broad Street (1886).

1666J.'. Rcotgate Ash stone, abo called Pattlcy Bridge stf ne, near Leeds, is a sandstone

cf the millstone grit series. The quarries afford every class of Yorkshire stone, so that

it is stated a building of any size can be supplied entire, without going to several quarries

for the stones required. Landings up to 130 feet superficial, suitable for hard wear; one

(in 1876), being 17 feet 6 inches long by 7 feet wide, was supplied for a floor and exiling in

a London bank. The crushing weight is over 700 tons per super, foot. It resists the

strongest acids. The stone is similar to EUand Edge, Idle Moor, Park Spring, and

others. It was used at Fountains Abbey.

1666y. The SpvikwcU and Cliff' Wood quarries are situated at Bradford, and are

now considered to be among the best of the Yorkshire quarries. These stones have been

largely used in London and throughout the kingdom, as at the town-halls at Manchester

in 1868, at Bradford in 1870, at Wakefield, 1877, &c. The crushing weight is 7,647 lbs.

per cubic inch, as tested by Sir W. Fairbairu; Aberdeen granite being 7,770 lbs.

;

Portland stone being on bed 2,600 lbs. It contains 885 per cent, of pure silex.

1666^^. There are several red-coloured stones now in use in London and elsewi^ere.

The /M Cors( hill i^tono is ohtamLd from quarries near Annan, Dumfriesshire. It is a

fine grained micaceous sandstone from the lower new red sandstone. It is of a rich red

colour, even texture, and of great duralnlity ; some beds are a bright pink. Its crushing

weight is 509 tons ; that ot Bramley Fall 265 tons. It was used for the Hand-iu-IIand

Insurance Office in 1873. The red Dumfries stone differs from it. The edifices in that

town are built o! stone from Craig, -v^hieh is of moderate hardness and durability ;

and also from Locharbriggs. Shawk stone is from quarries in Cumberland. It is red in

colour and a fairly good s'one, very similar in quality ai d texture to red Corsehill, but

runs in very much smaller sized blocks, and in much thinner lifts. All up the valley,

there is a very large quantity of stone covered with a great depth of debris, which is

stone of a coarser texture. It is loaded at Cwithwaite station, on the Maryport and
Carlisle line. It has been used at the stores in the Ilayniiirket. It is supposed to dry

red, and not whiten on the surface as do some red stones. The red Monsjie/d stone (p-'ir.

lG66e.) has blocks which varj' in beds from 1 to 7 feet thick, and has lan<iings of very

large dimensions. The deep bed, selected quality, is esteemed for durability, fineness of

grain, and splendid co'our.

i66Gaa. The Mincra stone, from Berwig quarries. Minera, near Wiexham. They
are situated at some distMuce from the outcrop of the Wrexham co.tl field, close adjoining

the carboniferous limestone. The stone differs in character very materially from the

whole of the sandstones found in the Wrexham and Ruabon coalfickls, being much more
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(liirablp. It nearly resemliles the Darley Dale stone in colour and appearanie, and ia

fon>idered hy many judges superior in every respect.

Anal^'bis of this freestone, by U. K. Eamber, F.C.S. :

Silica ... - 8505
Alumina . . - 8 25

Oxide of iron - - 2"30

Lime . - - - 100

Magnesia - - • 075
Alkali - - - - Trace
Water and organic matter 2 22

99-57

Thf^ beds run from 1 to 5 feet ia tliickness, and blocks of any size can be supplied.

T he stone costs considerably less to work than the best of the Yorkshire stones. It is

Ti.uch less absorbent than any otht-r stone, and is not affected by atmospheric changes,

by damp, smoke, or chemical gases. It is very strong, and capable of sustaining a

greatt-r crushing strain than most other stones. It was used largely at tlie Municipal

Offices at Liverpool, by Mr. T. H. Wyatt, as well as at Owens College at Manchester, l.y

Mr. Alfred Waterhouse, R.A. ; also the Nati nal Safe Deposit Company's premises in

Lnudon, by Mr. James Whichcord, who in 1876 wrote: "After seeing and testing various

samples of sandstones, I decided upon adopting the Minera stone for its fire-resisting

qualities ; a block of it about 6 ins. cube was put into the middle of a furnace, whtre it

remained for about an hour and a half. It was ihen taken out quite perfect, and on

being plunged into cold water it neither cracked nor calcined in the least degree. Its

cost in London was about the same as Portland stone, and it was quite as hard to work.

The coarseness of the grain rendered it unsuited for small mouhliugs or delicate carving,

but as solidity and boldness were required in this particular design, no ditficulty was
found in adapting the detad to this comtition." Tlie weight is about 138 to 143 lbs. per

cubic foot. The Moss and Cefn quarries afford a softer variety of the same stone

166656. The Monntain limcutone is highly absorbent, but, according to Mr. E. Clark's

experiments for the Britannia Bridge, it is of the extreme density of \2>\ culiic feet to

the ton, as great as the avei'age density of granite. It resisted a crusliing weight of

7,576 lbs. per super, inch, whilst granite resists about 8,000 lbs. As lintels, it has been

used in stones 24 feet long, 10 feet wide, and 4 feet thick, which must have been per-

fectly homogeneous in character or they would not have borne the shocks tliey were

exposed to in the wovkshops, or have carried the weight that was brought upon them.

This stone yields with great ease to the plate saw, as it is compos. d of a pure carbonate

of lime, is sub-crystalline, and without planes of bedding
;
granite cannot be sawn by

the ordinary methods. There are several localities whei-e the mountain limestone occurs

in great abundance, and where the experience of centuries as to its powers of resistance

to the atmosphere, or to tidal action, can be brought forward. It is met with in great

masses in the hills that constitute the lower counties of England and Scotland ; it forms

the range of the Derby hills, the Mendip, the hills round Plymouth, those of the Great

Orme's Head, the mainland of Anglesea, the outcrop of the carbon'ferons series of

Ruabon, and many oth' r places in England. In Ireland this formation is largely

worked, as at the Sheephouse quarries, Drogheda, by A. and N. Hammond. In Belgium

it is universally used in all cases where it is desired to unite strength with durability, as

in docks, river and canal works. The price of labour upon this material must be at

least half as much as that on granite. The late Mr. Burnell, in Practical Mechanics'

Journal, 1865, notices that it was excluded from the Thames Embankment works, because

it was considered objectionable on account of its being worked by the saw with sand
;

because it was feared that the planes of bedding would be distinctly marked, and would

easily yield under the influence of the weather; and on account of the action of the acids

present in Thames water.

1666cc. We do not purpose to enter into a description of quarrying stone; but would

refer to the useful fre itise by Burgoyne, published among VVea'e's Elementary Treatises.

\Q(-Qdd. The Kentish Viigstone is a limestone with a very small proportion of earthy

matters, frequently subcrystall ne, but ordinarily of a confused texture. When well chcsen

it is very hard and dense, and the labour upon it so expensive that it is very rarely used

for anything but rubble masonry in districts remote (rum the quarries. The custom has

been, therefore, to execute all the moulded or carved portions of the buildings in Caen or

Bath stones, and even to carry up the quoins and jambs in those materials, whilst the in-

tervening spaces, or the wall, are filled in with the rag. The colour varies from a lightish

green to a deep blue, and although the colour of the two materials is at first very different,

a few years' exposure causes them to harmonise in tint.

1666fe. The district in which ragstone is quarried extends about thirty miles east and

west through the central part of Kent, and averages from four to ten miles in breadth,

comprising the towns of Sevenoaks, Maidstone, Lenham, &c. Reigate or firestone, and

Tunbridge sandstone, are also affurded by the same formation, greensand. The ragstone

is found in beds varying from six inclies to three feet in thickness, alternated with fine

sand known as Hasfock, which in some l)pds becomes so consolidated as to form an occasional

useful auxiliary to the ragstone, in buildings. The quality of the rag iliffcrs very greatly.
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according to the place in which it is quarried ; some quarries only yielding stone of a li^rd

flinty nature, almost unfit for building, while the stoue obtained from others is almost as

free working as Portland stone. The finest qualities are at present obtained from quarries

situated at Boughton, near Maidstone, where they have been worked for several centuries.

A section of them is given by J. Whichcord, in his pamphlet on the subject, published
in 18-16 ; wherein also ;ire given the local names of the various beds.

1666^! Flint work. This material, as used for a description of rubble work, was formerly
much employed in the counties of Cambridge, Norfolk, Suffolk, Sussex, and Kent, where
the chalk formation abounds, and is still used for the purpose in such localities. Flint is

the name accorded to the neai-ly pure siliceous earth, which by the action of fire becomes
opajue and white, and is harder than quartz, which it scratches. The colour is usually
grey, of various shades, but is sometimes black, brown, red, and even yellow. Flint is

fragile, with a perfect and large conchoidal fracture, and, being rarely laminated, it is

broken with equal facility in almost every direction; the fragments are sharp. In the
chalk formation it occurs in regular beds, consisting either of nodules or of fiat tabular
masses. At Brandon, in Suffolk, one of the places where flint forms an article of com-
merce, it is obtained from pits sunk in the chalk, which is within 6 feet of the surface.

The first stratum is found in the clay overlying the chalk ; when this has been removed, a
shaft is sunk 6 feet in depth ; if no tliut is there found, a tunnel is driven for three feet

horizontally, and another shaft is sunk ; and so on alternately with tunnel and shaft till a
depth of 40 feet is reached. The flint is found in jioors about 8 feet below each other,

and is obtained by tunnels being driven, sometimes a furlong in length, under each floor,

and the flint broken down by crowbars. The small tunnels in the shaft form tables, upon
which men stand and hand up the flint to each other from below to the surf.ice; no ma-
chinery or tHckling is used.

1666(79'. Flint is split upon the workma'i's knee, by sharp blows from a hammer with an
oblate face, and squared upon a steel stake let into a wood block, with a blunt axe formed
by passing a handle through an old flat file about a foot long, the cutting edge beiug
Ij inches wide by ~ of an inch thick. (See SpECtFiCATiON).

French Building Stones.

1666M. Of these stones imported into the London market, a few only will be men-
tioned. Aubigiiy .stone is stated to be obtained from quarries situated at St. Pierre
Canivet, a short distance from Falaise, in Normandy. It is probably of the same nature
as Caen stone, namely, oolitic, but much more crystallinH in its structure, with semi-
transparent crystals, showing no appearance of ova; very fine grained; as hard or harder
than Anston stone; nearly as heavy as granite; and able to support a greater crushing
weight than Caen stoue; when worked it requires to be sawn wet with sand. There are
two workable beds, one averaging 24 inches, the other 15 inches, in thickness, (i. E.
Burnell (in his remarks on the works at Baygux Cathedral, rend at the Institute of British

Architects, 1861, p 257) stated that be •' was convinced the use of Aubigny stone in London
would be attended with danger. M. Flachat chose this stone because it yielded more
satistactory residts under the trials to "which he exposed the various local stones, so far
as their resistances to crushing weights were concerned ; but his assistants expressly state,

in their published accounts of the works at Bayeux,that the Aubigny stone yielded easily

under the action of frost, if used exteriorly, as may be seen in the mediaeval buildings in

Falaise." Perhaps the only building erected with this stone in London is that part of
the old Schomberg House, Nos. 81 and 82 Pall Mall, which was rebuilt in 1851.

1666/«. Caen stone is obtained from the great oolitic formation in Normandy, and has
been imported into England Irom a very early period ; but it first appears to be named in

documents after the year 1300. There was a cessation of its use afier 1448, when Nor-
mandy was lost to this country ; and it is not until the commencement of the present
century that its employment hero was resumed. This stoue is now generally obtained
from quarries situated at Allemaiiue, a small village on the right bank of the Orne at the
gates of Caen, or from those of St. Germain de Blancherbf, commonly called La MalaU-
rerie, the commune immediately adjoining that city, on the left bank.

1666X-X:. The Caen stone of commerce is of a }ale yellow colour and of a Inoce open
grain which when freshly quarried soils the fingers like chalk, and is very friable. In
many places it appears to have lost its oolitic character ; and in others it is harder and more
compact, being entirely formed of a species of lamellous spath, without any trace of oolites

;

the latter appearance is, however, principally to be observed in the beds which are workecl
between Caen and Falaise

; at AUemagne andLa Maladrerie the former prevails. Neither
of these two latter quarries appear to have been opened for any great length of time, the
stone used in the old city having been chiefly got on its site ; and it is remarkable that the
portions of the public buildings which required stones of larger dimensions than could be
obtained from the upper beds of the oolitic formation immediately around the town were
executed iu the Creuilly, Rauville, or Fontaine Henri stones, never in the stone obtained
from the beds now worked exclusively for both the French and the English markets, and



478 THEORY OF ARCHITECTURE. Bouk II.

which beds have been rendered availahle with the advance of mechanical science. Tha
upper beds, called ihe bancs de hittes, which yielded the stone in olden times, is generally
speakinj; of a harder character, of a finer grain, and presenting a more crystalline appearance
than tluit obtained from the lower beds ; but ev< n in those upper beds care is required in the
selection, for the texture is far from uniform; w bile the small size of the stones is too often

considered an objection to it, as the eight layers, between each of which occurs a bed of flint

2 inches in thickness, are of variable depth (between 11 inches and 26 inches), being about
18 inches on the average.

1666//. The lower beds comprise the banc de chambranle, 16 inches thick ; the banc de
deux puds un quart, about 30 inches English thick, yielding a gcod stone, disfigured un-
fortunately by the fossils it contains

;
the banc rouge, 22 inches thick, of very bad quality

and stained b}' ochreous iron ore, besides being traver,-:ed by numermis verticrtl vents; then
the gros banc, 40 inclies thick, a very good stone, but likewise disfigured by fossils; the
banc defend, usually from 18 inches to 30 inches thick, of a closer and finer grain thnn the
last named; and then the banc d.e 81 centimetres, of very inferior quality, worked only for

the immediate neighbourhood.

1666?K?M. Experience proves that Caen stone will not resist the dissolving power of water
charged with carbonic acid gas; and as the rain water ofmir large towns contains a con-
siderable quantity of that gas, it is not expedient to employ this stone in any situation

where water is likely to lodge, or even to be taken up by c pillary action, unless, indeed, the
projecting parts be protected by metaL In upright walling above the plinths, and in the
sheltered portions of cornices, it can be employed when judiciously selected

; and in internal

work, with safety and economy. The bedding of the stone should be observed. From the
state of some buildings at Havre, it is considered that sea air is particularly destrueti ve to
this stone ; and it isgenerally believed that the stone from La Maladrerie is inferior to that
from Allemagne. In Caen itself, the plinths or basements of houses are executed in

granite, or in Ranville, Cherence, or Creuilly stones, which are practically non-absorbent

;

and, moreover, the Creuilly stone is used in the best buildings for the exposed portions of
the elevation, although, of course, "Caen stone" is fuund at the very gates of the town.

1666)i«. ]\lore lengthened notices will be found in the accounts given in the Bui'der,
vols. vi. and vii., entering into the quidities of the stone, from personal surveys of the

quarries. When freshly quarried, this stone can be cut with the toothed saw, and carved
with ordinary chisels, even more easily than Bath stone.

1666of>. The new fa9ade of Buckingham Palace, erected in 1846-7, is perhaps the most
remarkable failure of Caen stone. Mr. H. T. Hope's house, in Piccadilly, built 1849-50,
has been considered one of the best specimens of its employment in London, as it has
stood well. The projections were protected by lead or by slates. The crushing weight of

Caen stone is about 2000 lbs. per inch superficial.

16G6pp. The Chare?! te st07ie is a mugDGsiHn limestone of good quality, has been used
in France from time immemorial almost exclusively, not only in the departments which
produce it, but also on the sea coast, for Government works, as lighthouses, harbours,
fortifications, bridges, docks, &c. ; for chu.rches, and other public and private edifices;

the chateau of the Emperor Napoleon III. at Biarritz, and other villas. Blocks of about
8 or 9 cubic feet to about 33 cubic feet are always in stock. The quarries are Crazanues,
Montarneuf, St. Savinien, and Ste. Merue, and the average resistance for the square
centimetre (about '155 square inch English measure) gave about 157 lbs., 152 lbs.,

148 lbs., and 130 lbs. avoirdupois respectively.

]6&6qq. Table of the Weights per Cubic Foot Avoirdupois of some French Stones.

Caen, Franc banc bed - 116 lbs. 2 oz. I Caen,Pieredetrente pouees 128 lbs. 5 oz.

,, Banc de quatre pieds 118 „ 0| „ |
Ranville, near Caen - - 142 ,, 6 „

„ Gros Banc - - 122 „ Oi „ Aubigny, near Falaise - 150 „ 6| „
„ Pierre franche- - 123 „ 3" „ |

DECAY OF STONE.

16G7. In the paragraphs 1640 to 1648 have already been quoted some of the causes of
decay and decomposition in stones, as stated in the Report of the Commissioners, and after

the lapse of nearly thirty years since its publication but few additional facts have been
obtained on the subject. One of the most commendable essays relating to it is tliat by
G. R. Burnell, read at the Society of Arts, in March, 1860, which is likewise useful for

the discussion thereon by some of the members learned in chemistry. We quote a few of
the paragraphs for further elucidating some important points.

1667a. Atmospheric moisture, when absorbed into building stones, acts upon them quite
as much through the changes in its own volume. When the stone is placed in such a
manner as that water can accumulate in any perceptible quantities between its various
layers, and the position of those layers bo such that the expansion of the water in freezing
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cannot take place freely, the respective layers coataining the water will be violently de-

tached from one another. This is a more important consideration in the case of the bedding

of stones, and it is unfortiinaie that the system of competition throws so great a temptation

in the way of the practical builder as to render it a mere matter of cluuice whether this

constriictive law he observed or not, unless a costly sysiem of supervision be organised, anj

thus the precautions often taken by the stone merchant to indicate the upper bed of the

material he delivers, are defeated.

1667/'. The chemical reactions which take pLice in building stones are mainly those

arising from the oxygenation, or the hydration of the various ingredients of wiiich those

stones are composed. Tiiese reactions are independent of those resulting, in the interior of

the country, from tiie agents directly presented hy atmospheric moisture in the form of

Ciirbonic acid gas, sulphur, and ammonia ; or ujjon the sea-shore, in the form of hydro-

eliloric acid, or of common salt itself, in minute particles. Tims, if the oxide of iron be

present in any notable proiiortions, it is likely to undergo changes of a nature to disturh

the stability of the compound, and even the crystalline sulphates of lime are exposed to

chemical decomposition, in consequence of the liheration of the sulphuric acid gas they

tontain. The otlier mineral salts, such as the siliiates and the sulphates of iion, so often

met with in building stones, are at times susceptible of very injurious decomposition ; and

the soda, potassa, or the organic matters the stones may contam, frecjuently give rise to

the formation of new salts ; mainly under the action of atmosplieric moisture, it is true,

hut also under the influence of the jiartial decompositions which take place around them.

It is to be observed, however, that the danger to building stones from this ])eculiar class of

influences, is very small and very slow in its action, compared with the dangers arising

from the mechanical disintegration produced hy atmospheric causes: and that, with the

exceptions of the actions of free carbonic acid upon the felsjjar of gianites, the changes of

state produced in limestones by the same agent, and the modifications of the ahimdant

salts of iron in some peculiar stones, there is little practical necessity for dwelling upon

this interesting but obscure branch of apiilied chemistry.

1667c. The actions capable of affecting the stability of the composition of ordinary

buildinij stones, by reason of the new forms of matter they superinduce, may principally

t)e considered to be those resulting from the absorption of the gases of the atmosphere, and

especially the process known iiy the name of siiltpelrinp, or more correctly, of nitrification.

Tliis process displays itself in the formation of minute crystals, efflorescing from the

interior to the exterior of the stone, and it leads to the destruction of the exposed surfaces

af the latter, through the gradual removal of the miimte particles, in consequence of tlie

disintegration produced by the expansive action of the crystals in process of formation.

1667d. It is supposed that the organic matter diffused through nearly all stratified

deposits gives rise to the formation of certain nitrates, such as the nitrate of lime and

nitrate of soda, under the influences of damp, of air, and of light of certain descripiions

-for nitriHcatiiin certainly takes place most abundantly near damp ground, rising in a

nail pari passu with the range of the capillary attractions of its materials, and upon tlie

nwrtliern or shaded faces of the said walls. Not only does this nitrification throw off the

minute and less adherent particles of the building luaterials themselves, whether they be of

stone or brick, but it is also able to detach any protecting coat which may be put ui>on

them, if the adhesion of that coat to the subjacent material sliould not he of a very ener-

getic nature. Let the adhesion, however, he ever so energetic, if once the action of nitrili-

eation should have been established, it must run its course, and tlie amount of evil it is

capable of producing will simply depend upon the quantity of organic matter originally

Contained in tlie materials, or susceptible of being absorbed by them from the atmosphere.

]667e. The secondary limestones which have not been affected by plutonic action, tlie

loamy clays, some kinds of pit sand, sea sand, and some descriptions of natural cements,

are particularly exposed to the danger of nitrification in damp situations, rendering it in

vain to ex])ect to be able to preserve any rtiural paintings, or even any sculpture of a

delicate character.

l()67f. Practically, then, the great agent of destruction of building stones, in any of its

modes of exhibition, is the damp, or the water supi)lied by the atmosphere, directly or

indirectlv ; tlie efibrts of those who seek to prevent this destruction must he directed to

combating this primary source of evil. Fortunately the precautions to he observed for

this purjjose are very simple, and they only require a little common sense on tlie part of

the builders charged with their application, to the materials at least, which have been long

before the public. The first and foremost rule is never to employ a porous absorbent

stone in the ground, or in elevation; unless, in the former case, it be maintained constantly

wet ; or, in the second case, the absorption of moisture from the ground be prevented l)y

tlie inter|)osition of some impermeable material. Porous stones should not be used for

the copings, parapets, window-sills, weather-beds of cornices, plinths, strings or other

parts of a building where water may lodge. Care must also be taken to bed such stones

with mortars which are not exposed to develope in themselves, or are not likely to exeite
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in the stones, the efflorescence of any of the nitrates of boda, potassa, or of lime. If porous

btones be used, it will bo found that decay will commence, and be most apparent in the

zone of alternate dryness and humidity, or, as the workmen say, " between wind and wafer."

The stonework about that part should therefore be executed in such a manner as to allow

of its being easily replaced, if necessary ; and in case the decay exhibits towards the interior

(as it will do when the exterior surface is covered wth a coatin;? impervious to the air),

care must be taken to isolate the decorative plastering or wall linings from the surfaces

w hich are likely to be covered by efflorescence.

Tho effects oi wind on stone. Wind is both a destri ying and a preserving agent. Its

action as a destroyer cf building stone consists in blowing dust and dirty particles against

the building; also into the cuttings, holes, and lines in exposed mouldings, filling tlieni

up, adding much to the disfiguration of ornamented work. A strong wind accompanied

by r.tin, by blowing the rain hard against a building causes it to penetrate into the stone

farther than it Wnuld otherwise do, and thus the chemical action of the water and the

tffects of frost on the stone are increased. The principal preservative action of wind is

in its drying out moisture from stone; and the acids, &c., contained in the moisture have,

therefore, less time to act on it. The action of the sun has much to do with the preserva-

tion of stone by drying it. Stone exposed to very different degrees of heat on its different

faces is liable to crack from unequal expansion and contraction (Wray, On Stone). In the

paper on The Stones of Egypt, reati at the Rojal Institute of British Architects, Nov. 24,

1887, Mr. Brindley referred to their decay, Mr W.Topley stated that, under ordinary tem-
peratures, water got into the pores of the rock, carrying in carbonic acid, which attncked

felspar, or whatever the soluble constituents of the rock might be. Tho rock then broke

down. In northern climates the water froze and the rocks broke off. In a dry climate

. . . the great alterations of temperature acted so strongly in expanding and contract-

ing rocks that tiiey broke off as rapidly through heat as with intense cold. During, the

night a cracking sound was often heard by travellers owing to the contraction of rocks

which had been expanded by the heat during the day. The effect of a fire on some exceed-

ingly durable building stones is very disastrous, and especially on those which were
formed by heat.

\G&lg. A committee appointed by the First Commissioner of Public AVorks and
Buildings, on the 23rd March 1861, " to inquire into the decay of the stone of the New
Palace of Westminster and into the best means of preserving the stone from further in-

jury," reported on—I. The extent and position of the decay. II. The causes to which it

is attributable, taking into consideration the composition of the stone, and the influence

exerted upon it by moisture, and by the acids diffused in the London atmosphere. III. The
best means of preserving the stone from further injury. IV. The qualities of the stones to

be recommended for future use in public buildings to be erected in London." This report

was ordered to be printed 1st August, 1861. It is also giveu in Adcock's Engineer^'' Pucket-

book for 1862, p. 205-211,

PRESERVATION OF STONE.

1667^^. Even when all the best precautions, as above detailed, have been taken, it is

occasionally found necessary to protect the exposed surfaces of the soft and absorbent, or

hygrometric, stones, with some coating which shall prevent their absorbing the injurious

atmosphere. This is done in various ways.

1667i. I. By Painting :—The objection to this process consists in the fact that, as tlie

oil evaporates, the stone becomes again exposed, and even the absorbent powers of the

stone itself contribute to this action ; thus this costly palliative has to be often repeated,

to the destruction of any delicate moulded work.

1667;. ^^- By the injection of oleaginous, fatty, or waxy matters:—These, it must be
evident, can only act mechanically by closing the pores of the stone, and therefore, unle.'-s

the surfaces be protected from the extremes of heat and cold, the heterogeneous materials

tlius affected must be acted upon in very different manners. Experience has confirmed
this theoretical inference, and it has been found in practice that the protecting coats of

any of the materials alluded to are gradually detached from the stone, and that they
require to be renewed quite as frequently as does oil painting itself.

1667^. III. By washing the face with a solution able to convert the material into an in-

soluble non-absorbent suhsta7ice

:

—This is the process introduced by M. Kiihlmann, in which
the carbonates of lime are washed with a solution of an alkaline silicate, as silicate of soda,

or potassa, or " water glass " as he called it, with a view to converting them into silicates

of lime through the elective affinities of the lime and the silica. In some cases this system
has succeeded, and very great hardness, very great resisting powers, have been comniu-
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nicated to the stones operated upon. But, unfortunately, the action of the silicic acid is a

vnry slow one, and when the surfaces washed in the manner described are exposed to

rain, it is by no means rare to find the solution carried away. Another objection is, that

when the alkaline silicate acts upon the stone, the soda and potassa generally used are

left free, and in efflorescing they are likely to carry away the finer details of the sculpture;

at the same time, as they form to some extent deliquescent salts upon the face of the stone,

they attract to it a dangerous amount of humidity. This process is only applicable to the

preservation of the stones in which the carbonates of lime predominate,

1667^. IV. Si/ filling in the pores of the stone with an insoluble material which should

effectually exclude water

:

—This may be said to have been effected by the process patented

by Mr. Eansome. The stone is first cleaned carefully from dust or other extraneous

matters; then it is made to absorb as large a quantity as possible of the silicate of soda

or potassa. "When this solution has dried into the stone, a second wash is applied, con-

sisting of the chloride of calcium or of baryta. Thp silicate of soda and ihe chloride of

c^dcium are most frequently employed ; and the effect of the respective applications is,

that a double decomposition takes place in the washes, giving rise to the precipitation of

a finely crystallised silicate of lime or of baryta in the pores of the stone, and an efflo-

rescence of extremely soluble salts of the chlorides of soda or of potassa. The former

remain in the pores, the Litter are spee:lily washed away by rain. As the rate of con-

traction and ext ansion of the silicate of lime is. as nearly as may be, the same as that of

the stone it is intended to protect, there is no danger of the precipitate being detached

by this cause. This process, in contradistinction to that of Kiihlmann, is applicable to

limestones, sandstones, bricks, plasters, and cements. It has even been suggested that

it may be advantageously applied to chalk.

1667m. It must not be forgotten, however, that it is as important to prevent a
stone from decaying as it is to aiford a protection to it when that effect has commenced.
If any internal decay or any organic decomposition, so to speak, be once allowed to

establish itself in a building stone, it will be impossible effectually to arrest its progress,

EtHorescence, for instance, will continue, however effectually the exposed surface of the

stone may be closed by a mechanical or a chemical deposit, and thus even some of the

results of Mr. Ransome's process appear equivocal. The student should make himself

master of the attempts lately made to discover a universal remedy for protecting the

surfaces of various materials. The following inventions were described by the late Sir

W. Tite, at the Royal Institute of British Architects, January 1861 :—I. Bethell's patent,

1838, perhaps never applied to stone. II. Hutchinson's, 1847, which has been chiefly

applied to the Calverley stone of Tunbridge. Ill, Daine's, 1854. IV. Szerelmey's,

1857. V, Newton's, 1841. And VI. Ransome's, 1856. We consider it needless to

notice here the inventions in detail. It is difficult to pronounce on their respective

merits, but Ransome's perhaps promised the best results.

1667?J. Sylvester, in 1846, suggested the following very useful and simple recipe for

protecting stone or brickwork from the absorption of water; it has been repeatedly

tried, and answers well in exposed situations, but requires a fresh application about every

three or four years. Mix fib. of mottled foap in a gallon of nearly boiling water, and
apply it in a boiling state over the surface of the work, steadily and carefully, with a large

flat brush, making no lather, and filling up the crusty surface of the work, either of brick

or stone. This is to remain for twenty-four hours to become dry and hard. Then \ lb, of

alum is to be mixed with four gallons of water and left standing for about twenty four

hours, so that the alum may be completely dissolved ; this solution is to be applied in the

same manner. Sir G-. G. Scott has \ised for the internal work of Westminster Abbey a
solution of shell-lac in spirits of \\ine, which, squirted into the stone work, appears to

answer perfectly in securing the face from further decay arising from damp only. He
also found it of some effect in tJie open air where defended from rain, but it failed when
exposed to its action.

After cleaning down Bath stone of the best quality, it generally may with advantage

be washed over with two coats of lime-water prepared as follows :— Fill a tub with water,

and into it put some lime; stir it up well when slaked and let it settle. If any impurities

should rise to the surface remove them, and when clear ajoply it with a clean brush to

the stonework. This is an excellent preservative, and reinstates the skin or crust re-

moved with the drag, without altering the colour of the stone. (Sumsion, of Bath).

Tabary's metallic cement has been in use in France during the last twenty-six years,

under the French government and the municipality of Paris, for restoring monuments. It

is stated to be permanent and to resist all attacks of acids in the atmosphere. The whole
ol'the decayed stone need not be removed. It is carved and worked in situ. It costs

less than stone. Restorations are more rapidly done than in ordinary stone. The colour

of the original stone can be matched, and it can be used in all weatheis. " This metallic

cement is composed of a stone of Trachytic origin, reduced to powder, and the moltcules

II
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jire reunited by an acid and softened without being decomposed. The cement is mixed
with the acid, and the stone reconstructed to its original condition." Tlie process has

been used, 1887, at the Churcli for the Deaf and Dumb, in Oxford Street; the Church of

S. I'aul, London Docks; and the Infant Orphan Asylum, VVanstead, btsides other places.

ARTIFICIAL STONE.

1667o. The term is sometimes made to comprise not only Ttrra-Cotia, which is noticed

in this work in the section Bkick, but also the many Cuncrttes, which are described in the

section Lime, &.c. Those mixtures or concreted masses having more affinity to the

original they profess to imitate are here desLribea.

1667/7. Austins artificial stone Wiis invented about fifty years since, duiing which period
it lias been well tested. It is used chiefly in the manufacture of statues, garden ornaments,
cliimney shafts, and the like. 'Ihis material is generally considered to be little else than
ordinary cement, but it is plain there is much more ingenuity in the mitter; at all events,

it is evidently a concrete of sand and so on. cemented by lime ; it is not burnt as is often

suuuosed. and much of its value is no doubt due to tlie manipulation of the materials.

\C>6~q. liaiisonies silictcus stone was patented in 1844. Calcimd Hints ground to a fine

powder were mixed with common soda (sub-carbonate of soda) rendered caustic, and water,

the mixture bein.g boiled under steam pressure ; he thus obtained the silicate of soda in a
li(|iiid form. To one part of this water yla:s he added ten parts of sand, a little pounded
flint, and a little clay ; mixed the who^e to a putty; made castings of tlie desired form
under comiiression ; dried tiiese, huriU the n in a kiln to a bright red he.it, and so made
them into blocks of stone. The chemical question was this:—the alkali of the soluble si]ic;ite

of soda combined with a portion of the natural silica or sand, and thus formed an insoluble

silicate or glass, as a cement, wherewith the remainder of the sand became concreted to-

gether. A sandstone was produced, and technically one of a silicious type ; but its con-
necting medium was not crystalline as in nature, but as an equivalent, professedly vitreous.

This vitreous element, however, was always seen to be its blemish, and the manufacture is

now discontinued for the following more recent invention by the same patentee.

\66~r. During the experiments inade for obtaining a liquid or liquids wlierewitii to

WMsh the surface of stone after it has been worked, Ransome selected and applied tlie

silicate of soda, and upon the saturated surface a solution of chloride of calcium. A double
dicomposition then follows, not slowly but instantly, and the silicate of soda and chloride

of calcium, the one, an insoluble substance filling the pores of the stone, and the other,

common salt to be waslied out by the weather. Pieces of the putty out of «hicli the jjre-

viously described si.icious stone was daily made, i.e. sandmixed up with silicate of soda, were
dipped in chloride of calcium, out of which it came chang.d to a hard and solid stone.

Tliis rather unexpected result led to the formation of an entirely new s])ecies of arti-

ficial stone, in a manner which was related by ProfLSSor Kerr iit a meeting of the Institute

of British Arciiitects in 1863, from whose account we have been quoting.

iGVtls. Ilansome's Concrete stone ]ii the name given to this new material, inventtd in ISGl.
Tlie process of manufacture now followed is first to dissolve flints in caustic alkali at a

tenqierature of 350° Fahr., leaving tliem in a boiler for twenty-four hours. 'I'lic liijuid

then jiroduccd, consisting of silicate of soda, is drawn oflT, and is allowed to evaporate
until it becomes a thick matter like treacle. It is next mixed with clean pit sand incor-

porated witii five to ten per cent, of chalk in a pug mill, and in four to five minutes tiiis

mixture is formed into a stiff putty. It is then pressed into a mould and afterwards either
saturated with, or immersed in, a solution of chloride of calcium, wliich being rapidly
imbibed, the formation of an insoluble silicate of lime and a soluble chloride of sodium or
common salt results. This latter (about three per cent. ) has to be removed by washing, to

edict which it is placed in a iiot-wati-r bath for many hours. The employment of this new
material as stone in building is gaining ground ; for cast ornaments and moulded work it

has been longer used, and ])iobably it may yet be brought to serve for the ciiisel of the carver.

I667t. The committee of tlie Institute experimented on this material in 1^64. Four-
inch cubes were made of equal parts of sand and coarse ballast, with a quarter j.art of clav ;

on the third day a cube crushed with a weight of 9 35 tons ; on the tenth day with
15 '25 tons. With six parts of s;ind to one of chalk, on the third day a cube crushed with
6 tons; at ten days old, 9 40 and 13 '25 tons. Other samples, liowever, proved to be
weaker, as at eight and thirty-six weeks old, they crushed with 8 4 and 8-4 tons respectively,

yet one of twenty-eight weeks crushed with 14 tons, apparently depending on the depth
of the induration which in the weaker samples was only from 1 to 3 inches. A block
formed of five parts of sand to one of fine silex bore 30 tons when three weeks old, with-
out showing the least effect ; it had been previously tested up to 20 tons. It will be well
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to contrast another sample formed of " all road scrapings from the neighbourhood of

Ijjswich " which at only tliree days old crushed with 28 tons; this was prob;ibly due to

the silex contained in it. As anotlier proof that its strength is entirely due to the com-
plete induration of tiie material, a nine-inch brick made of four parts of sand, four of fine

sand, and one of chalk, cracked when thirteen weeks old with 14 tons and crushed witli

35 tons; this specimen was gradually filled with chloride of calcium being poured over it,

and took fifteen minutes to saturate. Another at eight weeks with 4'2 and 30"0 tons
;

another with 2()'15 and 38"8 tons ; while a fourth cracked at 6 tons and crushed with 6'65

tons ; tliese were staked in tlie chloride of calcium, Tiie tensile strength at twenty-eight

weeks old varied as 47, 74 and 67 lbs. per square inch ; while two specimens made of road

sciajjings, only three days old, broke wiih 101 and 97 lbs. per square inch, a strength also,

no doubt, due to the silex contained in it.

1667«. A gallon of each solution is sufficient to produce a cubic foot of stone of the

finer quality ; but tlie cost of a block of coarser quality would be less than about half what
the other would be. To render this concrete stone perfectly non-absorbent, tlie surface of

the stone, after it is formed into blocks, is treated a second time with a was!i of tlie silicate

of soda, and a second application of the solution of chloride of calcium. These solutions

are also a))plied for the preservation of other stones, or of brickwork ; the silicate beiu'^

diluted witli water in proportions according to the absorbent character of the material,

which must be clean and thoroughly dry before being operated upon. Tinting solutions

are also supplied for harmonising with the natural colour of the stones. About four

gi.llons of each solution will be, under ordinary circumstances, sufficient for each 100 yards

superficial of surface.

\661v. Experiments conducted by G. R. Burnell, and reported upon by Professor Ansted
in a paper read at the British Association at Cambridge, 18G2, showed that the transverse

strength of a beam 4 inches square resting one inch at each end, with 16 inches clear span,

sustained a weight of 2,122 lbs. or 132 lbs. per inch superficial; whilst a similar bar of

Portland stone broke with 759i lbs., or nearly 42 lbs. per inch. The adhesive or tensile

strength was proved by pieces of stone notched for the purpose, the sectional area at the

weakest part being 5^ inches.

The patent concrete stone sustained - - 1980 lbs. =360 lbs. per inch.

Portland stone broke with

Bath stone „ „ - -

Caen stone „ ,>
- -

1980 lbs. =360 lbs.

1104 lbs =200 lbs.

796 lbs. =say 150 lbs.

768 lbs. = say 150 lbs.

A 4-inch cube of the patent stone sustained a weight of 30 tons, nearly 2 tons per inch,

before it was crushed.

1667«'. Tlie following result of chemical tests of tliis artificial stone, as compared with

natural ones, will be found instructive. They were made by Mr. E. Frankland at St.

Bartholomew's Hospital in December 1861. " The experiments were made in tlie follow-

ing manner. The samples were cut as nearly as possible of the same size and siiape, and
were well brushed with a hard brush. Each sample was then thoroughly dried at 212°,

weighed, partially immersed in water until saturated, and again weighed ; the porosity or

absorptive power of the stone was thus determined. It was then suspended for forty-eight

iiour& in a very large volume of each of the following acid solutions, the alteration in

weight after each immersion being separately estimated. The sample was then boiled

with water until all acid was removed, and again weighed. Finally, it was dried at 212°,

brushed with a hard brush, and the total degradation or loss since the first brushing was

ascertained. The following numbers were obtained."

Name of Stone.

Porosity.
Wat-r

absorbeii
l)V dry
Stoiie.

percent.

Alteration in weight by immersion
in dilute .^cid.

Loss by
action of
acid and
boiling in

water.
percent.

Further
loss by

brusliing.

Total
degradl-
tior. from
all cuu^Ci.

of 1 percent. of 2 per cent of 4 percent.

Loss Gain Loss Gain Loss Ca n

Bath - 11-57 1-28 2^82 ^•05 5-91 •26 617
Caen . - - 9-86 2-13 — 4-80 — •67 — ]^73 1-60 13-33

Aubigny 4-15 1-18 — 4 00 — — l^Ol 3-56 •29 3-85

Portland 8-86 1-60 — I^IO — 1-35 — 3-94 •24 4-18

.Aiiiston 6-09 \y5i — 3-39 — 3^I1 — 11-11 •27 11-38

Whitby 8-41 1-07 — •53 none none 1-25 •18 1-43

Ilaie Hill - 4-31 •75 — — •60 none none •98 •15 113
Park Spring 4-15 •71 — — •10 •15 — •81 none •81

1

Ilansome's - 6-53 — •95 nonelnone none none •63 •31 •94

1 1 2
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" Whilfct Portland, Whitby, Hare Hill, and Park Spring stones (from the quarries, Farnley

Wood, near Leeds) arc thus pointed out as the natural stones best adapted to withstand

the influences of town atmospheres, it is also i.ndicated that Ransome's patent concrete stone

will be found equal to the best of these, and there is nothing in the coaiposition wuich

•would lead one to anticipate that it -would suffer from exposure to the saline influences of

the atmosphere upon the sea coast."

1667a'. Bousfield's patent, 1856, consists of 80 or 85 parts of chalk and 15 or 20 oi

slaked lime, mixed together, moulded under pressure, and dried in the open air, -when the

blocks, says the patentee, " uill be found to possess a degree of compactness and firmness

resembling stone, which increases indefinitely with age, and if the ingredients are pure, will

rival marble in whit'^ness and beauty." Barif's patent for an artificial stone was obtained

in 1861. He takes 1 part of an aqueous alumiuate of potash, with 3 parts of an alkaline

silicate, or water glass (5.ilicite of potash, however, not of soda), which will in a few hours

set into a sort of dull glass, an artificial ftlspar in fact, perfectly biiitlo and of no

very great tenacity, but altogether insoluble in water. With this silicate of alumina,

while in a liquid state, he makes up sand or any dust (as pounded iitone) into a p.".ste,

moulding it into blocks, and drying them in the open air, until they have set hard. Silicate

of sola and putasli are extremely viscid, and anything mixed up or coa ed by them is ri n-

(lered thereby impermeable ; to get another solution into such silicates, much less behind it,

to effect their decomposition, is considered impossible, the only alternative, therefore, is tc

put on the two solutions as one. Decompo.^ition then setting in, mere dryness is all that is

necessary to produce the material ; but if the silicate of potash and the aluminate of pobish

be mixed up in a liquid, they remain liquid for any period within reason, and they maj
be mixed up with any materials selected, or washed over their surface. When put intc

stone it hardens and produces an artificial stone, without heat or further process. A previous

patent, dated 1860, describes that silicate of soda or silicate of potash may be combined
with, or decomposed by, carbonate of lead, carbonate of zinc, or other suitable material in-

soluble in water, which will decompose or chemically unite with the said silicates
;
propor-

tionate quantities of chalk, sand, or other similar substance may also be incorporated witli

the compound, and thus enable it to be obtained at less cost, in accordance with the nature

or description of the work to which it is intended to be applied. A piece of stone manu-
factured with carbonate of load, powdered pumice stone, and silicate of soda, in proportions

stfited in the specification, produces a very hard stone, without the application of any heat

1667y. Fluo-silicic acid and silicate of potash are also applied to the surfaces of stones.

1667^'. The patent Victoria stone has stood the test of twenty years as paving. The
floor of the entrance-hall at the " Colinderies" in 1886 sustainecl the traffle also of the

years 188-1 and 1885, having had some five million people passing over it. In the course

of 1886 it was laid on London Bridge, where the foot traffic is stated to exceed 80,00(J

passengers per day—the heaviest traffic in the world. It bears a crushing weight oi

8321 lbs. ptr cubic inch ; a tensile strain of from 794 lbs. to 1125 lbs. per square inch

;

its porosity is 7'6 per cent, in twenty-four hours, as ngainst IT'O for Bath, 13'5 for good
Portland, or 80 for Park Spring stones. See also Pavino.

The Leopold Foreign Rock Asphalte in one of the main corridors was also severely;

tested by traffic. It is manufMctured of Groby granite crushed until sufficiently small to

pass through a certain sieve: it is then washed thoroughly to remove all eanhy particles.

This is mixed with Portland cement and well-burnt clinker, ground fine, and a metal-lined
mould is filled with it. In a few days the slab has "set" into a hard concrete, and is

then immersed for about ten days in silica fluid.

Hodges, Butler, and Dale manufacture an " Imperi.il stone" for copings, window sills,

steps, coal-plate stones, silicated stone sewers, and water pipes, &c.

Sect. IL

GRANITE.

1668. Among the primitive rocks of the globe, whose period of creation is considered
by geologists as antecedent to that of organic beings, is that of granite, whose use in archi-
tncture seems to bid defiance to time itself. The term granite appears to be a corruption
of the Latin word geranitis, used by Pliny to denote a particular species of stone. Tour-
uefort, the naturalist, in the Account of his Voyage to the Levant in 1699, is the first of

modern writers who uses the name. The word seems to have been applied by antiqunries
to every granular stone susceptible of use in architecture or sculpture, in which vngue
sense it was used by mineralogists until about fifty ye irs since, when true granite was
olnssed as a particular mountain rock. Its constituent parts are concretions of felspar,

quartz, and mica, intimately joined together, but without any basis or ground. Thsse
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parts are variable in quantity, so that sometimes one, sometimes th? other, and frequently

two of them, (iredoniinate ovir the third. Tiie felspar is, however, generally in excels,

as mica is the least cons derable ingredient of the rock. In some varieties the quartz is

wanting, in others the mica ; but where these peculiarities occur, the granites must be con-

sidered as varieties, not as distinct species.

1669. The constituent parts differ in their magnitude, alternating fiom large to small

and very fine granular. The colour, moreover, is very variable, depending principally on
the predominating ingredient—the felspar, the quartz, and the mica liaving usually a grey
colour. The felspar is mostly white, inclining to grey and yellow, sometimes red, and even
grey, seldom milk-white, and alwajs translucent. The mica is usually grey, and some-
times nearly black. 'I'he felspar in granite has usually a vitreous lustre, and of perfectly

foliated fracture ; yet in some varieties it becomes quite earthy, with the loss of its hardness

and lustre; in other words, it has passed into porcelain earth. 'J'he apjjearance in

question is sometimes produced iiy the weathering of the felspar, and sometimes it

appears to be in its original state. When pyrites are found in the veins which traverse

granite, the vicinous felspar and mica are converted into a species of steatitical matter
by the action of the sulpliuric acid formed during the decomposition of the pyrites.

In Cornwall, there is a considerable portion of its granite in which eaithy fels|iar is

found. When felspar occurs in abnormal quantities, the granite becomes porphyritic, ;:s

the Devonshire granite, and that of St. Ilonorine (Calvados): the name being derived

from the colour, which is purple. Schorl takes the place of the mica in some parts of

Devonshire; and even the quartz is sometimes wanting, as is often the case in the ehans
or courses laden with mineral matters in that district. When hornblende occurs instead of

mica, the granite becomes syenite, as at Malvern, and at Syene, in Egypt ; and when
present with mica in about etjual quantities, the material is called Syenitic granite. When
mil a is present in such quantities as to cause the rock to assume a slaty cleavage, it is

called gneiss.

1670. Granite is not decomposed by acids, and is only Imperfectly and slowly calcin.ahle

in a great heat. Those species which contain much white felspar, and only a small portion

of quartz, like the greater part of the granites of Cornwall and Devonshire, are liable to

decomposition much sooner than many of the Scotch granites, in which the quartz is more
abundant, and equally disseminated. In the selection of the Cornish and Devon granites,

those are to be preferred which are raised in the largest blocks and are easiest worked,
which, for common purposes, answer well enough, such as for paving-stones and the like ;

i)ut harder granite must be sought for than Devonshire or Cornwall produces, where the

cDiistruction is of importance ; lor the masses in these counties are mostly in a condition of
rapid disintegration and decay, which seems chiefly attributable to their containing a large

jioition of potassa. The Naval Hospital at Plymouth is built of a granite whose parts

appear to have been well selected. It was erected between the years 1756 and 17r4, and,

except in the columns of the colonnades, does not exhibit symptoms of decay. In these,

on their more exposed sides, the disintegration of the felspar has commenced, and lichens

have already attached their roots to soiue parts of the surfaces.

I(j70a. The cause of tiie f/eco;H/)os/<7'o/j of granite is a point yet unsolved by chemists.

Some state that the felspar, being acted upon by the carbonic acid in rain water, becomes
decomposed, and is then easily removed, leaving the mica and the quartz in relief without
any cementing material ; and that the decay of the felspar does not take place by any
known rules, for the more crystalline it may be, more perfectly does it resist the decom-
posing action of atmospheric agents. Other scientific men are of opinion that the felspars

i.ontaining soda generally decompose, whereas those which contain jjotash do not decay-
It has also been considered that the kaolin or China clay was produced by the decoiripo-.

^ition of the felspar with the granite ; but it has been stated that so far as human observa-

tion could go, China clay never was true granite, and that atmospheric decomposition
acting upon felspar, had never gone to the depth of 300 feet, at which dejith finer China
clay was found than nearer the surface: miles of country could be shown strewed witU
felspar; the quartz was gone, but the felspar remained. We must leave the decision in

far more able hands.

1671. Hed granite, sometiines yellowish, and generally interspersed with black mica, is

found in Devonshire; at Mount Edgeoinbe there are tables of it equal to the finest oriental

granite, and it is found also in other parts of England. Eor hardness, and in works where
durability is indispensable, the granites from Mount Sorrel, in Leicestershire; Aberdeen and
Dundee, in Scotland; and the Cheesewring of Cornwall, are to be preferred by the architect.

These take an admirable jjolish, and are superior to all others which this island produces.

The increasing demaiid of late years for this material, has caused many new (juarries to be
oiiened up in various localities. The red is generally harder than the grey sorts, and
more difficult to work. The Peterhead, f om the vicinity of Aberdeen, is jierhaps the best,

ar.d it is, moreover, in appearance the most beautiful which Scotland atl'ords; indeed, in

point of beauty, it is only surjiassed Iiy the oriental granites.

1671a. Dartmoor granite is, in general, coarse grained, varying much in colour. The grey
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sort is cliii-fly quarried and worked at Hay Tor on the east side, shipped at Teigninoiitli
;

und at King Tor and Rigmoor Down, on the west side, shipped at Pl\ini)iith. Tlie Brown
\Vil]y district, worked at the Chuesewring quairies. nunr Liskeard ; the granite is of a liiilit

grey colour, and was u ed in the piers of the new Westminster bridge. The granite of the

eastern portion of the Hensliarrow district, near St. Austell, worked above Par. is of good
quality; it is shipped from that port, and known as Lostwithlel granite; the western

portion is remarkable for its liability to decomposition, and is worked for kaolin elav.

'J'he Cam IMenelez district supplies the gr.uiite (jensrally known cs Cornish, siiipped from
I'enryn and Port Navis : blocks of several hundred tons are often raised, varying from 20
to 70 feet in length, and of proportionate breadth and thickness. The finest grain is

obtained in the Cariiseu quarrie-;, near Penryn, fiom whence were got tlie stones for the

lodges and piers at the British Museum, the plinths to the Royal Exciiange, the peHestal

for the statue of Lord Clive at Shrewsbury, and tliat for the statue of Carlo All)C"to at

Turin. It was used, 1887, for the monolithic columns to Messrs. Lloyd's new b.ir.ki ig

premises in Loml)ard Street. The columns at the entrance of the royal mausoleum at

Frogmore are from Lamorna, south of Penzance; which, with Boswarvali and New .Viill,

to the west, have, witli those at Penryn, supplied granite to most )ml>lic works. Freinator

granite, largely used at the steam dock -yard at Keyham, is white in colour, and being very

close grained, it can he brought to a highly finished surface, and is said to be very durable.

1()716. Hay Tor granite company supplies a granite of a very fine grain, hard, of un-
questionable durability, and generally of a beautiful blue or grey colour; it can be
obtained in blocks of any size that is capable of being removed with existing machinery.
The quarries have supplied the Nelson column and its pedestals; the granite plinth and
steps of tlie Royal Exchange; the statue and pedestal of King Wdliam IV.; part of the

river wall of tlie Houses of Parliament; the i)linth of the Sun Fire Office, &c. ; the large

landings and steps of the terraces at the Crystal Palace; the graving docks at all HM.
Doekyaids, as well as the ashlar steps and landings for the loyal mausoleum at Frogmore.
Grey granite fiom Lundy island, of!' the coast of Devonshire, is supplied for the first

section of the Tli:imes embankment.
16" I c. Tlie I'ort Nant granite, in Carnarvon bay, near Port Dinllaen, has been used

<\t Liverpool for paving, for some years; for the tramway on Westminster bridge ; tor the
Metropjhtan drainage outfalls, and for the foundation works and pavement of the Thair.es

enibaiikment.

167 \d. Granite is supplied from a comparatively limited extent in the north-eastern part

of AlierdL'cnshire. The first or central portion is somewhat circular in form, having a
diameter of al)out six miles, within wliich the rocks are of red granite of different varieties,

typified Iiy the fine warm coloured Stirling Hill stones; and secondly, of an annular space
surrounding this nucleus, in which the grey and blue granites abound. Of these, the
Cairngall is close-grained, hard and dense, and as obdurate as any of the red granites. At
I'itsligo is obtained a light coloured bluish-wliite stone, whicli when fresh from the qiiarrv,

is wrought witli greater facility than even some of the Scottish sandstones. It stands the

weather well.

lf)71e. Rubislaw quarry was the first l<nown quarry m Aberdeenshire, about two
hundred and fifty years since, and furnished stones for paving London, and later for works
at Portsmouth Docks and the Bell Rock Liglitiiouse. Since its introduction about ISL'O,

various quarries have supplied granite for works at Waterloo Bridge (the balustrading),

Sheerness Docks, upper side of London Bridge, &c. About 182-2 Mr. A. Macdonald, of

Aberdeen, reduced to practice the diflicult problem of giving any required form to so

stubborn a material, and communicating to its surface an enduring polish, which it is

said, is retained under all atmospheric changes ; nor does the material contract any stain

with vegetation. The red granite quarries of Stirling Hill, near Peterhead, about thirty

miles from Aberdeen, supplied the shaft of the Duke of York's column ; the pillars in

Fishmongers' Hall ; the columns in the king's library in the British Museum about 1830;
the pedestals for the statues in the same building ; the columns at St. George's Hall,

Liverpool, 25 feet in length in one block ; and is now used in numerous buildings in nearly

all the cities in Great Britain.

I67I/. Grey or blue granite is supplied from the quarry of Rubislaw, but principally

from Cairngall, wliich is more of a syenite than a granite, a clear blue finely-grained ma-
terial, used for the finest work. This has been employed for portrait statues, as at

Aberdeen, at Portsmouth, &c. ; for the sarcophagus for the Duchess of Kent, and for th.it

of the Prince Consort, both at Frogmore.
167 Iff.

Argylesliire has only within the last twenty years been opened up for granite.

Furnace quarry, near Inverary, is more of a Syenitic or porphyritic character than that of

true granite, and is remarkably hard, in fact harder than that of Aberdeen. It is used

chiefly for paving tlie streets of Glasgow. Bonaw Island quarry, near Oban, gives an

excellent large-grained grey granite ; it has been used in the harbour works, the flight of

steps at the M'est End Park, &c.,all at Glasgow, being obtainable in large blocks. Bonaw
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Cniiseway quarry, near the above, though fine grained, does not siipjily large blocks ; it

is used for paving stones. Ardslieal quarry, north-east of Oban, lias a good grey granite

for general purposes. It is easily (]iiarrii'd in layers of any required Kngth or breadtli,

and varies in thickness from 6 inches np to 3 feet. It is said to be less noisy and
more safe as a paving stone than the generality of granites employed for that puipose.

lfi7lA. The Ross of Mull (marries, in the island of the same name, siipidy graniio

of two sorts, red and jiink, the felspar being in tlie former of a briili int red, and in the

hitter of a delicate pink, tint. In its ph\sic;d chanicter it resembles tlie Aberdeen grar.ic

It is now sent in large quantities to the polishing works at Aberdeen, and, moreover, tliese

quarries can supply larger blocks than can those of Peter! cad. Both the red and pink

varieties, after having been polished at Mr. Sim's works at Glasgow, were used in the I'rinca

Consort's mausoleum at Froginore; at the Skerryvore liglithouse ; the Liverpool Dcjcks;

the Londonderry Docks; the Glasgow Water Woiks, &c.; and the pink granite in tlie

foundations of the early work at the new Westminster Bridge : the Tormore or red grjnite

being used for the cuib to the footways.

IG71?. Tiie only quarries in the south-west of Scot'and are Kirkmabreck quarry, near

Creetoun, Wigtown Bay, which furnishes a silver grey granite, used for the obelisk sent by

Mr. Sim to the Exhil)ition of 18fJ2; and used for many years in the Liverpool Docks.
Blocks of any size are rendily attainable. Dalbeattie quarry, near Dumfries, has a
large-grained grey granite, taking a high polish ; there is a difficulty in getting large

blocks free from black marks, but it is largely worked for general purposes, kerbing, &c.,

and for ornamental purposes.

1671/ The granites of Ireland are in general a speckled grey, inclining to white, as

those of Wicklow, Dublin, &c. ; also greenish, from hornblende, as Mourne, Newry, &c. ;

reddish, as Galway. The granite of the Wicklow range is used more extensively than that

of any other district in tlie island. It varies considerably even within a limited distance.

Near Kingstown it is very hard, the (juartz predominating; t'lis is only used for ])lain

heavy work. For more ornamental purposes granite is brought from Ballyknocken, or

Gulden Hill, about twenty miles distant. It contains a larger proportion of felspar and
less quartz tiian that of Kingstown, and is therefore more easily worked, and is of a ligliter

and more uniFcn-m and handsome colour, though less durable. Granite of the Carlow
jjortion of the same range is similar. Granite of Down is generally of a darker colour,

and more finely crystallized ; it is quarried at several piaces, especially at Newry, from
whence it is conveyed by water to several |)arts of the north of Ireland; it can be workid
into fine mouldings, and is of a dark speckled colour. Galway granite is commonly of a

reddish colour, containing large crystals of flesh-red felspar ; occasionally it has a bluish

tint. To the west of Clilden blocks of a moderate tiiickness, but of great length and
width, can be obtained. Granite to the west of 3Inyo is similar, but the greater part of it

in that county is of a dark bluish-grey colour, difficult to work and seldom used. In

Donegal and Tyrone it is gneissose, and of the same character, and reddish. C'avan granite

is similar to that of Down, and but little employed. In the counties of Kilkenny and
Wexford it generally resemiiles that of the great Carlow range before noticed.

I67lk. The Bagnalstown quarries, in Carlow, sujiply four difl'erent qualities of granite;

I. For plain work, portions being soft, others hard; some fine-grained, and others coar.se;

and red. blue, grey, and brown in colour; all are obtained from the surface of the

land. 1 1. A fine grit, employed for ornamental woik even in the Gothic style, is very

durable, and ofa very white colour. III. Not quite so fine, but much used for buildings

and ornamental work, being very white in colour. It lies in horizontal beds of about I foot

to 15 feet in thickness, and from ) 5 to 20 feet in lenath ; some beds run 40 feet long. In

the hall of the Oxford University IMuseum is a slab of it, about 10 feet long, 5 feet wide,

and 7 inches thick. I V. A very liard granite used for street crossings in and near Cork,
not slippery. All these granites are approved for terrace steps, from G to 15 feet in

length ; for floors in stores, porches and iialls, as in damp weather it absorbs the moisture
from the atmosphere.

1672. Granite used f )r paving purposes is Imported for curbs and trams, from Guernsey,

Jersey, Aberdeen, and Devonshire. For jiitching and iiiacadam, from Aberdeen ; Moimt
Sorrel, IVIaikfield, and Grooby, all in Leicestershire ; Guernsey ; and a small quantity from
Wales.' IVIount Sorrel granite is red in colour, and was employed for the altar steps in

St. Paul's Cathedral. Granite from tiie I'urnace quarries, at Inverary, as before noticed, is

much used in the streets at Glasgow. Markfield and Grooby granites are dark green. The
granite from the island of Herm, near Guernsey, was used for the steps to the Duke of

York's column, but the cost of working and difficulty of shipping it at the quarry, have led

to much discontinuance of its use.

1672a. Aberdeen granite is most extensively employed for curbs, trams, and pitching

;

the latter in thin cubes about 9 inches in depth, 3 inches in thickness, and not exceeding
18 inches in length, fair dressed throughout, it being considered the best granite adapted
for the traffic of London, as it is very durable and less slippery than most other granites,
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such as tb;it of Guernsey, for instance, which is therefore now seldom adopted. The
Welsh granite has the same fault, for, with a large amount of traffic in dry weatlier, it

becomes necessary to throw gravel over it. Guernsey macadam, broken to pass through a

2^ inch mesh at the largest, is found to he by far the best material for the purpose, one

coat properly applied outlasting two of any other granite. The Devon granite being coarse

in giain, is used only in cuibs for second-rate streets, while for pitcliing it is not to he

compared in price or quality with that of Aberdeen. Blue Bombay, and blue Port Philip

granites, are hard and tough, and make good second-class roads ; while grey China granite

is soft and friable, and only good for the foundation of a new road.

167'J6. We are indebted for several of the details here given on this subject, to tha

article in the Dictlonmy of Architecture of the Architectural Publication Society. Tha

Builder for 1866 has also entered on the merits of Scottisli granites.

1672c. Table of the Weights of Granites.

Stirling Hill

High Rock, Breadal!)ane •

Black Hill

Dalkey . - . -

Bars, Brcadalbane

Hay Tor ...
Blue, Penmaenmawr (Grauwacke)
Aberdeen grey . - -

„ red ...
Coriiisii grey . . -

„ red

Country.

Stirling

Stirling

Dublin

Devonshire -

Carnarvonshire

Aberdeenshire

Cornwall

Weight
foot, A.\

por rubii-

oiidupois

llig oz. dr.

165 14 5

166 9

166 10 4

169 9 7

109 11 5

165 3

160 1

166 8

165 4

166 12

164

Sect. III.

MARBLE.
1673. With the architect and sculptor the name of marble is applied to all stones, liardcr

than gvpsum, that are found in large masses, and are susceptible of a good polish. Ou
this principle, under the head of marble, are included many varieties of limestone, porphyry,

and even granite and fine-grained basalts. But with mineralogists tiie word is used in a

much more restricted sense, and is confined to such varieties of dolomite, swinestone, ar.d

compact and granularly foliated limestone as are capable of receiving a good polish.

1674. '1 he external characters are as follows : colours white, grey, red, yellow, and green.

Has generally but one colour, tliougli it is often spotted, dotted, stri|)ed, and veined.

Occurs massive, and in angido-granulur distinct concretions. Internally it alternates from

shining to glistening and glimmering ; lustre intermediate between pearly and vitreous.

Fracture foliated, but oftentimes inclining to splintery. Fragments indeterminate, angular,

and rather blunt-edged. More or less translucent. Brittle, and easily frangible, lis

chemical characters are, that it generally piiosphoresces when pounded, or when thrown on

glowing coals. It is infusible before the blow-pipe. Dissol.cs with effervescence in acids.

Constituent parts. Lime . - - . 56 50
C;irlionic acid . - - 43-00

Water.... 0-50

100-00

1675. All the varieties may be burnt into quicklime; but it is found that in many of

Ihem the concretions exfoliate and separate during the volatilization of their carbonic acid,

so that by the time that they become perfectly caustic, their cohesion is destroyed, and

they fall into a kind of sand, which renders a common kiln inapplicable.

1676. The varieties of marble are almost infinite. Those employed by the ancient-;,

as well as porphyry, are noticed in the Glossary. Besides the paper On Marbles read in

1887 by Mr. Brindley. and quoted heieafter, the book by G. H. Blag rove On Marile

Decoration, Sy >, 1888, and that b> A. Lee, Marble and Marble Workers, 8vo. 1888, are valu-

able contributions to the subject.

1677. The principal part of the supply to England of whitish marble is from Carrara,

a small town or village of Tuscany, in Italy. The quarries at this place were celebrated

from an early period, and spots are still shown about them whence they dug the marble

for the Pantheon. INfasscs of marble are sometimes procured there nine feet in length and

from four to six in breadth. The quarries are the property of the principal inhabitants of
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the town, who carry on an extensive trade in the article; but the difficulty of clioosing

the marble has induced artists to sett e there for the execution of their works, and the

consequence is, that sculpture abounds and flourislies in the town. The white or

Statuary, Italian-veined, Dove-coloured, Pavonazzo or purple veined, and Ravaccione
(called Sicilian, supposed to have obtnined its name froTn early sliiploads of it ha''ing been

reshipped or sent on from some port in Sicily, at which the vessel touched in its voynge)

marbles, are but very slight variations of the same substance; the Dove and " Sicilian"

hive a little more carbonaceous matter in their composition; but they are all procured

from quarries in the immediate neighbourhood of Carrara. Serravezza, in Lucca, produces

Statuary, Ravaccione, veined or Bianco chiaro, Mischio di Serravezza, Bardiglio, and
Bardiglio fiorito,

1677a. All varieties of Carrara marble have perishable qualities, which ought to preclude

them from being ever applied to external piirposes in this coimtry. After exposure to the

weather for thirty or forty years, disintegration through iis entire mass, but mostly on or

neJiT the surface, evidently takes place ; after the lapse of about a centui-y, more or less,

according to the quality of the marble, the entire substance falls into a kind of sparkling

sand. The group of Queen Anne, &c., in front of St. Paul's Cathedral, sculptured by
Francis Bird in the beginning of the last century, had been painted long since, and was
in 1887 entirely renewed. A mural u:onument by J. Nollekecs, erected about 1780 over

the centre door within the portico of Bloomsbury Church, fell on to the pavement during

the winter of 1837-8, so thoroughly pulverised as to resemble a fall of snow rather than

bits of marble. Milan Cathedral is built of the white marble of Monte Candoglio or

Candido, on the Toce, a tributai'y of the Lago Maggiore, selected as better fitted to stand

the atmosphere than Carrara marble, of which it is usually said to be built : the " 7,000

statues " (1863) are most probably all of the latter material.

.1677^. The Ravaccione, or so called " Sicilian " marble, is expected to resist the action

of an English atmosphere longer than Italian veined, or white Carrara marble. On exami-

nation, however, it will be found that its chemical and mineralogical character scarcely differs

from them, except in weight, hardness, and as containing a little more carbonaceous matter.

The Marble Arch, erected 182.5-7 in front of Buckingham Palace, was removfd to its

present site 1850-1, when it was found nece.ssary to rub the exposed surfaces with sand

and stone, as they were in a state of disintegration. Perhaps the tomb by Sir F.

Chantrey, executed about 1820, in the burial-ground of St. John's Wood Chapel, is the

oldest specimen in London, if not in England. The surface may now be abraded with

the fingers, like sand. This material has of late years been extensively used in the ceme-

teries round London. But on a careful inspection of stones of three years' date, it will

be found that the polish is nearly gone ; and even the paint of the lettering has entirely

disappeared. Frequent changes of temperature also tend to destroy Carrara marble more
rapidly than atmospheric influences ; thus the mantel of a chimueypiece is invariably

disintegrated long before any other part. The late C. H. Smith, in the Builder of 1864,

strongly urged the employment of Hopton Wood stone (par. 1666t.) in lieu of it for all

out-door works.

1677r. Mama Carrara quarries. The special produce now is—I. The ordinary marble

called " Sicilian." having a white ground variously marked with grey veins, spots, &e. : it

is good for interiors as it is easily worked. II. A very hard ordinary " Silieian," of a
bluish white with dark veins, adapted for steps and out-door work. AVheu well polislied

it has great resisting power. It has been used for the principal staircase of the Merchant
Venturers' school at Bristol, where the final polish was omitted ; and in some " flats'" in

Portland Place. III. A dark gr^y marble with black veins, called Bardiglio, which has been

largely used as a building stone in Naples, and as altar steps in Sweden. IV. A marblo

called Blanc P., a bluish white without veins, but not so lustrous nor so pure a white as

statuary marble. It is much used in Belgium, France, ard Ireland, lor statues, tombs,

and floral carvings ; and is little known in London. The quarry which supplied the

Blanc I', is stated to have been worked out long since; but another marble so called is

merely a superior class of "veined white ;
" a large quantity is used in London. Tyrohse

marble possesses all the beauties of that obtained from the Carrara quarries, and is,

moreover, from its intense hardness, almost indestructible, and better adapted for ex-

posure to the climate of this country.

1678. There is a beautiful species of yellow marblo obtained from the quarries near

Siena, in Italy, and known in England as Siena marble ; but the quantity now imported

is not very great, and what is introduced is very poor in colour. A good quality, both ia

colour and vein, can, however, be procured at the quarries by special orders.

1678a. The marbles of Sicily, little, if at all, employed in this country, are enumerated
as follows:—Marmo di Trapani, of a grey colour; M. di Castelnuovo, of a yellow

colou) ; M. di Segesta, of a ye'iow colour; M. di Taormica, of a red colour; M. di

Parco, of a yellow colour ; M. d' Ogl-iastro, of a red colour ; and M. di Castelaccio, of a
grey colour. The two last-named marbles are readily obtainable in blocks 12 or 13 feet
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long. Spcclinens of some, if not all of tlie<;e, are included in tlu' fine collection of polislied

iTiiirblcs made by the learned Corsi of Rome, an account of which he published ; the

collection was subsequently brought to England, and is believed to exist at Liverpool.

Each specimen it contained is no less than 8 inches Italian long, 4 inches wide, and 2

iiK-lu^s thick, and higldy po'ished on all sides.

1679. Many of the marbles of France and Belgium are extremely beautiful. They are

chiefly used in this country for chimney pieces. The following is a list (including others)

of those so worked, supplied from one of the Belgian worksliops :— Rouge royal ; Bleu

Beige; Rouge Griotte; French red; Saint Anna; Noir Beige; Noir Beige, second

quality; Breccia (Bieche) ; Breccia and black; Breccia Romana ; Breccia rose; Saint

Gerard; Sicilian; Sicilian, white veined; Pavonazzo ; Statuary; Statuary, second quality
;

]\Ialachite ; Vsr de Mer ; Black and green; Porphyry; Brocatello; Siena; Siena,

second quality ; Italian Griotte ; Black and gold ; Black and gold, second quality
;

Barddla; and Sarracolin. Anotiier marble, named Saint Mont Clarie, is a pure black.

1680. The marbles of Spain are likewise very fine, but are not exported. A specimen

of the " Emperor's Red," of unusually fine quality, was presented to tlie Queen by the lata

Dan Pedro, King of Portugal, for the royal mausoleum at Frogmore.

1681. Tlie marblt'S of the British Islands deserve more notice from the English archi-

tect than they have hitherto received. In England there are but few as yet quarried of

granular foliated limestone, the greater number of varieties of them belonging to the

floetz or secondary limestone. The most remarkable, and perhaps most beautiful, of

tlie English marbles, is that of Anglesea, called 3Ioiia Piarble, and much resembling

Verd antique. Its colours are greenish black, leek green, and sometimes purple, irregu-

larly blenck'd with white, but tliey are not always seen together in the same piece. The
white part is limestone, the green shades are said to be owing to serpentine and asbtstus.

The Isle of Man marbles are— I. Black flagstone (Posidonia scliist) from Poolvash.

the quarries of which have been worked for upwards oE^two hundred years ; and

furnished the steps in St. Paul's Cathedral, presented by Bishop Thomas Wilson. II.

Grey marble (encrinital and shelly limestone) from Poolvash, used for tables and cliimney

ornaments. 1 1 1. Black marble (lower carboniferous) limestone, from Port St. JNIary, ex-

tremely hard and duralde, taking a good polish ; raistd in blocks and flags of great

size, and used for piers, floorings, and tombstones. IV. Pale marble (carboniferous hme-
stone (from Scarle:t. Castle Rushen, nine hundred years old, and otiier places, are built

with tills most durable material. V. Spanish Head flagstone (clay schist). Port St.

Mary; is a durable material, and used for lintel and gate posts; it is slightly elastic when
in thin flags, and can be raised in square slabs of 16 feet. VI, Peel freestone (old red

sandstone), from Craig Millin; of this stone a large portion of Peel Cathedral was built in

1226. (Cuniming, /.v/e q/' Mm, §v.)

1681a. The ornamental marbles of Derbyshire are mostly confined to the 1st, 2nd, and

3rd classes of limestones, which are separated from each other by the loadstone, an amyg-
daloidal trap rock. These marbles are usually distinguished by their colour, as wliite,

grey, dove, blue, black, and russet; or by physical peculiarities, depending mostly on tlieir

fossil contents, as bird's-eye, dog-tooth or muscle, entrochal, shelly, and breccia maibl.s.

Quariies of bl ick warble are situated near Ashford, where machinery for cutting and

polishing these marbles was first used in 1748. The beds of black marble seldom exceed

7 or 8 inches ; it is difficult to be obtained of any considerable surface free from " shakes,"

or small veins of wliite spar. It is also procured at Matlock and Monsaldah. A brown

marble, in thin bands of various dejiths of colour, is called " rosewood," as it presents the

appearance of it when polished. It is one of the hardest and most durable of the Derby-

shire marbles. A red marble, resembling Rosso antico, is found chiefly near Newhaven, in

lumps of no great size. These and otlier Derbyshire marbles are principally used fur

inlaying work, as vases, tables, &c , but chimney pieces, columns, &c., are now made at

Ashford, Bakewell, Buckland Holiow, and at Derby. This Florentine work, as it is called,

is remarkable for fineness of execution and beauty of design, and is ahnost confined to

the county.

16816. A beautiful greyish-black coralloid marble is al.so found in Derbyshire and in

Wales. The corals it contains are of the porous kind, of the most eUgant species, lodged

at all angles and in all directions, and are in general al)out one inch and a half long and

three quarters of an inch broad. The other species of coralloid marble is equally beau-

tiful and compact, fine, even texture, very hard, of a deep jet black, and capable of a very

high polish. It is variegated with species similar to the above, but smaller, and of a less

elegant texture ; among these it has usually a great number of sea shells, both turbinated

and bivalve, the coral and shells being of a pure snow white.

1681c. Tlie North Devonshire marbles are abundant and diversified. There are

varieties of black and white, from Bridestow, South Tawton, and Drewsteignton. Some
of the Chudley, Stavcrton, and Berry Pomeroy, marbles, have a black ground with large

veins of calcareous spar traversing it in all directions. The variegat'd marbles are gene-
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rally reddisli, brownisli, and greylsli, variously veined with -vvliite and yellow, and tlie colour*

are often intimately blended. The South Devonshire marbles, now chiefly worked at

St. M<iry Church, Tor(]uay, from the Bahbacomhe limestone, are calletl alter the name

of the estate or <]uarry fiom whence they are taken, such as the Petiton, Ogwell, Ash-

burtun, Babbacombe, &c. The colours are red, grey, and variegated, of almost e^ery

tint. Tile sizes of tlie blocks vary from 1 to 10 tons ; tlie ordinary length runs from 4 to

5 feet ; 7 to 8 feet is considered as a good length. At Ipplepen are reddish varieties that

are extremely handsome. They are of different qualities, as compact, porcellanic, granular,

crystalline, shelly, magnesian, pozolanic or water, stinking or swine. Tlie Bartons (juarry

at Ipiilepen, belonging to INIr. Field, of Parliament Street, is worked at SO to 100 tiet in

dejuh ; the lowest beds are about 8 feet thick, and of a mottled character, being dark red

and white in colour ; the deposit over it is streaky and lighter in colour. Blocks of

18 feet square are now conveyed to London. This quarry has lately supplied the mono-

lithic polished shafts for the forty columns (18 out of one block), each 12 feet 3 inches in

lingth, and 18^ inches diameter on the fillet, with many others, for the new building of

the National Provincial Bank of England, in Bishopsgale Street. Tlie bases are of Irish

black marble, and tlie caps of the cream-coloured Iluddlestone stone. In the corridor of

the new Freemasons' Hall are four columns, two being from the Bartons quarries, and

two of Laiiguedoc marble: eight others are placed in the coflee-room of the Charing Cross

Hotel. 'J he limestones of Plymouth are not so fine. They are of two sorts; one, an ash

colour shaded with black veins ; the other blackish grey and white, shaded in concentric

spots interspersed with irregular red spots; or black with white veins about a quarter to

an inch in width.

168\d. Serpentine, " beyond a\\ qvesUon, the most beautiful of the ornamental stones

of this country " (Hunt), is chiefly found in the sea-bound peninsida called the Lizard,

tiie most southerly land in Great 13ritain. This rock, with another called dialhige, con-

stitute nearly halfof the Lizard peninsula. Serpentine has evidently been under the influence

of heat. At one spot it seems to shade off" into the hornblende slate in wiiich it is embedded
;

at another, it has every appearance of having been thrust up among the hornblende slate.

Sir Henry de la Beche wrote, many years since, that serpentine ought to be employed

for decorative purposes. He named Landewednack, Cadgwith, Kennack, Cove, and

Goosehilly Downs, as four sites whence beautiful specimens might be olitained, vary-

ing in colour, as, an olive green base striped with greenish-blue steatite veins ; another

specimen, very hard, with a reddish base studded witli crystals of tb.e mineral coWi^A duiHage,

which when cut through and polished, gives forth a beautiful metallic green glitter,

heightened still further by the reddish tint of the mass in which it is embedded. To the

Exhibition of 1851, Penzance sent fine specimens in all kinds of ornaments. The blocks

are small, but sometimes they have been obtained 7 feet in length and 4 or 5 tons in

weight; the largest was 8 feet long, 3 feet v.-ide, and 2^ feet thick; from 2 to 3 feet

lon^ is the usual size. The best blocks are worth from 5 to 10 guineas per ton, according

to their weight, the larger the size the higher is the value in an increasing proportion.

Chemically, steatite and serpentine differ little from each other, and as they are quarried in

juxtaposition, specimens of both kinds are selected for use ; but serpentine being much
harder and more richly coloured, is appropriated to the larger articles.

1681e. In the Bulldtr of 1865, p. 877, it is stated that serpentine is not a marble, but a

tale containing a tolerable quantity of chromate of iron. It is sometimes good for external

ornamentation, but never when it has the white streaks so commonly seen in it. Hunt's

Handbook to the 1851 Exhibition, gives the following analysis of serpentine obtained at the

Lizard : —INIagnesia, 38 'SS ; silica, 42-50 ; lime and alumina, 2-10 ; oxide of iron, 1 50*

oxide of manganese, 10; oxide of chromium, 0-,30 ; the colouring matter is probably a

combination of chromium, iron, and manganese. Iir his Handbook to the 1862 Exhibition, it

is called a hydrated silicitate of magnesia, composed of silica, 43*64 ; magnesia, 43 35 ; and

water, 13-01 = 100. Besides the sujiply from the Lizard, it is obtained in Anglesea,

Portsoy in Banfishlre, Unst and Fetlar in Scotland. The " green marble," or serpentine,

of Connemara, is noticed among the Irish marbles. This material is sawn by steam power

with sand and water ; and when brought into the form required, it is ground, turned,

rubbed, and polished until it presents a beautiful glossy surface, said to be capable of resist-

ing grease and acids, which is not the case with marble in general.

1681/". It is said that two brackets of old monuments in Westminster Abbey ; the panel-

bordering of the monument erected to the memory of Addison ; the brackets of a chimney-

inece at Hampton Court, are all carved in serpentine, and the present condition of these

specimens shows the dui ability of it. " Equal to granite in durability," is the statement

made in advertisements, but probably some further time must elapse before such a statement

can be endorsed, though it may be allowed that it appears to stand atmospheric influences

remarkably veil. Experiments on the strength of serpentine have been noticed in

par. \50\!g. Therein is mentioned a shaft of Poltesco grey-green Devonshire serpentine,

one of the weakest examples, which went across and not with the vein : the latter running
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In the line of tliR Ji.imetcr. The green serpentine lias been used lately on tlie outside of

some offices in Cornhill ; and the red quality in 1S53 in Leicester Square.

I68I/7. Purbeck, l\'twortli,or Sussex marble, is the name of a material common to Derby-

shire, Dorsetshire, the Isle of Wight, Kent, Surrey, and Sussex. It is found at Dinton, ne:ir

Aylesbury, and it occurs at Boulogne and at Eeauvais, in France. In some ])laces, as in

the most westerly quarries near Corfe Castle, and at the top of the Isle of Portland, tlie

Purl>eck stone is so highly coloured and fine-grained, that it is chiefly identified as iie-

longing to the fresh water deposits by the fossils it contains. In general, tiie stone may
be said to be fine grained in the quarries north and west ; while in those approaching the

east the pattern is larger, the shells well defined, and scarcely any of them broken ; the

marble from this district is therefore handsomer, and more in request for ornamental pur-

poses. Purbeck was well known for its quarries during the middle ages, when the marble

was in great request for decorating the clustered shafts and sepulchral tombs, and for i)ave-

ments, in churches. At the present time, there is scarcely sutfieient demand to keep more
than a few men at work, and this at Woody-hyde, near Corfe Castle, where the genuine

material or Purbeck marble can be obtained, and that quarry is a hole more than a

quarry. It has been stated that, during the middle ages, this material was also obtained

from (|uarries at Parham Park, six miles north-east of Arundel, but- there are now no
traces of it left on the surface.

1681/(. All varieties of Purbeck marble contain a large proportion of clay in their com-
position, which is one chief cause of their perishable nature. In the interior of buildings

the moisture in the air will be condensed, and absorbed into the argillaceous portion of

the marble. While this process is going on, tlie lustre of the polish is gradually diminished,

tlie colour is altered, its hardness and cohesion destroyed, until the surface is completely

changed to a dull earthy appearance, and decay results, which will be facilitated in propor-

tion to the amount of clay contained in a given mass. When, as in small columns, tliis

material is jilaced with the planes of lamination in a vertical position, there results another

and a greater tendency to decay. The clustered columns in the Temple church, though
renewed in 1840-42, liad already lost much of their polish in 1853, a preliminary stage to-

wards decay. The large ancient columns supporting the clere-story at Westminstrr
Abbey, have now scarcely a trace left of their original surfice. (C. 11. Smith, Transactions,

Institute of British Architects, 1853). As already stated, this sort of marble is obtained

in Kent, wiiere it is also known as Bethersden marble, and likewise as Lovelace marble,

obtained near Ashford. In the east and west sides of the new quadrangle of St. .lolm's

College, Oxford, are sixteen entire columns of'" Bletchingden marble," which were jiut up
in 1631-35. It may be seen in Hythe Church and in some of the neighbouring churches,

wliero it is often varnished in lieu of being polished. The Purbeck marble columns used in

Lincoln Minster, in 1 186-1200 are asserted to have been worked up by vinegar.

1682. Of the Si-otch marbles the principal are the 2'iiee, of which there are two varieties,

red and while. The lona, whose colours are a greyish white and snow white, sometime*
intermixed with steatite, giving it a green or yellow colour in spots and known under the

name of lona or Icolmkill pebbles. It does not take a high polish. The S/ii/e marlile, of

greyish hue, witii occasionally various veins. The Assi/nt varieties of white, of grey, and
dove colour. Glen Tilt marble, white and grey, with occasionally yellow and green spots.

Marble of BaWcuUsh, of a grey or while colour, and capable of being produced in con-

siderable blocks. Boyne marble, grey or white, and taking a good polish. Elairyowrie,

in Perthshire, of a pure while colour, fit, it is said, to be employed in statuary and for

architectural purposes ; and Glenavon, a white marble, said by Williams (^Nat'iral History

of the Mineral Kin'jdnni') to be a valuable marble, is not used, from the remoteness of its

situation and the difficulty of access to it.

1683. Ireland is rich in marbles. The dark colours vary from jet black to dark dove
colour, purple, blue, and grey; the light colours, from the pure snow white to the celined,

cream coloured, ])ink, and light grey. The variegated consist of the serpentine, black and
whi'e veined, mottled, and those marked with fossil organic remains. The black marbles,

which are those cf most value in Ireland, are extensively met with, and belong to the lower

limestone. Tiie merchantable beds of tlie best quality, which have been extensively

worked, are met with in the counties of Galway, Limerick, Carlow, and Kilkenny. It is

also found in the counties of Mayo and Waterford. The best quarries are considered to

be those close to the town of Galway, near the bank of Lough Corrib. It occurs in three

beds, varying from about 9 to 12 inches in thickness. One is called the " London bed,"

as it supplies most of the black marble exported to London. Blocks are raised of an aver-

age size of about 5 to 10 feet in length, and 4 to 5 feet in width ; others 20 feet in length

can be obtained. Some blocks 16 feet in length were sent over for a staircase for the

Duke of Hamilton's seat in Scotland, who was also furnished with landings and solid

balustrades worked to a fine polish. Angliham and Merlin Park quarries supjily black

marble of the very finest description, receiving a high polish. Steps of it were supplied
for the porticos at St. Paul's, the staircases at Marlborough House, Hamjiton Court, and
Kensington Pala;.c, under Sir C, Wren, cir. 1700. At Oiightcrard, the beds coutuiii more



Chap. II. MAIIDLE. 493

or less silica, rendering them not so valuable. At Kilkenny, it abounds with shell';, which
Decome more conspicuous as the marble dries Kilkenny marble was once extensively

emuloytd in Ireland, but the black is now jireferred. 'I'he polish of black inarble, while it

is considerably affected by dampness, is much improved and preserved by beinj; ke))t dry.

16s3a. Dark grey and dark mottled grey marbles are met with chiefly in King's county
and in several parts of the county of Cork. Near Tullamore, marble is obtained in large
blocks capable of receiving a fine polish, and is much used for chimney-pieces and orna-
mental works. The limestone around Cork produces easy working marble of a light

grey or dove colour, and more or less mottled, receiving a good ])olish. In the primary
districts of Donegal, a light grey and bluish grey coloured marble of close grain is found
to a great extent ; most of it, however, is hard to work from the quantity of silex it contains.

Tiie same kind of a bluisli tint is very frequent in Connemara. It is compact in texture,

but does not always produce a satisfactory jiolish. While muThU occurs in the western
jiortion of county Donegal, differing much from tliat of Connemara. It is of com])aratively
easy conversion, and can be obtained in cubical blocks in great quantities; its very coarsely
granular texture, however, is prejudicial to it for many purposes; for boldly executed
works in sculpture, where the expense of carriage would be avoided, it might be advan-
tageously employed for many purposes ; but it will not vie with the marble of Carrara.
The Connen-:ara white marble is hard and fine, an.i the strongest yet found ; it cannot,
however, be procured in large blocks free from streaks, which pass through the blocks
parallel witli the beds. At Clievy, near Dungannon, county Tyrone, a very delicate crea:n

coloured marl)le is olitained, very coin])act in texture, receiving a higli degree of jiolish, and
blocks of great length can l)e procured. Tlie coaisely crystalline and fossiliferous limestone
at Ardliracc.in iircduces light coloured marble of easy conversion.

l0'S36. Of the variegated marbles, the Siena of the best quality is ])erliaps the most
• beautiful. It is obtained in several places in King's county; but the best, the veined or
moitled Siena, is found near the Seven Churches. It is susceptil>le of a high polish, and
exhibits many bright and distinct colours. IMarblc of tlie same characltr also prevails,

having a dove coloured ground, varied or mottled with Siena colour. In tlie county of
Armagli, a Siena, or rather a brownish red marble, is found, containing a great niiuiber of
fossil stiells; several varieties of colour, from a very light redtilsh brown to a rather dark
red, are also met with, more or less marked witli shells. At Pallaskenry in the county of
Limerick, a dark red and mottled marble is abundant, and has been much used. A red
coloured marble, of a compact but slaty texture, occurs in tlie county of Cork, extending
from the city in a narrow seam, for a distance of several miles. It is hard to work and dull

in colour: at one time it was extensively used.

168Sc. The serpentine, or green marble, as It is usually called, of Connemara, in county
Galway, is of a dull green colour. Blocks are raised of considerable size, from which slabs

can be obtained, at Barnanoraun quarry, near that at Recess; and at Letternaphy quarry,

near Clitden ; the latter being rather coarse in quality; while at Tievebaun (juarry, near
Recess, the marble is dark green, very sound, and free from shakes of any kind. Black
and wliite marble, and that of a mottled character, occur near Cork, in the counties

of Waterford, Longford, and Kerry; some of the varieties are very fine; that ol)tained

near Mitclielstown is well marked and receives a high polish. Tlie limestone obtained
near the Jeven Churches in King's county, wlien polislied, produces a good inarble

of an even grey colour. It is strongly mottled with very numerous fossil organic
remains. It is easily worked, and raised from the quarries in thin beds. This marble, in a
polished state, has been used in the construction of one of the principal ruins at the Seven
Churclics; some of the stones retain their ))olisli to this lime, while others exhibit decay.

(Wilkinson, Gealoyy, §-c. of Ireland, 1845). A fine i)urple marble is found at Lough-
lougner in county Tipperary, which is said to be beautiful when p,dished. Some of a
purple colour, and pur|)le and white intermixed with yellow spots, were to be procured in

the islands near Dunkerron in the river Kenmare.

]683«f. Table of the Weights of 1Maubi.es.

Black - . .

Tiree - . -

Carrara, Statuary

„ Ravaccione
Ipplepen, Bartons quarry

County or Countr}-.

Kilkenny
Hebrides, Scotlainl

Tuscany

Devonshire

Weight
fuor, a»i

p r cubic
)irdu|)oi».

ll)S.

171
oz. dr.

6

172 5
168 10 5
lfi9 2 8

K;'3 6

Its tenacity is stated at f),000 lbs. per square inch, and its crushing weight is also put ut

6,000 lbs. per square inch. (Hunt.) (1520^ )
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Skct. IV.

1684. Tlic inrormation we propose here to lay before the reader relative to the different

s^iecies of timber is extracted from INIiller's Gardener's Dictionary, Rondelet's Art de Batir,

liees's Cyclojxedia, and Hunter's edition of Evelyn's Sylva. To give any tiling like the in-

formation that would satisfy the botanist would be out of place in an aicliitectural work;
and we therefore confine our observations to tliose which will be useful to the student.

1 685. Oak. Of this most valuable timber for building purposes Vitruvius (lib. ii,

cap. ix. ) enumerates five species, which it would now be difficult to identify. That some

si)ecies of the Quercus of tlie botanists are more valuable for building purjjoses than others

no doubts exist. Evelyn seems to connnend esi)ecially the Irish oak, because of its with-

standing the efforts of the worm; but it is not easy to ascertain the particular .siiecies to

which he alludes In the present day tlie Sussex oak is esteemed the most valuable; a

value, according to some authors, derived from tlie nature of the soil and from good
management in tlie culture, which is an object of no small importance.

1686. Generally, it has been usual to consider England as producing, without difference

in quality, but one species of oak; but two sorts are well known to the English botanist,

the Quercus liobur and the Quercus Sessilijlura. The former is found throngl out the

temjierate parts of Europe, and is that most common in tiie southern parts of Englnnd.

Its leaves are formed with ii regular sinuositiis, and their footstalks are short, occasionally

almost without any at all. It attains a very large size, and the wood is tolerably stiaight-

graincd and jiretty free from knots, in many instances resembling the German species

called wainscot. It is easily split for making laths for plasterers and slaters, and is beyond
doubt the best soit for joist, rafters, and other purposes where stiff and straight-grained

timber is a des'deratum. In the Quercus Sessiliflora, which, though found about Dulwich
and Norwood, according to Miller, appears to be the common oak of Durham, and perhaiis

of the north of England, the leaves have long footstalks, frequently an inch in length,

and their sinuosities are not so deep, but are more regular than those of the Robur just

described. The acorns are so close to the branches as to have scarcely any stalks. The
wood is of a darker hue, and the grain is so smooth that it resembles chesnut. Than the

Robur it possesses more elasticity, hardness, and weight, but in seasoning it is subject to

warp and split ; hence unfit for laths, which in the nc<rth of England are rarely of oak.

There is no reason for supposing, as has been conjectured, that the oak of the Gothic roofs

of the coiuitry is of this species, though we are aware of the great durability of the oak ia

the buildings in the northern part of the island.

1687. The specific gravity of the species first named, that is, the Quercus Robur, may
be taken at about -800, and the weight of a cube foot 50-45 lbs. That of tlie last-named

at -875, and the weight of a cube foot at about 55 '00 lbs. Their cohesive force and tough-

ness are proportionable.

1688. The American species scarcely claim a notice here, because their use in

England is, from every circumstance, out of the question. Of the red oak of Canada
(Quercus rubra), the only one of which the use could be contemplated, we merely observe,

that it is a light, sjiongy, and far from durable wood, though, in the country, in many
instances useful. Its giowth is rapid, and it rises to the height of 90 or 100 feet.

1689. There is a species of oak imported from Norway, which has received

the name of clapboard, and another imported from Holland, known under the name of

Dutch wainscot, though grown in Germany, whence it is floated down the Rhine for

exportation. The lafier is destitute of the white streaks which cross the former, and is

thereby distinguished from it. The use of these woods has latterly much diminished in

England. They are both softer than common oak, and the clapboard far inferior to

wainscot. They are more commonly used for fittings and fixtures, whereto they are well

adapted. In damp situations, oak decays gradually from its external surface to the centre

of the tree ; the ring on the outside, wliich it acquired in the last year of the growth of

the tree, decaying first ; but if the tree be not felled till past its prime, its decay is reversed

by its commencement at the centre. An oak rarely reaches its prime under the age of an
hundred years ; after that period, which is that of its greatest strength, it cannot be consi-

dered as tit for building purposes ; and, indeed, it may be taken as a rule, that oak before

arriving at its maturity is stronger than that which has passed it.

1690. If the architect has the opportunity of selecting the timber whilst in a state of

growth, he will, of course, choose healthy, vigorous, and flourishing trees. Tiiose in

which the trunks are most even are to be preferred. A mark of decay is detected in any
swelling above the general surface of the wood. Dead branches, especially at the top of

the tree, render it suspicious, though the root is the best index to its soundness. 'J'lie

notion of Aluerti {Dc lie AUdiJicatoria^, of using all the timber in the same buildiiig fioiu
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the same forest, is a lif tie too fanciful for these days, though we confess we have some mis-

givings in impugning an authority which, in most other respects, we are inclined to receive

with the highest veneration.

1691. In felling not only the oak, but all other large trees, the great branches should be

Srst cut off, so that the tree may not be injured or stiained in its fall ; and the trunk,

moreover, must be sawed as close to the ground as possible. When felled, but not before,

it is to be barked, trimmed of its branches, and left to season. Before, however, leaving

it for this purpose, it is considered by workmen better to square it, which, it is thought,

prevents its tendency to split. If to be employed for posts or bearing pieces, boring it

has been employed with success; but it is neidless to observe, that in pieces subject to
transverse strains such a ))ractice is not to be recouiinonded.

1692 The pieces selected for building must be chosen with the straightest grain ; but
there are pieces which are occasionally employed, as for knees and braces, wherein a
curvilinear direction of the fibres of the timber is extremely desirable. It may, however,
be generally stated, that, in the case of two equal-sized and seasoned pieces, the heavier is

the piece to be preferred.

1693. In oak, as in all other woods, the boughs and branches are never so good as the
body of the tree ; the great are stronger than the small limbs, and the wood of the heart
stronger than all. When green, wood is not so strong as when thoroughly dry, which it

rarely is till two or tliree years after it is felled. It is scarcely necessary to say, that, con-
taining much sap, it is not only weaker, but decays sooner. It is weakened by knots, at

which, in jjractice, it is found that fractures most frequently occur ; and it is important
to the architect to recollect that he should always reject cross-grained pieces.

1694. The great use of oak in this country is more for ship-building purposes than for

architectural, its use, except in the provinces, being principally confined to pieces which
are much liable to compression, or where great stiffness is required, or in pieces like sills

to windows and door-cases, where there is much alternation of dryness and damp. So
early as 1788, the consumption of oak for ship-building purposes was, in that year,

upwards of 50,000 loads.

1695. When of good quality, it is more durable than any other wood which is procur-
able of a like size. In a dry state, it is ascertained to have lasted nearly a thousand years.

The open-fibred porous oak of Lincolnshire, and some other places, is a bad sort. The
best is that with the closest grain and the smallest pores. The colour, as is well known,
is a tine brown ; that which partakes of a reddish hue is not so good as the other. The
smell of it is peculiar ; it contains gallic acid, and it assumes a black purple colour when
damp, by contact with iron. It warps and twists much in seasoning, and shrinks in width
about one thirty-seventh part.

1696. Chestnut. One of the finest of the European timber trees, the Faffiis castanea

of botanists, was heretofore so common in this country, that Fitzstephen, in his description

of London about the time of Henry II., mentions a fine forest of chesnuts as growing on
the northern side of the city. It is stated to have been used in the buildings of our
ancestors, but it is very doubtful if it was so employed. The young tree vies with the
oak in durability, from the small proportion of sapwood it contains. Of its durability,

the roofs of Westminster Ilall, that of King's College, Cambridge, and that of Notre
Dame, at Paris, are cited as examples, though the fact of the latter being of chesnut is

doubted by Rondelet, who says flat Buflbn and D'Aubenton thought it a species of cak,
which is now well known to be the case in the loof first named.

16^7. Chestnut, however, is not to be trusted like oak. As Evelyn observed, it is often

well-looking outsidf, when dt cayed and rotten within. Belidor says it soon rots whea
the ends of timbers of it are closed round in a wall.

1698. It is, perhaps, from the circumstance of its colour so nearly resembling that of

oak, that one timber has so often been mistaken for the other. The difference, however,

is, that the pores of the sapwood of the oak are larger and more thickly set and easily

distinguished, whilst those in the chesnut require magnifying powers to be distinguished.

But a more decided difference is, that the chesnut has no large transverse septa. It is far

easier to work than oak, and is not very susee])tible of swelling and shrinkage. From
what has been mentioned above, it may be inferred that the wood, though tough and com-
pact, is, when young, hardest and most flexible, the old wood being often shaky and brittle,

1699. Water pipes of this tree endure much longer than those of elm; and for tubs

and vessels to hold water, it is superior to oak; for when once thoroughly seasoned, it will

neither shrink nor swell, on which account it is used by the Italians for wine tuns and
casks. It will thrive on most soils, but rather delights in a rich loamy land, succeeding

well, also, on that which is gravelly, clayey, or sandy. IVIixed soils are suitable to it, and
it is found in the warmer mountainous situations of most parts of Europe.

1700. From the cxi)erlments, the cohesive force of a square inch of cliesnt'.t, when dry

variee from 9570 to 12,000 lbs., and the weight of a cubic foot, when dry, is from
4S to 5.S lbs.
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1701. Bfkch (Far/us Sylvatica). A beautiful tree, growinj^ to a considerable !iei<rht,

fciul carrying a proportionable trunk. It flourishes iriost in a dry warm soil, and gruT?s

moderately quick. Tlie wood is hard, close, has a dry even grain, and, like the elm,

h.ars t'le drift of spikes. The sorts of beecli are the brown or black, and the white beech.

It is common thronghout Europe. In the southern parts of Buckinghamshire, where tlie

soil is chalky, it is j)artlcu]ariy abundant; and such is the case near Warbieton, in Sussex,

on tlic southern range of clialk hills, where the beeches are very fine.

1 702. Constantly immersed in water, the beech is very durable ; such also is the case

with it when constantly dry ; but mere damp is injurious to it, and it is very liable to injury

by worms, though to these Duhumel considers it much less liable when water-seasoned,

than when seasoned in the common way. To render it less liable to the worm, it has been
recommended to fell it about a fortnight after Midsummer, to cut it immediately into

planks, wiiich are to be placed in water about ten days and then dried. Beech is little used

in building, except for piles, in which situation, if constantly wet, they are very durable.

From its uniform texture and hardness, it is a good material for tools and funiitiu-e, and
of it, in boards and planks, large quantities are brought to London. It is without sensible

taste and smell, easy to work, and susceptible of a very smooth surface. The white sort ia

the hardest, though the black is tougher, and, according to Evelyn, more durable. 'I'ha

weiglit of a cube foot varies from 4.3 to 53 pounds.

1703. Walnut {Jnglans, quasi Jovis f/lans) is of several sorts. The Juglans Ilegia,

or common walnut, was formerly much cultivated in this island, as well for the sake of

its timber as of its fruit. On the former account the importation of mahogany has long

since rendered its cultivation less common. It flourishes better in a thin limestone soil,

than in one that is rich and deep, and, if raised for timber, should not be trans])lanted, but
remain in the place whore it is sown. For furniture, from its rich brown colour, it is by
many persons preferred to mahogany. Its scarcity renders its cmjjloyment rare for

building purposes, though by tlie ancients it was so em])loyed. One of its projierties

is, that it is less liable to be affected by worms than any other timber, cedar only excepted
;

but from its brittle and cross-grained texture, it is not generally useful for the main
timbers of a l)uilding.

1704. The heart-wood is of a greyish brown with dark brown pores, often veined with
darker shades of the same colour, which are much heightened by oiling. The texture is

not so uniform ^.s that of mahogany, nor does it work so easily, but it may be brought to

a smoother surface. Tlie weight of a cubic foot is about 45 pounds.

1705. Cedau (/V««s Ctdrui) is an evergreen cone-bearing tree, of which though
several have been grown in this country, it is too scarce to be emjjloyed in building. Its

durability is very great ; such, indeed, that Pliny states cedar to have been found in the

Temple of Apollo at Utica, which must have been 1200 years old. Its colour is a light

rich yellow brown, with the annual rings distinct. It is resinous, and has a powerful
smell. The taste is slightly bitter, and it is not subject to worms. It is very straight in

the grain, works easily and splits readily. Weight of a cubic foot from 30 to 38 pounds.
1706'. Fir (Piiius Sylvcstris). The red or yellow fir is produced on the hills of Scot-

land ; but the forests of Russia, Denmark, Norway, Lapland, and Sweden produce the

finest timber of this species. It is imported, under the name of red wood, in logs and deals.

From Norway the trees are never more than 1 8 inches diameter, whence there is much sap-

wood in them ; but the heart is a stronger and more durable wood than is had from larger

trees of other countries. FVom Riga a great deal of timber is received under the name
of masts and spars : the former are usually 70 or 80 feet in length, and from 1 8 to 25 inches

diameter ; when of less diameter they take the latter name. Yellow deals and jilanks are

imported from Stockholm, Frederickshall, Christiana, and various other parts of Sweden,
Russia, Norway, and Prussia. Of the pine species the red or yellow fir is the most durable

;

and it was said by the celebrated Brindley, that red Riga deal, or pine wood, would endure
as long as oak in all situations. In Pontey's Forest Pruiier, on the authority of Dr. Smith,

an instance is given of the durability of natural-grown Scotch fir. It is therein stated,

that some whs known to have been 300 years in the roof of an old castle, and that it was
as t\vsh and full of sap as timber newly imported from ]Memel, and that part of it was
actually wrought up into new furniture. It is to be observed, that foreign timber has

ixU advantage too seldom allowed to that which is grown at home, the former being always

in some degree seasoned before it arrives in this country, and therefore never used in so

unseasoned a slate as is usually the latter tnnlier.

1707. From its great lightness and stiHhtss it is superior to any other material for bearrs,

girders, joists, ralters, and framing in general. In naval architecture it is used for masts
and v;irious oilier parts of vessels. In joinery, both internal and external, it stands better,

is nearly as durable as oak, and is much cheaper.

1 708. There is great variety in the colours of the different sorts of this fir : it is generally

of a red or honey yedow of dillerent degrees of brightness, and consists in section of hard
and boft circles alternately, one part of each annual ring being soft and light coluured, the
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other harder and dai-k coloured, and possessing a strong resinous taste and smell. When
not abounding in resin it works easily. That from abroad shrinks in the log, from season-

ing, about one thirtieth part of its width.

I 709. The annual rings of the best sort of this timber do not exceed one tenth of an
inch in thickness, their dark parts are of a bright red colour. That from Norway is the

finest of the sort, to which the best Riga and Memel aie much inferior. The inferior timber
of this kind, which is not so durable nor so capable of bearing strains, has thick annual
rings, and al)ounds with a soft resinous matter, which is clammy and chokes tlie saw. JMuch
of the timber of this sort is from Sweden, but it is inferior in strength and stiftiiess. That
which is produced in the colder climates is superior to that which is the product of warmer
countries, the Norway tin.ber being much harder than that of Riga. The weight of a

cubic foot of this tir, when seasoned, varies from 29 to 40 pounds. 'I'liat of English growth,
seasoned, from 28 to 33.

1710. White Fir {Pinus alies^, commonly called the spruce of Norway, whose
forests produce it in abundance. This is the sort which in deals and planks is imported
from Christiana, in which condition it is more esteemed than any other sort. '1 he trees

from which these are generally obtained are of 70 or 80 years' growth, and are usually cut

into three lengths of about 12 feet each, which are sawn into deals and planks, each length

yielding three deals or planks. 1'heir most usual thickness is 3 inches, and they are

generally 9 inches wide. In this country they are sold by the hundred, which in the case

of white as well as yellow deals, contains 120 deals, he their thickness what it may, reduced
to a standard one of an inch and a half, a width of 11 inches, and a length of 12 feet.

What is called whole deal is an inch and a quarter thick, and slit deal is one half of that

thickness. It unites better by means of glue than the yellow sort, is used much for interior

work in joinery, and is very durable when in a dry state.

1711. The colour of the sjiruce fir is a yellow or rather brown white, the annual ring

consisting of two parts, one hard, the other softer. The knots are tough, i)ut it is not difficult

to work. Besides the importation above named, there is a considerable quantity received

from America. Of the Christiana fir a cubic foot weighs from 28 to 32 pounds v.lien

seasoned. That from America about 29 pounds ; and the Norway spruce grown in

Britain about 34 pounds. In seasoning it shrinks about a seventieth part, and after being
purchased as dry deals at the timber yards, about one ninetieth.

1712. Ajiekican Pines. The P/n?<s S'^roftj/s, or what is called the Weymouth or white

pine, is a native of North America, imported in logs often more than 2 feet square and
upwards of 30 feet in length. It is an useful timber, light and soft, stands the weather

tolerably well, and is much used for masts. For joiners' work It is useful from its clean

straight grain. But it should not be used for large timbers, inasmuch as it is not durable,

and is moreover very susceptible of the dry rot. Its colour is a brown yellow, and it has

a peculiar odour. The texture is very uniform, more so, indeed, than any other of the pine

species, and the annual rings are not very distinct. It stands well enough when well

seasoned. A cubic foot of it weighs about 29 pounds.

1713. The yellow pine, or I'invs variabilis, is imported into England, but it is not

much used ; it is the produce of the pine forests from New England to Georgia.

1714. The pitch pine (resiiiosa), remarkable for the quantity and fragrance of the resin

it produces, is a native of Canada. It is brittle when dry. and, though heavy, not durable.

It is of a nuich redder hue than the Scotch pine, and from its glutinous property difficult

to plane. The weight of a cubic foot is 41 pounds.

1715. The silver yi'ine (jiicea) is common in the British plantations. This species oi'

timber is produced in abundance, and is much used on the Continent both for carpentry

and ship-building. It is light and stiff, and according to Wiehekin, lasts longer in air

than in water A cubic foot weiglis al)out -6 ))onnds

1716. The Chester pine (pinader) is occasionally cultivated in the British plar.tations.

It is better suited to water than exposure to the air, and has a finer grain, but contains less

resin, than the pine or silver fir. A cubic foot weighs about 26 pounds.

1717. Lakch (Piiius Larix). A timber tree only lately to any considerable extent

adopted in the phintations of Great Britain, atnong whose culti%ators the Duke of Athol

has been one of the most ardent and successful. It grows straigl)t and rapidly, is said to

be durable in all situations, and appears to have been known and ajipreciated by Mtruvius,

who regretted the difiSculty of its transport to Rome, where, however, it was occasionally

used. Wiehekin prefers it to the pine, pinaster, and fir, for the arches of timber brid;j.cs.

To flooring boards and staiis, wliere iliere is much wear, it is well suited, and when oiKd
assumes a beautifid colour, such, indeed, that when used for internal joinery, :i co.it of

varnish gives it a more beautiful appearance than it could receive from any painiing. J'he

American larches do not produce turpentine ; but the timber has been considered njual to

'the Eurojiean sorts. It is of a honey yellow colour, and more difficult to woik than the

Riga or M.mel timber, though, when ubtnined, the surface is better. It bears the driving

Kii:
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hoiist's in tills country floored with sycamore and wainscoted with poplar. It scorns well

enough calculated for Hoors.

17'j!5. IJikch. Betiila alba, or common bircli, is a species of alder, to which article tlie

reader is referred (1719). Tiie American birth, from Canada, is but little superior to the

European birch. The Russian birch, on account of iis clean light colour and silvery

grain, has l)een for many years extensively employed for bedroom furniture.

1726. A description of fir ( /F<;/^/^(7^lW^a ^/^ra^ffa) has been lately introduct^d from ''

c

colony of Victoria, in Vancouver's Island, on the western side of North America. It"^

smt in logs, dials, and planks. Instead, however, of being only 14 to 16 inclns square,

i.nd 60 feet long at the maximum, as in the case of Baltic timber, one stitft of this iii/>ber.

has been sent not less than l'J7 feet long, and abuut 4'J inches square at one third of The

lieigiit measuring from tiie butt end, which end was about 50 inches square. It cortained

1:307 cubic feet of timber ; this is not an exceptional size. A tree is reported to liave been

cut down lately, the circumference of wiiich was 90 feet, and its height 325 foet ; the bark

was in some places 4 feet thick. Tiie tree, sound and solid, contained 250,000 feet of

timber. It was supposed to be .'5, 100 years old. G. R. Burnell states the tenacity of this

timber to be greater than, and its resistance to a crushing weight apparently superior to,

Baltic timl)er. When loaded in tl e cei.tre to the ] oint of instantaneous rupture, the Van-
couver's island wood bore weights whieli were to those borne by English oak as 13 to 12,

and to those borne by the Baltic Hr as 13 to 8. Thrie-inch cubes of the three woods were

suhjected to weights of 45 tons each, or 5 tons (11,2-10 ll>s. ) on the inch superficial, wliea

the permanent elasticity of oak was not aH'ected, that oi the fir only slightly so, whilst the

Baltic timber was permanently and jierceptibly compressed.

17i^6a. For joiner's woik, tlie siraiglitness, freedom from knots, deep warm colour, and
beauty of the grain, places this timber above any other of the fir or pine woods ; wiiilst its

great.r hardness would in staircases, (Icors, &c., compensate for any slight increase in the

j)rice of labour for working it. It has been employed liy iVIr. Burnell in the joiner's work
of an office in Lincoln's Inn Fields. It seems to affect iron somewhat as does oak.

1727. AIaho&any ( Swieteiiia Mahoyoai) is a native of the West Indies and the country

round the Bay of Honduras. The tree is said to be of rapid growth ; its trunk oft.u

exceeds 40 feet in length and 6 feet in diameter. Its Spanish name is ca6ba. Spanisk

mahogany is imported from Cuba, Jamaica, Ilispaniola, St. Domingo, and some other of

the West India Islands and the Spanish IMaiu. The best quality is considered to come
from the sea-board on the south part of the island of San Uomiugo or Ilayti. The logs

are from 20 to 26 inches square, and about U) feet in Icngih. It is close grained, hard,

sometimes strongly figured, and generally cf a rich brown colour, darker than Honduras:
but its pores freqiiently appear as if chalk had been rubbed into them. It takes a very high

polish with hand labour; and French polishing brings out its flouer with great lustre.

1727a. Hondiiru!> mahogany is imported in logs of larger size than the above, that i>,

from 2 to 4 feet square, and fioni 12 to 18 feet in length ; logs 40 feet in length have been

obtained
;
planks 6 to 7 feet wide are occasionally imported; but 5 feet square and 15 fict

long are the more ordinary dimensions. It is so distinctly interior to the Spanish quality,

that no ordinary judge can possibly be mistaken in the normal samples. In weij^ht it is

lighter; and it is of a straigliter and more open or spongy giain, without much flower,

and therefore little sought after by cahinetiiiakers. The worst kiiids are those most filled

with j;rey specks, from which Spanish mahogany, except the Cuba, is comi)aratively free.

17276. Spanish mahogany is in this country far too valuable to be used in common
building. It sometimes sells for as much as 61. per feot cube, when good fir, of nearly

equal \alue for sucii purposes, would only cost 2s. at the maximum. In Jamaica, mahogany
lias been frequently emfdoyed lor floors, joists, lat'ters, shingles, &c. ; and ships have been
built of it ; for wliich last purpose, the circumstance of its allowing shot to be buried in it

without splintering, makes it peculiarly suitable. Soon after its introduction into this

country in 1724, when a specimen was sent to Dr. Gibbons by his brother, a West India

captain, it was employed for doors, as at the Treasury, by W. Kent, in 1733. The better

qualities are reserved for small articles of cabinet-work and furnliure, the best being eu.-

ployed in the form ot' veneers, of wliich twenty-'ine cuts are now got out of an inch thick-

ness. Solid work (or more general purposes, such as handrails of stairs, sashes, sash-doors,

and ordinary counting-house and oftice fittings, &c , is worked out of Honduras mahogany,
which is also employed as the groundwork for veneers of the finer quality.

1727c. It is generally sold at per tbot superficial, one inch thick ; the common qualities

at 5s. to 5s. ad. per cubic foot. It holds with glue better than any other wood. Of
Honduras mahogany, the quality called ' common southern ' weighs about 26 lbs. ;

'superior northern ' about 42i lbs. ; 'good northern ' about 32 lbs ; and ' common northern
'

about 36 lbs., per cubic foot. All these qualities are used in shipbuilding; the lightest, for

furnituie. Spanish mahogany weighs 48 lbs. 6 oz., the best from 50 1 lis. to 54 lbs. per
cubic foot. All kinds of this timber are said to be very durable, and free from the attack

of worms when kei>t constantly dry. They do not warp or ciack under the influente uf

K K 2
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the sun, but tlioy do not resist alternations of great wetness and dryness. Tliey shrink but

little in drying, and twist and warp loss than any other wood.

1727 J. /ifricati mahogany (Sicietenla or K/iai/a Seneyaleusis), from Gambia, is a more

recent importation ; it twists much more than either of the above, and is decidedly inferior

to them in all respects except hardness. Small quantities of mahogany are also received

from Jamaica and the other West India islands, but they are of a quality so inferior even

to the Honduras variety, that they are practically unknown to timber merchants. Florida

cedar and other varieties are frequently made to pass as mahogany in cheap works.

1728. Teak {Tectona grandii), has of late years formed a valuable timber for ship-

building ; and to a small extent in house, and even carriage, joinery. The best varieties

are obtained from the ports of Rangoon or Moulmein (called Moulmcin teak), and trom

the coast of Malabar (called East Indian teak). It is by no means rare to meet with

sticks of perfectly straight teak 60 or 70 f.et long, and about 24 to 30 inches square. The

wood is of a light brown colour, porous, very hard, tough, and when sound, of great strength

and tenacity. It derives much of its value from the aromatic oily substance with which it

Is mure or less saturated in the fresh state ; but this does not prevent its attack by insects

whilst in the forest, consequently the trees turn out to be very defective. The wood works

well; takes a good polish, and though porous, it is very durable in exposed situations:

it is considered that its oily properties render it less injurious to iron than oak. 1 he

tenacity of Mouluielu teak is 15,000 lbs. per superficial inch. Some fine jilanks from

Rangoon were nearly 3^ feet wide.

17'_'8a. RIoiiuNG SAUL {Shorea rolmsta), of Nepaul, in the East Indies, is in great repute

for shiplmilding. It is a heavy, close-grained, light brown wood. This timber is con-

sidered to be the most valuable and extensively used of all the trees of India, but the val..>

of it is mucli diminished from the injudicious mode in which it is scpiared. Tne said or

i-a/ timber brought to Calcutta is seldom more than 30 (eet in length. In strength and

tenacity it is coasiderably superior to the best teak, compared with whicii, Captam Baker's

experiments prove that its strength is about as 1121 to 869. F.om Major H. Campbell's

experiments, unseasoned saul broke with a weight of 1308 Ihs. ;
seasoned saul with

1:519 lbs. ; and teak wood with 1091 lbs. Considered as a building wood, it is somewhat

apt to shrink unless very well seasoned, {Jurors Reports, 1851).

17286. MoRRA {Mora exce/.va\ sometimes called Uemerara locust, is sent from Demerara

in South America. It is a valuable timber for sliipbiiilding.

1728(;. Greenheaht {Lauras chhroxi/lon, or Nectandri rodieci), imported from the En?-

li«ih colony of British Guiana, and Brazil, possesses the reputation of immunity from the

attacks of marine boring worms ; and for this reason it is now largely used in hydraulic

works Mr. Burnell has stated his conviction from what he saw, especially of two logs, in

the West India Docks in 1860, that this timber does suffer from the attacks of land insects ;

and he was at that time in jjossession of a i)iece of the timber from Victor Bay, Panama,

which was completely riddled l)y the 7'em/o navilU. A writer, commenting on this state-

ment, says that " ids experience proves that greiiiheart is exempt from the therosion by the

teredo, but that a niidlusc is found alive in it when aniving here from the West Indies.

The worm is found in sizes from tiie limexyhm to the tere lo, but it is of a different species,

and seems not to live when this woi)d is used in such constructions as dock gates, in this

country." The timber squares from ] 8 to 24 inclies, but usually arrives about 16 inches

scpiare and 70 feet in length. It is a hard, heavy, fine, but not even-grained wood; it

proves strong and durable in positions that are alternately wet and dry.

1728rf. Among the otiier useful hard woods are:— I. The Peon, or Ponn wood, an

Indian wood of Travancore, East Indies, formerly imiiorled to some extent, from 2 to 4

feet in circumference and 80 feet in length ; but latterly it has been regard, d with such dis-

favour that it is now hardly ever imported. II. Tiie Kowkie, a New Zealand wood.

III. The Australian Red Cedar. IV. The Sabicue, from Cuba, which was used for the

steps of the stairs in the Great Exhibition building of 1851, and are now in the Crystal

P:dace at Sydenham. It makes excellent beams and planks. A heavy specimen obtained

i)f this wood was " a portion of a large beam, wiiicli l)roke merely in fdling from a truck !

"

V. The Ikon Bark, of Van Dlemen's Land, Australia, is a very hard and compact wood,

with a specific gravity heavier than water. VI. Borneo wood, imported from Sarawak,

was used in 1865 for the floors and staircase in a warehouse in Gresham Street West. It

is of so peculiar a character that it broke nearly all the saws used to reduce it to battens:

it is light brown in colour, with a texture very similar to teak. It may probably be the

BiUati, or iron wood of that country, .said to l.e impervious to the attacks of the wiiite ant.

It has not been known to decay when immersed either in fresh or salt water. An engi-

neer who h;ul resided in Borneo for five years, states he bad never seen a rotten piece of

BUian wood.

17286. Besides the weights of various woods given in the text (as marked *) the sub-

joined list of the weight per foot cube in pounds avoirdupois, may be useful.
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Timber. Hondelet, Tredgold. Others. Burnell.

Acacia - - . . , . ^ 47-74

*.\iaer . . . 39-74

Almond tree - - - . . . 66-74
*A.sh .... . . . 47-52 52 81 41-81
*15eecl. .... - . . 43-63 53-25
*Biicli, coiiinioii . . . 42-55

Bux .... - - - 55 55
{ 83-00

I 57-0

J

* Cedar of Lebanon •• . . . 36-50 35-C6
Cliesnut, wild {Chatiignier) - - - 41-47

* „ sweet {JSIarronivr) - - - 43-73 . 37-75
Cork - - _ . - - - - 1500
Cypress, pyramidal

-

- - - 39-74

Ebony oftiie Alps - - - . 63-72

*Elm .... - - - 42-00 42-06

„ English - - - - . - 37 31

„ American - - . - . 45-31

•Fir .... . . . 31-92

„ Cliristiania, white deal - - . - 34-43

,, IVIeiiiel - - - . - 37-00

„ Wellingtonia gigantea - . - - . . 42-00
*I,arcl), English - - . - 33-02 32 56
Linden - - - - - - . 34-13

*]\Lihogany, Sjianish - - - - • 66-43
*t)ak, common of Canada - - . . 51.18

„ Virginia red - . . 35-42

„ Common - . . 54-69

,, American - . . - _ 4 '1-87

„ A'Vican - - - . - - - . 51.44

„ Englisii ... - S
fre h 69-56

,

46-43 >

53-31

* Tine, Northern . , 37-17

1 „ Yellow ... - - - - - 25-60

„ Baltic - - - - . - 29 06
„ lied - . . . . 41-06 33-44

„ Pitch . . . . . . 45-75

„ Weymouth or Yellow . . . - 40-76
Plane .... . . . 3 7 -.58

*Poplar, of Italy - - - 24-25

„ . . - . . . . . 23-93
Service tree (^Cormier) . . . 5507

Sycamore ... . - ~ 38-88 37-75
*Walnut.... . . . 41-04 41-93

., American - . . . 41-90
Yew ..... . . . 47-09
Teak, African - . - - . 60-56

„ Indian • - - - - 46-87 S8-I 2

„ Moulmein - . - - . . 32-00

„ Malabar - - . . - 38-00

Morra - - - . - - - - 71-25 S
55-75

i 57-80

Sabicue - - - - - - - - - \ 59 69

> 61-60
\
57-31

\ 63-63
Greenbeart - . . . . 69-75
Iron wood ... . . . . . 73-50
Cowrie . . . - - - - - 36 00

Alorung Saul . - - . K 4 3-87 t

t 45-87
Indian Saul - - . . . . . . . 52-63
Iron Bark ... - - - - - - 65-60
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1728/. Tlie cliief woods cni))l()yLd in shipbuilding and acknowledgid as " first-rate" by
the autliorities at Lloyds, are c glitin nimibtT 'J'hesc are. 1. En; lish oak ; II. American
live oak; III. African oak; IV. ftJor.ng Saul; V. Ea^t Indian Teak; VI. Gieeu-
lieait; VII. Morra ; and Vlll. Iron Bark.

1729. In timber yards, deals are sold by the Icn:^ liiindred or six score; thus t'le

"standard" of deals is reckoned as 120— 12 (t. x li in. x 11 ins., but varying lengths and
thicknesses are imported (See par. 23C2 and 23G3)."

1

Names. No. Ft. long. Ins. thk. Wide. Slip. ins. Cube ft.

Petersburg deals - 1-20 12 u 11 1980 of 1" 165
„ battens 120 12 2* 7 - 17.>

Dantzig deals 1-20 12 H 12 - 180
Norway „ 120 12 .3 9 3240 270
Sweden ,, - - 120 14 3 9 . 313
Baltic deck dials - . 40 3
Christiania standard 120 11 H 9 12371 of 1" 1031
Drammen ... 120 9 n c*
Ditto - - - - 120 !.'5 H 9 14G2 of 1" 121g
Quebec, long 103 12 u 1 1

Ditto, short 120 10 3 11 2750 of 1" 229I

London and Dublin 120 12 3 9 3240 of 1'' 270

The me.isurements have been reduced to one standard of 12 ft. long, 3 in. thick, and
9 in. wide. Two of the latest works for calculating deals according to this, the Petersburg
standard hundred, are, J. Smith, Compuniun to lloppus ; Handbuoh of Tabhs fir the

useof Timber Meichaiils, Sfc.tLiOAdon, I8ti0 ; and Grandy, Timber Importers', 8fc. Standard
Guide, 8vo., London, 1865, to which latter work we are glad to refer the student, and
from which we select tiie foU.Jwing extracts ;

—

1729./. " American Ports.—At Quebec, there are three qualities of spruce deals, 1st, 2nd,
an.l 3rd. Irregular size scantlings are scarcely ever shijiped from tliis port, the general!

run bjing hatt.ns, 7x3; deals, 9x3; and jilanks, 11 x 3, 7 x 2, 9 x 2, and 11x2; general
Kngtlis Ironi 8 to 14 feet. All under 8 feet are classed as " ends." Ye low jiine battens,

djals. and jjlanks are shi|)ped as 1st, 2nd, and 3rd qualities. Battens are not so valuable

as deals and planks, some of tlie latter running 11 to 30 inches; the finer qualities liear a
l.i,rii rale.

1129b. St. Johns deals rank after those of Quebec in quality. Battens, deals, and
j)lanks run from 8 to 26 feet ; all lengths imdsr 8 feet being classed as ends. All d-als

are scarcely ever classed into 1st, 2nd, and .'ird, but taken by the run ; the sizes 7 x 3,

9 X 3, and 11x3, being the highest in price. Irregular scantlings, such as 3 x 3, 4 x 3,

6 X 3, 5 X 2^, Sec, are less per thousand.

1729c. I'uffuash. Miraniichi, and other Lower Ports. Battens, deals, and jdanks are

obtained as at St. John's. Tlie deal is a elo.ser grain, but coarser, and hence not so valuable.

Tiie lengths run from 8 to 14 feet, all under 8 feet being 'ends.' Scarcely any irregular

scantlings are shipped from these ports. The square timber at the American port.s is

generally purchased by the cubic foot.

1729<i. Baltic Ports.

—

Memel. Battens and deals are scarce ; yilanks form the bulk of

the timber imported. They all run from 8 to 20 feet. They are genei ally sold by '/ 20
feet run of 1 1 x 3, = 1 Petersburg standard. Battens and deals run 7x3 and 9 x 3.

Christiania. Battens and deals, and Dntntmen deals run 9 x 3, 7 x 3, or 7 x 2^. Crown
Memel. Square timber is generally sold by the 50 running feet, as 1st middling,

nnd 2nd middling. But "undersized" timber, that is, under 12 inches square, is sold

by 50 cubic feet, or by £0 running feet. There are also " short lengths of undersized "

timber.

1729e. Home Trade.—At London, pine deals are sold by the Petersbuig, and spruce

deals by the London, standard. Square timber is sold by tlie load, or 50 cube feet, or by
the cube foot, calliper measurement. At Liverpool and B,istol, deals are sold by the

Petersburg standard ; square timber by the load or fjot, string measurement. At Glasyow,

deals are sold by the cube foot ; square timber by the cube foot, string measurement. At
Dublin, deals are sold by the London or Dublin standard of 120, 12x9x3; square timber

hy the ton of 40 feet, string measurement."
1729/". These timbers arc used in building for the undermentioned purposes :

—

Joists and main timbers : The largest, of Dantzic, Memel or Kiga, fir; those of 10 or 12

inches square, from Sweden; those of 8 inches square, trom Norway.
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Partitions and minor timbers: American red wood or red pine, which not Ining so

strong ns that from the Baltic, must l)e cut to a little largtr size.

Sleepers, window sills, and some parts of the rocjf: Oak.

Fnmiing : Norway and Cliristiania white deals ; Christiania yelhiw deals are sappy; Swedish

deals are bad, as tliey warp miicli.

Panelling: Christiania white pine ; or Americnn yellow pine.

Best ordinary floors: Drammen and Christiania white deals; American pitch pine;

American deals are had for floors, as tliey are a softir wood.

Ground floors: Stockholm and Gefle yellow deals.

Warehouse floors, and Staircases: Archangel and Onega p:anks, and American pitch pine.

IJest floors: Petershiirgh, Onega, and Chiistiania battens.

Interior finishings generally : Baltic red and white wood, and American red and yellow pine.

17'i9(7. jNIemel timber is generally considered the most convenient for size, and is

superior in strength to the Swedish, or Norwegian ; Riga, the best in quality ; Dantzic,

when free from large knots, the strongest ; and the Swedish, the toughest, but weakest.

Ili"-a can always be depended upon, and although the dearest in price, is the cheapest

in the end.

17;50. We shall now p'ace before the reader, observations on timber made by the cele-

brated Evelyn though perhaps at the risk of repetition in what follows after them.

1731. " Lay up your timbers very dry, in an airy place, yet out of the wind or sun, and

not standing very upright, but lying along, one piece upon another, interposing some short

blocks between them, to preserve them from a certain mouldiness which they usually con-

tract while they sweat, and which frequently produces a kind of fungus, especially if there

be any sappy parts remaining.

1732. " Some there are yet who keep their timber as moist as they can by submerging

it in water, where they let it imbibe, to hinder the cleaving ; and this is good in fir, both

for the better stripping and seasoning ;
yea, not only in fir, but other timber. Lay, there-

fore, your boards a fortnight in the water (if running the better, as at some mill-pond

bead) ; and there, setting them upright in the sun and wind, so as it may freely pass through

them (especially during the heats of summer, which is the time of finishing buildings),

turn them daily ; anrl thus treated, even newly sawn boards will floor far better than many
years' dry seas,jning, as they call it. But, to prevent all possible accidents, when you lay

your floors, let the joints be shot, fitted, and tacked down only for the first year, nailing

them for good and all the next ; and by this means they will lie staunch, close, and with-

out shrinking in the least, as if they were all one piece. And ui)on this occasion I am to

add an observation, which may prove of no small use to builders, that if one take up deal

boards that may have lain in the floor a hundred years, and shoot them [plane their edges]

again, they will certainly shrink {toties quoties) without the former method. Amongst
wheelwriglits the water seasoning is of especial regard, and in such esteem amongst some,

that I am assured the Venetians, for their provision in the arsenal, lay their oak some

years in water before they employ it. Indeed, the Turks not only fell at all times of the

year, without any regard to the season, but employ their timber green and unseasoned ;

so that though they have excellent oak, it decays in a short time, by this only neglect.

1733. " Elm felled ever so green, for suddeii use, if plunged four or five days in water

(esi)ecially salt water), obtains an admirable seasoning, and may immediately be used.

1 the oftener insist on this water seasoning, not only as a remedy against the worm, but

for its eflBcacy against warping and distortions of timber, whether used within or exposed

to the air. Some, again, commend burying in the earth; others in wheat; and there

be seasonings of the fire, as for the scorching and hardening of piles, which are to stand

either in the water or in the earth.

1734. "When wood is charred it becomes incorruptible; for which reason, when we
wish to preserve piles from decay, they should be charred on their outside. Oak posts

used in enclosures always decay about two inches above and below the surface. Charring

that part would probably add several years to the duration of the wood, for that to most

timber it contributes its duration. Thus do all the elements contribute to the art of

seasoning.

1735. " Timber which is cleft is nothing so obnoxious to reft and cleave as what is

hewn ; nor that which is squared <is what is round : and therefore, where use is to be

made of huge and massy columns, let them be bored through from end to end. It is an

excellent preservative from splitting, and not unphilosophical ; though to cure the accident

painter's putty is recommended ; also the rubbing them over with a wax cloth is good ;

or before it be converted the smearing the timber over with cow-dung, which prevents the

effects both of sun and air upon it, if of necessity it must lie exposed. But, besides the

former remedies, I find this for the closing of the chops and clefts of green timber, to

anoint and supple it with the fat of powdered beef broth [we do not quite agree with our

author here], with which it must be well soaked, and the chasms filled with sponges

dipped into it. This to be twice done over.
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1736. " We spake before of squaring ; and I would now recommend the quartering of

Buch trees as will allow useful and competent scantlings to be of much more durableness

and effect for strength, than where (as custom is and for want of observation) whole beams

and timbers are applied in ships or houses, with slab and all about them, upon false suppo-

sitions of strength beyond these quarters.

1737. " Timber that you have occasion to lay in mortar, or which is in any part con-

tiguous to lime, as doors, window cases, groundsils, and the extremities of beams, &c.,

have sometimes been capped with molten pitch, as a marvellous preserver of it from the

burning and destructive eflects of the lime ; but it has since been found rather to lieat and

decay tliem, bv hindering the transudation which those parts reipiire ; better supplied witli

loam, or strewings of brick-dust or pieces of boards; some leave a small hole for the air.

15ut though lime be so destructive, whilst timber thus lies dry, it seems th.ey mingle it

with hair to keep the worm out of ships, which they sheathe for southern voyages, tliough

it is held much to retard their course.

1 738. " For all uses, that timber is esteemed the best which is the most ponderous, and

which, lying long, makes the deepest impression in the eartli, or in the water being floated

;

also what is without knots, yet firm and free from saj), which is that fatty, whiter, and

softer part called by the ancients utbumai, which you are diligently to hew away. My
I.ord Bacon (Exper. 6.o8.) recommends for trial of a sound or knotty piece of timber, to

cause one to speak at one of the extremes to his companion listening at the other; for if it

be knotty, the sound, says he, will come abrupt."

PRESERVATION OF TIMBER.

1 739. The preservation of timber, when employed in a building, is the first and most im-

portant consideration. Wherever it is exposed to the alternations of dryness and moisture,

the protection of its surface from either of those actions is the principal object, or, in other

words, the application of some substance or medium to it wliich is imperviable to moisture;

but all timber should be perfectly dry before the use of the medium. In Holland the ap-

(ilication of a mixture of pitch and tar, whereon are strewn pounded shells, with a mixture

i)f sea sand, is general ; and with this, or sinall and sifted beaten scales from a blacksmith's

forge, to their drawbridges, sluices, and gates, and other works, they are admirably ]3ro-

tected from the effects of the seasons. Semple, in his work on aquatic building, recom-

mends, that "after your work is tried up, or even put together, lay it on the ground, with

stones or bricks under it to about a foot high, and burn wood (which is the best firing for

the ])ur])ose) under it, till you thoroughly heat, and even scorch ii all over; then, whilst the

MTood is hot, rub it over plentifully with linseed oil and tar, in equal parts, and well l)oiled

tt)gether, and let it be kept boiling while you are using it ; and this will immediately

strike and sink (if the wood be tolerably seasoned) one inch or more into the wood, close

all the pores, and make it become exceeding hard and durable, either under or over water."

Semple evidently supposes the wood to have l)een previously well seasoned.

1740. Chapman (on the preservation of timber) recommends a mixture of sub "ulphate

of iron, which is obtained in the refuse of cojiperas pans, ground up with some ch^ap oil,

and made sufficiently fluid with coal-tar oil, wherein pitch has been infused and mixed.

1741. For common purposes, what is called sanding, that is, the strewing upon th«

painting of timber, before the paint dries, particles of line sand, is very useful ill the pre-

servation of timber.

1742. Against worms we believe nothing to be more efficacious than the saturation of

timber with any of the oils; a process which destroys the insect if already in the wood, with

that of turpentine especially, and jirevents the liability to attack from it. Evelyn recom-
mends nitric acid, that is, sulphur immersed in aquafortis and distilled, as an effectual ap-

plication. Corrosive sublimate, lately introduced under Kyan's patent, has long been
known as an effectual remedy against the worm. Its poisonous qualities of course destroy

all animal life with which it comes in contact ; and we believe that our readers wlio are

interested in preserving the timbers of their duellings may use a solution of it without

infringing the rights of the patentee. But the best remedy against rot and worms is a

thorough introduction of air to the timbers of a building, and their lying as dry and as free

from moisture as jiracticable. Air holes from the outside should be applied as much as

];ossible, and the ends of timbers should not, if it can be avoided, be bedded up close all

round them. Tiiis jiractite is, moreover, advisable in another respect, that of being able,

without injury to a building, to splice the ends of the timbers should they become decayed,

without involving the rel)uilding of the fabric; a facility of no mean consideration.

1 74.S. The worm is so destructive to timber, both in and out of water, that we shall not

apologise for closing this part of our observations with Smeaton's remarks upon a species of

worm which he found in Bridlington piers. " This worm appears as a small wliite soft

substance, much like a maggot ; so small as not to be seen distinctly without a magnifying
glass, and even then a distinction of its parts is not easily made out. It does not attempt
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to make its way through the wood longitiidhially, or along the grain, as is the case witli

the common ship worm, but directly, or obliquely, inward. Neither does it appear to make
its way by means of any hard tools or instruments, but rather by some species of dissolvent

Ii(]uor furnished by the juices of the animal itself The rate of progression is, that a three

inch oak plank will be destroyed in eight years by action from the outside only." For re-

sisting the effects of these worms, Smeaton recommends the piles to be squared, to be fitted

as closely as possible together, and to fill all openings with tar and oakum, to make the

face smooth, and cover it with sheathing.

1744. The destructive eflects of the white ant are so little known here, that it is unne-
cessary to make further mention of them, than that in India they are the most inveterate

enemies with which timber has to contend. From Young's Annals we extract the following

curious statement of experiments made upon inch and a half planks, from trees of thirty to

forty-five years' growth, after an exposure of ten years to the weather.

Cedar was perfectly sound. Chesnut, very sound.

Larch, sap quite decayed, but the heart, Abele, sound,

sound Beech, ditto.

Spruce fir, sound. AValnut, decayed.

Silver fir, in decay. Sycamore, considerably decayed.
Scotch fir, much decayed. Birch, worthless.

Pinaster, in a perfectly rotten state.

Whence we may be led to some inference of the value of different sorts of timber in

resisting weathor ; though we must not be altogether guided by the above table, inasmuch
as it is well known that the soil on which timber is grown much increases or deteriorates

Its value, and that split timber is more durable and stronger than that which is sawn, from
the circumstance of the fibres, on account of their continuity, resisting by means of

tlieir longitudinal strength ; whereas when severed by the saw, the resistance depends more
on the lateral cohesion of the fibres. Hence whole trees are invariably stronger than spe-

cimens, unless these be particularly well selected, and of a straight and even grain ; but in

practice the results of experiments are on this account the more useful.

DECAT OF TIMBER.

1745. If timber, whatever its species, be well seasoned, and be not exposed to alternate

dryness and moisture, its durability is great, though from time it is known to lose its

elastic and cohesive powers, and to become brittle if constantly dry. On this account it

is unfit, after a certain period, to be subjected to variable strains ; however, in a quiescent

Biate it might endure for centuries. Dryness will, if carried to excess, produce this cate-

gory. The mere moisture it absorbs from the air in dry weather is not siithcient to impair
its durability. So, also, timber continually exposed to moisture is found to retain for a

very long period its pristine strength. Heat with moisture is extremely injurious to it,

and is in most cases productive of rot, whereof two kinds are the curse of the builder, the

tfi.t and the dri/ rot, though perhaps there be but little difference between the two. They
appear to be produced by the same causes, excepting that the freedom of evaporation de-

termines the former, and an imperfect evaporation the latter. In both cases the timber is

affected by a fungus-like parasite, beginning with a species of mildew ; but how this fungus
is generated is still a vcxata qucestio ; all we know is, that its vegetation is so rapid, that

often before it has arrived at its height, a building is ruined. From our inquiries on the

Continent, we believe the disease does not occur to the extent that it does in this country ; a

<act which we are inclined, perhaps erroneously, to attribute to the use of the timberof the

country, instead of imported timber. Our opinion may be fanciful, but there are many
grounds on which we think that is not altogether the case. Our notion is, that our im-
ported timber is infected with the seeds of decay long before its arrival here (we speak of

fir more especially), and that the comparative warmth and moisture of the climate bring

more effectually the causes of decay into action, especially where the situation is close and
confined. Warmth is, doubtless, known to be a great agent in the dry rot, and most espe-

cially when moisture co-operates with it, for in warm cellars and other close and confined

situations, where the vapour which feeds the disease is not altered by a constant change
of air, the timbers are soon destroyed, and become perfectly decomposed.

1746. The lime, and more especially the damp brickwork, which leceive tiie timbers of

a new building, are great c:mses of decay to the ends of them; but we do not think that

the regulations of the 19 Car. II. cap. 3., wliicli directed tlie builders after the tire rf

I^ondon, to bed the ends of their giiders and joists in lo^m instead of mortar, would, if

followed out in tlie present day, be at all eftlctive in preventing the decay incident to tlie

ends of timbtrs. Timber, in a perfectly dry state, does not appear to be injured by dry
lime ; and indeed, lime is known to be etfeitual in tlie protection of wood again>t worms.
Timber in contact with masonry is constantly found to decay, when the other parts of the
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beam have been sound. Tliis will be entirely obviiiteil by inserting the wood in an iron

shoe, or by placing a thin piece of iron betwixt the wood and the stone. Cases are known

in which the iron siioe appeared to have proved a complete protection against dry rot and

decay ; a hard crust being formed on the timber in contact with the metal. The system of

grouting must contribute to the early decay of wiod bond; but at Manchester, where it

was used very generally, it appeared to answer well, for the higii temperature kept up in

the buildings may cause tlie walls to dry very soon. Sea-sand, used for outside and in-

side purposes, in a spirit of economy, soon shows the result by inducing the appearance of

rot in timber. Wood laid in sandy soil is well preserved, as was found to be the case in

the specimens lately dug up at Birkenhead from depths varying from 8 feet to 3;.' I'eet

;

tiiey were c;msidered to have been buried for centuries.

1747, Notliing is more injurious to the floors of a building than covering them witli

painted floorcloth, which entirely prevents the access of atmospheric air, whence the damp-

ness of the boards never evaporates ; and it is well known that oak and fir posts have been

brought into premature decay by painting them before their moisture had evapoiated
;

whilst in the timber and pewing of old churches, which have never been painted, we sie

them sound after the lapse of centuries. Semple, in iiis Tri-atise on Building in Water,

notices an instance of some field gates made of the fir of the place, part whereof, near tlie

mansion, were painted, and had become rotten, while those more distant frum the mansion,

which had never b^-en painted, were (juite sound.

1747a. According to Baron Liebig, the decay of wood takes place in the three

following modes:— I. The oxygen in the atmosphere combines with the hydrogen ot*

the fibrc"^ and the oxygen unites with the portion of carbon of the fibre, and evapo-

rates as carbo.ue acid; this jirocess is called decomposition. II. The actual deiay

of the wood which takes place when it is brought in contact with rotting substances. And

III. The inner decomposition of the wood in itself, by losing its carbjn forming carbonic

acid gas, and the fibre under the infiuence of the latter is changed into white dust ;
this is

called putrefaction,
PREVENTION OF DECAY'.

174-8. After timber is felled, the best method of preventing decay is the immediate re-

moval of it to a dry situation, where it should be stacked in such a manner as to secure

a free circulation of air round it, but without exposure to the sun and wind, and it should

be rough squared as soon as possible. When thoroughly seasoned before cutting it into

scantlings it is less liable to warp and twist in drying. The ground about its place of de-

posit should be dry and perfectly drained, so that no vegetation may rise on it. Hence

a timber yard should be strewed with ashes, or the scales from a foundry or forge, which

supi)ly an admirable antidote to all vegetation. It is thought that the more gradually

timber is seasoned the greater its dur.ib.lity ; and as a general rule, it may be stated, that

it should not be used till a period of at least two years from its being felled, and tor joiners'

work at least four years. Much, however, is dejiendent on the size of tlie pieces.
_
By some,

water seasoning has been recommended ; by others the steaming and boiling it ; smoke-

drying, charriiig. and scorching have alsj been recommended. Tlie latter is, pcrliaps, the

best tb'r piles aiid other })iecos tiiat are to stand in tlie water or in the ground. It was prac-

tised by the ancients, and is still in use generally for the posts of park paling and the like.

1749. In Norway the deal jilanks are seasoned i)y laying them in salt water for three or

four days, when newly s .wed, and then drying them iu the sun, a process which is con-

sidered to be attende,! wiih advantage ; but it does not prevent their shrinking. Mr. Evelyn

recommends the water seasoning for fir.

1749a. The effectual seasoning obtained by Davison and Symington's patent process ot

forcing heated air in a continued current through timber under pressure, effectually dries

it, and coagulates the allmmen. The timbers for the flooring of the Coal Exchange at

London have been s) treated, and show no signs of shrinkage. The wood was taken in its

natural state, and in less tlian ten days it was thoroughly seasoned ; in some cases from 10

to 48 per cent of moisture was taken out of it. The air when heated to about 110° or 120°

is sent through the timber at a rate of about 'IS miles per hour ;
the heat being regulated

according to the quality of the timber. Honduras mahogany exposed to a heat of 300°,

would have the whole of the moisture taken from it in 48 hours. This process, however,

sometimes splits the timber. Out of a hundred specimens of wood exjierimented upon,

varying from one inch to twelve inches square, nut one of them split : even some openings

which were visible iiefore the process was applied, were found to he closer after it. Perhaps

9 inches square is the limit to which the operation can be successfully applied.

1750. Notwithstanding, however, all care in seasoning, when timber is employed in a

damp situation it soon decays ; and one of the principal remedies against that is good

drainage, without which no precautions will avail. It is most important to take care that

earth stiould not lie in contact with the walls of a building, for the damp is cpiickly coin-

municated, in that case, by their means to the ends of timliers, and rot soon follows. No

expedient to guard against this contingency is so good as what are called air drains.

I
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1751. Wlien the carcass of a building is complete, it slioiild be left as long as possible

to di
J',

and to allow to tlie t inbers what may be ciillfd a second seasoning. Tlie modern

practice of finishing buildings in the quickest possible period, has contribi.tid more to dry

rot than perhaps any other cause; and tor this the architect lias been blamed instead of liiy

employer, whose object is generally to realize letting or to enjoy occupation of tl.em as

early as possible. After the walls and timbers of a building are once thoroughly dry. all

means should be employed to exclude an accession of moisture, and delay is then i)rejudicial.

1752 Among the many inventions to ])rescrve wood from dic ly, those of England have

proved the most successful. In 17:57 a patent was granted to Mr. Emerson to prepare

timber with hot oil. This w<is followed by various recommendations early in the jjresent

century ; those of later date consist of: — I. Kyan's process, 1832, who steeped the timber

in a solution oi bichloride of mercury, known as corrosive sublimate {par, 1742.) It appears

to penetrate fir less than some other woods ( Faraday). The wood thus treated becomes ot*

less specific gravity, less flexibility, and more brittle. II. Sir William Burnett's patent of

1836, was for using the chloride of zinc. III. jNI. Bri'ant in 1837 suggested sulpliate of

iron, whicli was found not to alter the qualities of the timber as did the corrosive sublimate.

IV. M-irgary's patent, 1837, is for steeping timber in a solution made of one pound of

Bulphate of copper with eight gallons of water. Wood impregnated with suljiiiate of

co))per (blue vitriol) will not last longer in sea water than any other wood. But wood so

treated will last longer in the soil tlian if either tarred or charred. Its application for the

])revention of rot is beneficial, and it miglit be used wliere not expostd to the action

of water, on account cf the solubility of the salts. The proportion of the sulpliate should

be one jiound to four gallons of water ; we have also met with the proportion of one pound
to two gallons ;

perhiips the strongest is the best {pur. 17526.) V. Payne, 1841, patented

a system for using two solutions; first, sulphate of iron, wliich would form an oxide of

iron in the cells ; and secondly, carbonate of soda : some very good results were obtained,

but the process must be done under pressure and with the greatest care.

1752a. VI. Bethell's ))atent, 1838, consists in the injection of oil of tar, containing crea-

sote and a crude solution of acetate of iron, Co.nmonly called pyrolignite of iron, after the

air in the wood has been extracted. This process is etiective to a great extent, and full

))artieulars are given by G. II. Burnell in his paper read belbre the Society of Arts 1860,

from which we have been quoting. It, however, can only be recommended for railways

and other large works ; the offensive smell and increased danger by fire should deter

its use in lious* building. In the best creasoting works, the oil is injected at a ti-mperature

of 120° and under a pressure of 150 lbs. on tlie square inch, so that ordmary fir timber

absorbs 10 lbs. weight of the creasote per cubic foot; the wood should be weighed to

ascertain that it did absorb that quantity. For all engineering purjjoscs, fir timber thus

treated is far more durable than the best oak, teak, or otlier hard woods, and the cost of

the operation is very smull. Timber which has just been taken out of water contains .so

large a quantity that it resists the entrance of the oil ; imless time, therefore, be given for

it to be first dried, it would necessarily be badly prepared.

17526. VII. Dorsett and Blvtlie, 1863, ])atented the injection of heated solutions of

sulphate of copper {par. 1752, I V. ), a process said to have been iidoi)ted by Fienth, Spanish,

Italian, and otlier railway companies. Amongst its advantages, thi-y state that wood so

jirepared is rendered to a great extent incombustible ; and that for out-door purposes it has

a clean yellowisii surface, without odour, requires no painting, remaining unchanged
for any length of time.

1752c. Experience of the English processes shows that creasoting is the most generally successful ; the
application of the sulphate ot copper is satisfactory in many cases ; while the other processes, although
no doubt of occasional value, have been practically abandoned. They all depend for their success upon
the skilful and conscientious manner in which the. are applied ; for as they involve chemical actions on
a large scale, their efBciency must depend upon the observation of the minute practical precautions
required to exclude any disturbing causes.

\'52d. Carbolineum Avenarius is said (1887) to be an efficient preservative of wood against all external
and internal injurious infliienc. s, driving the moisture out of it by making it impervious to damp, and
is stated to be a preservative against the attack of white ants in hot cUmat^ s. Being thin and liquid it

soaks into the wood readily. One gallon will cover from 30 to 50 square yards.

1753. It is no easy matter to cure the dry rot wliere it has once taken root. If it be
found necessary to substitute new limbers for oldoms, every particle of the fungus, known
as the 3Ieraliits lacrymans, must be removed from the neighbourhood of such new timbers.
After scraping it from the adjoining walls and timbers, perliaps no better application than
one of the washes above mentioned can be employed. Aljout 300° of heat would effect

the same purpose, but this is difficult in application. Coal tar has been found useful, but
its odour, arising at a moderate degree of heat, is an objection to its use. A weak solution
of vitriolic acid with water will generally stop the rot if it have not gone too far. Pyro-
ligneous acid is recommended for preventing the spreading of the disease. Tlie i)recautions

indicated above for the prevention of decay, although not always successful, must be deemed
preferable to the application of after remedies.
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Sect. V,

IRON.

1 754. Iron is a metal founa in ahnost all parts of the worla, and though not mentioned

by Homer, and hence, we may suppose, in his time extremely scarce, it is now more abim-

dant than any of the other metals, and is, at the same time, the most useful. Although, witli

the exception of tin, it is the lightest of all metals ; yet it is, when pure, very malleable and

extremely hard. Its malleability is increased by heat, whereas most other metals, as they

are heated, become more brittle. It is the only known substance whereon the loadstone

acts, and its specific gravity to water is as 7632 to 1000.

1 755. The iron manufactured in Great Britain is obtained from three species of the ore.

The Lancashire, which is very heavy, fibrous in texture, and of a dark purple colour in-

clining to black, and lodged in veins. The Bog ore, which has the appearance of a deep

yellow clay, and is found in strata of from twelve to twenty inches in thickness. And
lastly. Iron stones, of an irregular shape, frequently in beds of large extent, similar to other

stony masses, and often intersected with seams of pit coal. It is principally from the argil-

laceous ore or clay iron-stone that iron is extracted in this country.

1 756. After raising, the ores are selected and separated as much as possible from hetero-

geneous substances. They are then roasted in large heaps in the open air, for the purpose

as well of freeing them from the arsenic and sulphur they contain as to render them friable

or easy of reduction to a powder. The roasting is performed by means of bituminous

coal, and the result is a substance full of fissures, friable, and a deprivation of all vitreous

lustre. After this it is transferred to the crushing mill for complete pulverization,

whence it is carried to the smelting furnace for conversion into iron. Herein it undergoes

two separate processes : first, the reduction of the oxide to a metallic state ; second, the

separation of the earthy particles in the form of scoria. These operations are conducted by

submitting the ore, ordinarily mixed with certain fluxes, to the action of carbon at a very

high temperature, in what are called blast furnaces, which vary in height from twelve to

sixty feet, and are of the form of truncated cones, sometimes however of pyramids,
terminating usually in cylindrical chimneys, whose internal diameter is from four to six

feet. Tlie interior of these furnaces is usually of a cylindrical form, whose internal dia-

meter is from four to six feet. Tlieir cavity is usually of a circular form, except at the

crucible or hearth, where it becomes a right rectangular prism, oblong in a direction

perpendicular to the blast orifices or tuyeres of the bellows. The sides of the crucible are

most commonly formed of gritstone. The hashes, which are in the form of an inverted quad-
rangular pyramid approiching a prismatic shape, are placed above the crucible, and al)ove

them rises the conical body of the furnace, which is lined with fire-bricks, and, in ascending,

is conti acted similarly to the narrow end of an egg, until it terminates in the chimney. The
furnace is of course constructed in the most solid manner, and strengthened by iron bands
and bars. Tlie bellows employed are mostly of a cylindrical form, and their pistons worked
either by water or steam. The blast holes, which are in the upper part of the crucible, and
frequently placed on opposite sides, but so that the t\vo opposite currents may not impinge
upon one another, are two in number. Openings arc provided at the lower part of the

crucible for the discharge of the metal and scoria, and are kept stopped by clay and sand
upon the exterior when the furnace is in operation. Tiie reduction is commenced by gradually

heating up the furnace until capable of being entirely filled with fuel, and then, as its

emtents begin to sink, alternate changes of ore, mingled withjliix, and of charcoal and coke,
are added. The blast is now let on, and the metal in the ore, parting with its oxygen,
flows by degrees, subsiding to the bottom of the crucible, covered with a melted slar/, which
is occasionally let off by removing the clay from one or more, if necessary, apertures in the

crucible; and on the bottom of the furnace becoming filled with the metal, which gene-

rally occurs after nine to twelve hours, the iron itself is discharged by one of these openings
into a fosse of sand mixed with clay. When the iron has flowed out the aperture is again
closed, and by this method the furnace is kept in constant action.

1757. Limestone of the best quality is employed as a flux to assist the fusion of the

ore, which it accomplishes by vitrefying the earths wherewith it is mixed up with the oxide

of iron. The iron when run out from the blast furnace in the state of cast iron is far

from being in a pure state, having a coarse grain, and being brittle. In its conversion to

bar iron, it undergoes one of the two following processes, as charcoal or coke may be em-
ployed. In the former case a furnace much resembling a smith's hearth is used, having a

sloping cavity sunk from ten to twelve inches below the blast pipe. After the cavity has

been filled with charcoal and scoria, a pig of cast iron, well covered with hot fuel, is placed

opposite the blast pipe. The blast being introduced, the pig of iron lying in the very

hottest part soon begins to melt, and runs down into the cavity below, where, being out of

the influence of the blast, it becomes solid, and is replaced in its former position, and tiic

I
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ravity is again filled with charcoal. It is there agMJii fused, and so on a third time, all

these processes heing accomplisiu-d in three or four lioiirs. 'J'he iron, tlius again solid, is

taken out, and very slightly hammered, to free it from tiie attached scoria ; after this it

is returned to the furnace, in a corner whereof it is stacked, out of the action of tlie blast,

and well covered with charcoal, where it remains gradually to cool until sufficiently com-
liact to bear the tilt or trip hammer (to be s/iim//ed, to force out the cinders), which is moved
by macliinery, and wliose weight is from 600 to 1200 lbs. Thus it is beaten till the
scorise are forced out. and the particles < f iron weldid together, when it is divided into
several portions, which by rejieated heating and hammering are drawn into bars, in which
state it is ready for sale.

1758. There are various melhods of procuring tlie blast; the first, and most ancient, ig

by means of bellows; the latest, which has bien found in tlie mining districts to be a con-
trivance of great imi)ortancc, is the jilacing a series of vanes attached to an axis, which,
by machinery, are made to revolve in a box with greit rapidity. A pipe passing from the
outside of the box to the furnace conveys the air to it as the vanes revolve, a new portion
continually entering by a hole at the axis. The air thus driven through at its natural
temperature constitutes a cold blast in contradistinction to air heated by artificial means or
fiot ila t. This latter system was discovered by J. 13. Neilson, of Glasgow, about the
year 1826 ; his patent expired in 1845!. At the jiresent day air is fjrced into the furnaces
at a temperature of 600°, and even of 800° Fahr., although at the commencement it was
rarely used above .S00°. The irons obtained from the former process are considered to be
tougher and stronger than those obtained from the latter process, and present a closer
texture and a smaller crystallization than the latter irons. The Blaenavon, Coed Talon,
Lowmoor, and Muirkirk irons are amongst tlie most esteemed varieties. Perhaps it may
be laid down as a general principle that wliere pig-iron is remelte i with coke in the cui)ola
furnace, for the purposes of the irnnfounder, or refined with coke in the conversion of

forge pig into bar iron, it is of little consequence whether the reduction of the ore has
been effected with the hot or the cold blast ; but where large castings have to be run
directly from the smelting furnace, the quality of the metal will, no doubt, suffer from the
use of the hot blast.

1759. The proportion of pig or cast iron from a given quantity of ore varies as the dif.

ference in the metallic contents of different parcels of ore and other circumstances, but tlift

quantity of bar obtained from pig iron is not valued at more than 20 per cent.

1 760. The other process for manufacturing bar iron, which is that chiefly employed in

this country, is conducted in reverberatory furnaces, usually caWtiA puddling furnaces. The
operation begins with the fusion of the cast iron in refinery furnaces, like the one above
described. When the iron is fully melted, a tap-hole is opened in the crucible, and the

metal and slag flow out together into a fosse covered with clay well mixed with water, by
which a coating is formed that prevents the metal from sticking to tne ground. The finer

metal forms a slab about ten feet long, three feet broad, and from two to two and a half inches

in thickness. For the purpose of slightly oxidizing it, and to make it brittle, it is much
sprinkled over with cold water. In this part of the process it loses in weight from 1

2

to 17 per cent. After this, it is broken up into pieces, and placed on the hearth of a re-

verberatory furnace, in portions heaped up to its sides in piles which rise nearly to the

roof, leaving a space open in the middle to give room for puddling the metal as it flows

down in streams. When the heat of the furnace has brought it to a pasty state, the tem-
perature is reduced, a little water being sometimes thrown on the melted mass. The semi-
liquid metal is stirred up by the workman with his puddle, during which it swells, and
parts with a large quantity of oxide of iron, which burns with a blue flame, so that the

mass appears ignited. As it refines, the metal becomes less fusible, or, as the workmen say,

it begins to dry. The puddling goes on until the whole charge assumes the form of an in-

coherent sand, when the temperature is gradually increased to give it a red white heat, at

which period the particles begin to agglutinate, and the charge, in technical language,

works heavy. The refining is now considered finished, and the metal has only to be formed
into balls, and condensed under the rolling cylinder. From this state it is brought into

mill bar iron. After this last operation, several pieces are welded together, from which it

acquires ductility, uniformity, and cohesion. A lateral welding of four pieces together

now follows, and the mass passes through a series of cylinders as in the first case, and
becomes English bar-iron.

1761. The lamination of iron into sheets is by a refinery furnace, with a charcoal instead

of a coke fire.

1762. Malleable iron is often obtained from the ores directly, by one fusion, if the me-
tallic oxide be not too much mixed with foreign substances. It is a mode of working
miich,,more economical than that above described, and from the circumstance of its having
been long known and used in Catalonia, it is known by the name of the method of the Cala-

loaiau forge. The furnace employed is similar to the refiner's forge already described.

The crucible is a kind of semicircular or oblong basin, eighteen inches in diameter, and
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i'i>;lit or ten in (le])tli, cxcavatucl in an area, or small elevation of ir.asonry, eiglit or ten fet't

loiig, by five or six broad, and covered in with a chimney. The tuyere is placed Kve or sik

inciies above the basin, inclining a little downwards, and the blast is received fiom a water

blowing machine. The first step consists in expelling the water combined with the oxide,

as well as the sulphur and arsenic when these are present. This, as usual, is done by
roasting in the open air, after which it is reduced to a tolerably fine powder, and thrown at

intervals by shovels-full upon the charcoal fire of the forge hearth, the sides and bottom of

tbe l)asin being previously lined with brasfjues (coats of pounded charcoal). It gradually

softens and unites into lumps more or less coherent, which finally melt and accumulate in

the bottom of the crucible or basin. A thin slag is occasionally let off from tiie upper

surface of the melted metal in the basin through holes which can be closetl and opened at

*he discretion of the workman. The melted iron preserves a pasty condition Dwing to the

heat communicated from above. When a mass sufficiently great has accumulated, it is re-

..noved, put under the hammer, and forged at once. A lump, or bloom, of malleable iron

is thus produced in the space of three or four hours. Four workmen are employed at (»ne

forge, and by being relieved every six hours, they are enabled to make 86 cwt. of iron per

week. In the C'atalonian forge, 100 1I)S. of iron are obtained from 300 lbs. of ore (a mix-

ture of sparry iron, or carbonate and hematite), and 310 lbs. of charcoal, being a produce

of 33 jier cent.

1763. A visit to some of the iron districts is necessary fully to undi.'rstand the processes

we have above shortly discribed ; but the founding of iron may be well enoiigli observi d

in tlie metropolis, though not on so large a scale as in some of the provinces. A succinct

description, however, is given under the heading Foundry, Chap. HI. Sec. xi.

llC-i. We here subjoin a summary of the modern observations on iron (collected from

various authorities) us given in Rankine's Civ.l Eyigineering. The metallic products of the

iron manufacture are of three kinds: I. Mai.leakle or wrought iron; II. Cast iron;

and III. SxtEL : both the latter being certain compounds of iron with carbon. Some
investigators affirm that nitrogen is one of the essential constituents of steel, but this

requires confirmation. The strength and other good qualities of tiiese products depend
mainly on the absence of impurities, and especially of certain substances which are knoivn

to cause 1)1 ittleness and weakness, of which tlie must important are sulphur, piiosphorus,

silicon, calcium, and magnesium. Sulphur, and (according to Mushet) calcium, and
prol)al)]y also magnesium, make iron what is termed red shmt, ihat is, brittle at higli tem-

peratures. Phosphorus and (according to Mushet) silicon make it culd shoit, that is,

brittle at low temperatures. Tliese are both serious imperfections, but the latter is the

worst defect.

176'Io. Wrought or maixeaele iron in its perfect condition is pure, or nearly pure,

iron ; its strength is in general greater or less according to tlie gi cater or less purity of the

ore and fuel employed in its manufacture. MalLablu iron is distinguished by the i)roperty

oi' wtlling. Two pieces, if raised nearly to a white heat and pressed or hammered firmly

togeilier, adhering so as to form one piece. It is essential that the surfaces to be welded

should be perfectly clean and free from ox de of iron, cinder, and all foreign matter.

Where several bars are to be faggoted or rolled into one, they require careful piling, so

as to ensure the pressure exerted by the hammer or the rollers being transmitted

through the whole mass ; otherwise the finished bar or piece may show flaws marking the

divisions between the bars of the pile. Wrought iron, althougli it is at first made
more compact and strong by rehialing and hammering, or otherwise working it, soon

reaches a maximum strength, after which all reheating and working rapidly makes it

weaker. Good har iron has in general attained its maximum strength, and therefore, in

all operations of forging it, the desired size and figure ought to be given to it with the

least possible amount of reheating and working, in large forgings, the tenacity is oidy

about three fourths of that of the bars fr^m which the forgings were made, and sometimes

even less.

17G4/>. It is still a matter of dispute to what extent and under what circumstances

wrought iron loses its fibrous structure and toughness, and becomes crystalline and

brittle. By some authorities it is assertid that all shocks and vibrations tend to produce

that change ; others maintain that only sharp sliocks and vibrations do so; and others

that no such change takes place ; but that the same piece of iron which shows a fibrous

fracture, if graduallg brukeu by a steady load, will show a irystallii.e fracture, if suddeiilif

broken hy a. ; harp \i\ovf. It is certain, at all events, that iron, whether cast or wrought,

ought to be as little as possible exposed to sharp blows and rattling vibrations. Kirkaldy,

Wrouiilit Iron and Stetl, 1863, p. 52, and in his concluding observations (p. 92), states

further, that " the appearance of iron may be changed from fibrous to crystalline by merely

altering the shape of the specimen so as to rend'jr it more liable to snap," and that " iruii is

less liable to snap the more it is worked and rolled. In the fibrous fractures the threads

are drawn out, and are viewed externally, whilst m the crystalline fractures the threads are

«jiapped across in clusters, and are\iewcd externally or sectioiial'y, In the Litter ca es
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the fracture of the specimen is always at riglit angles to the length ; in the former it is

more or less irregular."

1764c. Tlie continuity vj the fibres near the surface should be as little interrupted as

possible. For example, projections formed out of a block bj- turning, rolling, and i)ain-

muring, were liroken off by blows with a 6 lb. hammer, witli the first, fiftli, and eigiith

blows respectively (Itankine, Proceedings of I/rsl. of Civil Engineers, 1S43). In iron

work which is to sustain shocks and vibrations abrupt variations of dimensions and angular

(igures must be avoided as much as possible, especially those with reentering angles ; for

ft those points fractures are apt to commence. Jf two parts of a beam are to be of

diH'erent tiiicknesses, tiiey should be conneittd liy means of curved surfaces.

\~G4d. 'I'lie fibres of wrouglit iron are always an indication of its strength, but in the

ajjplication of such iron we are to be cautious. If tlie iron be impure in its elements, or

has been badly worked, it may be very fibrous an;l also strong, but in exposing it to a

welding heat it loses all its fibre, and is converted into l)rittle granuletted iron. Tliis

happens frequently with yniddled iron and sometimes with charcoal iron. It follows,

therefore, that iron whicli does not retain its fibre after receiving a welding heat is not to

be trusted. Only good cliarcoal iron should be used where strength is required, in case

any smithing is to be done to the iron before it is put to use. Wiiere iron is exposed to

heat, the very purest and best kinds only should be used : with constant licat, even of low

temperature, wrought iron, if not very pure, becomes grmiulaled. Very fibrous puddled

iron may carry 80,000 lbs. per inch s(juare, when newly made, but it may in a short time

be converted into granular iron, and reduced to 20,000 lbs., and he infcj ior in strength to

east iron. Wiiere this change in the iron would l)e detrimental to the work steel should

be substituted, as its strength is not impaired l)y any degree of heat btyond a red heat.

I7G4e. 'I'lie quality of iron for boiler plates must l)e attended to from the first stag«.j

of its mmufacture from the ore, which should be of goud qu ilit\ : even then it may be

spoiled in the furnaces. Abjve all things, states Overman, (whom we are now quoting),

hot l)last ought to be excluded in these cases; it ought to be a criminal offence to

employ iiot blast iron for boiler plates. Iron may be fibrous, and when cold very tena-

cious; but the test consists in heating it red hot and cooling it in cold water. If it con-

tinues tenacious it may be considered good ; if not it is bad, and u.ifit for boiler plate.

1764/. Strength and toughness in bar iron are indicated by a fine, close, and unilbn.i

fibrous structure, free from all appearance of crystallization, with a clear bluish grey

culuur, and a silky lustre on a torn surface where tKe fibres are shown. I'l te iron of the

best kind consists of alternate layers of fibres crossing eaeli other, and ought to be nearly

of the same tenacity in all directions. The breaking strain and contraction of area of

puddled sleel fjlati s. as in iron plates, are greater in the direction in which they are rolled;

wliereas in cast steel they arj Lss. (Kirkaldy )

1765. Cast iro.v is the product of the process of smelting iron ores. The total quantity

of carbon in pig iron ranges from 2 to 5 per cent, of its weiglit. Different kinds of
|
ig

iron are produced from the same ore in tiie same furnace, under diHerent circumstances as

to temperature and quantity of fuel. A high temperature and a large (]ua:.tity of fuel

produce gieg cast iron, which is further distinguislied into Nos. 1, 2, and 3, and so on
;

No. 1 being that jiroduced at the highest temperature. A low temperature and a de-

ficiency of fuel produce w/dte cast iron. Creg cast iron is of difibrei.t shades of lluish

grey in colour, granular in texture, softer and more easily fusible than u/iite cast iron,

which latter is silvery white, eiiher granular or crystalline, comparatively difficult to melt,

brittle, and excessively haid. It appears that the differences between these kinds of irons

de|)end on tiie proportions of carbon in them. Thus gng cast iron contains 1 per cent.,

and sometimes less, of carbon in chemical combination witli the iron, and from 1 to 3 or

4 per cent, of carbon in the state of plumbago in meclianieal mixture; while w/iite cast

iron is a homogeneous chemical compound of iron with from 2 to 4 per cent, of carbon.

Of the different kinds ofgieg cast iron, No 1 contains the greatest proportion of plumbago
(which renders iron comparatively weak and jdiable). No. 2 the next, and so on.

1 765a. There are two kinds of w/iite cast iron, the granular and the crystalline. The gran-

ular sort can he converted into ^rf)/ cast iron by fusion and slow cooling. Crev cast iron can

be converted into granular wliite cast iron by fusion and sudden cooling. 'Ihis takes place

most readily in the best iron. Crystalline while cast iron is liarder and more i)rittle tiian

granular, and is not capable of conversion into giei/ cast iron i)y fusion ai.d slow cooling.

It is said to contain more carbon than granular v/iite cast iron , but the exact diflerence

in their chemical composition is not yet known. Greg cast iron No. 1 is the most easily

fusible, and produces the finest and most accuiatc castings; but it is deficient in hardness

and strength.

17C>5b. The order of strength of cast iron among different kinds from the same ore and

fuel is as follows.— Granular white cast iron, greg cast iron No. 3, No. 2, and No. I.

Crystalline white cast iron is not introduced into this classification, because its extreme

britthniess makes it unfit for use in cngir.eering structures. Granular w/iite cast iron also,
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altlioii^rli stronger ami liartler tlian grey cast iron, is too brittle to be a safe material for the

entire mass ol'any })irclci-, or otiier large piece of a structure. It is used to form a bard

and impenetrable i-ltiu to a piece of gret/ cast iron by tbe process called (hillnni. 'Ihis

consists in lining the portion of the mould where a hardened surface is rL'cjui'ed witii

suitably shaped pieces of iron. Tbe melted metal, on being run in, is cooK d and soliditied

suddenly where it touches tiie cold iron; and for a certain depth from the chilled surface,

varying from about ^ to ^ inch in different kinds of iron, it lakes the while gr inulur con-

dition, while the remainder of the casting takes the grey condition. Even in castings

which are not chilled by an iron lining to tiie mould, the outermost layer, being cooled

more rapidly tlian the interior, approaches more nearly to the white condiiion, and forms

a skin harder and stronger than the rest of tbe casting. The best kinds of cast iron for

large structiu-es are No. 2 and No. fi ; because beiirg stronger tl-.an No. 1, and softer aiul

more flexible than white cast iron, they combine strength and pliability in the manuLP
which is best suited for safely bearing loads tliat are in motion. A st'ong kind of cast

iron called toughened cast iron, is produced by the process, inventjd by Morries Stirling, of

adding to the cast iron, and melting amongst it, from one-fourth to one-seventh of its

weight of wrought iron scrap.

1766. Soft grey c;ist iron is the best sort ; it yields easily to the fde when the extjri\al

crust is removed, and is slightly malleable in a cold state. It is, however, more subject

to rust than the wiiite cast iron, which sort is also less soluble in acids. Grev c ist iron h-.-.s

a granulated fracture with some metallc lustre. White cast iron in a recent fracture has

a white and radiated appearance, indicating a crystalline structure.

1767. Cast iron, when at a certain degree of heat, may be cut like a piece of wood with
a common saw. This discovery was announced in a letter from M. IJunford, director of
the iron works at IMontalaire, to M. d'Arcet, and published in the Annnlts de Chimie.
The experiment was tried in 1813 by a gentleman of the Philosophical Society at Glas"^ow,
who with the greatest ease cut a bar of cast iron, previously heated to a cbenv-red, with a
common carpenter's saw, in the course of less than two minutes. The saw was not in the
least injured by the operation.

1768. The security afforded !)y iron for supporting weight, and against fire, has, of late

jears, very much increased the use of it, and may in many cases entirely su])ersede the
employment of timber. Again, it is valuable from its being not liable to sudden decay, nor
soon destroyed by wear and tear, and, above all, from its plasticity.

STEEL,

1769. Stet4, the hardest of the metals and the strongest of known substances, is a
compound of iron with from 0'3 to 1 5 per cent, of its wiight of carbon. 'J'liese,

according to most authorities, as noticed by Kankiue, are the only esseniial constituents of
stiel. Impurities of dillerent kinds affect steel injuriously in the same way as with
iron. A very small part of its weight, rru^ri^''- of silicon cau-.cs steel to cool and solidify

without bubbling or agitation ; a larger proportion would make the steel brittle. Man-
ganese improves the steel by increasing its toughness, and making it easier to weld and
forge.

17fi9a. The term steely iron, or semi steel may be a)-plied to compounds of iron with
less than 05 per cent, of carbon. They are intermediate in hardness and other ])roper;ii.s

between steel and malleable iron. In general, such compounds are the harder and the

^stronger, and also the more easily fusible, tlie more carbon they cont lin ; those sorts whieh
contain less carbon, though weaker, are more easily welded and forged, and from tlieir

greater pliability are the (itter for strirctures that are exposed to shocks.

1769/'. Steel is distinguished by the property of tjiiipeii/ig, tjiat is to say, it can be
hardened by sudden cooling from a high teni|)erature, and softened by gradual cooling ;

and its degree of hardness or softness can be regulated with precision by suiiably fixing

that temperature. The elevat'on of temperature previous to the amiealiiig or gradual
cooling is produced by plunging steel into a bath of a fusible metallic alloy, ranging from
•430^ to 560° Fahr.

1770. Steel is made by various processes which have of late become vci-y numerous.
They may all be classed under two heads, viz., adding carbon to ipalleable iron, used in

making steel for cutting tools and other fine purposes ; the othir, ahstractiti'i carbon from
cast iron, used for making great masses of s'.eel and steely iron rapidly and at a moderate
expense. Among the processes are the following:

—

1771. I. Blister steel is made by cementation, by embedding bars of the purest wrorighi
iron in a layer of charcoal and subjecting them for several days to a high temperature. Each
bar absorbs carbon, and its surfacebecon.es converted into steel. Cementation may also l)e

pel formed by exposing tire surlace of the iron to a current of carburetted hydrogen gas at a



CiiAP. IT. IRON. 513

hiwh temperature. Cementalinn is also applied to tlie surfaces of articles of malleable iron

in order to give tliem a skin or coating of steel, and is called vntehnrdening.

177'i. II. >S'//e(t'- .s7ce/ is made by breaking bars of blister steel into lengths, faggoting

tiiem, and rolling them out at a welding heat; repeatl.ig tlie process until a near approach

to uniforniitv of composition and texture has been obtained. It is used for tools and

cutting implements.

1773. III. Cast .v^ee' is made by melting bars of blister steel with a small additional

quantity of carbon (in the form of coal tar), and some manganese. It is the purest, most

uniform, and strongest, steel, and is used for the finest cutting implements. Anotlier pro-

cess re(iuiring a higher temperature, is to melt bars of the purest malleable iron with man-

ganese and witii the whole (|unntity of carbon required in order to form steel. Tlie

quality as to hardness is regulated by the jiroportion of carbon. A sort of semi steel c>r

steely iron, made by this process and containing a small proportion of carbon only, is k.;owii

as homogeneous metal.

1774. IV. Steel made hy the air blast is produced from molten pig iron by Bessemer's

process, wherein the molten jiig iron, having been run into a suitable vessel or converter, has

jets of air,bK)wn into it tlirongh tubes as the liquid is poured in. The oxygen of the air

combines with the silicon and the carbon oi the pig iron, and in so doing jjioduces enough

of heat to keep tlie iron in a melted state till it is brought to the mMlltable condition ; it is

then run into large ingots, which are hammered and rolled in the usual way. About two

hours suthce to convert cold iron into pure steel.

1775. V. P«(W/e</ A-^ee/ is made by puddling pig iron, and stepping the process at the

instant when the proper quantity of carbon remains. The bloom is shingled and rolled

like bar iron. VI. Grunulaled steel, the inverition of Capt. Uchatius, is made by running

melted pig iron into a cistern of water over a wheel, wliich dashes it about so that it is

found at the bottom of the cistern in the form of grains or lumps of about the size of a hazel

nut.- These are imbedded in pulverized hamiatite oi sparry iron ore, and exposed to a heat

sufficient to cause part of the oxygen of the ore to combine with, and extract, the carbon

from the superficial layer of each of the lumps of iron, each of which is reduced to the con-

dition of malleable iron at the surface, while its heart continues in a state of cast iron. A
small additional quantity of miilleable iron is produced by the reduction of the ore. Tlie.se

ingiedienls being melted together produce steel.

1776. Kirkaldy observes that " Steel invariably presents, when fractured slowly, a silky

fibrous appearance. When fractured suddenly, the appearance is invariably granular ; in

which case also the fracture is always at right angles to the length. When the fracture is

fibrous, the angle diverges always more or less fiom 9U°. The granular appearance pre-

sented by steel suddenly fractured is nearly free of lustre, and unlike the bnillant crystal-

line apfiearance of iron suddenly fractured : the two combined in the same specimen aie

sliown in iron bolts partly converted into steel. Steel which previously broke with a silky

fibrous appearance is changetl into granidar l)y being hardened. Steel is reduced in

strength by being hardened in water, while the stiength is vastly increased by b^'ing

hiirdencd in oil. The increase of strength is greater the higher steel is heated (not being

burned) and so treated."

1777. " In a highly converted or hard steel the increase in strength and in hardness is

greater than in a less converted or soft steel. Steel plates hardened in oil and joined to-

gether with rivets are fully e(|u:d in strength to an unjointed soft plate ; or the loss of

strength by riveting is more than coimterbalanced by the increase in sirengtli by hardening

in oil. The most highly converted steel does not, as some may suppose, possess the greatest

density. In cast steel, the density is much greater than in puddied steel, which is even less

than in some of the superior descriptions of wrought iron."

1778. This subject may, ])erhaps, be considered of greater importance to the architect

and engineer, if those experienced scientific men be right, who predict that the time is

not far hence when there will be no such metals as either wrought or cast iron ; steel taking

the place of both for all practical purposes. As one instance among many, it has been

urged that the absolute strength of any cast iron girder may be doubled by tiie judicious use

of a very iev/ pounds of steel, costing but a trifle. {See 1632.)

Corrosion and Preseiviitlon of Iron.

1779. Cast iron will often last for a long time without ru.sting. if the skin l)e not injiu-cd,

which is coated with a film of the silicate of the protoxide of iron, produced by the action

of the sand of the mould on the iron. Chilled surfaces of castings are wiiliout tliis pro-

tection, and therefore rust more rapidly. The corrosion of iron is more rapid when partly

wet and partly dry, than when wholly unmersed in water or wholly exposed to tlie air. It

is accelerated by impurities in water, and espcci.il'y by the t'resence of decomposing organic

matter, or of free acids. It-is also accelerated by tne contact of the iron with any metnl

which is electro-negative relatively to the iron, or in other words, has less affinity for

oxygen, or with the rust of iron itself If two iiortioi>s of a mass of iron are in ditlerui.t

LL
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conditions, so tliat one has less aflinity for oxygen tlian the other, the contact of the former

makes the latter oxidate more rapidly. In general, hard and crystalline iron is less oxi-

dable than ductile and fibrous iron. Cast iron and steel decompose rajjidly in Wiirm or

impure sea water. The purest and the most malleable irons are the most easily attacked

hy sea water, v/ien itsed alone ; for it is to be observed that the fine grained, crystalline,

white and britile metal, wliich usually resists the action of air and water most succL'ssfully,

is also the most easily attacked by the dilute acids present in the woods so often used in

connection with iron in ship building, or in timber structures in s.a water. Tbe most
extreme care, and the greatest practical skill, are therefore recjuired in the s-lection of the

irons to be used in certain positions. To R. Mallet we are indebted for a valuable com-
munication to the Institute of Civil Enginei'rs in May 1840, On the Corrosion of Cast and
Wrought Iron in Water, under protected and unprotected states : an abstract is given in

the Civil Engineer Journal, iii. p. 424, from the Proceedings of the Institute.

1779a. In the Reports of the British Association, 1S4.3 and 18-19, Mallet, On Corron<in

of Iron, further states tliat iron kept constantly in a state of vibration oxidates less rapidly

tlian that which is at rest, 'i'hus the rails of a railway on which a constant traffic runs,

do not rust so quickly as those on which there may be no traffic.

17796. Spencer, Iron, its actire and inactive states, read before the Liverpool Polytechnic

Society, stated that '"It required a mixture of air and water, or what is usually termed
dampness, to i)roduce rust on iron— one witliout the other would not do it. Steel filings

became rusty in water, because they absorbed the oxygen in tlie water; if a second quan-

tity of filings be put in, they would not rust, as tliere was no more oxygen. A coating of

carbon ertWctually prevents iron from oxidation, and it can protect it from a body so strong

as even aijua-fortis itself If tlie aqua-furtis be diluted with water, the protective power
no longer exists. The slightest sciatih or abjasion on the surface of the metal also pre-

vented the action of the ])rotecting influence. A jjiece of solid carbon also imparts a pro-

tective property to iron, little short of tiiat given to it by platinum."

177 9c. Sugar exercises a material influence on iron and other metals : Alhenaum, Sept.

1853 and May 1854.

1779(/. Tiie iron wire suspension bridges of France, which have fallen within the last

fMw years, appear to have done so principally through the oxidation of the wires in tlic

])ortion |)assiiig into the anchoring wells : tliis was notoriously the case with the bridge at

Angers. The constant state of humidity i)revaiiing in these wells must so iner or later

ha\e rusted the wires, and although the precaution, recommended liy \'ic<it, of surrounding

the cal)ies with rich lime had been adopted, tlie vibration of the iiridge had detached ilie

cables from their sujjposed protecting case and the siuices between the wires allowed mois-

ture from the exterior to permeate the interior of tlie cable ; at -Vng^rs the cables were
tiius almost entirely rusted through. In such places it is better to employ bar chains.

1779e. Before painting iron work it is usual to give it a coat of boiled linseed oil, ap-

jjlied hot ; it forms a kind of varnish, and is an excellent jireparation, and should be duuQ

after the blue shales are removed. I>ead paii.ts, when of good quality and mixed with

good oil without spirits, are recommended. As it is difhcult to test Loth oils and colourr,,

others jnefer iron oxide paints, espeeially as they are cheaper. Tar jjaints are used chiefly

for iron work out of sight; it is cheap, and is said not to foul so readily as lead or other

finer paints. A good rough paint is to be made by heating coal tar and mixing with it

finely sifted slaked lime, siiy three-ijuarters of a iioundof lime to a gallon of lar, and adding

naphtiia to render it of a convenient consistency for layiiig on; it must not be allow eil

to get too hot, and is to be used hot. Where sanding is possible, it adds to iis durabiiity.

1780. The following recomuieiidations have been made for preserving iron. I. Boiliuir

the iron in coal t.ir, especially if the pieces have first been heated lo the tunperature of

imlting lead. II. Heating the pieces to the teiiiperalure of meliiug lead and sinearin'.^

th ir surfaces whilst hot with cold linseed oil, which dries and forms a \arnish. 'lids is

recommended by Smeat .n, and is a good preparation for painting upon.

i780a. III. Painting with white lead in oil, which must be renewed from time to time.

Mr. John Bralthvvaite has stated that his father had used red lead for fifty years with good
result; wiiile kad was of no use, as theacid used in the preparation of it jiroduced swelling

efleets. He had placed rods in a well 200 feet deep forty-five yiars since, having ])ainted

them with jmre red lead, and on taking tlum up in \ (',:', he found that thiir weight was

jirecisely the same. Red lead and one-third litharge made into paint with nut oil will

last longer than when mixed with linsetd oil. Iron heated and covered with mineral

bitumen or asphaltum in the solid state had resisted a moist atin sphere for fifteen years ;

the natural asplialtum was the best, the Tujuid asphalte not answering so well; with all

other ina'erials the rust had penetrated beneath. C. H. Smith, in a communication to

the Builder, 18()4, p. 318, brought forward the advantages of lime whiting as a preserva-

tive of iron I'rom rust. In support of the use of lime, he notices that polished steel goods

may be preserved by beating a little ]iowdcred lime upon them ; and that bricklayers

dlwa^s smear their bright tronels even with damp mortar when leaving work.
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1780/y. IV. Coating witli a metal, t-oniinoiily called rialinnizing. Zinc is efficient, pro-

vided it is not exposed to tiie acids capalile of di^solviiif; it ; liiit it is desiroytd hy sulplinric

aci I in tlie air of places where much coal is burnt; and by muriatic acid in the neighbour-

liDod of the sea. All attempts to use galvanized iron for roofs in large towns or smoky
districts have failed. The use of this material will be noticed in the section on Zinc.

Tinned iron does not now answer so well even as good zinc. It is kiidwn that during the

mcdia;'val period, iron nail-heads, anchors, dogs, and such like articles were finned o\er, no

doubt to pveveni oxidation ; and tinned iron is grea'ly used fi.>r the covering of houses

in America. In St. Petersburg and in Moscow iron is mostly used, but it requires

paintino. The coppering of iron has failtd unless it was done in so expensive a manner as

not to be practicable in any extended employment of it. A coating of lead, or of lead

and antimony, is wanted to iron, so as to combine the stiffness and cheapness of iron

with the durai)ility of lead. ]Messrs. Morewoi d have recently intioduced metal plates

covered with a unilbrm coating of lead. '1 hesc plates are supposed to possess all the

advant^iges of slieet lead, and they can be rendered serviceable at a considerably reduced

cost (Hunt, Handbook^ 1862). Enamelled iron is a late invention, and one tending to be

very serviceable. (jS'ee also par. 2264 )

178Cc. Professor Barff's recently (1877) discovered method of coating iron with mag-
netic or black oxide is effected by subjecting it to steam at a high temperature of about

1,200 degrees of Fahr. for six or seven hours. It is said that iron so treated will resist a

rasp, and bear any amount r.f exposure to the weather without showing any signs of

corrosion. Difficulties which have hitherto stood in the way of the adetjuate working of

the process have since (1882), we are informed, been removed, and this preservative pro-

cess will no doubt be largely adopted, as adequate apparatus lias been provided.

Sect. VI.

LEAD.

1781. Lead, the heaviest of the metals except gold and quicksilver, is found in most
parts of the world. It is of a blui.sh white when (irst broken, is less ductile, elastic, and
sonorous than any of the other metals: its specific gravity is from 11,300 to 1 1,479, and a

cubic foot, therefore, weighs ai)out 710 lbs. It is soluble in all acids and alkaline solu-

tions, fusible before ignition, and easily calcined. The ore, which is easily reduced to the

metallic .state by fusion with charcoal, is found mineralised with sulphur, with a slight

mixture of silver and antimony, in diaphanous piismatical crystals, generally hexagonal,

white, yellowish, or greenish, in Somersetshire, about the IMendi]) Hills. About Bristol,

and in Cumberland, it takes the form of a white, giey, or yellowish spar, without the least

metallic appearance : in some places it is in a state of white powder oi native cei use ; and
in Monmouthshire it has been found native, or in a metallic state.

178L'. Exposure to air and water does not produce much alteration in lead, though it

quickly tarnishes and acquires a white rust, by which the internal parts are defended from
corrosion. Pure water, however, does not alter it ; hence the white crust on the inside of

lead pipes through which water Hows must probably be owing to some saline particles in

the water. Lead will fonrr an union with most other metals ; one excejition, liouever. is

iron. Next to tin, it is the most fusible of metals. It is run from the furnace into moulds
;

the main form is called a sow, tiie smaller ones piiis : from these it is run into sheets, pi})es, &c.

1783. Sheet lead is of two soits, cast and milled. The thicker sort of tiie former, or the

comiTTon cast sheet lead, is manufactured by casting it on a long table formerly made of

wood but now of cast iron, (with a rising edge all round it) from 16 to 29 feet in length,

and 6 feet in width, which is covered with tine pressed sand beaten and smoothed down
with a .strrke and smoother's plane. The pig lead is melted in a largi; vessi.-l, near this

table, and is ladled into a pan of the shape of a concave triangular jirism, whose length is

erjual to the width of a sheet, from which p;in it is poured on to the table oi mould.
Petween the surface of the sand and the strike, wliich rides u))on the edges of the table, a

space is left which determines tlie thickness of the sheet. The strike bears away tie

superfluous liquid lead before it has time to cool, as it mpves by hand along the edges of the

laole oetbre mentioned. When lead is required to be cast thin, a linen cloth is stretciiid

on an appropriate table over a woollen one ; in which case the heat of the lead, befoie

spreading it on the cloth, must be less than will lire paper, or tlie cloth would be burnt.

The strike must for the purpose i)e passed over it with considerable rapidity.

1784. In manufacturing milled lead, it is usual first to cast it into sheets from 8 to 10

feet long according to circumstances, but the width is regulated by the length of tliL- rollers

L L 2
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through which it is to be passed in milling; the thickness varies from 2 to j inches. By
a mechanical action it is made to pass tln-ough rollers whose distance from eacii other is

gradually lessened until tlie sheet is reduced to the required thickness. For a long time

a great prejudice prevailed against milled sheet lead; but it is now generally considered

that, for the prevention of leakage, milled is far superior to cast lead, wherein pin holes,

which have naturally formed themselves in the casting, often induce the most serious con-

sequences. 'J'he sheets rolled out are about .'50 feet long and C feet 6 inches in width. The
lead from the mines of Waltrr Beaumont, M.P., in Northumberland, when manufactured
for the market is known as " W.B. lead," and is considered the best in quality. Lead melts

at a temperature of about 612° to 6,';o° Fahr. The tenacity of sheet lead is 3,300 lbs

;

and the modulus of elasticity 7'i0,000lbs.

1785. In distilled water which has been freed and kept from the contact of the air, lead

imdergoes no change ; but if the lead be exjiosed to air and water, it is oxidizid and ron-

verted into a carbonate witli considerable rapidity. This carbonate has the appearance of

shining brilliant scales. The presence of saline matter in the water very much retards

the oxidation of the lead. So small a quantity as a 30,000ih part of the phosphate of soda
or iodide of potassium in distilled water, prevents lead from being much corroded, the
small deposit whicli is formed preventing the further corrosion of the metal.

1785a. The danger of using water from leaden pipes or cisterns was known even to

the Romans! The rarity of any fatal results shows that the risk has been mucli ovenated.
This is sufliciently explained l)y the protecting power of the insoluble salts of lead, formed
by the action of the ingredients of the water on the lead, hindering the subsequent sup))l esof
A\aterfroni coming in contact with the metal. Distilled waters and waters which are remark-
ably pure dissolve lead, and become impregnated with it. The more fm/jf/T-e the water such
as Thames water, the more it will form a protecting incrustation. A new cistern should be
allowed to form tliis coating, by the water standing in it for soine time without being re-

newed. To expedite the action a little phosphate of soda, or iodide of potassium, or a few

drops of sulphuric acid may be added. The lid or cover of cisterns should not be of lead,

as tlie vapour condensing in it possesses all the solvent power of distilled water. Water
which has flowed over leaden roofs, more particularly in towns, carries with it from the

surface some solul)le salt. The holes with which lead is often riddled are caused by the

larva of an insect, the Callidium bajulas, in the stomach of which lead is often found

( Kirby and Spence, Entomulogy, i. p. 235). A pipe conveying water impregnated with

sulphur salts, has after a time been coated with a sidpliate or sulj^hide, and this suljihide

being perfectly insoluble in pure water, and equally so in water not too excessively charged
with foreign matters to be potable, renders the leaden vehicle perfectly harmless. Dr.

Schwarz, a chemist of Breslau, has stated that by passing a hot solution of sulphide of

potassium through leaden pipes, the face is transinuted from the metallic state to that of

a sulphide in a few minutes, at a cost too insignilicant to mention. it is said that water
in the mines of galena, the sulphide of leatl, can he drnnk with impunity.

17S6. Wttterstedfs patent marine vietiil for rooling and other i)iirposes is the invention

of a native of Germany, introduced into England in 1S37 hy INIessrs. Young, Dowson,
and Co., and manufactured by Messrs. Johnson, botii of Limehouse. It is composed of

lead and antimony, and is adapted to all purposes to which lead is usually put. Its

advantages are its malleability, its great tenacity, elasticity and durability, and resist-

ance to acids, oxidation, and the action of tlie sun and atmosphere. It does not lose in

weight. It is manufactured in sheets :— I. 9 feet hy .3 feet, at 3 lbs. and 2 lbs. per square foot

;

II. 8 feet by 2 feet 9 inclies at H lbs. and 1 lb. per .square foot ; and III. 8 fiet l)y 2 feet 6

inches, at 8 ounces per sipiare foot. No. I. sizes are employed for flats, large roofs, covering

to stairs, and small sloping and curb roofs. No. 11. sizes for verandahs. No. III. for lining

damp walls; it should l)e fixed with wrought copper nails. The roof of the Royal

Polytechnic Institution was covered with this patent metal in 1838 ; it is still in a per-

fect condition. In price it is somewhat imder tliat of lead per cvvt., but a much le.ss weight

])er foot su])erllcial than of that material is used. 'Yha p(ttent melulUc canrwt, is a combination

of Wetterstedt's patent metal No. I I 1., with canvas of various s.d^stances and strength, as

calico, japanned cloth, wooll n, &e., varying according to the purposes to which it is to he

applied. By this comiiination, sufficient streni>tii is given to a metal weighing only eight

ounces per foot to enable it to be used as a perfectly waterproof and secure covering. When
used to damp walls, the calico is placed outside, forming a good suiface for papering,

painting, &c. The cement with which the coml)ination is effected is stated to be elastic

and imi)ervious to damp, and a thorough disinfectant.
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Sect VII.

COPPER.

1 787. Copper, among the first of the metals employed by the early nations of the \rorld,

is neither scarce nor difficult to work and extract from its ore. When pure it is of a pale

red colour ; a cubic foot of cast copper will wtigh 537 lbs., in sheet 519 lbs., and when
hammered 556 lbs. ; the weight of a bar 1 foot long and 1 inch square varies from 3'63 lbs.

to 3'81 lbs.; all the we'ghts depending upon the copper being more or less hammered.
Its elasticity and hardness are very considerable, and it is so malleable that it may be

hammered into fine leaves. It is also very tenacious, a wire of a tenth of an inch in

diameter being capable of sustaining 360 lbs. The tenacity of cast copper is 19,00') ; in

sheet, 30,000; in bolts, L'G.OOO; and in wire, 60 000. The modulus of elasticity or

resistance to stretching bting 17,000 000. The transverse elasticity or resistance to

distortion is 6,200,000 lbs. Copper is diminished to about two-thirds by a temperature

of 600° Fahr.

1788. The sixteen copper smelting works at Swansea and Neath are supplied with ore

from Cornwall, Devonshire, Ireland, and from some foreign and colonial sources. There

arc six smelting est iblishments at Liverpool and St. Helens, which obtain their ore from
ths Cumberland mines, from Alderley Edge, and such ores as arrive at the pirtof Liver-

pool. The single works at Cheadle produce a very fine copper, which is itsed in the

manufacture of bi'ass wire; tlie ore is selected carefully from diiferent mines somewhat
widely scattered. The Mona smelting woiks obtain the ores from the Mona and Pary's

mines in Anglesea and from those in North Wales. The " once famous " mines in Pary's

mountain formerly yielded the yellow sulphuretted ore of copper, to an annual amount
of frotn 40,000 to 80,000 tons. This ore usually contains from one and a half to twenty-

five per cent, of copper, and is partly dug in what are called jpacJcages, and partly blasted

T)y gunpowder, and then broken into small pieces previous to its being roasted. This
operation is performed in kilns, whose shape has a resemblance to lime-kilns, in which
exped'ents are used for removing the ore as it is roasted, and adding fresh ore. The
kilns are arched level with the upper surface of the ore, and adjoining and communicating
with the kiln is the floi'r of a condensing chamber to receive the sulphureous vapours
generated in the kiln, which fall down in the form of the finest flowers of sulphur.

Several hundred tons at one time are put into the kiln, and for completing the operation

six months are required. The ore is reduced to one fourth of its previous quantity by
roasting, and is then washed and pressed to remove the impurities. The richer ores are

then dried, and removed for smelting and refining in reverberatory furnaces, from which
it is at length produced in short bars or pigs. The water which filters through the

fissures is often highly impregnated with sulphate of copper, and this water is pumped
up into rectangular pits about thirty feet long, twelve broad, and two deep, to mix with
that in which the roasted ore has been washed ; and in it are immersed pieces of iron,

which, combining with the sulphuric acid, precipitate the copper in the form of a red-

coloured powder slightly oxidated. The precipitate thus obtained very frequently gives

above 50 per cent, of pure copper, and is even more profitable to the worker than the

metal produced from the crude ore.

1788a. In the process of copper smelting the specimens produced arc—I. Calcined ore,

or copper ore after the extraction of the sulphur. II. Coarse metal, obtained by the

second process of smelting, producing about 40 per cent, of copper. III. Calcined coarse

metal, for extracting the sulphur from II. IV. Metal " brych," producing about 65 per

cent, of copper. V. Close regule, producing about 70 per cent. VI. Spongy regule,

producing about 80 per cent. VII, Blister copper, producing about 95 per cent. VIII.

Select ingot, the fine metal as prepared for market. IX. Tough ingot, ready for market.

X. Tough cake, hammered out by hand. XI. Tough bar copper, as prepared for the

manufacture of wire.

1789. Sheet copper was formerly much used for its lightness to cover roofs and flats
;

but it is almost superseded now by the use of zinc, which is much cheaper, and at times

nearly as durable ; and, moreover, it is not so liable to be corrugated by the action

of the sun. The low price of copper (1887) has again brought it into the market as a
competitor with other metals for roofing purposes. It is only about one-fifth the weight

of lead, and not so readily acted upon by fire. Zinc, however, is only about one-third
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the usual price of copper ; the cost of hibour is neai-ly the same. The durahility of copper
may be taken to be three or four tinieB that of zinc. It requires to be laid by skilled

workmen.
1789a. Copper is reduced to sheet by being passed through large rollers, by W'hieh it

can be rendered very thin. The thickness generally used is from 12 to 18 oz. to the
foot superficial. Exposed to the air its lustre is soon gone; it assumes a tarnish of a dull

brown colour, gradually deHpeuing by time into one of bronze ; and, lastly, it takes a greeu
rust or calx, called patina by the autiquaries, which, unlike the rust of iron, does not in-

jure and corrode the internal parts, confining itself to the surface, and rather preserving
than destroying the metal. Hence one of the most important applications of copper is in

cramps for stone work, especially when they are exposed to the air, -when its cost, which
is about six or eight times that of iron fasienings, can be uffoi'ded. Copper nails lor

fastening slates in rooting are recommended in lieu of even zinc nails.

ITSO/a It may be here well to observe, that if water is collected from roofs for culinary
purposes, copper must not be used about them, neither should any ix'servuirs for collecting

and holding it be made of that metal, as ou the surface is formed a film of verdigris,

which is poisonous.

Brass.

i790. Alloj'cd with zinc, it forms brass for the handles of doors, shutters, locks,

drawers, and the furniture generally of joinery. The xisual proportion is one part

of zinc to three of copper ; it is then more fusible, and is of a fine yellow colour,

less liable to tarnish from the action of the air, and so malleable and ductile that

it can be beaten into very thin leaves and drawn into very fine wire. The extremes
of the proportions of zinc used in it are from 12 to 25 per cent, of the whole.

Even with the last, if well manufactured, it is quite malle.able, although zinc by itself

scarcely yields to the hammer. The appearance of brass is frequently given to other

metals by Mashing them over with a yellort' lacquer or varnish. Cast brass weighs

525 lbs. per cubic foot.

1790rt. Delta metal is an alloy, an improved brass, hard, durable, and strong as mild

steel, possessing a beautiful fine colour. When melted it products sound castings of fine

grain ; it can be forged and rolled hot and cold, and takes a very high polish. It is being

used for all kinds of machinery, house, doDr, and harness fittings, stair plates, &c. To
test the action of acids on wrought iron, steel, and delta metal, rolled bars of eaidi were

immersed for six and a half mouths in acid water ; the weights when put in were r\8()5

lbs., r2125 lbs., and 1*2787 lbs. respectively. After that period they were found to be

6393 lbs., 6614 lbs., and 1-2633 lbs. respectively ; showing a loss of 46-3, 45'4o, and
1'2 per cent, respectively. This Delta metal is said to be now extensively used lor

underground machiuery in mines.

Bro7izc or Bell-metal.

1791. Copper with tin (which last melts at 426° Fahr. and resists oxidation

better than any of the more common metals) in the proportion of one-tenth to one-

fifth of the whole forms a composition called hnnce or bell-metal, used in the foundery

of statues, bells, cannons, &c. When tin forms nearly one-third of the alloy, a

beautiful white close-grained brittle metal is formed, susceptible of a very high

polish, which is used for the specula of reflecting telescopes. Bronze weighs 513 lbs.

per cubic foot.

Sect. VIII.

ZINC.

1792. Zinc is found in all quarters of the globe. In Great Britain it is abundant,

though therein never found in a native state. It usually contains an admixture of lead

and Bulpur. When purified from these, it is of a light blue colour, between lead and tin,
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incliiilnn' to hliie. The ore, af;or bcinj^ Iiand-drcssed to free it from foreign matter, is

first Ciirciiutl, by wliicli the sul|)luir of the calamine a:,d the acid of the blende are expelled

J'lu' product is then washed to w'parate tlie lightjr matter, and the heavy ])art which re-

ni.iins, beinfi ground in a mill, is mixed with one e'ghth of its weight of charcral, or with

one tiiird of its bidk of powdered coal. This mixture is placed in pots, resembling oil jars,

to be smelted. A tube passes tiiroiigh the bottom of each, the upper end i>eing terminated

by an open mouth near the top of the pot, and the lower end going through the floor of

t^e furnace into water. By the intense heat of a furnace the ore is reduced, the zinc is

volatilized, escaping through the tube into tlie water, wherein it falls in globules, which

are afterwards melted and cist into moulds. Thus procured, liowever, it is not pure, as it

almost invariably contains iron, manganese, arsenic, and copper. In order to free it from

these, it is again mtdted and stirred up with sulphur and fat, the former « hereof combines

with the heterogeneous metals, leaving the zinc nearly pure, and the latter preventing the

metal from being oxidated. At the Vieille Montagne Zinc Company's Works, the pots

are placed in the furnaces at six o'clock every morning ; at six o'clock in the evening ihe

smeltinn- is complete ; the metal is then drawn out and run into metal moulds, after which

it passes into the rolling house, and is again melted and recast in a metal mould to produce

ingots of the proper size and weiglit for the required gauge of the sheets to be rolled ; this

second melting is also desirable to obtain proper purity.

179;i. Under rollers at a high temperature, zinc may be extended into plates of great

tenuity and elasticity, or drawn into wire. These rollers are from 2 feet 8 inches to 6 feet

in lenn-th, and the original thickness of the plate subjected to them is about 1 inch. A wire,

one tenth of an inch diameter, will support 'J6 pounds. If zinc be hammered at a temper-

ature of 300°, its malleability is much inci eased, and it becomes capable of much bending.

Its fracture is thin, fibrous, and of a grain similar to steel. It can be drawn into wire ^i^th

of an inch in diameter, which is nearly as tenacious as that of silver. The specific gravity

is somewhat below 7-0, but hammering increases it to V'i. When heated, it enters into

fusion at a heat of about fi80° or 700° : at a higher temperature it evaporates ; and if

access of air be not permitted, it maybe distilled over, by which process it is rendered

purer than before, although then not perfectly pure. When heated red hot, with access of

air it takes fire, burns with an exceedingly beautiful greenish or bluish flame, and is at

the same tune converted i.ito the only oxide of zinc with which we are acquainted, con-

sisting of y.S'53 parts of oxygen combined with 100 of metal.

1791. Zinc, though sul)ject to oxidize, has this peculiarity, that the oxide does not scale

off as that of iron, but forms a permanent coating on the metal, impervious to the action

of the atmosphere, and rendering the use of paint wholly unnecessary. Dr. von Peten-

koffer, however, has stated that zinc is oxidized to the extent of 130 grains per square foot

in twentv-seven years, about two-fifths of tiie oxide being removed by the moisture of the

atmosphere. Its expansion and contraction are greater than those of any other metal : thus,

supposing 1-0030 to represent the expansion, 1 0019 is that of copper, and r0028

that of lead ; but the thicker the zinc, the less its contraction and expansion. The tenacity

of zinc is from 7.000 to 8,000. The weight of a cubic foot varies from 4-24 lbs. to 4(9 lbs.

The tenacityof zinc to lead is as 16-616 to 3-328, and to copper as 16-616 to22-.570; hence

a given substance of zinc is equal to five times the same substance in lead, and about three-

fourths of cop ;)tr.

1795. On the first introduction of zinc into this country as a material, the trades with

which it was likely to interfere used every exertion to prevent its employment ; and, indeed,

the workmen who were engaged in laying it, being chiefly tinmen, were incompetent to

the task of so covering roofs as to secure them from the effects of the weather. Hence, for

a cons'derable period after its first employiuent, great reluctance was manifested by archi-

tects in its introduction. A demand for it has, however, gradually increased of late, and

the comparatively high prices of lead and copper will not entirely account for the disparity

of consumption. The Vieille Montagne Zinc Mining Company, about the year 1861,

took steps to improve the quality of the zinc for use in this country, the mode of laying

zinc roofs, and for the prevention of the us- of thin gauges of sheets which are unfit for

tlie purpose. Their zinc possesses a reputation for its purity and excellence. The result

of this care, and the better understanding of the merits of the material, has caused it to be

now extensively used for purposes which are noticed in the following chapter.

1795a. A sheet of pure zinc, as stated by J. Edmeston in his Report on Zinc, will be of

an even colour, without black spots or blotches ; it will be very ductile, bending readily

backwards and forwards in the hand : and it will not easily break. If impure, it will be the

opposite of all this. If there be any iron in it, it will iie worthless ; if it contain any lead,

it will still, thougli tea less extent, contain the germs of destruction within itself.

Il95l>. Common zinc is destroyed by the sulphuric acid in the atmosphere where much

coal is burned ; and by muriatic acid in the neighbourhood of the sea. Cement does not

iniurc zinc ; but lime, and calcareous waters destroy it ; and zinc pipes to flues over wood

tires are destroyed by them.
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1796. Gai.van'ized Iron is a dosigna'ion misapplied to that iron which may have re-

ceived a coating of zinc ; it siioiild l.e called zinked iron. The metal is first cleaned per-

fectly by the joint actio.i of dilute acid aid friction, and tlien plunged inti) a hath

of melted zinc, covered with sal ammoniac, and stirred until the iron is sufficienllv coated

ivith zinc. No galvanic action whatever occurs between the metids ; it is simply a coating,

'i'his process, it is stated, was invented in France by JVIaloin, in 1742, but not patented

jutil 18;56 by Sorel. The efficacy of the process depends upon the skill employed in

removing every trace of the scales of the hydrous oxide of iron, and in its further tieat-

ment. The coating must not become loosened, or any hole he made through it, as mois-

ture obtaining access to the iron will rapidly extend, and the scales of the oxide of iron

will force up tlie slight zinc covering, when the iron will be gradually destroyed, unless it

be at once jjainted. When well executed it may
] erhaps be durable for a lenuthencd

perijd, but when badly prepared it is not so valuable as iron well painted {par. 1 7796.). At
the Houses of Parliament, where the iron roofing plates were galvanized, it was found
i.ccessary from 1860 to commence coating them with paint or some other material.

1796a The other process, which might be properly called zin/tid tinned iron, is thus per-

formed :—Tlie sheets of irim are pickled, scoured, and cleaned, as for ordinary tinning. A
wooden bath is half filled with a solution—the proportion ef 2 quarts of muriate of tin

with 100 quarts of water. Over the bottom of tlie bath is spread a thin layer of finely

granulated zinc, then a cleaned plate, a:. d so on alternately; the zinc and iron and the

fluid constitute a weak galvanic battery, a .d the tin is deposited from the solution so as to

coat the iron, in about two hours, with a dull uniform layer of metal. The iron in this

state is tiien passed through a bath containing fluid zinc covered with sal ammoniac mixed
with an earthy matter, to lessen the volatilization of the sal ammoniac, which becomes as

fluid as treacle. Two iron rollers are driven by machinery to carry the ])lates through

the fluid at any velocity previously determined; the plates thus take uj) a very regular and
smooth layer of zinc, which owing to the jiresence of the tin beneath, assumes its natural

crystalline character. This is said to be the process adopted by Messrs. Morewood ar.d

Rogers, whose jjatents date in 1846 and 1850. It is asserted that iron thus prepared

does not warp or buckle ; that the plate is not affected by the heat of the zinc, whereas
thm sheet iron, kept in molten zinc for a few minutes, becomes so brittle that it wdl not

bear folding or grooving ; that the plate is equally covered with zinc, whereas by the

dipiMiig jirocess the lower half receives more than the upper : and that zinc is not con-

taminated by iron as when dipped, the contamination increasing with each dipjiing until

the zinc in the bath becomes so injured as to be worthless, it being well known that the

alloy of zinc and iron is more oxidizable than zinc alone, or than zinc and tin. Professor

lirande has stated that in common tinned plate, the combination is such that the oxidiza-

tion of the iron is accelerated by the tin, so that the iron is the protecting, and the tin the

protected, metal, but in this case the reverse effect ensues, the iron is the protected metal,

and the zinc the protector.

17966. Time has proved that galvanized iron has corroded after reren pears in a roof-

gutter ; and the state of most of the roofs to railway sheds and stations and such like

jjlaces, proves that at least some sorts of galvanized iron will decay ; the difficulty always

is to ascertain what description of coating the iron has imdergone. Galvanized iron bolts

do not act upon oak either in sea or in fresh water, when care has been taken not to remove
the zinc in driving them.

1796c. Galvanized iron is said to be nearly the same cost as zinc, and to be less than

one quarter as liable to expansion or contraction : to be equally as durable as lead ; less

in first cost, and not to require boarding ; to be not quite one-third the price of copper,

and to be equally as durable; and as compared with plain iron, the cost is increased about
two-thirds, but that it increases the strengtii and durability of the iron.

1797. The soldering used is composed of spirits of salts killed by putting about three

ounces of zinc to a jiint of spirit ; care must be taken that this solder soaks well betwoeu
the laps.

Sect. IX.

SLATE.

1798. Slate is a species of argillaceous stone, and is an abunaantand most useful mineral.

This material is so soft, that the human nail will slightly .scratch it, and is of a bright

lainellated texture. Its constituent parts are argill, earth, silex, nia;jncsia, lime, and iron ;

of the two <irbt and the last in considerable proportion. The building slate is the sc/iiatua

tegularis
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1799. 3Iicii slatf. is a species of gneiss, distlngiiisliable by containing little- or no felspar,

so that it consists chietly of quartz and mica. It has a laminated or slaty structure, with

the silky lustre of mica ; it is a tough material in directions jjarallel to its layers, but is

more perishable than gneiss. In thin layers it may be used for rooting purposes. Chlorite

s/a'e is also laininated. soft, and easily cut. but more opaque than talc, and is sometimes

used for rooting purposes. It has a green or greenish grey colour and silky lustie.

Hornblende slate is hard, tough, durable, and impervious to water, and is used for flagstones.

Gruuwacke slate is a laminated claystone, containing sand and sometimes fragments of mica

and other minerals. It is used for roofing and Hag stones. All these descriptions of slate

are inferior to the ordinary rZay sla'e.

1800. Slate quarries usually lie near the surface ; and, independent of the splitting grain,

along which they can be cleft exceedingly thin, they are niosily divided into stoc/is, by

breakings, ciacks, and fissures. Slate is separated from its bed, like other stt)nes, by means

of gunpowder, and the mass is then divided into scantlings by wedges, and. if necessary,

sawn to its respective sizes by machinery. The blue, green, purple, and darker kinds are

most susceptible of thin cleavage, the lighter-col lured slates being coarser. The instru-

ments used in quarrying and splitting slates, are slate knives, axes, bars, and wedges.

1801. The tenacity of slate is from 9,600 to 12,800. The modulus of elasticity varies

from 13,000,000 to 16,000,000. The resistance to rupture is 5000. The weight of a

cubic foot is from 175 lbs. to 181 lbs. The transverse strength of Welsh slate is greater

than any other mineral product of .the stone kind. For such qualities as strength, space,

and cleanliness, no other uiaterial is so cheap as slate.

1802. The slates used about London are brought chiefly from Bangor in Catnarvon.shire,

The slate quarries of North Wales are the most important in tliis country. Tiie chief works

are situated as follows, and belong respectively to the geological formations named :

—

Tenrhyn, Bangor 1 p , • Llangollen, Llangollen : Upper Silurian.

Llanberis, Dinorwic
J

'-'^"'"^'''^"-
IMachynlleth, .\berdovey, L^Aver Silurian.

Ffestiniog, Port Madoc : Lower Silurian. Royal Slate, Bangor : Cambrian.

The large quarries at Penrhyn near Bangor, belonging to Colonel Pennant, and from

whicii the best Bangor slates a'e obtained, are worked in successive terraces; the slate

is obtained in immense masses by blasting, therefore the waste is enormous, but being got

rid of without difficulty, the price is kept moderate. These quarries have been variously

estimated as yielding from 30,000/. to 40,000/. worth of slates per annum. INIany smaller

ones have lately been opened near Bangor, all supjilying "best Bangor" slates, will. out

affecting the [noduce of the well-estahlislied works at that place. Tlie Llangollen quarries

are remarkable for the size of the slates they can obtain.

1S0:3. The Uelabole ()uarries in Cornwall have been worked for a considerable period ;

these slates are shipped from Tintagel and Boscastle. This grey-blue slate, confined till

lately to the western counties, is now obtained in London ; the Wellington College at

Sandhurst, Berkshire, is roofed with tlicni. The Tavistock slates from Devonshire were

at one period in considerable demand. One of the most esteemed slates is of a palo blue-

green, brought from Kendal in Wesimoreland, and called Westmoreland slate. There are

quarries in the neighbourhood of Ulverstone, in Lancashire; and the Cumberland sea-

green slate works are at Maryport.

1804. The extended use of this material for paving, shelving, cisterns, &c., has caused

numerous companies to he formed for tiie working of old, and of many new, quarries,

chiefly in North and South Wales. Amongst the companies putting foith peculiarities of

slate, are the Dorothea W\'st, Green, Blue, and Red, Slate Company, situate in Carnar-

vonshire, which supplied the pale green slates for the Charing Cross Railway Hotel, the

London Bridge Hotel, and the Star and Garter Hotel at Richmond. The Llaufair Green

and Blue Slate Company is also to be noticed.

1805. The slates of Scotland are not in much repute. The Balahulish quarries in

the north of Scotland are very extensive, as between five and seven millions of rooting

slates are quarried annually. The weight of this number would be about 10,000 tons,

and the quantity of rubbish being generally five or six times as much as the slate.s, some

50,000 or 60,000 tons of refuse have to be disposed of, which in this case are thrown directly

into the sea, securing an immense saving of expense.

1806. The more important slate quarries in Ireland are in the southern division of the

country, viz., Kilbloe, county Tipperary ; Valentia, county Kerry; Benduff, near Glan-

dore Harl)our, county Cork ; and near Ashford Bridge, county Wicklow. The chief

one is at Curraghbally, situate about six miles from Killaloe. The colour of the slates is

a dull bluish grey, preferred by many to the decided blue of the Bangor quarries; tliey

are greatly used in the west of Ireland, where they have superseded the Welsh slates. The

colour of the Valentia slates is rather greener than those above mentioned. They are

generally thicker and more uneven on the surface, and so are better suited for the exposed
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aspects of buildings in the western counties. '1 liis quarry lias more cnpabilities tor sa«n

flags and slabs, of wliicli a large amount is now exported to England for cis'erns, batlis,

urinals &.C. 'J'lie Bandufl' <]uarry is nearly given up. The slates from Ashford Bridge i)otli

i.i colour and quality closely resemble the Bangor slates. (Wilkinson, Geoloijy, Sfc. oj

Ireland, 18-45.)

1807. A line sound texture is the most desirable among the properties of a slate ; for the

expense of slating being greatly increased by the boarding whereon it is placed, if tlie slate

absorbs and retains mucii moisture, tlie boarding will soon become rotten. But a good
slate is very durable. Its goodness may readily be judged I y striking it as a j)iece

of pottery is struck ; a sonorous, clear bell-like sound is a sign of excellence; but many
pieces of the slate should be trii.d before a conclusion can be arrived at. It is thought to

be a good sign, if, in hewing, it sliatters before tlie fdge of the zax. The colour, also, is

some guide, the light blue sort imbibing and retaining moisture in a f.ir less degree than

the deep black-blue sort. The ft-el of a slate is some indication of its goodness: a good
one has a hard and rougli feel, whilst an open absorbent slate feels smootli and greasy. The
best method, however, of testing the quality of slates is by the use of water, in two
ways. The first is, to set the pieces to be tried edgewise in a tub of water, the water

reacliing above halfway up tiie height of ihe pieces : if they draw water, and become wet
to the top in six or eight hours' time, they are spongy and bad ; and as tiie water reaches

less u]) them, so are tlie j-ieces better. The otiier method is, to weigli the pieces of slate,

and note their weights. I..et them then remain for twelve hours in water, and take thein

out, wiping them dry. Those that on re-weighing are much heavier than they were jirevious

to their immers.on sliould be rejected. Wliire tlie character of a slate quarry is not pre-

viously known, experiments of these sorts sliould never be omitted.

1808. The following comparison of the advantages of slates over tiles is given by R.

Watson, former Bishop of LlandalF. That sort of slate, other cir. umstances being the same,

is esteemed the best which imbibes the le ist water ; for water not only increases the

weight of the covering, but in frosty weather, being converted into ice, swells and shivers

the slate. This efiliict of frost is very sensible in tiled houses, but is scarcely felt in those

which are slated, for good slates imbibe but little water ; tiiough tiles, when well glazed,

are rendered in somj measure similar to slate in tiiis rjspect The bishop took a piece of

Westmoreland slate and a piece of common tile and weiglied each of them carefully. The
surface of each was aliout thirty square inches. Both the pieces were immersed in water

about ten minutes, tiien taken out and weighed as soon as they had ceased to drip. The
tile had iinlnbed about a seventh part of its weight of water, and the slate had not imhilied

a tno-himdredth part of its weight; indeed, the wetiing of the slate was merely superticial.

lie placed both tiie wet jiieces before the tire; in a quarter of an hour the slate was per-

fectly dry, and of the same weight as before it was put into the water ; but the tile had

lost only about twelve grains it had imbibed, which was, as near as could be expected, the

very same quantity that had been spread over its surface; for it was the quantity wliicii

bad been imbi!)ed by the slate, the surface of which was etiual to that of the tile. The
tile was left to dry in a room heated to sixty degrees, and it did not lose all the water it

liad imhilied in less tiian six days.

1809. Professor Ansted states that the best slates are those which are most crystalline,

and which, wlien breathed u])on, give out a faint argillaceous odour ; when this was given

out strongly, then the slates would readily decompose.

1810. The birgest slab of slate, perhaps, ever as yet obtained, was the one sent by the

I>langollen Slate Coinjiany to the International Exiiibition of 18G2. It was 20 feet long,

10 feet wide, and weighed 4^ tons; the thickness, however, was not named. The Welsh

Slate Company, whose quarries are at P'estiniog, in Merionethshire, sent .several slabs aver-

aging 14 feet by 7 or 8 feet. All the slate from this neighbourhood possesses the remark-

aiile quality of splitting with great facility, and with wonderful accuracy of surface, into

thin laminas or sheets. Some of these thinly divided sheets are obtained 5 to 10 feet long

from 6 to 12 inches wide, and not more than the sixteenth of an inch in thickness. They

are so clastic as to bend like a veneer of wood. (Hunt, HandbMk, 1862.)

Sect. X.

BRICK AND Tir.E.

1811. A brick is a factitious sort of stone, manufactured from argillaceous or clayey

earth, well tempered and S(]ueezed into a mould. When so formed, bricks are stacked to

dry in the sun, and linally burnt to a proper degree of hardness in a cbimp or kiln. Tlie

u.sc of bricks is of the highest antiquity, 'i'hey are frequently mentioned in the historical
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b()< ks of tlic Old Testament ; but whether they were merely sun-dried or burnt in a kiln

seems uncertain. We are inclined to doubt the burning of thein at a very remote jieriod.

]l will immediately occur to the reader that the making of bricks was one of the tasks

i'n])osed upon the Israelites during their servitude in Egypt. Though the oldest remains

in Egyj)t are of stone, Pococke describes a jiyramid of unburnt bricks, which are com})osed

of a black sandy earth, intermixed with pebbles and sliells, the sediment dejiosited by tiie

overflowing of the Nile. ^Iliis species of bricks is still common in Egypt and many other

parts of the East. By the ancient Greeks and Romans, both burnt and unburnt bricks

were used ; the method of making the latter whereof is thus described by Vitruvius, in tlie

third chapter of his second book :
" I sliall first," says tliat author, " treat of bricks, and

tlie earth of which they ought to be made. Gravelly, pebbly, and sandy clay are unfit for

that purpose ; for if made of either of these sorts of earth, they are not only too ))on-

derous, but walls built of them, when exposed to the rain, moulder away, and are soon

decomposed ; and the straw, also, with which they are mixed, will not sufficiently bind tlie

earth together, because of its rough quality. They should be made of earth, of a red or

white chalky, or a strong sandy nature. These sorts of earth are ductile and cohesive,

and not being heavy, bricks made of them are more easily handled in carrying up the

work. The proper seasons for brick-making are the spring and autumn, because they

then dry more equably. Those made in the summer solstice are defective, because the

heat of the sun soon imparts to their external surfaces an appearance of sufhcient dryness,

whilst the internal parts of them are in a very difi'erent state; hence, when thoroughly dry,

they shrink and break those parts which first dried ; and thus broken, their strength is gone.

Those are best which have been made at least two years ; for in a jjeriod less than that,

they will not dry thoroughly. When jilastering is laid and set hard on bricks which are

not perfectly dry, the bricks, which will naturally shrink, and consequently occupy a less

Sl)ace than the plastering, will thus leave the latter to stand of itself. From its being

extremely thin, and not capal)le of supporting itself, it soon breaks to pieces ; and in its

failure, involves sometimes even that of the wall. It is not, therefore, without reason that

the inliabitants of Utica allow no bricks to be used in their buildings which are not at

least five years old, and also approved by a magistrate.

ISI'2. '* There are three sorts of bricks: the first is that which the Greeks call Dldoron
(SiScopo;'), being the sort we use ; that is one foot long and half a foot wide. The other

two sorts are used in Grecian buildings ; one is called Pentadoron, the other Tttraduroii.

By the word doron, the Greeks mean a palm, because the word bwpov signifies a gift which
can be borne in the palm of the hand. That sort, therefore, which is five ])ahns each way,

is called Pentadoron ; that of four palms, Tetradoron. The former of these two sorts is

used in jjublic buildings, the latter in private ones. Each sort has half bricks made to suit

it, so that when a wall is executed, the course on one of the faces of the wall shows sides

of whole bricks, the other face of half bricks ; and being worked to the line on each face,

the bricks on each bed bond alternately over the course below." Vitruvius concludes the

chapter with the mention of the bricks made at Calentum in Spain, at Marseilles in France,

and Pitane in Asia, which are specifically lighter than water.

1813. It is to be regretted that plastering with cement, a practice which is more to

the interest of the brickmaker and bricklayer than to the consumer, has become so jjrevalent

in this country. These tradesmen thus get rid of their worst bricks, which are hidden by
a coat of plaster; the building soon decaying when the heart of the wall is bad. Colour
seems to be the objectionable quality about this material, the commonjjlace architect

forgetting that form is much more essential to beauty than colour. In the times of Jor.es

and Wren, red brick was beautifully wrought into architectural forms, of which a fcvv

examples still remain in the metropolis : and by Palladio, bricks were occasionally used for

cohunns without smearing them over with plaster.

1814. In England, the best earth for making bricks is a clayey loam, neither abounding
with too much sand, which renders them brittle, nor with too large a portion of argillaceous

matter, which causes them to shrink and crack in drying. It should be dug at the least a

year before it is wrought, that by exposure to the atmosphere it may part with all

extraneous matter which it ])ossessed when first dug. The general practice is, however, to

dig it in the autumn, and allow it to remain through the winter to mellow and pulverize,

by which the operation of tempering is greatly facilitated. Upon this operation the

quality of the brick mainly depends, and great attention should be bestowed upon jjerform-

ing this part of the process in a proper manner. This branch of the manufacture was
formerly executed by throwing the clay into shallow pits, and subjecting it to be troddc n

by men and oxen ; a method which has been advantageously superseded by a clay or pug-
mill, with a horse track.

1815. As soon as the clay has been thoroughly tempered by one of the methods above
named, it is taken to the moulder's bench, where it is cut by the moulder's assistant,

gonerally a woman or a lad, into pieces rather larger than the mould, which are passed on
to the niuulderj who throws it with some force into the mould, which has been previously
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dipped in sand. He presses it down, so that it may fill tlic wliule of the cavity, striking
ofl' tlie superfluous clay with a flat wooden rule. Tlie ncwly-furnu-d brick is then turned
out of the mould on to a tliin board, soinewliat larger than a brick, and it is removed by a
boy to a latticed wheelbarrow, and conveyed, covered with fine dry sand, to ihe hac/t. A
bandy moulder, working fifteen hours, will mould 5000 bricks. Jn tlie hacks, which
are eight courses in height, tiie bricks are arranged diago..ally above each other, with
a passage between each for the circulation of air round them. The time required for
drying in the hacks will of course depend on the fineness of the weather ; it is but a few
days if the season be propitious ; and they are tiien turned and reset wider apart, after
wiiieh, in about six or eight days, they arc reiidy for the clamp or kiln. If the weather be
rainy, the bricks in the hack must be covered with wheat or rye straw ; and as they ought
to be thoroughly dry before removing to the clamp or kiln, a few are genera. ly selected
from ditt'erent parts, and broken, to ascertain if the operation of drying has been well per-
formed. The moisture arising from bricks when burning is very injurious to their soimdness.

1816". The quantity of clay necessary to make ICOO bricks will be somewhere about 54
cube feet, which allows about 5 feet for shrinkage in drying and burning; for 1000 x 8^^ in.

X '_'i in. X 4 in. =49 2 3" 4"'. The cost of making luOO brick.s, in the neiglil)ourhoo'd of
London, is nearly as follows :

—

Digging, wheeling, carting, &c.

Moulding, stacking, &c.

Sand, one-sixth of 2s. -

Straw for hacks - - -

Barrows, moidds, planks, &c.

Fuel 9 cwt. per 1000

5 1

1817. In the brickfields about London, bricks are mostly burnt in what are called

clamps. These are generally oblong in form, and their foundations are made with tlie

driest of the bricks from the hacks, or with common worthless bricks, called place bricks.

The bricks for burning are then arranged, tier over tier, to the height assigned to the

clamp, according to the quantity to be burnt, and a layer of breeze or cinders, two or three

inches deep, is placed between each course of bricks, and the whole, when built up, covered
with a thick stratum of breeze. On the western face of the clamp a vertical fireplace is

formed, about 3 feet in height, from which flues are driven out by arching the bricks over,

so as to leave a space about one brick wide. The flues run in a straight direction through
the clamp, and are filled with a mixture of coals, breeze, and wood, closely jiressed to-

gether. If the bricks are required to he burnt (juickly, the flues should not be inore than

6 feet apart ; but if time do not press, the flues need not be nearer than 9 feet to each other,

and the clamp is allowed to burn slowly. It is possible, if required, to burn a clamp in a

period of from 20 to 30 days, according to the dryness of the weather. The i)ractice of

steeping bricks in water after they have been burnt, and then ngain burning tlieni, has
been found to have the effect of consideral)ly improving their quality.

1818. A new mode of burning l)ricks in clamps has been patented by RoI)ert White
at Eiith, wherein the advantages are stated to be that, 1st, nearly all the bricks are burnt
into stocks, and the yield of inferior bricks is reduced from 35 to about 10 per cent, of the

total make ; and, 2ndly, the bricks are so much improved in colour and soundness as to give
them a considerable additional value in the market over common stocks.

1819. The kilns which are used tor burning bricks are usually 13 feet long, by 10 feet

6 inches in width, and 12 feet in height. The walls are one brick and a half thick, and
incline inwards as they rise. A kiln is generally built to contain 2O,000 bricks at each burning.

The fireplace consists of three arches, which have holes at top for distributing beat to the

bricks. Tl ese are placed on a lattice-like floor, and first undergo a gentle action of the fire for

two or three days, in order to dry them thoroughly. As soon as they thus become ready for

burning, the mouth ofthe fireplace is dammed up with what is called a shinhg (which consists

of pieces of brick piled against each other, and closed with wet brick earth), leaving about it

sufficient room to introduce a faggot. The kiln is then supplied with brushwood, furze,

heath, faggots, &.C., and the fire is kindled and kept up until the arches assume a white

appearance, and flames appear through the top of the kiln. The fire is then slackened, and
the kiln gradually cooled. This process of alternately raising and slacking the heat of the

kiln is re|)eated till the bricks arc thoroughly burnt, which is usually accomplished in about

eight and forty hours.

1820. The malm or marl stock, which is of a bright yellowish uniform colour and
textu-e, is not always to be had, especially in the London districts ; in consequence of which,

several years ago, it was discovered that chalk mixed in certain portions with loam, and

treated in the usual manner, proved an excellent substitute for it. It not only was found

to im])rove the colour, but to impart soundness to the brick ; and the practice is now
generally adopted about London. At Emsworth in Hampshire, and also at Southampton,
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ooze, or sludge, from the sea-shore, containing much saline matter, is used for a simihir

purpose : these bricks, however, have not the rich brimstone colour of the London malm
stock, nor the regular stone-coloured hue of tlie Ipswich -or Suffolk bricks.

1821. The finest marl stocks, which are technically called firsts, or cutters, are princi-

pally used for arches of doorways and windows, quoins, &c., for which purposes they are

rubbed and cut to their proper dimensions and form. There is also a red cutting brick,

whose texture is similar to the malm cutter, which must not be confounded with the red

stock. The next best, which are chiefly used for principal fronts, are called seconds
;

they are not quite so uniform in calour, nor so bright as the last, but are, nevertheless, a

handsome and durable brick.

1822. Stocks are red and grey, both sorts being equal in texture. The red sort are

burnt in kilns. The grey stocks are less uniform in their colour than seconds, and are of

rather an inferior quality. They are used for common fronts, and walls.

1823. Place bricks, ov peckings, sometimes also called sandel, or samel bricks, are those

which, having been outermost or furthest from the fire in the clamp, or kiln, have not

received sufficient heat to burn them thoroughly. They are consequently soft, uneven in

texture, and of a red colour. These should never be used in a building where durability

is required. The name was formerly applied to the second quality of bricks, and these

are still so called in Ireland, being used for inside walls : the Irish harder burnt brick,

having a semi-glazed surface, is called firebrick, and is used for exterior work where

expense is not an object ; of course it lasts much longer than the other sorts.

1824. Burrs and clinkers are such bricks as have been violently burnt, or masses of

several bricks run together in the clamp or kiln.

1825. ComjMss bricks are circular on the plan, and are chiefly employed for steyning,

or walling round wells.

1826. Concave or hollow bricks are made like common bricks, but hollowed on one side

in the direction of their length, and are adapted to the construction of drains and water-

courses. Other hollow and pierced bricks of several shapes and sizes are supplied by

various manufacturers. A headed brick, drilled with holes, for garden walls, to avoid the

necessity of nailing in training trees, are made at Stony Stratford, in Northamptonshire.

1827. Firebricks, so called from their capability of resisting the most violent action of

the fire, are of a dark red colour, and of a very close texture; they are made about

9 inches long, 4^ inches broad, and H inches thick. The loam of which they are male
is yellow, harsh to the touch, and contains a considerable portion of sand. Their quality

rtnders them highly serviceable in furnaces and ovens. The greiter part of those used

about London was formerly brought from Hedgerly, a village near Windsor, whence they

obtained the name of Windsor bricks. This sort of brick is also made in various parts

of Wales, whence they are called Welsh lumps ; also at Newcastle ; at Poole in Dorset-

shire ; at the Hurlford works, near Glasgow ; and at Stourbridge ; the latter supplies

ciiiofly the London market, but the material is one of the dearest. Fire clay, and flue

linings for furnaces, are extensively used. The Dinas brick, manufactured by the

Yuisymudu Company, near Swansea, stands a heat that will melt the Stourbridge brii-k.

1828. Paving bricks are for the purpose which their name implies, and their dimensions

are the same as those of the foregoing sort.

1829. Butch clinkers and Flemish bricks yury little in quality; they are exceeding'y

hard, and are used for the paving of stables, yards, &c., though they are by some objec' i d

to, as being too hot for the horses' feet. The former are 6 inches long, 3 inches broad,

and 1 inch thick, and are often laid on edge in various fanciful forms, as the herring-

bone, &c. The adamantine clinker is noticed in the next chapter. Tebbutt's patent

" safety" brick is used for stables, yards, lavatories, and such places, as it gives a good

foothold and a dry walking surface.

183i>. South Staffordshire supplies a blue vitrified sewerage and paving brick (as used

on Char ng-cross suspension bridge, 1856, and on Chelsea new bridge), and a channeled

stable brick. It is stated that the Tipton blue brick, when used for facings, lets in the wet

most thoroughly, either through the brick or through the mortar joints, so that walls of this

material shoulcl be built hollow. The construction of the work was questioned, as 9 and

14 inch walls have l)een erected with these bricks with success. As they are scarcely ab-

sorbent, mortar does not thoroughly adhere to them ; this want of adhesion might be

remedied by well soaking the bricks before using them. Blue bricks of various forms are

also used for paviug, copings, channels, gutters, border tiles, plinths, &c.

1831. Amongst the many qualities and varie'ies of bricks now in use in the metropolis,

the following may be enumerated in addition to those already mentioned. The Cowley,

Essex, and Kent bricks. From Cowley are sent stocks, best vellow and white cutters,

yellow and white seconds, paviours. pickings, &c. The Aylesford and Burham works,

near Maidstone, on the river Medway, formerly the property of the late Thomas Cubitt,

produce gatilt bricks of good quality. Pickwell's patent v»-iiile brick is sound, has a
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uniformity of colour, resists frost and the action of acids much longer than otliers. They
are manufactured at Hull.

1831«. The Siiffuik bricks, called white Suffolks, are of two or more qualities, expressly
made for facings, and are expensive; the best are rarely to bo obtained in London, being
sold in the locality of their manufacture. They have a disagreeable cold hue, rendered
still more dull after a few years' wear in the smoky atmosphere even of a provincial town.
They are ii'jt so well burnt as those which are somewhat of a light pink or salmon tint.

These latter are to be bought at the kiln at about 17*'. per thousand, and by some persons
are thought to make better brickwork than those which fitcli 60s. or more per thousand
in London. The works supply superior white and red (kilnburnt) Sitfolk facings, splays,

door-jambs, coping bricks, stable clinkers, &c. ; dark red facings, rubbers, sp'ays, paving
bricks, &e. ; bright yellow malm facin;:;s, and cutters of best quality. Mean quality, and
pale malm seconds, pickings, paviours, &c. A dark-coloured brick from Hunttnqdnn is

of a finer colour, uniform, much smoother than ordinary, and equal to those made in Kent.
18316. Bcarisfatcnt bricks are made at Arsley, near Hitchin, on the Great Nortliern

Railway, of the following qualities, ranged according to price:—AVhite rubbers; hand
made moulded solid brick, equal to the best Suffolks; No. 1 best selected white facing

brick (pierced)
;
and ordinary; these two are of uniform colour, hard and well burnt, and

used extensively for facings ; No. '2. mingled, red and pink, vary from the above only in

colour, and are equal in every respect to the best made stock bricks. These bricks are

made from the Gatdt clay, one of the subcretaceous formations interposed between the

chalk and the wealden deposits, or between the chalk and the upper oolite. The composi-
tion varies, for although it is of a tolerably uniform dark blue colour, it sometimes contains

lari^e quantities i^comparatively) of the hydrous oxide of iron; and in others it contains

much < f the bicarbonate of lime, in combination. The former burn in the kiln into a deep
red brick or tile of rather inferior quality ; the latter are used for the pierced hard white
bricks above described. It is stated that these bricks are required to be burnt with great

care, for if the calcination of the lime should take place under such conditions as to leave

the lime in a caustic state, it will slack on exposure to the weather, or when moisture is

applied to it. There is some difference of opinion as to whether mortar can be made to

adiiere to the smooth hard face of these bricks to make sound and strong work.

1831(?. The red bricks derive their colour from the nature of the soil wiiereof they are

composed, which is generally very pure. The best of them are used for cut ing-bricks,

and are called red rubbers. In old buildings they are frequently found set in lime putty,

and often carved into ornaments over an-hes, windows, doorways, &c. The Fareham reds

are noted bricks. The Ilowlands Castle (Hampshire) brii^k, tile and terra-cotta wurks
supply reds in colour and appearance similar to Fareham. They are very liard and strong.

At a mean pressure of 76,867 lbs., or 686 cwts., they cracked slightly, and with

140,617 lbs., or 1255 cwts., they cracked generally; givinji 141-9 and 2o9'5 tons per

square foot. The Thurstonland brick, from near Huddersfield, is made from a deep bed
of shale, producing when burnt a rich red colour; each brick undergoes a pressure of

14 tons, is well burnt, and being of a vitreous nature is impervious to atmospheric and
other destructive influences. Moulded bricks can be made. They have been used at

some of the London Board Schools, and largely at Blackburn and Sheffield. The crush-

ing st'-ain is over 399 tons per square foot, and the brick contains 65 per cent, of silica.

1831c?. Black bricks are obtained from Cou bridge, in Soutli Wales ; these wore used at

All Saints' Church, Margaret Street, and cost £4 per thousand. The Ballingdon or Ewell
deep black rubbing and building bricks, probably so rendered by manganese, are soft

in make and dead-looking in colour. The same factory, and Challbnt, supply dark, and
bright, red rubbers ; with black headers, glazed and unglazed. Red and black bricks are

sent from Burgess Hill, Sussex; and from Maidenhead, in Bt-rk.shire.

1831e. Bricks are now made glazed white and also many other plain colours; others

with patterns on the face as borders and for decorative purposes. The white glazed

bricks are used in lieu of tiles for the reflation of light; others for securing perfect

cleanliness of wall surface ; and for obtaining quiet and neutral tones of colour lor the

walls of wards of hospitals, and other similar purposes.

1832. By the 17th Geo. III. cap. 42, all bricks made for sale were directed, when
burnt, to be not less than 8^ inches long, 2.V inches thick, and 4 inches wide. This statute,

which was enacted for the purpose of levying a duty, is now no Lmger in force, and the

manufacturer is at liberty to make bricks and tiles of whatever size and form maybe best

suited to the work for which they are used. This Act having been rescinded, has led to the

introduction of moulded and ornamental bricks to a vast extent, which will probably be

still further extended as brickiinking machines become more useful and certain in their

operations. The paten's for them are now very numerous : some of them are stated to

make uj- to 20,(i00 per day, as may be required. The size of the brick, however, has beeix

retained, and habit will, no doubt, continue it in favour, especially for repairs.
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1832rt. I3ricks laid in the siiTnmer season sliotild be well saturated with water previous

to laj'ing; and if the work be left for a day only, the walls should be as carefully covered

up as in the winter, for in hot weather the mortar sets too rapidly, and hence the necessary

coliesion is destroyed ; an evil much ap;gravated by the dust constantly hanging about the

bricks, more especially at that season of the year. (See 1900(7.)

1833. A valuable paper, On the Transverse Strength of Bri< ks, was delivered by Mr.
"W. Hawkes at the Institute of British Architects, January, 1861. Be stated that he had
always tested bricks by their transverse power in preference to the crushing weight, which

was but seldom called in question, as it tells nothing if the bricks will resist from 30 to

100 tons dead weight. It would often be useful to know if in a 9 inch wall we could dis-

tribute a weight, say of 13 tons, over an opening 00 inches wide, having only 40 inches

depth, supposing that the bricks be of moderate strength unl the mortar be as strong as

the bricks. The pressure and weights were applied in each case in the centre of the brick.

1833a. He experimented on Dutch clinkers (made at Moor, near Gouia, in South

Holland, from the slime deposited on the banks of the river Yssel; and formerly from
that of Haarlem Meer ; the clay or slime is washed to get rid of the earthy matter bef'ora

being moulded ; the colour is lightish yellow brown) ; Tipton blue bricks; Birmingham,
hand and machine made; Leeds, ditto; B'idgewater; Colchester; Oxford; and London,
&c. ; with tiles of various kinds. As, however, these experiments were made to a calcu-

lated standard size of 7 inches long, 4'5 inches wide, and 3 inches thick, the resitlts are not

generally' useful for a work of this description. But we give the few actual weights borne
by certain bricks. Thus the 9 Leicester bricks carried at the ordinary size, 1,462 1I)S.,

1,392 lbs., 1,252 lbs., 1,132 lbs., 1,052 lbs., 1,002 lbs., 902 lbs., and 892 lbs. The 9 from
Eugby carried 1,222 lbs., 1,022 lbs., 1,012 lbs., 862 lbs., 822 lbs., 552 lbs., 422 lbs., and
362 lbs. The 7 London bricks carried 1,142 lbs., 1,042 lbs., 952 lbs., 662 lbs., 652 lbs.,

422 lbs., all being stocks; the last, a flace brick, carried 270 lbs. The 7 London
bricks (second set) carried 970 lbs., 690 lbs., 580 lbs., 400 lbs., all stocks; and 650 lbs.,

490 lbs., 340 lbs., all place; the frog was not allowed for in the calculation.

18336. The following are the ascertained weights of bricks of the sizes stated :

—

ins. ins. ins. llos. cwts. iior lOUO.

London stocks - - - - 8f x 4ix 2f = 6 81 = 60j
Bed kiln - - - - 8| x 4^ x 2f = 700 = 63
AVelsh tire 9 x 4i x 2^ = 7-84 = 65 to 75
Paving 9 x 4^ x I5* = 500 = 45

Dutch clinkers - - - - 6^ x 3' x U = lo5 = 14

Irish fire 8^' x 4| x 2| = 67
AYoivestershire, solid, machine made - - 8'75

Ditto, perforated ----- c-00

iStatfonlshii'p, solid, hand made - - - 9'50

London stock, hand made - - - - 5"75

1833(?. Brickwork expands with great heat. Mr. Hawkes's experiments, already
noticed, on a furnace chimney, 54 feet 7 inches in height, showed that the result of six

trials was an elongation of 1-425 inches. The great heat of the furnace chimney for

melting iron is never reached in house tlues, but since the introduction of hot air cockles

and hot water furnaces, particularly the high-pretsure, the heat of these flues is increased

fivefold compared with tlues from open fireplaces. An iron bar might perhaps be heated
to redness in some of the furnace flues. In anc.ther chimney, at Thames Bank, in a
height of 80 feet, the brickwork showed an expansion at times of | of an inch.

1833(7. BuENT Clay Ballast. Thisis now extensively used for forming the foundations
of the new formed roads round the metropolis, and for footpaths in the suburban gardens.
The clay obtained in miking the excavations for the new houses is run to a convenient
locality adjacent ; a log of old timber is fixed upright in the ground; a horizontal flue

6 or 8 feot long is formed with bricks on edge, with an opening; on the top near the log.

Shavings are laid round the post and in the flue, outside of which pieces of timber are
piled in a conical form ri,bout 8 feet wide and 5 iVet high ; and then coated witii about half
a ton of coal, which is covered with the newly excavated clay to a convenitnt thickness.

The shavings are then lighted, it the wind sait ; and in a short time the top of the heap
falls in, lumps of coal are tlien thrown in, and on them more lumps of clay. The object to

be attained is to have a mass of red hot Are in the middle of the heap. For a heap of
about 100 solid yards of cluy, about 1 1 loads of breeze or ashes and 4 tons of slack or fii:e

coal will be needed. The heaj), once fairly alight, is covered with clay. The tendency of

the fire being to burn upwards, the fireman, with a long rake, drags the outer surface
downwards every time the burning heap is fed; this is done by scattering the slack over
it with a shovel to Cjuicken the fire, and the breeze is then laid on to retain it ; while a
fresh layer of clay is subsequently put on all over the heap. When this clay is nearly
burnt through, the operation is repeated. When there is a gentle smoke all over the
heap the fire is going on properly ; if too little, an iron rod is pushed in to stir it up;
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if too much, shields must be put up to break the wind. The general form of the heap,

which is cone-sliaped at starting, becomes of a flattened circular t p in course of being

Wdiked. It sliould not be made too high, as that increases the Labour of wheeling the

cliy. When all the clay is used, such portions as are not sufficiently burnt are raked

off and thrown up to the top to the greater heat: the heap is then trimmed off and left

to cool. When well hurvt, the ballast may he worth the trouble ; when badly done, as is

usually the case, it is not much better than rubbish, in fact not nearly so good as the usual

dry brick rubbish of which roads should be made. When well burnt, ground fine, and

mixed with an equal portion of sand, and a less than the ordinary proportion of good lime,

it makes a mortar which will set as hard as cement. The ballast may also be sifred

thrniiTh a 65 or 70 wire sieve, and the fine stuff, hard and clean, used for mortar or for

the plasterer ; the coarse and the rough for concrete, in addition to gravel. When used

as core for a road, it should be at once covered with the Cowley or other gravel, or the

clay beneath it rises up with traffic, and much rain will soon render the road as bad as

though the soil had not been covered ; in fact it turns into mud, and ihe scamping builder

finds it pays to mix his bad lime in the roadway dirt, and to use the mixture for mortar.

1833''. Coke lirerse or breeze is akin to the above in the use now made of it. It is

extensivel}' used for mortar; ground in a mill, in lieu of sand or burnt ballast, it is said

to set hanler, being cleaner and sharper than sand, and requires less lime or cement. It is

employed in artificial stonework, in concrete, and in paving. In ballast burning it burns

the clay harder, and is cheaper than .'^niall coal. For lowds and pathways it is clean, n* t

picking up in wet weather, and is good for surface drainage. In some places it may be

cheaper than sand or ballast.

TILES.

1834:. Tiles, which in their constituent parts partake much of the nature of bricks,

are plates of clay baked in a kiln, and used instead of slates, or other covering of the roofs

of houses. The clay whereof tiles are formed will always make good bricks, though the

converse does not hold, from the toughness required on account of their being so mu'h
thinner than bricks. The common kiu'is are made of a blue clay, found in many parts

about London, and mostly deeper seated than brick earth. The best season for digging

it is in September and October, and it should then lie exposed during the winter. It may,

however, be turned up in January, and worked in February ; and, as in brick, so in tile-

making, the more care bestowed on beating and tempering the clay, the better will be the

tiles. In 1477, 17th Edward IV., c. 4, it was enacted that clay should be dug before

November, and be stii'red and turned be'ore March, Tiles are burnt in a kiln constructed

on the same principles as the brick-kiln, but with the addition of a cone, having an

opening at top round the chamber of the kiln. They require much care in burning. If

the fire be too slack, they will not burn sufficiently hard ; and if too violent, they glaze,

arid suffer in form.

183/). Plain ov crown tiles are such as have a rectangular form and plane surface. They
were made ]0| inches long, 6^ incnes broad, and ^ of an inch thick, by the statute. They
are manufactm-ed with two holes in them, through which, by means of oak pins, they hang

upon the laths. In using all coverings of this species, one tile laps over another, or is

placed over the upper part of the one immediately below ; that part of the tile which then

appears uncovered is called ihe
ff
ango of the tiling, Terro-melalUc tiles for roofs, with

two projections at the back to catch on the laths in lieu of pogs, are now iu use. Terro-

mcfallic Staffordshire goods in red, blue, and buff colours ; also blue and red, plain,

Ciipped flnd rolled ridge tiles in 18 inch lengths. Brosclcy roofing tiles in various

colours and patterns. The best pressed roofing tiles are of superior manufacture and

quality, of very hard metal, impervious to moisture, and will not allow of vegetation

growi ng on them. The Kennitie/tun and Naccolt tile yards, Ashford, Kent, supply a

dark brown tile, about 9^ inches by 6 inches, of which 1,400 go to a ton ;
the timbering

of a roof is not more than for slates. It was there that the abbots of Battel manu-
factured tiles for their own use and for sale. On stripping old roofs thtse tiles have

"been found sound and were used again; the heart of oak laths had perished from

age. Italian files, which were made about 1840, by Brown, of Surbiton, differ somewhat

from their first prototype, as, instead of being flat, they are slightly curved, fit easily one

into the other, with a horizontal indentation across the upper part, to prevent the wind

drifting the rain over the tile head ; they have either wide or narrow vertical rolls.

Such tile-! are usefully employed in picturesque buildings in the country. Taylor's new

roofing tiles have a plane surface and a slight turned up edge at the sides, a lump on the

surface near the upper ei^ge prevents the upper tile slipping; a cover tile is of a similar

size and form; these tiles were used about 1872 at the new railway station in Liver-

pool Street, They are recommended as being half the weight of ordinary plain tiling

each tile weighing under 4 lbs,, and as light as slating ; they may be laid to as fiat a

pitch as slates ; and that 180 will cover a square of roofing,

183G. iiidije roof and hij^j tiles are fornud cylindrically, to cover the ridges of housi-s.
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Tliey hlioukl be 13 in. long', and girtiibout 16 inches on the outside. Weight about 5 lbs.

R'dge tiles, phiin, and with cresting, are now introduced in red, blue, black, and green

ware. Plain, flanged, rolled top, and ornamental gruoved ridging tiles, are conunonly seen.

1837. Gutter ///fs are about the same weight and duuensions as ridjie tiles, though

differing in form, and are for the valleys of a roof. They are now rarely used, the.r

place having been supplied by lead, and lately by zinc in common work.

1838. Pan or FloiiUh ^//"s have a rectangular outline, widi a surface both convex and

concave, thus^-J^J^. They have no holes for pins, as plain tiles have, but are hung

on to the latlis hv a knot of their own earth on their underside, nearest the ridge, formed

when making. Tiiey are often gldzed, and should be 14^ inches long and 10^ inches broad.

The Bridqewat(r doiiUe roll tiles are shown in fig. 614a. Three
A/^~'^^'^'^^^^Y'^*

stubs are' formed on the back to catch the lath.' They hip over two ^^ '/' ,(V_1__
inches, and aflP)rd good ventilation for farm buildings, with good .i™^r<- iTiiV.>Cl.l^S!

—

protection from rain nnd snow. Phillips' patent lock jaw roofiu:* iig. oua.
^

tiles, with single grip and double grip, ai"e ornamental, and stated to be wind, rain, and

snow proof. The grip consists of each tile locking on to its neighbour by one or tMo

rounded grooves or bearls.

1839. The following are the weights of the undermentioned sizes of tiles used for

various purposes :

—

Paving tiles at per 1 00.
cwts. qrs

9x 9x2t = 13 2

9x 9x If = 9 2

9x 9xli = 7 3

9x 9x U = 9 lbs. each

12 X 12 X li = 16

12 X 12x2 = 22

14x 14x2| = 35i

16 X 16 X 21 = 44

18x 18x2i = 64i

20 X 20x2g = 84"

22x22x2| = 104

24 X 24 X 3 = 133

Ridge tiles 18 in., ~l , -

about f

10 to 14 cwts. per 100.

rolled, 18 to 24 in.

23 to 29 lbs. each.

12 to 18 cwts. per 100.

Malt kiln tiles

12 xl2 X 2 = 16 lbs each.

Hothouse flue tiles

12 X 12 X = 13
,

Plain tiles
lb.;,

each
cwts.

per 1000

ll^x 6ix
lOix 6^x
11 X 7"

X

1
2

8

8

= 2-51-

= 2-yo

= 22i

= 26t
P.iii tiles

13^x 9|x 1
2
= 5-2o = 47

Briflgewater double roll tiles

16^x14 xi!o|= 8-80

Paving tiles, squaies

6x6x1 = 2-16= 19i
9|x 9f X 1 = 5 70= 50
liaxllf xli =--12-42=lll

Ditto, hexagons
6 X 6 X I = 1-63= 14i

6x6x1 = 1-86= 16|

1839a. WTiite glared iUes oi Dutch and English manufacture are used for lining the

walls of baths, larders, dairies, butchers' and other shops, kitchen ranges, areas ior re-

flected light, and other such like purposes. For walls of entrance lobbies and similar

plrices, ghized tiles are stamped with a pattern, giving a decorative appenrance. Mathi-

matical tiles are employed for covering the vertical surfaces on the outside of walls, in

imitation of brickwork, and to prevent wet being absorbed.

1839/). Ornamental Pavements. The use of hardened clay for pavement is of the highest

antiquity. Our own country furnishes numerous examples of the varieties employed by
the Romanp. The tiles are usually made of the clay found in the immediate neighbour-

hood in which they have been used; and ornamented, sometimes with colour, but more

frequently with merely an impressed or raised design. During the Mediceval age, encaustic

and other tiles were largely employed. Many varieties of plain and ornamental tiles aie

now made in the Potteries, as at Broseley ; also at Poole, in Dorsetshire. The coai'ser

kinds, for streets and doorways.' have a red or a b:iff colour, and are prepared from the

Staffordshire clay, which is found associated with coal. By mixing metallic oxides with the

finer clays, blue and other colours are produced. The manufacture consists in bringing

the clay into a stnte of fine powder, containing a certain amount of moisture ; the mass is

then placed in a mould of iron which if completely fills, when the ram of an hydraulic

press, exactly fitting the mould, gives a pressure of from loO to 200 tons, compressing the

clay into a com parntively very small space ; on being removed from the mould it is polished

or smoothed off on the surface, and then it is ready for being baked in the kiin. The
encaustic or variegated tile is composed, in the body, of ordinary red or buff clay ; it is

pressed in a mould under a common screw press, the mould not only producing the outer

form of the tile, but also certain impressions on the face of the clay, about a quarter of hu

inch in depth. It is then taken out of the mould, and allowed to acquire a certain state

of dryness. Devonshiie or Cornish clay, coloured, is then poured over the whole surface,

filling the impressions, in the state of a very thick slip ; when this has been dried to a cer-

tain extent, the slip is striped until the face of the common clay or body is seen, the im-

U M
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pressed spaces only Leing filled with tlie coloured matter. A luyer of clay is also applied

to the back; and is Bonietimes pierced with holes to prevent the bending of the tiles iu the

process of baking.

1839t'. The I'lsscra are manufactured bj' a similar process. In Lambeth, clay being

properly prepared and stained of the desired colour, as black, red, blue, &c., is made into

long narrow ribbons, by means of a squeezing machine. These ribbons are cut into squares,

which are placed one on another, 15 or 20 high, previously oiled to prevent adhesion.

These piles are then placed upon a frame sliding in two perpendicular grooves, ftith fine

bteel wires stretched tightly across, so that by pressing the frame downwards the wires

subdivide the slices into the square, oblong, triangular, or other shaped te.sserfe required;

tiiese are then dried and baked in the ordinary Avay. Messrs, Minton manufacture their

tesserae by pressure as for making tiles.

1 839<f. The mode of forming tesserae into moscdc paving slabs is as follows :—The tesserae

are laid face downwards on a perfe.'tly Hat slate, iu the pattern or design required. The
size and shape of the slab is given by strips of wood or slate fastened round the tesseiae.

Portland cement is poured on the backs of tlie tesserae, and two layers of common red tiles

are added in cement ; thus forming a fiat and strong slab, which is fitted for laying down as

jiavement. (Hunt, Har.dhook, 1851.) The better tilo«, and the larger tesser;e for pavements,
are laid separately on a carefully prepared foundation of fine concrete, and then set in fine

sand. The durability of a tesselated pavement consists greatly in the solidity of th-^ fuuiida-

lion given to it. With a fioor subjected to vibratiotis such a work will go to pieces. The
encaustic tiles with raised patterns should only be used as wall liniLgs, as at Grauada, and
never for pavements, as is sometimes dune.

1839c. Stonew^aee is a dense and highly vitrified material, impervious to the action of

acids, and of peculiar strength. Until ab lut 1836, when the duty was taken off, this

material was chiefly used for common spirit bottles, oil jars, &c. The clay used is found
near the coast in Devonshire and Dorsetshire. It is dug in square lumps of about 40 lbs.

each, and transported in ships to London. After being perft-ctly dried it is ground to a
powder, mixed with water, and, after being allowed to become of uniform consistency, ihe

mass is passed through pug mills, and taken to the workmen. For making large articles,

portions of the burnt material, finely ground, are mixed with the new clay ; also some white

sand found in the neighbourhood of Woolwich and Eeigate.

1839/". Almost all round articles are formed by the potter, on wheels turning with the

required rapidity. The potter's wheel was known in Egypt some "2,500 years B.C., and it

remains practically the same. It was worked by hand; then by the feet, keeping a steadier

constant motion ; hirger articles causetl the disc to be attached to a large flywheel, worked
by au assistant, who was directed by the potter; lastly came the addition of steam and
the conical drum, enabling the potter to reguhite the speed required. For articles of

other shapes, the composition iu a soft and plastic state is laid in plaster of Paris

mo'ilJs ; the porous plaster gradually absorbs the moisture from the clay, and when
suflficiently firm it is removed. Sumo thousand articles are frequently made from one

inoidd before it is destroyed. When thoroughly dry, the ware is placed in ovens ur

kibis, and exposed to a gradually increasing heat, so intense as to become, before finishing,

quite white; salt is then thrown in, and, being decomposed, the fumes act chemically on

the surface of the ware, and fuse the particles together, giving the glaze so well known.
IStonewarc differs from all other kinds of cflazcd earthenware in this important respect,

that the c/ lachiff is the actual material itself fustd togeiher; in ether kinds of ware it is

a composition in which the article is dipped while in what the potters cull the biscuit, or

hdlf-burnt, state. (Hunt, Handbook, 1851.)

TERRA-COTTA.

1839^. Terra-cotta, that is, burnt earth, embraces every kind of pottery, but the term
has now come to be applied exclusively to that class of ware used in building, and is

more or less ornamental and of a Irgher class than the ordinai-y, or even the better make
of bricks, demanding more care in the choice and manipulation of the clay, and much
harder firing, hence it is more durable. The best terra-cotta is a species of stoneware,

which doe' not after years of use show signs of decay from contact with acids and alkalies.

1839/i. Terra-cotta, like stone, may be good, bad, or indifferent in quality, but good

terra-cotta will hold its own against good stone as a sound building material. Dad terra-

cotta is that Avhich is imperfectly burnt, and when it is " slack burnt," as it is termed, the

material will go back to clay again. Flower-pots are common terra-cotta, and often throw

off a scale of red earth each time the plant is watered. A well burnt sto.k brick is also

terra-cotta ; and where is the ordinary stone which is equally durable with il ? Good
terra-cotta is easily t. sted ; when struck wiih steel it should emit sparks and merely

show a black line, and ring like a bell. It should be free from fire cracks, have true lines,
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its surfaces be not chipped or ruLbed after burning, and each piece should be properly

chambered with cross-pieces.

1839J. The clays best suited for terra-cotta are found in the tertiary beds, or those

occurring above the chalk, and corresponding with the lower Bagshot sands of the

London district. Also those in the oolite and lins formations. It is procurable at Tam-
worth in Staffordshire; Watcombe in Porsetthire ; Poole in Dorsetshiie; Evt-rton in

Surrey; Ruabon in North Walts; in Cornwall, and in Northamptonshire. The cLiy

should be as free from iron and limestone as possible, and should be cleansed from all

impurities. Natural terra-cotta c ay contains 60 to 65 parts of silica to about 28 parts

of alunjina. The Poman nidterial consisted usually of the following ingredients

:

Si.icii, 7145; alumina, 225; protoxide of iron, 12; protoxide of manganese, 17;

lime, 8-14
; soda, 16'62; magnesia, a trace. Sand is an essential ingredient, and should

be free from iron. The chief materials constituting the paste are clay, sand, Hint, glass,

and phosphate of lime.

1839/t. All clays require careful preparation before use, and their after characteristics

are often as much determined by this as by anything ; the same clay being different under
different treatment. 1st. Kneading, or piigginir, which consists of wrll mixing the clay

and reducing it to a perfect consistency throughout ; this is now done by a pug-mill.

Most clays are too fat, and require an alloy to make them more workable ; their shrink-

ing is too great, and they are liable to twist and warp in drying and burning, so that

rough stuff or burned clay grnui.d fine is added in proper quantities to prevent this, and

it gives the potter more certain command over the clay. When mixed it is raided in a

dry state into the mixers, water is added, and it is then passed through the pug-mills,

when it is ready for use. Someiimes the clay is rendered more homogeneous by being

struck continuously with an iron bar, to assimilate the parts and to expel any air, which
on being expanded bj the heat, of the kiln would shatter the work. 2nd. A ball of this

clay is supplied to the potcer, who proceeds to form the article by hand ; or it is pressed

into a mould, which is of plaster, when repetitions are requirtd. Care is necessary to

have an equal thickness throughout, to prevent unequal shi-inknge. This thickness is not

much more than one inch. When required of a greater thickness, the blocks are formed

hollow with cross webs to strengthen them. When necessary thete cavities may be filled

with conciete ; this filling also prevents the accumulation of moisture, to which the blocks

would be liable were they left open. 3rd. The article so formed in the rough is

removed to be dried. Drying is evaporating the water, which must be done very

gradually and evenly or there would be a liability to ctack and twist. When nearly as

hard as a piece of soap it is placed on a lathe and smoothed or poli-hed with an iron

tool. If any part is required to be attached to it the part is moulded, and the clay

moistened at the point of junction, and the two luted with a very little soft clay. The
work is now ready to be burnt. 4th. Burning is a process of the utmost importance, as

on it depends the lasting qualities of the material. A chemical action goes on in the firing

which changes the whole nature of the clay ; it never admits of being worked up again,

as in its original state. To accomplish burning successfully requires much experience,

skill, and patience. It is now removed to a kiln or reverberatory furnace, and carefully

packed in fire-clay troughs called siggars, or placed one over the other. When the kiln

is full the doorway is bricked up. and the fires are lighted in the furnace holes around the

kilo. Large articles have to be fired very slowly for four or five days, then for about

forty-eight hours fired sharply until a heat is attained sufFicieat to bake the ware, and to

flux the ingredients of which the body is formed into a vitreous mass without melting

the whole. The intensity usually necessary is stated to be that at which soft iron

would melt. The ai tides have to bo protected from the coal flame by the seggars, or by
being coated with paper and clay, or by a muffle throughout the kiln, as the flame is apt

to crack many clays openly exposed to it, and the vapour of coal is sure to discolour the

ware, generally turning it a foxy red. A kiln of large goods takes about a week to cool.

183nZ. Of late jears terra-cotta has been used extensively for the facings and
dressings of a building in the place of stone. It is generally made of hollow blocks,

formed with webs inside so as to give strength to the sides and keep the work true while

drying, whereas when required to bond with brickwork it must be at least 4j inches thick.

1839;». The following result of experiments made by Mr. Blashfield for Mr. Charles

Bnrry, were given in a paper by him on Diihcich CilUge, read at the Royal Institute of

British Architects, session June, 1868.

A block of Portland stone about 6 inches cube, bore a erusking weight

equal to per foot super. ___----- 292 tons

A block of Bath stoie, equal to per foot super. _ . . - l(j4 ,,

A stock brick ,, ,,
- - - - 82 „

A solid block of Terra-eottri, equal to per foot super. _ . - 623 ,,

A hollow block, slightly made and unfilled - - - - - 80 >.

The same, but filled with concrete __---. 163 „

A hollow block, unfilled, but made with thicker walls - - - 186 „



532 THEORY OF ARCHITECTURE. Book II.

1839?». The shrinJcage of terra-cotta clay in burning is very uncertain ; it is one-eighth

to one-twelflii. To obviate tlic risk of warping, birge pieces should only be used where

absolutely necessary. Blocks may average from 1 to 3 feet cube ; never more than

4 feet; the block is usually from 12 ins. to 16 ins. long, by 6 ins. to 15 ins. high; 4| ins.

to 9 ins. on the bed ; if hollow, from 1 to 2 ins. thick. Larger blocks should have

a division or web of terra-cotta across them. Joints should be joggled, stopped ends

made solid, beds even, and samples should show extreme limit of colour and evenness.

In the old Continental and English examples, brick dimensions are as much as possible

adhered to. Large blocks require corresponding extension of time to be allowed in their

manufacture.

18390. As regards economy it compares favourably with good stone, while it is much
more durable, stronger, and cheaper ; for the use of the mould allows, where there is

great repetition of parts, of most elaborate work, produced at a cost less than that of

stone ; as much as one-third is saved. The cost of the raw material of terra- cotta is only

half the cost of Portland cement, and not one-fourth the cost of good stone. Mouldings

having a girth of two feet can be bought at two shillings and sixpence per lineal foot

;

tracery for pai'apets, 4 inches thick, at three shillings per foot superKcial.

1839/^ Its liqhtvess is a source of economy in comparison with stone, by which a

saving is effected in cai'riage and lifting ; the filling of the blocks can be done on the site

with the broken bricks lying about. In a district where stone abounds, the saving in

cost would not be so advantageous. In London it would be on an average, say 20 per

cint. less than Bath stone, and 40 per cent, less than Portland stone. The subject will

be further treated in the next book.

Sect. XI.

LIME, SAND, WATER, MORTAE, CONCRETE, AND CEMENT.

1840. Lime has not been found in a native state; it is always united to an acid, as to

the carbonic in chalk. By subjecting chalk or limestone to a red heat it is freed from the

acid, and the lime is left in a state of purity, and is then called caustic or quicklime, which

dissolves in 680 times its weight of water. It is not our intention here to enter into any

account of either of the theories relative to the formation of lime, facts being of more
importance to the architect in its employment than the refined fancies of the scientific

chemist. The calcareous minerals are mostly distinguished by their effervescing with,

and dissolving in, an acid, as also by their being easily scratched or cut with a knife. In

respect of the lime obtained from chalk. Dr. Higgins (in his work on calcareous cements,

Lond. 1780) says, " It should be observed, that the ditference between chalk lime and the

lime obtained from the various limestones, chie'y consists in the greater retention or

expulsion of the carbonic acid gas contained in them."

1841. An account of the stone from which lime may be obtained in the diflferent cotmties

of England would unnecessarily extend this article ; we shall, therefore, after observing that

the use of marble for burning to lime would be too expensive, state the varieties of lime-

stone as, 1, the compact ; 2, the foliated; 3, the fibrous; and 4, the peastone. The compact

limestones are of various colours, in hues inclining to grey, yellow, blue, red, and green,

and to a smoky sort of colour besides. It is usually found massive, often compounded with

extraneous fossils, particularly shells. Its internal appearance is dull, the texture is com-

pact, the fracture small, fine, and splintery ; fragments indeterminately angular, more or

less sharp-edged; semi-hard, sometimes soft, brittle, and easily frangible. Specific gravity

varies from 2-500 to 2-700, and it is composed of lime, carbonic acid, and water, mostly

with a portion of argyl and oxide of iron, and sometimes of inflammable matter.

1842. The foliated limestones are such as calcareous spar, statuary marble, &c. ; the

fibrous limestones, such as satin spar; and the peastone, another species of spar. It may
be remarked, that the various sorts of marble, chalk, and limestone may be divided into

those which are nearly pure carbonate of lime, and those containing in addition from one-

twentieth to one-twelfth of clay and oxide of iron. " Though the best limestones are not

such as contain the greatest quantity of clay, yet," observes Mr. Smeaton, " none have

proved good for water building, but w hat, on examination of the stone, contained clay ;
and

though," he continues. " I am very far from laying down this ai an absolute criterion, yet I

have never found any limestone containing clay in any considerable quantity, but what was

good for water works, the proportion of clayey matter, being burnt, acting strongly as a

cement ; and limes of tliis kind all agree in one more property, that of being of a dead

frosted surface on breaking, without much appearance of shining particles."

1843. Among the strongest limes, such as will set under water, those most in use in the

metropolis are called ^rey sto)ie limes, and are procured from Dorking, Merstham, and the

vicinity of Guildford in Surrey, The Dorking and other limes of that part are burnt from
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a clialk formation so cxtreiTiely liard that it is qunnied even for the purposes of masonrr.
Those of RJersthani particularly are obtained from an indurated chalk marl (^clay and
chalk) which is so hard that it partakes of the nature of stone.

18j;5a. The known property of the blue has formation for setting under water renders it

an invaluahle material in the hands of the architect. In the neigiibourhood of Bath it is

called Bath l)rown lime, and when i)repared for cementing with metallic cement, is Siiid to

be wind slaked ; that is, after burning, it is placed in roofed sheds o|)en at tiie sides, and
the atmosphere is thus introduced to act upon it. The colour of the lias, previous to

burning, is blue ; after it has passed the kiln, it is of a rich brown colour.

18436. Jt is extremely difficult to give any quantitative analysis of the blue lias. Every
layer in a quarry will be found to difliir more or less decidedly from tiiose above or l)el()w

it. The beds extracted for burning into lime may he said to consist principally of c.ir-

bonate of lime (perhaps as much as 9) per cent. ) in combination witli silicate of alumin^i,

some oxide of iron, potash, and a small (piantity of sand, in meciianical mixture ; but the
ingredients insoluljle ill niirous acid, such as silicate of alumina and sand, »aiy in every
iniiiginahle proportion between 5 and 18, or at times '20, per cent. The best blue lia.s lime
is obtained from the beds of calcareous marl which contain about 16 per cent, of
silicate of alumina ; such as is brought from Abertliaw in South Wales. Watchet in

Somersetshire, and Barrow, in Leicestershire : the limes from Whitby, in Yorkshire, and
fr.jni Lyme Regis, in Dorsetshire, are nearly eipial to them. The principal objection to

this lime as used in London is founded upon tlie large pro;)ortion of UKderburnt or unburnt
stone or cure left in it. The weight of an imperial bushel of Aberthaw lime of a supeiior
quality is S.i lbs.

18 13c. The magnesiai! limestone of Sunderland lies north-west of the red sandstone. In
the vicinity of South Shielils. in tlie county of Durham, the formation becomes extensive,

a.-id is to be tr.iCid to the Tees below Winston Bridge. The Whitby quarry near Caller-

coats has been described in the 4th volume of the Gealigical Tra.'isact.uiis. The Sunder-
land llniestone is of a bronze colour, and from containing inflammable matter, does not
require so much fuel to convert it into lime. The naturally hydraulic limestone of Arden,
found near Glasgow, in Scotland, has been largely used in the local dock works, in the

pro|)ortion, for concrete, ot one part of ground lime, one ])art of iron mine dust, one part of

sand, and four and a half parts of gravel and (juarry chips. Pure hydraulic lime, as it is

called, manufactured (in Flintshire) from the best Ilalkin Mountain limestone, is much used
in the dock "oiksat Liverpool and Birkenhead.

I84:jrf //j/<' aiilic limes have been thus classed :—If they harden under water in periods

varying from fifteen to twenty days after imniersio.i, they are slightly hydraulic ; if from
six to eight days, simply hydraulic ; if from one to four days, eminently hydraulic.

Hydraulic works frequently burst from the s/.jAi' </ of the lime which has not been properly

prepared for its office. It should be all hydrated before placing, and this requires more
time than the slaking of ordinary lime ; the heat developed is much less than in any other

lime.

1844. Before limestone is burnt it seems to possess no external character by which a

distinction can be made between the simple and the argillo-ferruginous limestones ; what-

ever the colour of the former, they become white when burnt, whilst the latter paitake

more or less of a slight ochrey tmt. Brown lime is the nmst esteemed for all sorts of

cements, whi'st ior common purposes the white sorts, which are more abundant, are suffi-

ciently useful. In England, the limestones in colour generally incline to a red or blue,

and tho.se which are found firm, weighty, and uniform in texture are to be preferred.

Masses broken from large rocks and beds on the sides of hills, and those when newest taken

and deepest dug, are most to be valued.

184 5. The process of analysing limestones is so eminently useful to all concerned in

building, that we cannot vefrain from transcribing the method used by Smeaton in his own
word.s. " I took about the quantity of five pennyweights (or a guinea's weight) of the

limestone to be tried, bruised to a coarse powder, upon which I poured common aquaforti.s,

but not s.) iimch at a time as to occasion the etfervescence to overtop the glass vessel in

which the limestone was put, and addid fresh aquafortis after the effervescence of the f>jrmer

quantity h.id ceased, till no further ebullition appeared by any addition of the acid. 'I'his

done, and the whole being left to settle, the li(juor will generally ac(]uire a tinge of son^e

trall^parent colour ; and if from the solution little or no sediment drops, it may be

accounted a pure limestone (whicli is generally the case with white chalk and several

others), as contaiiii.ig no uncalcareous matter in its composition. When this is well

s.ttled, pour off" tlie water, and repeatedly add water in tlie same way, stirring it, and
letting it settle till it becomes tasteles.s. After this, let the mud be well stirred into the

M'ater, and without giving it time to settle, pour off the muddy water into another vessel,

and if there be any sand or gritty matter left behind (as will fiecjuently be the case), this

collected by itself will ascertain the quantity and species of sabulous matter that entered

into the texture of the limestone. Letting, now, the muddy liquor settle, and pouring off
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tbe water till no more can be got without an a Imixture of mud, leave the rest to dry, which,
whun of the consistence of clay, or paste, is to be made into a ball, and dried for furthLT

cxaniiiiJition."

184G, There are many sorts of kilns for burninj!; limestone, vnrying in form with the fuel

cmployeil, and the combination of the ])rocess itself with some other, such, for instance, as

making coke, and some;imes bricks. The limestone, howevtr, is generally burnt in kilns

whose plans are circular and section resembling an inverted tnmcated cone; of late in;;re

frequently made spheroidal. The hvat is in either case o!)tained from a firei)lace uudtT
the limestone, which rests on bars, that can. when the kiln is a perpetual one. egg-fonnod,
or a draw kiln, be removed to let out the lime as it is liur.it, whose deficiency, on extraction,

is supplied by fresh stone at tlie top of tlie kiln. Sud kilns are sometimes used for lime
burning. These are formed by excavating the earth in a conical form, and then building

up the sides as thi' eartli ir.ay require. In using these the limes'one is laid in with alternata

layers of fuel to the top of the kiln, ar.d ti.e top being covered with sods, so as to prevent

t!ie heat from escaping, the fire is liglited aid the process effected The lime is not removed
till it is thoroughly cool. This mode is a tedious o])e;atioi, and, because of the (|uantiiy

of fuel consumed, far from economical. In t!ie connnon lime-kiln, the fire is never suffered

to go down, but as the well-burnt lime is removed, fresh lime is supplied. There is a specie;

of kiln called a flame-kiln, in which the calcination is effected with jieat. In this kiln the

process of burning bricks is carried on at the same time. Tiie loss of limestone by burning
is about four-ninths of its weight, shrinking, however, but little. When completely burnt,
it falls freely, in s'aking, into powder, and then occupies about double its previous bulk.

1847. Lime burners have made the important observation, that the quantity of stone

calcined and the quantity of fuel expended depend on the quality of the f^uel. Hence the

kiln is constructed with reference to the fuel, rather than to the nature of the stone to be
calcined. Limestone, taking an average time, requires burning about sixty hours to reduce
it to lime, when the lieat is strong and well regulated : but of course no general rule can be

laid down, as diff'rent species will require different peri ds of rime. The principal object to

be accom|)lish' d is the expulsion of the carbonic acid gas which ente s into its composition.

1848. The lime generally most esteemed is that which heats most in slaking, and slakes

tlie (juickest, falling into a fine powder. If there he among it coarse unslakable lumps
called core, that will not pass through tlie screen, either the stone has not been sufficiently

burnt, or it originally contained extraneous matter; this not only indicates defect in

qualiiy, but that it will be, as they more or less abound, more costly in use. Lime in

slaking absorbs a mean of 2 5 times its volume; and 2 25 its weiglit of water. The
hydraulic limes absorb less water than the pure limes, and only increase in bulk from 1 15
to 2 5 times their original volume. Slaked lime is a hvdrate of lime.

1849. Troin the experiments of Mr. Smcaton and of Dr. Higgins, it is sufficiently proved
that, when chalk or stone lime is equally Iresh when used, the cementitious properties of

both are nearly, if not quite, equal ; but from the circumstance of quicklime absorbing
carbonic acid more or less in proportion as its texture is solid or spongy, so it gradually
parts with its cementing nature, becoming at length altogether unfit for the purposes of

mortar. Thus, though each of tiie sorts may be equally good, if properly burnt and quite

fresh from the kiln, yet from the chalk lime so much more easily and lajiidly taking in the

carbonic acid than stone lime does, it is not so fit for general use ; and, indeed, now the

metropolis is so well supplied with the harder chalk and stone lime.s, there is no excuse for

its use, and it should in sound building be altogether banished.

1850. The following table, from Smeaton, contains a list of the limestones lie exatuined
on the occasion of building the Eddystone Lighthouse:

—

Species of Stone.
Propor.

I
tiOM of
Clay.

Aberthaw, on the coast of Gla-

morganshire
Watchet, small sea-port in So-

mersetshire - - .

Barrow, Leicestershire

Long Bennington, a village in

Lincolnshire

Sussex Church, near Ia'wcs in

Sussex . - .

Dorking, Surrey

Berryton grey lime, near Peters-

field, Hants
Guilford, Surrey

Sutton, Lancashire

Colour of the
Clay.

H eduction
of Weight

I
, „,

by Laming. '"^h Clay.
Colour of Rrick made of

Lead colour

Do.

Do.

Do.

Ash colour

Do.

Do.

Do.
Brown

4 to 3

4 to 3

3 to 2

Grey stock brick.

r Light colour, red-

\ dish hue.

Grey stock brick.

Dirty blue.

Ash colour.
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1851. Sand shoiilJ by all means, if possible, be procured from a runiiinj; clear stre.im, in

prtf>Tence to iliat obtained from pits It is cleaner and not so connected witli clayey vr

muddy partic'es. About the metropolis it is the practice to use (and an admijalde ma-

terial it is) the sand of the Thamts procured from above London Bridge. Tliis s:i!)d has

acquired a deserved reputation among the arcbiteits and builders of the capital. It con-

tains, however, a vast portion of hetero-eneoi s matter, such as calcareous fossd, quaitzose,

and flint sands, particles of coal alluvium, and much iron. The sharp drift sand of the

Thamis, therefore, before mixing with the linse, should be well .'criened ai d wasled.

1852. If pit sand only can be procured, it should be repeatedly was'ied to frie it from

the earthy and clayey partides it contains, until it becomes bright in colour, and feels

grittj' under the fingers. Smeaton lias stated that clay, even in very small quantities, materially inter-

feres ^\•ith the hardening of mortar, and disposes it to p rish in a few years. When the arch.t ct is obliged

to use sm sand, it must te we 1 washed in fresh water until the salt is entirely re>iioved ;
otherw.se tlie

cement for which it is used will never dry. So small a qumtKy as 3 per cent, of salt causes great incon-

veniences. Whenever the weather is dry, the walls show an efflorescencs on the inside or on' side.

This, when there is damp in the atmosphere, will collect nois'ure, causing ihe wall to look wot, and will

throw off any paper placed on it. In one case, where a Ijiiildcr in i o.imlnately employed sea sand f. r

outsirie and inside purposes, the saline property soon in'roiaiced the rot to all adjoining timber. Thera

is still (1887) mueli di\ersity of opinion as to the ad vi-ability o( using sea fand. The washing is o(

primary importance ; it is to 1-e b.-st effected liy using an iron pp3 of about three-quarters of an inclt

diameter and two feet long, joined on to an india-rubber pipe attached to the water main. This pipe

is to stand in the c ntre cf the tub ; fill the tub with the sand, then turn on the water, which passl' g to

the bottom of the tub, r.'ses through the sand causing any salt to rise with it ; if allowed to run, the tub

overflows, and the salt is soon all carried oflf. The land should be washed as soon as it is taken from the

beach. (E. C. Morgan.)

185'ia. It will be well to notice here that Professor Wilson, of the Edinburgh Labora-

tory, made in 1848 a report on the use of tea sand in mortar in a house. No. 10 Randolph

Crescent, which was said to be damp from the use of it. On analysis he found that the

mortar contained only 1-I0,000th part of its weight of the chloride of magnesium, a highly

deliqiuscent attracting substance. But he considered that the setting of the mortar

mechanically enveloped and locked up within its m iss the substance in question ; and

further, that it might chemically combine with the lime of the mortar to form a compi.und

not readily to be dissolved in water. It was also thought that in consequence of a

chemical action taking place between the lime in the m<;rtar and the chlorine derived from

the sea water containxi in the sand, chloride of calcium (muriate of lime) would be pro-

duced, and this being a deliquescent substance, would attract moisture and render the

walls damp. The amount, however, of chlorine in specimens of sea sands, was found to

vary from a S.lT'ltli to a 549th part oftheir weights ; the mean amount was a 1,204th pait.

The quantity in the mortar was so minute that it could not sensibly produce the effects of

dam|). The mechanical envelopment of the chloride of calcium in the mortar would also

shut up this deliquescent substance from moisture, and conduce to di yness. A further sub-

stance in sea sand, is chloride of sodium (common salt), and if tlie chlorine of this be

transferred to the lime to form chloride of calcium, the sodium will become converted into

carbonate of soda. These substances may co exist in the mortar, but as s3on as they are

separated from it, and diffused through the stone, or brought to it; surface, the carbonate

of sotla will convert the chloride of calcium into carbonate of lime (chalk) and become

itself chloride of sodium (common salt). A co-sideration of these facts led the analyst to

affirm that the a|iprehension that chloride of calcium, as derived from sea sand, would

render the house damp, was altogether chimerical. On an analysis of some of the pit sands

in the neighbourhood, he found that one of them contained almost the same quantity of

chli.rine as in the sea sand, although no charge was made against it. It does nut admit

of doubt, he reported, that, other things being equal, sea-sand mortar will dry more quickly

and keep more thoroughly dry tlian will pit-sand mortar; this sand, it must be noticed,

contained about 13 per cent, of earthy matter, and was therefore not so pure as the sea

sand.

18526. Although all the professional publications of late years have described the bad

effects likely to result from the use of unwashed pit sand, builders in the outskirts of

the metropolis have taken to use road sweepings in lieu of sand, and this even without

having washed it to free it from those impurities not only detiimental to its making good

mortar, but also to the building itself, as it may be the cause of introducing the dry rot.

Lately we have noticed a case in tiie professional journals where tlie lime, such as it was,

was "mixed with a large proportion of garden mould and mud, the bricks being of an in-

ferior quality and insufficient strength." We have already noticed the use of road d'lvt {par.

1839/.) In another case " the composition with which the portions of bricks were held

together consisted of .soap lees with a few small limestones and dirt." The interests of the

poorer classes should be belter protected.

1852c. Mttallic sand for cement was introduced about 1843. It was sold in coarse or

tine powder as required, to be mixtd up with blue lias lime for joining bricks and stone,

for concretes, for face work, or for moulded work. 1 measure of the sand, 1 of lime, and 6

of gravel were the proportions used in the foundations of the new Houses of Parliament, and

at the great tunnels of the Birmingham raihvay. It has also been used for malthouse
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steeping troughs, and floors; for the latter purpose it can be polisihed. For exterior

fa'.'ings, as stucco, it was used at .O? Coleman Street; and at the Alfred Insurance Office,

I-othbury : the latter building has lately ( 1866) been pulled down. The marine turrt-t at

llerne Bay was also coated wiih it.

1853. Water. Dr. Higgins recommends the use of lime-water for the composition of

mortar. This, in practice, would be impossib'e Tlie water usid, however, for the incor-

poration of the lime with the sand should be soft and pure. Mortar and concrete lave
both been ricommcnded to be made up with hot water; with tlie latter especially, when
it is desirable that it should s.t immediately: concrete thus made has been (bund exceed-

iiiflly hard. Its employment with mortar dates from before 1520. It is probable that

Mater charged witii iron, as at Tunbridge Wells ; a solution of chalk, as in Hertfordshire;

Bulpiiuietted hydrogen, as at Harrowgate ; and salts, as at Epsom and el.st'where ; may all

affect lime when combined with it. Snieaton stated tliat he could not discover any
difference in the strength of mortar, whether it were made with sea, or with fresh, water.

1854. In forming Mortar from lime, it must, when slaked, be passed through a sieve

leaving only a fine powder, an operation usually performed with a quarter inch wire screen

set at a considerable inclination to the horizm, against whicli the lime is throwi) with a
'

shovel after slaking. That which passes through is fit for use ; the core falling on that side

of the screen against wliich the lime is thrown, being entirely rejected for the purpose in

question, though it is an excellent material for filling in the sides of foundations under wood
floors where tiiey would otherwise be next the earth, and the like. The sifted or screened

lime is next to be added to the sand, whose quantity will vary as the quality of the lime,

of which we shall presently speak. In making mortar, thi.re is no point so important, as

respects the manufacture itself, as tlie \vell tempering and beating up tiie lime with the

sa .d after the water is added to them. In proportion, too, as this is effectually done, will

a small pro))ortion of lime suffice to make a good mortar. Tlie best mode of tempering
mortar is bv means of a pug-tnill with a horse-track similar to the clay mills used f jr

making bricks. But if such cannot be had, the mortar shoidd be turned over repeatedly,

and beaten with wooden be;iters, until it be thoroughly mixed. That this process slu uld

be carefully performed, will a])pear of the more im])ortance when it is considered that it

thereby admits a greater proportion of sand, which is not only a cheaper material, but the

j)resence of it renders a less quantity of water necessary, and the mortar will consequently

set sooner: the work, too, will settle less; for as lime will shrink in drying, while the

sand mixed with it continues to occupy the same bulk, it follows that the thickness of the

iiurtar beds will he less variable.

1855. Vitru\ius recommends that mortar should be beaten with wooden sta\cs by a

number of men before being used. Smeaton reckoned it a fair day's work for a lahourer

to mix and beat up two or three hods of mortar for use. The pug-mill does this now \u

two or three minutes. Pliny expressly states that "in ancient specifications for buildings

it was provided that no slaked lime less than three years old should be used by the con-

tractor." Covent Garden Theatre was built in 1S08-9 with lime while still hot from
the kiln : when the walls were demolished a few years since, the mortar was found to

be hard and solid. It was so used at Tothill Fields prison. At the new Royal Exchange,
the lime was to be thoroughly and freshly burnt, to be kept in an enclosed shed, and no
more mortar to be made than was sufficient for each day's corisumption.

1856. In most of the public works executed in Great Britain of late years, the propor-

tion of lime to sand is as 1 to 3 ; and when the former is made from good limestone, the

sand is by no means too much in proportion. Dr. Higgins, in his experiments, has gone
BO far as to recommend 7 parts of sand to 1 of lime, which, for mortar, is perhaps carrying

the point to the extreme. It may be taken as an axiom, that no more lime is necessary

than will surround the particles of sand. C. H. Smith has stated, (^Builder, 18G5, p. 41),

that if each particle of sand be covered with lime about the thickness of an ordinary coat

of paint, he should be disposed to consider such an amount as very near the perfection of

quantity. A superabundance of lime or sand, no matter how good it may be, is, under
any circumstances, objectionable.

1857. Various opinions have long been entertained by chemists and others respecting

the effect of sand and lime upon each other in the formation of mortar. The general im-
pression is, that the slaked lime and sand in contact have a chemical affinity for each

other ; that the lime decomposes the surface of the sand, and the atoms or molecules inter-

penetrate each other, forming a sort of silicate of lime. This is an extremely ingenious

theory, says C. H. Smith, but it has never been proved. It has been stated, he also

adds, that the hardening of mortar arises from the presence of carbon and oxygen formed
into carbonic acid, which is absorbed by the lime; but the stmice from whence the

carbon is obtained is at present a mystery. Oxygen is abundant in the composition
of water and atmosphere, and that quicklime has an astonishing affinity for it, is evinced by

the practice of dusting steel goods with it when not in use, to prevent their rusting ; or that

of placijig a small lump of it in any box or case containing such goods. Bricklayers
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smear their trowels with the mortar before leavinfc off' woik ; and in the P.inntnUa, it is

noticfd that "in taking out cramps from stonework at least 400 years old, whicli w.re so

bedded in mortar that all air was perfectly excluded, the iron appealed as fresh as from

tlie forge."

18)8. Various additions are made to inorfar, in order to increase its hardness and

tenacity ; such as coal and wood ashes, forge scales, roasted iron ore, puzzuol;ina, and the

like. Tlie property of hardening under water or when excluded frum the air, conferred

upon a paste of lime, is effected iiy the presence of certain foreign substances, as silicon,

alumiia, iron, &c., when their agsiregate presence amounts to one tenth of ti)e wliole. Arii-

ficial hydraulic limes dj not attain, even under favourable circumstances, the same degree

of liard'ness and power of resistance to compression as the natural limes of the same chiss.

1858a. As InirnLll, in Limes, Cements, Sfc, 1857, p. 71, says—" It is often a matter of

importance to know the pjwer of resistance of mortars; but as tliey differ within a very

larg.' range, it is not easy to state it very precisely. Tlie best experiments, however, show

that we may safely calculate upon a resistance of 14 lbs. per inch superficial for its cohe-

sive force; of 42'lbs. to a crushing force; and of 5^ lbs. to a force tending to make the

liai tides slide upon one another. It would not be safe to expose new works to greater

efforts than tliose which could be included witliin the above limits." In the cunstruciion

of a wall, whether of brick or rough stone, it should be clearly understood that there is an

important distinction between meie drying and the ultimate process of induration. Tiie

mortar may become suflficiently set, dry, and solid, in a few days or weeks, to enable the

wall to b.ar a very considerable weight and pressure ; but it does not acquire the maximum
degree of hardness till after the lapse of many years and even of centuries. All cements

and limes tend to reassume a state of carbonization similar to that in wliich they existed in

the stones from whence they were extracted; they only do so to a very imperfect degree.

'Ihe saying that lime at a hundred years is but a chiki, is perfectly true. Cements on the

Ciintrary harden very rapidly, but we have no instances of their acquiring the strength of

the original stone.

1859. The cendre de Tournay is used in the Low Countries. This is an article procured

fiom the lime-kilns bordering the Scheldt. The lime of this district contains a consi(leral)le

portion of clay mixed with iron ; and the pit-coal with which it is burnt contains a large

(junntity of an argillaceous schist, impregnated with iron. After the lime is taken out of

the kilns, tiiere remains the cendre, about one fourth of which consists of burnt lime-dust,

and three fourths of coal-ashes. This material is S|)rinkkd with water to slake the lime,

and well mixed together, and put into a projier vessel and covered over with wet earth.

In this state it is kept for a considerable time ; and when taken out. and strongly beaten

U|) for iialf an hour witii an iron pestle in a wooden mortar or trough, it is reduced to a

soft [)asty consistence ; it is then spread out for several days in a shady place, and the ojiera-

lion of beating repeated: the oftener this is done the better, except it should become
iMimanageable from being too much dried. In a few minutes, this cement, wl)en ai)|)lied

to brick or stone, adheres so firmly that water may be immediately poured over it ; and if

kept dry twenty-four hours, it afterwards receives no injury even from the most violent

action of a flowing stream.

18.)9a. In London, a mortar made of lime with sea-coal ashes from a smith's forge

mixed with the iron scales, and called Hue mortar, is used for covering parts of buildings

much exposed to the weatlier ; and if prepared with similar labour and attention, it

might, in a great degree, possess the \aluable properties of the mortar of the Scheldt, just

mentioned.

18596. Common ashes mortar is made by mixing two busliels of newly slaked lime and

three bushels of wood ashes, wliich, when cold, must be well beaten, in which state it is

usually kept for a considerable time, and indeed it improves by keeping if beaten two or

three times previous to using it. This mixture is superior to terras mortar in resisting

the alternate effects of dryntss and moisture, but not comparable with it under water.

1859c. Brick and tile and burnt clai/ La/last, each well burnt and ground to a powder,

combined with rich lime, possesses hydraulic eneru'y. Pulverised silica burned with rich

lime produces hydraulic lime of excellent quality. In some experiments made by INIIM.

Chatonoy and Rivot, this lime hardened under water in fiom three to four days, and

acquired in twenty-two months a hardn^'ss superior to Portland cement. The weiglit of

tile powdered lime never exceeded four times, and was never less than one half that of the

powd.red silica. Brick-dust mortar used to be considered in some cases better than

mortar made of terras, for imless the terras was always wet it was not thought better than

common mortar made of lime and sand ; 2 bushels of hot lime, i.e., fresh slaked lime, added
to I bushel of brick-dust n.ade from red stock bricks, was to be well beatenand worked up
before using, with but little water: the longer it was i)eaten the better it became. Tlie

dry brick rubbish of old wall'ng broken down and sifted, was considered better than .'•and,

as Kss saiid is required, and it might be safely used in frosty weather. A tract on Old
Cliari;ig Cross, mentions that it was "so cemei-.ted with mortar made of purest lime,
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cnllis sand, white of eggs, iiiul tlie strongest wort, tliMt it tk'tied ;iii 1 aininLMs and liatcl.i'ts

whatsoever." The mortar used in bishop Gunduli)h"s wurks at Mailing and llochest;r is

described by B. Ferrey as consisting of a sort of tula found only in the clilfs at Dover,

which appears to have been exclusively used in his work«.

1859£/. Slag is applied to the vitrified earths left in furnaces, either for glass or iron.

Scoria, are the lighter, more porous, and less vitrified earths arising from the puddling and

refining of iron. The cinJeis used are the earthy residues derived from the combustion of

coal. When ground into powder, the two former, which contain a large proportion of

the mineral oxides, make very good mortars if mixed with middling or ptiftctly hydraulic

limes. Cinders aiipear to render the rich limes moderately hydraulic when jiroperly

mixed. They require a large quantity of water to render perfect the crystallization of the

hydrate of lime. All these mortars may be usefully employed for works out of water.

1859e. The stones wliereof the Dutch terras is made are found in the neighbourhood of

I>icge, and also, we believe, at Andernach on the Rhine, from the size of a pea to that of a

middle-sized turnip. From their being brought down the rivers to Holland the cement

has been called Dutch ; the only operation they undergo in that country is the reduction

of them to a coarse powder by means of inills. 'ihey are beaten hy iron-headed stampers

on an iron bed till they will pass through a sieve whose wires are about one eighth of an

inch apart. This cement is sent from Holland in casks. Truss, ^^ms, or tanas, is a blue-

black trap. It is ohtained from ])its of extinct volcanoes, and lia< nearly all the distin-

guishing elements of puzzuolana, resemlding it in composition, and in the requirements of

its manipulation, having to be pid^erised and addtd to rich lime to develope its hydraulic

l)roperties.

1 859/^ The Puzzuohna, or terra Puteolana of the Italians, whicli, as well as the last-named

cement, has been almost if not quite superseded by the introduction of the Roinan cement,

is brought from Civita Veccliia. Its name is however derivtd from I'uzzuoli, where it is

principally found, though produced in other parts of Italy, in the neighbourhood of extinct

volcanoes. It suddenly hardens when mixed with one third of its weight of lime and

water, forming a cement more durable under water than any other. Bergman found 100

parts of it to contain 55 to 60 parts of siliceous earth, 20 of argillaceous, 5 or 6 of calca-

reous, and froiTi 15 to 20 of iron ; this last constituent is considered to be the cause of its

j)roperty of hardening under water. 'I'he iron decomposes tlie water of the mortar, and

thus in a very short time a new compound is formed. According to \'itruvius, when used

for buildings in the water, 2 parts of puzzuolana were mixed with 1 of mortar. Artificial

puzzuolana may be made by slightly calcining clay, and driving off the water of comhina-

tion at a temperature of 1,200°.

1859^. Subsequently to the use of this material from Puzzuoli, a similar material has

been found near Edinburgh ; and in the Yivarais, a site of extinct volcanic action in the

centre of France. Its aspect and colour, however, vary very much even in the same

locality. Berthier gives the following analysis of two of these materials:—

Silica - - . .

Alumina . . -

Lime . . - -

INIagnesia ^ . -

Oxide of Iron On a slight
\

state of magnetism) j
Potash - . - -

Soda ....
Water - - . -

Fuzz uolRna from1 Terras froin

Civi ta Vecchia. Ai iJernacli.

. •445 - - - •570

- •150 - - - •120
- •088 . - . •026

- •047 - - - 010

- •120 - - - •050

. •014 - - - •070

. •040 - . . •010

- •092 - - - •096

0-996 0-952

I859h. In the use of blue lias lime for mortar, workmen ignorant of its qualities inva-

rialdy spoil it. In important works the lime should be supplied in an unground state, to

prevent the core being mingled with the good lime. In slaking, the lumps should be

broken into jiieces of al)out the size of a nutmeg; then immersed upon a sieve in water,

and kept therein until air bubbles freely rise to the surface: the lime so wetted is to be

left in a heap, and covered with damp sand, for twenty-four hours. At the expiration of

that time it should be screened and mixed with sand and the least possible (|uantity ct

water. When slaked, it does not sensibly increase in bulk, unlike the ordinary chalk or

stone lime of the neighbourhood of London. The best descriptions of blue lias liine will

not bear more tlian H jiarts of sand to 1 of lime. Wood, of Bath, in his work on Cottai/es,

1788, has stated that "blue lias lime mixed with coal aslies in the manner |)rescribed by

M. Loriot, will make the hardest cement I ever saw, as I have found by various experi-

ments; it will hold water, resist frost, harden in a few hours in water, and will bear a very
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good polish. Coach or carriage ways are laid or pitclied with blue lias, which wc;irs vory

Well, though it will not l)ear the frost."

1859/. A very useful hydraulic mortar for executing sea-walling, consists of 1 part of

chalk liine, or of Halkin lime, with one i^art of puzzualana from Civiia Vecihia, and \\

))arts of sand; but the value of this mixture depends u|)on the influence exercisid by the

))uzzuolana on the setting of the lime. A mixture of tlie natural calcareous cements, or of

Portland cement with sand, is another good mortar. The presence of sulpiiate of lime in

any composition intended to resist ihe action of sea water would be fatal, as it crystallines

at a different rate of rapidity, and it is more easily soluble than the carbonate of lime.

French authorities lay particular stress on the following qualities for the formation of good

l)ydr;'.ulic mortar : I. It is essential that the materials should be perfectly pulverised before

mixing, so that the combination may be as perfect as possilde. II. Sufficient free lime

must be present to allow the carbonic acid in the wattr to combine with it, and form a

protective coating of carbonate. III. Long soaking of the materials is advisable, in oider

that tlie chemical combinations necessary fur the ultimate stability of tlie mortar may tako

place before it is actually used.

18594. IMr. Smeaton discovered, by a course of experiments, that the scales (grey oxide

of iron) that fly off' under the forge hammer from r. d hot iron, pulverised, sifted, and mixed
with lime, form an admirable cement, equal to puzzuolana. He found, in ])ursuing hi.s

experiments, that roasted iron ore produced an etfective water cement, by using a greater

))roportion of it than either terras or puzzuolana. Ivjiial quantities of iron scales and

argillaceous lime, with half the quantiiy of each of these of sand, produced a cement in

every respect equal to terras mortar. If pure carbonate of lime be used, equal parts of

each of the ingredients ought to be incorporated. We do not think it necessary liere to

give a .y account either of Loriot's cement, or that projiosed by Semple : neitlier are tobe

depended on : indeed the first, as a water cement, is of inferior utility, and very little better

than common mortar dried before the admission of water ujjon it.

1860. Grout, or Uijuid martar, is notliing more than c mmon mortar tnixed with a suffi-

cient quantity of water to make it fluid enough to penetrate the interstices and irregulari-

ties of the interior of brick walls, which common mortar will not reach. The mortar

whereof it is made will bear 4 of sand to 1 of lime, but it should be thoroughly beaten. It

may be kept a little longer, whereby its quick setting will be facilitated.

1861. Concrete is a compound of ballast, or stone chippings, and lime mixed together.

It is so called from the speedy concretion tliat takes place between these jjarticles. If,

liowever, ^((/^e<« or small stone chippings are used, sand in a large proportion to the lime

must l)e used. The use of concrete was well known at an early period; it is mentioned

by l)e Lorme in his work published in 1568; and it is by no means, therefore, a discovery

of modern days. Wherever the soil is soft, and unequal for the reception of tiie founda-

tions of a building, the introduction of concrete under them is an almost infallible remedy

against settlement. The Thames ballast, commonly used for concrete, isa mixture of sand

and small stones. With this, and lime in the proportion of never less than 4 to 1, and

never properly exceeding 9 to 1, of stone lime, or such as is known to set hard in water, a

mixture is made. The lime is generally used in jiowder, and the whole being shovelled

together, it is wheeled in barrows to a stage over the spot where it is to be used, and let

fall into the trench dug out for the reception of the foundation. The greater the height

the concrete is made to fall, the sounder and stronger it becomes. It must always be re-

collected that no more lime is necessary than with the thinnest coat to surround the parti-

cles of the ballast, and that therefore the size of the pebbles or stones should influence the

(jiiantity of the lime. As the ground is more or less to be trusted, tlie thickness of the

concrete must he regulated ; when used on the best ground, a foot in thickness will he

sufficient ; while on the worst, as many as four feet or more may be required. The upper

surfice being levelled, it is usual to lay on it a tier of Yorkshire stone landings, for the re-

ception of the brick-work or mason's work : in some cases, after carrying the wall a certain

height, a second tier of landings has been introduced. When the soil is watery, no water

should be put to the concrete, but the ballast ai.d lime merely mixed and tumbled in. The
usual practice of making concrete as above stated, is objected to by many practitioners,

who recommend that the French method of making /(C/oh should be followed in lieu of it.

1862. In forming concrete, the stones or pelibles used should never exceed the size of a

hen's egg, of wiiich 2 jiarts may be combined with 1 part of the smaller substances

used ; this makes it about equal to Thames ballast. It has been calculated, that as the

lime absorbs the water, and with the sand fills up the interstices of the larger material, if the

projiortion of the lime be about one eighth of the ballast, then 3| cubic feet of ground lime,

and ;J0 cubic feet of ballast, with a sufficient quantity of water to effect the admixture (and

this is generally rather less than a gallon to a cubic foot of ballast, or than equal measures of

water and lime), will be required to make 27 cubic feet of concrete; that is, there is a loss

of bulk equal to all the lime, and of about 10 per cent, of the ballast. But some experi-

ments made in 1S57-8, in which the present editor assisted, showed that the same measure
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M'hic'h gave a cubic yard of ballast, bold precisely the same ballast with the addition of

one-sixth in bulk of ground stone lime made with it into concrete, besides about fourteen

pails of water ; and likewise tended to disprove the assertion that concrete swells in

setting. This cubic yard of concrete weighed 27 cwt. In estimating, allowance must be

made for the loss of material.

lS62a. Expansion taki-ng place in concrete made of nnground lime, during its slaking,

has been taken advantage of by G. L. Taylor in the underpinning of some walls at

Chatham, as detailed in the Transactions of the Institute of British Architects, 1835.

This expansion has been found to average about | of an inch for each foot in height, and

the size thus gained the c jncrete never loses. Care must be taken when using it for floors

and for the spandrel of arches, to allow sufficient space, and to lay it in such a way that

this increase may take place without thrusting out the walls, as has occasionally happened.

In old malthouses in the West of England, with concrete floors 5 to 6 inches thick,

fitone walls 2 feet 6 inches to 3 feet thick have bulged out 3 or 4 inches on each side by

the expansi n of the concrete, as also noticed in the Transactions of the above named
society, 1854, p. 74. AVhen ground lime is used the assertion that concrete swells is very

questionable, as s'ated in the previous paragraph. The Metropolitan Board of Works,

under the Met. Man. and Building Acts Amend. Act, 1878, sec. 16, requires the cement
*• to be Portland cement, or other cement of equ il quality, mixed with clean sharp sand

or grit in the proportions of one of cement to four of sand or grit." Concrete for u-alis

to be " of Portland cement and of clean Thames or pit ballast, or gravel, or broken

brick or stone, or furnace clinkers, with clean sand in the following proportions : viz.,

4 of Portland cement, 2 of clean sand, and 3 of the coarse material, which is to be

broken up sufficiently small to pass through a 2-inch ring. The proportions of the

materials to be strictly observed, and to be ascertained by careful admeasurement; and

the mixing, either by machine or hand, to be most carefully done with clean water, and

if mixed by hand, the material to be turned over dry before the water is added."

18626. For water works required to set rapidly, an excellent concrete may be made by

a mixture, the proportions of which were found by Treussart as follows:— 30 parts of

hydraulic lime, very energetic, measured in bulk, and before being slaked ; 30 parts of

terras of Andernach ; 30 parts of sand; 20 parts of gravel; and 40 parts of broken

fetone, a hard limestone. These proportions diminish one-fifth in volume after manipula-

tion ; the mortar is made first. When the Italian puzzuolana is used, the proportions

f-hould be 33 parts of lime as before; 45 parts of puzzuolana; 22 parts of sand; and

CO parts of broken stone and gravel. The first of these concretes should be employed

immediately it is made ; the second requires to be exposed about twelve hours before it

it is put in place. When burnt clay or pounded bricks are used, 30 parts will suffice, but

this mortar must not be used in sea water. If only rich, instead of hydraulic, limos be

used, the quantity of the natural or artificial puzzuolanas must be increased, and that of

the stones and gravel be decreased. (Burn'dl, Limes, ^r.) See par. 1864e.

1862c. Afier many experiments, M. Kuhlmann recommends a cement composed of 30

parts of rich lime, 50 of sand, 15 of uncalcined clay, and 5 of powdered silicate of potash,

as having all the requisite hydraulic properties, especially for cisterns intended for spring

water. In marine constiuctions care should be taken to add an excess of silicate to those

p irtions of cenieiit which are exposed to the immediate contact of the sea.

1862c?. The object to be aimed at in making hydraulic concrete, is to give such a suffi-

ciency of mortar as will produce the aggregation of the whole mass of rough rubble

materials. In Portland cement concrete, for instance, the proportions for the mortar may
be 1 of cement to 3 of sand, and this mortar may then be mixed with 6 parts of ballast

or shingle. In blue lias lime concrete, the proportions may be 1 of unground lime to

2 or '2\ of sand, and this mortar may be mixed with 3 or 4 parts of ballast ; and it must
be understood in all cases that the mortar must be made first, and that it then should be

thoroughly incorporated witli the ballast or shingle. This concrete as used at the recent

extension of the London Docks by Mr. litndd, consisted of 1 part of blue lias lime with

6 parts of gravel and sand. The proportions for the blocks of the mole at Marseilles

were 3 parts of Theil lime to 5 parts of sand mixed up into mortar, and then added to

2 parts of broken stone. At the Metropolitan Main Drainage works, the proportion of

1 of Portland cement to 5.t of ballast for sewers, and 1 of cement to 8 of ballast and

sand for backing walls and other works except sewers. The usual proportions are 1 to 6.

A report was delivered to the Aberdeen Harbour Board on the damage caused by the

chemical action of the sea-water on the (Portland?) Concrete entrance works of the

graving dock. 1 he surface had softened from the foundation up to the bottom of the .

ashlar lining, three feet above low water. The concrete behind four courses of the

ashlar, between high and low water, Mas also softened, loosf^ning the bond. The softened

concrete under the water had been removed, and the face of the wall rebuilt up to low-

water level with Roman cement concrete in bags plastered with Roman cement. The
pressure on the foundations amounts at low water to 5 lbs. on the square inch of surface,

and at high water to 11 lbs.; this cautel a current of sea-water through the porous
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structure of coucrete of tliporetical velocity from l.jOO to 2250 foot per minute, svliicli

cotititiimlly -washed the decomposed cement into the dock, and brought new particles of

concrete and sea-water into contact. {British Architect, Ju]y 29, 1887; and Architect,

March 9, 1888, p. 16 of Supplement.)

1862e. Beton, ov coucrete, as made in Franco, is invariably composed as follows;—

•

I. The mixture of lime and sand, either by liand or by a png-mill, as for ordinary mortar.

Great importance is attached to the choice of the lime and to the mode of slaking it; and
if a sufficiently good one cannot be obtained, artificial puzzuolanas are introduced. The
mode of slaking is prescribed in the specification according to the nature of the lime,

instead of being left to the choice of the workmen. II The mortar so prepared is then

well mixed by rakes with broken .etones or ballast in such proportions as shall insure its

filling up the intervals between them; the volume having been ascertained by immersing
the stones in a known quantity of water. These spaces are equal to aboui, 0-38 to (r46

of the cubical contents of the vessel; but in practice, about one fourth more mortar is

added than necessary to ensure solidification of the mass, especially when the beton is

intended to resist water pressure. III. The material is then wheeled to its situation, and
rammed down carefully until the mortar begin;< to work up to the surface.

1862/". In an English patent, 18o9, No. 2757, M. Coignet, of Paris, argues that tha

tenacity of mortar is not produced, as hitherto supposed, by the formation of silicate of

lime and alumina, but by the crys-tallisation of lime. His concrete, called Beton
Agglomere, consists of about 180 parts of sand, 41 of lime produced by slaking, .^3 of

Portland cement, and 20 of water, cumbmed by a process of two main operations: I. A
complete consolidation of tlie materials wit li little water; and II., the steady but not

violent compression of the consolidation in moulds. The cement is mixed with the sand
and lime, and sprinkled whilst mixing with a little water. This mixture is thrown into a
machine, formed like an endless screw enclosed in a cylinder, at the rate of two shovelfuls

followed by about a quart of water, until the cylinder is full. The screw, turned by two
men, delivers the mixture through a series of holes in the bottom of the cylinder ; but oa
a largo scale, a machine is used of 10 to 15 horse-power. This mixture, after iis delivery

from the machine, is put by degrees into moulds, and each layer is rammed in by work-
men. He found by experience that the purer the lime the quicker was the crystallisation

;

and that, although pure hydrate of lime will take carbonic acid, silicate of lime and
alumina will not take it, because silicic acid took the place which carbonic acid did with
the pure lime; and frankly admitted that his first experiments in 1855, in marine works,

had not entirely succeeded, but claimed pierfect success for those at Marseilles since 1859,

and for those executing (1864) in Paris and elsewhere.

1862^. The resistance of Ijelon and concrete should never be regarded as being superior

to those given for limes, if the superstructure be commenced upon them immediately. In

both cases the resistances are found to increase with comparative rapidity during the first

six or seven months.

CEMENT.

1863. Among those cements used in England, Parker's, also called Boman and Shepjjey

cement, was discovered in 1796 by Mr. James Parker, of Northfleet. It was manufac-
tured principally from stone found in the Isle of Sheppey, and at Harwich, being

septaria from the London clay, and properly classed among the limestones indigenous to

this country. It consists of ovate or flatti.sh masses of argillaceous limestone, arranged

in nearly horizontal layers, chiefly imbedded in the clay of the cb.ffs. It was found at

first on the beach, but as it became scarcer it was sought for by dredging out at sea.

The substance, being coated with a calcareous spar or sulphate of barytes, forms the basis

of the cement. About 1810-15 it was found possible to use this material in the depth

of winter, but with inf< rior manufactui'e this is impossible. In 1840 it was stated that
" the genuine Sheppey cement is now almost only a name," arising from the nodules first

found having nearly disappeared in consequence of the great consumption of the cement.

If this cement be of extremely good quality, 2 parts of sand to 1 ot the cement may be

used. The cement itself is a fine impalpable powder; yet when we. ted it becomes coarse,

and, unless mixed with great care, it will not take a good surface. When mixed with

the sand and water, it sets very rapidly ; it is necessary, therefore, to avoid mixing much
at a time, or a portion will be lost. The colour of tiiis cement, when finished, is an un-

pleasant dark brown, hence it has received the name of '• black cement." The surface

requires frequent colouring for appearance. It is impervious to water almost the moment
it is used; herce it becomes highly serviceable on the backs of arches under streets, tor

the lining of cisterns, and for carrying up in it, or coating with it, damp walls on base-

ment stories. It will not resist firj so well ; and it should therefore never be employed
for setting grates, ovens, coppers, or furnaces. This, with many other hydraulic cemants,

has been eclipsed by Virrtland cimcnt.

1834. Atkinson's cement is a good material, preferable in colour to the last named, but,

as M-e think, inferior in quality. It takes a much longer time to set than Parker's cement,
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til in wliijh it absorlis more moisture. It answers well enough in dry situations. Vicat

formed a factitious Koinan cement ; but its efficacy was doubtful, though it had, for want
of a better substitute, been much employed at Paris.

,

1864«. Portlaucl cement, the latest (about IS-tS) of all these cements, is made from

limestone and clay. The mud of the river Medway, corresponding to the argillo-

calcareous stone of Roman cement, is mixed with chalk and ashes from former makings,

and calcined at a heat amounting almost to that of vitrification. A larger quantity of

sand may be mixed with it than with Roman cement, to which it is> superior in colour

and hardness of setting. The heaviest, considered the best in quality, weighs 110 lbs.

to 112 lbs. per striked bushel.

18046. The distinguishing peculiarities which should render Portland cement a perraa-

ment substitute for Boman cement have been explained by a London manufacturer of both

materials {Builder, 1 863, p. 761). It may be condensed into the statement :—That the stone

from which Eoman cement is made, though composed of lime and the silicate of alumina,

yet the proportion of the latter preponderates t) such an extent as to prevent a perfect

amalgamation of the ingredients in burning. The result is a cement loose in its texture,

because containing inert foreign matter, which is retentive of moisture, and consequently

attackable by frost and vegetable growth. In Portland cement the case is otherwise. The
dose of lime to clay is in the ascertained correct proportion of two to one, and with this

condition there is the power thoroughly to combuie the ingredients by bui-ning, and thus

to give a density and compactness to the product which, in enabling it to resist water, frost,

and other decomposing agencies, are the elements of its durability and of its superiority

to the natural cements. Carelessness, or want of proper knowledge in its manufacture ; an

improper mixture of the ingredients ; an imperfect calcination ; its bad manipulation ; and

unfair handling when used as a cement, are all likely to result in disastrous effects on being

used. When employed as a mortar or as a concrete, it has seldom been known to fail.

1864(7. It is usual for the manufacturer to grind the cement after burning it. It i3

then placed in well-closed casks, which should not exceed 6 cvvt. each, when the cement

may be preserved for some time ; but by contact with the atmosphere it is said to absirb

humidity and carbonic acid, and thus becomes deteriorated. It should be ground very

fine. For the sieve in sifting it, the French engineers required 185 meshes to the square

of 4 inches on a side. One-third of the volume of the cement for the quantity of water

is the best proportion, and the more that the cement is beaten up, the harder it becomes.

The best cement will harden in about five or six minutes, and under water in about an

hour; when mixed with sand it takes aklittle longer. When mixed with se.i-water, and

used in sea-water with a large quantity of sand, it may take even twenty-four hours

before setting. (See pars. 18626, c, and d.)

1864;^. The resistance to rupture of pure cement after 20 days' exposure to the air is

about 54 lbs. per inch square ; if sand be added in the proportion of i to 1 of cement, it

falls to 37 lbs. ; and if it be in equal proportions, it falls to 27 lbs. The permanent load in

any large works should never be more than one-sixth of that required to produce rupture:

and if small materials be employed, only one-fifteenth should be calculated upon.

1864e. In testing Porcland cement, the Admiralty, at the Chatham Dockyard extension

works, f-pecified that samples would be taken from about one sack in ten, and gauged in

moulds, which, when set, would be placed in water and tested at the end of seven clear

days. Each must bear without breaking a weight of 650 lbs. upon the test- block of 1^ inches

square in section. In 1878 the Metropolitan Board of Works required the cement to be

of the best quality, ground so fine that it will pass through a sieve of fifty meshes to the

lineal inch. It must have a specific gravity of not less than 3'1, and weigh as delivered

114 lbs. or more to the imperial striked bushel. AVhen brought upon the works it is to

he put into dry sheds or buildings, which the contractor is to provide for the purpose,

having wooden floors and all necessary subdivisions. The cement is to be emptied out

upon this floor, every fifty bu'hel< being kept separate, and is not to be used until it has

been tested by samples taken out of every tenth sack. The samples to be gauged neat

in moulds, put into water 24 hours after the briquettes have been made, and remain till

tested, to bear without breaking a weight of 400 lbs. per square inch 7 d lys, and 600 lbs.

28 days after they have been made. The first to bo considered as preliminary, and the

second as decisive. Mr. John Grant's, C.E., specification is of a more extended character,

and includes the quality of sand. The briquettes with three of sand to bear a weight of

150 lbs. per square inch after 28 days.

1804/^. With cement at 112 lbs. per bushel, ,i cubic foot weighs 87'13 lbs., a cubic yard

2,352-6 lbs., and a ton occupies a space of 25'7 cubic feet.

1864^. With this cement, the ordinary proportions for walls may be 1 to 12 of gravel for

common, and 1 to 6 of slag and saudfor facing, concrete. A cubic yard of concrete takes

about Ig yard, or 31^ cubic f-^et, of loose gravel, exclusive of the cement, as made in a

gauge or measuring-box. One-twelfth of 31^ cubic feet, or a little more than 2| feetcube,

goes to each sauge, and is easily calculated and prepared ; or 218 11)S. by weight, if the

Cement weighs 112 lbs per bushel. For maki-^g good solid concrete, there should be
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sufficient, sand to fill np the interstices between tlie stones ; one-third of the entire bulk,

or one-half of the shingle, is required fur the Siuul—a point not so oftenjattended to as

it should be. Plenty of water is advocated for the mixing; and for making a, good face
against a wood shutter it is essential that the concrete should be wet.

1864/;. Concrete constructions are described under Bricklaying.
1864J. Strength of i.intkls of various compositions, each 6 inches deep, A\ inches

wide, and 3 feet 6 inches long, 28 days after manufacture; 3 feet clear space, and loaded
gradually in the mir'dle (see par. 1903.1-) :

—

Brown Portland stone ____-. broke wHh 190-5 lbs.

White ditto „ 1420 „

Burnt chiy ballast concrete - - - - - „ 1413,,
Coke breeze - - - - - - - -

,, 1119,,
Pit gravel ballast - - - - - - - „ 1016,,

These three were composed of 1 of cement, 4 of core, 1 piece of hoop iron 1| inches by

^j5 thick in middle.

Bos ground Bath stone ------ broke with 476 lbs.

Corsham Down ditto ------- ,, 357 „

18f 4/. A natural cement deposit, of very l*irge extent, has been worked at Barrington,

Cambridgeshire, where it is found from 13 feet to 21 feet in tliickness, immediately under
the surface. It is considered as giving the material for the best quality of cement and
lime, and it can be manufactured at about half the cost of the usual system (1887).

1865. Hamcliii's mastic cement, though patented of late years, is an invention of P.

Loriot, a century old ; the medium for mixing the pounded brick-dust, limestone, and sand,

is oil instead of water. It is much more difficult to use than the other cements, and re-

quires great experience and care. A coat of it should never exceed one quarter of an inch

in thickness ; hence it is totally unfit for working mouldings in the solid. In the metro-
polis it is generally used in a very thin coat over a rough coat of Roman cement, in which,

case it is rarely more than an eighth of an inch thick. Thus used, it presents a
beautiful surface, is durable, but it requires to be painted as olteu as do the other

cements.

1866. Keevc's cement is obtained by soaking plaster in alum water after a first calci-

nation ; it is then kiln-burnt a second time and ground. It is in reality only a plaster,

and is capable of being worked to a very hard and beautiful surface. Martin's patent

fireproof and ornamental cement is a plaster of somewhat similar m. dee. and equally good-
looking. It is manufactured in three qualities, coars^e, fine, an i superfine. It is taid to

be used with greater facility by workmen than any other cement yet produced, requiring

only about an hour to set, which is less by one-half the time of <jther cements. It appears

to be chiefly prepared at Derby. Parian cement (K^atings paten?) is also composed of

gypsum, but mixed with borax (borate of soda) in powder, and the mixture calcined and
ground. A fine quality produces a hard scagliola imitation of marble. When applied

to old brick or plastered work, as in repairs, these cements may be papered or painted

upon in about 18 or 24 hours after execution. But on new work time must be given for

any effloresceLce, or damp, to disengage itself

1866a. John's patent 2^cimancnt stucco wash, stucco cement, and stucco faint, were
introduced about I8-I0. As a paint it is cheap, durable, agreeable in colour, and finis es

without a gloss. It gives out no deleterious exhalations or odour in drying, and it is

stated that as the oil cannot evaporate (?), but is h^ld in intimate and indissoluble union
with the other materials, there can be no decay, an objection to which oil mastic is so

liable. It requires no driers or turpentine, and is applicable both for outside and inside

work. The cement, which is stated not to deteriorate wiili age, is packed in casks, and
requires to be mixtd with 3 parts of good, sharp, clean sand to make a stucco, its appli-

cation for which is the same as for any other stucco. It adheres well to glass, iron, slate

and tiles in roofing, wood, old plaster, or Ponian cement. When stt it is hard, and im-

pervious to wet and damp. One coat of its own paint, which it will t ake after twenty-fuur
hours, is sufficient. Mouldin^is may be riiu in it, and castings ninde.

18666. A cement which will withstand a moist climate, is >tated to be composed of one
bushel of lime with 15 gallons of water and half a bushel of fine gravel s^ind, mixed witT

3.V lbs. of copperas dissolved in hot water, and kept s:irred while bung incorporated and
in use. Sufficient should be made for the day during which it is to be used, as the colour
is not eas Iv matched. The Bristol Purimachos cement is new, and is stated to be an
effectual fire-resisting material, uniting readily with a metal, brick, stone, or like surface,

and forming a permanent joint, impervious to air, gas, smoke, &c. It renews bnrnt-oiit

parts of fire-brick without any taking down and rebuilding. It repairs cracked and
holed iron boilers, ovens, stoves, pipes, &c. Used as a wash, it imparts a smooth glazed
surface to the iuterior of retorts of gas works. It. may for many purposes be used instead

of white or red lead in making joints subject to the action of fire. Other similar materials
•will be noticed s. v. Plasfereu.
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lcSGGi\ Gyi'sum, I)et er known as PliCler af Pitris. is a sulpliaie of lime It is foiiiul at

Alsti II, in t'liinberlaiui ; at Sliotover Hill, Oxf'ordsliire ; at Or^oii, near Grantliani ; in

NoUingliain^liire. in Dtrhvsliire. and \ii Cheshire ; in France, in tlie neighljoiirhiir>/.l of

Paris, cliiefly at Montniartre ; and in the departments of tiie Saoue, Loire, of the Rhone,
and of many others; and in Tuscany, Savoy, Spam and Switzerland; in some parts of the

IJritisii Colonies ot Noitli America, whercfioni it is exported principally to the United States.

'J'lie stoiie is l)roken into small blocks, and burnt in a walled space witli openings in the

tiled rool' to let out tlie stea:n. After its water of crystallization is driven olf, it becomes

piilvernlent and like (lour. On fresh water being added, it combines with tlie normal

quantity of water, and reassumes the form of a hydiate, recovering its original density and

strength to a very great degri-e. A heat of aliout 200° centigrade is sufficient. The
London manufacturers adopt a kind of oven for burning the stone, which ))revents the

smoke from injuring the plaster. In F^rance it has been proposed to throw a jet of steam

heateii above 400° Fahr. over the stone, which is broken very much smaller than usual :

this jet takes up all tlie water jiresent, and leaves the ))laster in the state of a pure anhy-

drous sulphate of lime. Tl e plaster obtained from Paris is considered the best of all in

<]ualitv, probalily arising from the fact that the stone is the hardest. Gypsum swells in

setting in contradistinction to the cemenis, w}iich generally shrink. The specific gravity of

pure gypsum may be take.i at 2'3-2 ; and its constituent parts to be sulphuric acid 40,

lime .S2, and water 21. (See Gi.ossaky, s. v.)

1867. 'i'hehest bltiimilions canienls are obtained from the natural aspliuUe, which is found

in large quantities on tlie shores of the Dead Sea; in Albania; in Trini .ad ; at Lolisann,

and IJekelhronn, in the department of the Bas lihin; in the department of the Puy de

Dome ; at Gaiigcac in that of the Landes, &c. The asphalte which is found in inex-

haustible quantities at Pyrimont Seyssel, in the Jura Mountains, in the department of ilie

Aire in France, was introduced into England about 1838, ui.der Claridge's patent. The
principal ingredient in its composition is a bituminous limestone, of a rich brown colour.

Alter it has been reduced to a fine powder, a certain portion of grit is mixid with it; it

is then placid in cauldrons heated by strong fires with a sufficient quantity of mine al lar

to prevent the asphalte from calcining. The whole mass is thoroughly incorjjordted and

reduced to a maff.ir, in which state it is run into moulds to form blocks, each 1 foot

inches scjuare, 6 inches in depth, and weighing 125 lbs.

lS67a. The mastic is of three (juallties, line, gritted, and coarse gritted. The first,

being without any admixture of grit, is used for magazine flocrs, and as a cement (or

m.iking, in sfiecial cases, very close joints in brickwork. ]L The fine gritted is used for

covering terraces, roofs and arches, lining of tanks, and as a cement for brickwork, and for

running the joints of stones. IIL The coarse gritted is used for paving and flooring, and

where great strength of work is desirable, such as gun-shed floors, tun-room floors, a.d

margins of stable floors ; while in gateways for iieasy carriage traffic, small pieces of

granite cliippings are introduced. These mastics, and more particularly the first two, being

ductile and readilv yielding to any change that may take place on the surfaces upon which

thev are laid, re(|uire a proper foundation to l)e prepared.

1867i. When required for use, an iron cauldron having been prepared, 2 lbs. of mineral

tar are put in and then 56 lbs of asphalte broken into pieces of not more than 1 lb. in

weight. These are mixud together until the asplialte becomes soft. After a quarter of an-

hour the stiri ing is repealed, and another 56 lbs. of asphalte added, and so on until a propor-

tion of ll'jUs. of asphalte to each lib. of tar, under ordinary circumstances, fills the

cauldron and the whole is thoroughly melted. When fit for use the asphalte will emit jets

of light smoke, and freely drop irom the stirrer.

18G7r. It will be well to note that it is stated asphalte never flames, but merely passes

into a state of fusion. At the fire at Hambuig in 1842, it was remarked that when as-

phalted roofs fell in, "'the asphalte, in which a sort of rubble is mixed up, was found to have

resisted the eff.cts of the heat, and, like a mass of dirt, served rather to smother the flames

than to give them increased vitality." A like result is recorded of a fire that took place at

the Baz lar Bordelais, at Bordeaux, in 18:55; of another in Stangate, London, in 1855;

and experiments were made by order of the authorities of the British Museum before

this material was allowed to be applied to the snow gutters of the dome of the new Reading

Room and other roofs, with a satisfactory result. Notice is not generally taken of the fact

that if in works, asphalte or tar be used in ])laces where it may be affected by heat, a

smell ari.ses which is very prejudicial to the comfort of the occupiers of the building.

1,^67(/. The term asphalte has also been given to several compositions formed by the

admixture of chalk, lime, gas tar, and other sulistances for cheapness. The coal tars, and

vegetable jiitch, although not so good as the bitumens, are fairly good substitutes in many
cases, as in coating vaults, or walls exposed to the dampness of earth. 'J'he proportions in

which to mix powdered calcareous stone must be regulated by practice, as also the heat,

that the stone be not co.iverted into (piicklime, perhaps from 6 to 7 of the pitch in

volume to 1 of limestone will suffice ; and it is recommended to u.se these in grealcl

thickness than the asphalte, being about half an hich for the latter material.



Chap. 1 1. GLASS. 5i5

Sect. XII

GLASS.

18()8. Glass is a combination of silex nitli fixed alkali, generally soda. Tlie mixture
when calcined receives the name of frit, which after the removal of all its impurities, is

conveyed to the furnace and melted in large pots or crucibles till the whole mass becon es

l>e;iutifiil]y clear, and the dross rises to the top. After being formed into the figures re-

quired, it is annealed or tempered by being placed in an appro])riate furnace. The /ineness
depends on the purity and proportion of tlie ingredients. An exiren.ely fine crystal glass
is ol)tained from 16 parts of (juartz, 8 of pure jjotash, 6 of calcined borax, 3 of fiake white,
and 1 of nitre. Tlie specific gravity of glass is about 26'()0

; of Frerxh plates, 28^0; of
English flint glass, 3:520. Glass is extremely elastic, and less dilatable by htat than
metallic substances.

18f)8rt. I'our pieces of the common sort of ulass being cut from one strip, each piece was
5 inches wide, 6 inches long, a.id 4 inches thick. In the trial of strenglh they were calcu-
lated out at a staniiard size, and gave 17.208 lbs., 15,435 lbs., 14,931 lbs , and 11,385 lbs.

;

the mean being H, 931 lbs. This great didcMence is the more singu'ar irom the circum-
stance of all the pieces being cut from the same plate. The weight of the j. lass at a size

of 9-0 X 4-5 X 3, all in inches, would be 11-12 Ihs. Sheet glass is .stated to Ijc stronger than
folate or crown glass, but less flexible. The c niipressive strength of glass is about 12^ to;.s

per square inch. The resistance of g'a.ss to a crushing force is about 12 times its resistance

tj extension.

1869. Pliny gives the follovving accoimt of the discovery of manu'actui ing L-lass, which
was well known in Aristotle's time, 350 u. c. "A merchant ves.-,el. laden with nitre or
fossil alkali, being driven on the coast of Palestine, near tlie river Eelus, tiie crew acciden-
tiilly supported the kettles on which tliey dried their provisions on pieces of the fassil

alkali ; the sand about it was vitrified by its union with the alkali, and ))roduced glass."
Th:uigh, according to Bede, artificers skilled in making glass were brought into England
in 674, glass windows "ere not generally used here till 1180, and were for a considerable
time esteemed marks of great magnifieence.

1870. The manufacture of window glass during the last thirty years has undergr.ne
entire alteration, es|'.ecially since the abolition of the excise duty in 18-1 5. There are now
three speci.d kinds of glass used for glazing purposes, and several varieties of them :

1870a. I. Crown glass, which is blown into large globes and opened out into circular
flat tables. 11. S'^.eii glass, which is blown into long cylinders or

////'_/f!,-; then split down
and flattened. III. Piute glass, which is either cast on iron tables for large purpose, and
))olished; or for smaller squares, blown into a cylinder and polished

1871. Crown g!a-s, the commonest wiadow glass, difil'ers froui flint glass in its containiiig

no lead or any metallic oxide except manganese, and sometimes oxide of cobalt, in minute
portions, for correcting the col,<ur, and not as a flux. It is comi)oiu-.ded of sand, alkali,

either potash or soda, the ^egetable ashes that contain the alkali, and generally a small
I-ortion of lime. To facilitate fusion, a small dose of arse..ic is I'requmtly added. ZatlVe
or oxide of cobalt, in the proi)ortion of 1 ounce for lOCO pounds, is added to correct the
colour ; but when the sand, alkali, and lime are very fine, and no other ingredients are
used, zaffre is not required Its manufacture is conducted difierentlv fiom that of flint-

glass articles, the object being to pioduce a large flat thin jilate, which is afterwards
by the i;lazier's diamond cut into the requisite shape. It is blown in circular plates, \aiy-
i..g fom 3 feet 6 inches to 4 and 5 feet diameter: the process is as follows:—The
workman, having a sufficient mass of melted metal on his blowpipe, rolls it on an iron
))hite, and then, swinging it backwards and lorwards, causes it liy its own gravity to

form into a globe, which is made and brought to the required thinness by blowing
witli a fan of breath, which persons accustomed to the work know how to manaire. Thj
iiollow globe is then opened by holding it to the fire, which expanding the air confined
within it (the hole of the blowpipe being stopped), bursts it al the weakest part, and while
still soft it is opened out into a flat jilate by centrifugal f irce ; and being disengaged from
the r. d. a thick knob is left in its centre. It is then jdaced in a furnace, or in a certain
part of the furnace to undergo the process of annealing. When the table is cut for use,

the centre part in which the knob remains is called Itnoh-ylass, and is used only for the
very commonest purposes. Tables are now made of such a size that squares may be pro-
cured 38 inches by 24 inches as extra sizes.

187ia. The qualities of crown glass in common use are called best, seconds, thirds, and
fourths or coarse ; with two still coarser. The last is of a very green hue. and only used
lor inferior buildings. They were sold by the crute, at ti e same prlcj. tlie difference being
made up by varying the number of the tal)les contained in it. Thus a crate of best crown
plass contained twelve tables ; of seconds, a crate contained liftcen; and of thirds, eighteen
Ubics. They are now sold (by Messrs. Hartley) in crates of eighteen tables of the usml

N N
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tliicknc'ss averaging 53 inclies ; ;inil in crates of twelve tat)lL's of extra tliiekncss averaging

!>2 inches. Elattened sial)s of the s .ine qualities are sold in crates of thirty-^ix sialis of the

usual thickness, and in crates of t\vcr.t/-fo.ir blabs of extra tliickness, eac!i avemging

tJ4 inclies, 2'.'| inches, and 21
.^
inches. The flattened slab is also made as ' obscured ' glass.

Tlie sizes of both qualities vary from ' quarries '
; under 9 by 7; up to, above 4], feet, and

not above 5 feet su))crlitial. 'I'aking the usual t!iickni.ss of

Best as CO extra thickness 150

Seconds „ 9;) ., l;''5

Thirds „ 65 „ 110

Fourths „ 50 „ 85

CCandCCC „ 43 and 43 ., 6.T and 50 (Adcock).

1872. S/(€(< glass has been manufactured in England with great i:ui)rovements since

18;52 to 18:)8 by Messrs. Chance and Hartley, with the co-operation of I\I. Bonteiups, of

Paris. Tliough inferior in colour, this glass is in other points generally sujierior lo that of

the foreign manufacture. It is composed of the same or similar materials to the above, in

well asc.rtaiiied proportions, and with sulphate of soda to give whiteness. In tlie m;uiufac-

ture of sheet glass a suftiLient quantity of the metal is collected at the extremity of a blow-

))ipe, and then lengthened by swinging and blowing, till it actjuires tliC fonii of a hollow

cvlinder, which is then detached, the neck being cut off with a thread of hot glass; and

one side of the cylinder is cut down lengthwise Mith a heated iron or diamond. It is then

taken to the flattening kiln, where the heat causes it gradually to o])en nearly flat on a bid

called larqre, where it is rubbed down by means of a block of wood called a pvlissoir, and

then becomes fattened sheet. After this operation it is placed in the annealing oven tj

cool gradually. This ojieration is referred to by the monk Theopbilus. who wrote about

the end of the twelfth ce;itury or later, as in use in liis time. The metiiod was also em-

ployed by tlie Venetians especially for colound glass, a^ it secured unifonnitv. But on the

cessation for its demand, the employment of the cylinders wns entirely supeiseded in FViUice,

England, and the North of Germany, for the rotary principle.

lS72a The great .-idvantage of s'/ee< glass is that of aflfbrding plates of Lirger dimensions,

and not only of avoiding the waste arising from the circular form of the cmivn tables, but

also from the knob or bull's eye in the centre. The surCace. however, is much le.ss bril-

liMUt than that of crown glass, and is more wavy and undulated. Messrs. Cliance, in

1838, intr.iduced a thicker quality of sheet glass, wliich was at the same time of a better

surface, and since then its use l.as become general.

l^lil). In IS^Otlie same firm introduced a new variety of window gla.ss uiider the nan e

nf
f
afttit jilafe, which they obtained from a thick sheet glass by a nev*' i)rocess of grinding

and poli.shing. They made plates of several decrees of thickness, and of sizes containing

from 8 to 12 feet superficial. The surface of the gl.iss obtained by this process, tliough

not perfectly true, is very neaily so; and in brilliancy it is unsurpassed even by cast plate.

F'or glazing sashes it has nearly superseded crown and sliett glass. But for squares of

somewhat large dimensions, it may be calculated whether pla'e glass wili not be as cheap

or cheaper.

1872c. As will be perceived by the above short account of the mode of manufacture of

sheit glass, its size is almost only limited by the strength of the workman. It is chiefly

sold in crates as manufactured, in sheets of not less in width than 28 inches, and not le-s

than 9 feet superficial area; with a limit of width not exceeding 45 inches, and a limit of

lenn-th not exceeduig 75 inches; but these extremes of width and length cannot be com-

bined in the same sheet Tiius in glass of 15 ounces to the foot, the dimensions 5.3 l)y

36 inches, or 12^ feet in area, is the largest plate. In 21 ounce glass, 75 by 45 inches, or

18 feet area: in 26 ounce glass, 75 by 45 inches, or 17 feet area : in 32 ounce gla.ss, 6.i by

4\ inches, or 15 feet area : in 36 ounce elass, GO by 42 inches, or \'2}^ feet area : and in 42

o<ince n-la-s, 55 by .38 inches, or 11 feet area. The four first weights are made in qualities

of best, seconds, thirds and fourths ; and the two first have two qualities A and B for pic-

tures.
'

There is no fourth quality to the two last named weights. All these sorts are cut

into squares for glazir.g.

1872r/. Flutfd s'leit ghisfi oC 15 ounce and 21 ounce is usually supplied in crates not

above 43 inches long ; but it is made up to 50 inches in length. Obscured iluti yluss is

supplied in all substances.

1873 Patent plate glnss, already describid (/Jar. 1S72/'.) is nade in three qualities,

B or best, C or second, and CC or third, quality. Each of these are of four kinds known

as No. 1, whicli is of an average thickness of Vijth of an incli, and is of an average weight

of 13 ounces to the foot; No. 2 is-,'r,t]i thick, and 17 ounces ;_ No. 3 is ^nth. and

21 ounces; and No. 4 is ^th, or 24 ounces to tlie foot. No. 4 B is thus the very best

quality made ; the prices for the size required vary but about one or two pennies per foot

in each kind; and from threepence to sevenjience in each quality. They are niaiuiiaetured

in sizes from 4 to 13 feet in area, not above 50 inches long, or 36 inches wide.

1874. German s/,pet, or Btl(/ian s/le^t g\a.sH, as it is sometimes called, was formerly in

much demand in England ; and is still used for cheapness. Its ai'peaiaiice is more wavy
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and speckled than the Fnpplisli mamifactiiie Cnjstal white sheet glass, for glazing pictures
and prints, is inip.)rteil ("rom Florence in cases of 100, 200 and 300 ftet, in fiist, second
and tliird qualities, and appears superior to other glass in wiiiteness, but it has the defect
of ' sweating.' Similar named glass for such purposes made hy Messrs. Chance, ^ippears
to us to be very green, and therefore detrimental to prints and pictures; but on the other
liand it d les not sweat.

1S75. Plate glass is so called from its being cast in large sheets or plates. Its consti-
tuent parts are wliite sand, cleansed w'th purified pearl-ashes, and borax. If the metal
should appear yellow, it is rendered pellucid by tl e addition, in equal small quantities, of
mang.inese and arsenic. It is cast on a large horizontal table, and all excrescences are
pressed out by passing a large roller over tlie metal. To polish it, it is laid on a large hori-
zontal block of freestone, perfectly smooth, and then a smaller piece of glass, fastened to a
plank of wood, is passed over the other till it has received a due degree of polisli. Fortlie
purpose of facilitating the process, water and sand are used, as in tlie polishin:; o.^ marble;
and lastly, Tripoli, smult. emeiy, and putty, to give it lustre; but to affc)rd the fiuisiiing

polish the powder of smalt is usid. Except in the very largest plates, the workmen polisli
their glass by means of a plank having four wooden handles to move it, and to this plank
a plate of glass is cemented.

187G. For the unsilvered polished plate glas for mirrors there are two qualities,

second and best. Tlie Paris factory supplied in 1855 two looking glasses for the

iNIayor's room in the Town Hal at Liverpool, each 15 feet by 10 feet. l'>lisheil/ilate glass

is manufactured for general glazing purposes up to about SO feet superficial, of two quali-

ties, usual and best. Tiie usual thickness is a quarter of an inch ; higher prices are

charged for glass selected to be cut above
-fg

ths , -pgths., and ^ths. thi< k ; while for i.bove

^ths. tiiick, special prices are charged. Tlie best (|uality is declared to be of the very

purest colour, free from specks, and not sutiject to dampness or sweating.

1877. Hough plate glass, cast, is used for roofing, in skylights, windows, &c. , in plates

fiom not above 20 inches lung, to above 120 inches long, in thicknesses of \, g.
J, '^, inch, 1 \,

and l,\incli ; but these thicknesses have certain limited lengths. The widths are the same
as for plate glass. This glass is not ground or polished, but rough from the table, and
showing the table marks on its underside,

1878. The patent rough plate glass, which is also cast, must not be confounded with the

aliove. It is extensively used for ridge and furrow roofs, conservatories, manufactories,

skylights, worksliops, and other places where "obscured" glass is reijuired to intercept the

vision without diminishing tlie light. Blinds are unnecessary, and when it is used in green-

houses, no scorching of the plants occurs. The quality known as Jtli. of an inch thick,

weighing about 2 lbs , or 32 ounces to the foot, is usually provided for these purposes, and
is no more, weight for weight, than common crown glass. When greater strength is re-

quired, fgtlis. and \ inch tliick is said to be cheaper and of a finer quality than the common
rough plate; but we demur to this statement, as of late years the inanufacture appears to

liave decreased in strengtii from the greater use of sand for cheapness; in moveable window
frames in warehouses, a lamentable quantity of broken squares is to be seen almost before

the floors are occupied.

1878<z. This glass is m ide of two kinds; I. Pla'n, which is merely marked by the fine

grain of the casting table, and is that above noticed; and II. Fluted, of two sorts. No I,

large jiattern, lia\ing 3^ flutes to tl e inch; and No. 2, .snnall jiattern, having 12 flutes to

the inch. B.ith the plain and the fluted kinds are made jth. I'gths. \. |ths. and | inch in

thickness. The svidth is about 3 feet, and tlie length usually not above 70 inches ; bi.t

75, 90, and 100 inch, s long are also made. When a ckar glass and much nun-transpareucy

are required. No. 2 fluted is the best.

Ih79. Quarry glass is also made in this material ; No. 1 being 6 inches by 'Jjth inches

from ]ioint to jjoint ; No 2 being 3 inches by 2^'g inch. A tit lined urnamenttd jMient quarry

rouyh jilnte is iiiade tor churches, ch.ijJels, schools, &c. A patent aiamund rutiyh pliile glass

is als) manufactured. A jiatent rough plate, and sheet, 7,er/oru/e</ glass, iiolished or un-

polished, for ventilation, can be obtained in sizes, which retjuire consideration in arranging,

on account of the length of the slits or perforations. It is usually made in columns 1|

inches wide, and 2i inches apart; the space between each slit vertically being 1| inches.

Larger sizes^ or the columns wider apart, can be obtained from various inanulacturers, or

lo order.

1880. Many other aiiplications of glass will be ncticed in the ensuing chapter.

We must iiere state that the details given in tliis section are founded upon the price

list issued by ]\Iessrs. Hartley, of Sunderland, and would state our regret tliat the maim-
tinturers have not deemed it advisable for their own interests, to provide someplace in

London, and in other large towns, where the architect can call and compare the qualities of

glass supplied under his specification with standards there placed. It was comparative!}

essy in Ibinier years to judge of good glass; now it is almost impossible.

X N 2
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CHAP. III.

L'SE OF MATERIALS, OR PRACTICAL BUILDING.

Sect. I.

FOUNDATIONS AND DRAINS,

1881. In the previous chapter, the principal materials used in building haxB been

enuiueiated ; this cliapter will explain how those materials may be most advantageously

employed ; but we shall net, in tlie various branches of practical building, agHin touch

on the materi lis themselves, which have been already sufficiently desi?ribed. The most
important of a.l considerations— a due regard to the foundations on which a biiihlitg

is to stand— will be first entered upon. The advice of Vitruvius may still be followed.

In England, the recent introJuction of concrete has superscnled the use of wood under

walls in the earth ; and piles are now quite exploded, except f-ometimes for the piers

of bridges and other sittiations in which they can constantly be kept wet.

1882. The best soils fur receiving th^ foundations of a building are rock, gravel, or

close-pressed strong sandy earth; "but," says L. B. Alberti, "we must never trust too

h.asiily to any ground, though it may resist the pick-axe, for it may be in a plain, and be

infirm, the consequence of which miiiht be the ruin of the whole work. I have seen a

tower at Mestre, a place belonging to the Venetians, which, in a few years after it was
built, made its w;iy through the ground it stood upon ; this, as the fact evinced, was a

loose weak soil, and buried itself in etrth up to the very battlements. Fur this reason,

they are very much to be blamed who, not being proviiled by nature with a soil fit to

support the weight of an edifice, and lighting upon the ruins or remains of some old

structure, do not take the pains to examine the goodness of the foundation, but incon-

siderately raise groat piles of building upon it, and out of the avarice of saving a little

expense, throw away all the money they lay out in the work. It is, therefore, excellent

advice, the first thing you do, to dig wells, for several reasons, and especially in order to pet

acquainted with the strata of the earth, whether sound enough to bear the superstructure,

or likely to give way.'' It is impor'AJt, previous to laying the foundations, to drain them

completely, if possible, not only from tho rain and other water that would lie about, but

from the land water which is, as it were, pent up in tlae surrounding soil. In soft, loose,

and boggy ground, the use of concrete wilt be found very great ; and in these soils, more-

over, the wi 1th and depth it should be thrown in should, as well as the lower courses of the

foundation, be proporiioned inversely to the badness of the soil. Clay of the plastic kind is

a I'ad foundation, on account of the continual clianges, from heat and moisture, to which it is

subject, and which often cause it so to expand and cot. tract as to produce very a'arming

settlements in a building. The best remedy against this inconvenience is to tie the Malls

together by means of chain plates, buried in the centre of the footings, and on the top of

the landings that rest on the concrete ; these plates to be, of course, connectedat the return-

ing angles, so as to encompass the whole building. In these cases, the clay must be exca-

vated to make room for the concrete. This will be found an eflectual remedy in clay soils.

1883. By the Metropolitan Building Act, no building can be erscted upon any site

which shall have been filled up or covered with impure matter enumerat d in the Act ; it

must be removed first, and any holes, if not used for basements, must be filled in with hard

br;ck or dry ru'ljish. Gene;ally, if the soil be a souiyl gravel, it will want little more

than ramming with heavy rammers ; aud if the building be not v^ry heavy, not even that.

1884. Where vaults and cellars are practised, the whole of the soil must, of course, he

excavated; but where they are not required, trenches are dug to receive the walls, which,

in both cases, must be proportioned in strength to the weight of the intended super-

structure and its height. In general terms, we may direct the depth of foundations to be

a sixth part of the height of the building, and the thickness of the walls twice that of

those that are raised upon them. Care must be taken that that which is to receive the

footings of the walls be equable ; otherwise, where external and internal walls are connected

together, the former, being the heaviest, may settle more than the latter, thereby causing

fractures, which, though not. perhaps, dangerous, are extremely disagreeahle in appearance.

The lower courses, which are called the footings of the wall, are often laid dry ; and, per-

hnps, at all events, a sparing useof mortar in a spot loafed with the greatest pressure should

be preferred. If the footings be of stone, very parlicular attention should be bestowed on

placing the stone in the courses in the same direction or bed as it l,iy in the quarry, to

prevent it splitting. The above mentioned Act requires that the foundaiions of the

walls of every house or building shall be formed of a bed of concrete not less than
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9 inches tliit-k, imd projecting at least 4 inches on each side of the lowest course of footings

of sucli walls. If the ^ito bo upon a natural bed of gra.vel, concrete is not then required.

1885. In foundations where, from columns or small piers pressing upon particular

parts, there would be a liability, from uneven bearing, to partial failure, it has been the

practice, from a very farly period, to

turn inverted arches (s>e fig. 615) to ill

catch on their springing the weight g||
'

-i |M
to be provided against, by wiiich means ^^\ \ /^cl
t^uch weight is equally dis'ributed H';>^v
throughout the length of the founda- 1_l

^

'>> ^^-•^'\
'

. _ -
,_

!

tion. " Standing thus," says our master y'' '

q
Alb-rti, "they (tlie columns or weights) J3

will be less apt to force their way into '"'
' "'

'-''"'
-',,.^

,
'

' <i=ya

the earth in any one place, the -we'ght
"'

being counterpoised, and thrown equally on totli sides on the props of the arches. And
how apt columns are to drive into the ground by means of the great pressure of the weight

laid on them, is manifest from that corner of the noble temple of Vespasian that stands

to the north- we.«-t; for, being desirous to leave the public way, which was interrupted by

that angle, a free and open passage underneath, they broke the area of their platform,

ani turntd an arch against the wall, leaving that corner as a sort of pilaster on the other

side of the passage, and fo tifying it as well as possible with stout work, and with the

assistance of a buttress. Yet this, at last, by the vast weight of so great a building, and

the giving way of the eartli, became ruinous." When inveited arches are proposed to

be used, they should be shown in the drawings.

1880f7. A method ®f forming foundations has lately come into vogue for bridges and

othfr hydraulic constructions by the use of cylinders, or other shaped airtight cases. In

India the system of founding large masses of masonry on cylindrical piers built in the

interior of wo.;den curbs, has pirevailed for a Jong jieriod. The method of constructing

the piers is the same as that used in England in sinking the fteining for ordinary wells;

and when sunk the interior is filled up with concrete or ruble masonry. Some of the iron

bridges lately erected over the river Tliames and elsewhere have been placed on founda-

tions formed by cast iron cylinders filled in with concrete. Further details must bo

soujiht in works devoted to Civil kngineejinff, as the system will seldom be applicable in

strictly architectural constructions.

1886. Air-drain. It is most important, wlien the walls are raised i n the foundations,

and brought up a little above the level of the earth, to take care that the earth, most

especially if moist, should not lie against

tiiem ; for if walls, before they are dry and
settled, imbibe moisttire, they rarely ever

part with it, and thence gradually impart ret

to the timbers tiiroughout the house. It is,

then, most important to have a second thin

wall outside tho basement walls, so as to

leave between it and them a cavity for the

circulation of the air, such cavity being

technically called an air-drain. In moist

and loose soils it is essential for the dura-

bdity of the building, as well as for the

health of those who are to dwell in it. The
Ht/geian rock building composition, hj W.
White, of Abergavenny, has been largely

used for preventing damp passing through a

wall. A wall mav be built with half-bricks

on the flat and set in tliis composition, filling

tlie middle joint of half an inch, and an incli

or so of each bed. This is stated to be much
stronger than an 18-inch wall built in the

ordinary way. A briik flat with a brick on

edge, as for cottages, or for economy, is quile

damp-pro f, and equal in strength to a I 4-inch

wall built with mortar only. No skdl is re-

quired ; an intelligent labourer can use it.

1886«. It is important that tho air-drain

or dry area should commence at least as low
as the foundations of the building ; in very ^'-- ''''''•

wet situations it should be provided with pipies to carry off the superabundant moisture,

and be independent of the maio drain of tho building. Evtn when provided, the usual

precautions to prevent damp arising in the main walls must not be neglected. The air-
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drain, whie-h should never be less than 8 inches wide, more if possible, is coramonly
covered with a h;ilf-brick arch, or with stone, slate, or tile, heluw the surface of the

ground. This entirely dues away with the benefit anticipated by its formation, because

the suiface drainage descends anil injures the main wall, even when cemented above the

covering; this covering should come some inches above ground. Unless care be taken it

often degenerates into a hole for dirt and vermin. A good arrangement is to make a d.ry

area, or a space wide enough to be easily cleared out, and to which a cat or dog can

have access, and to cover it with stone with moveable gratings at convenient distances

;

the expense will not be much ^renter, while the result will be very effective. The mo^t
secure arrangement, however, is to form an open arei all round the building. The waiit

of .'^ueh a precaution in the houses in the suburbs of towns renders a large majority of

tlio^e having basements nearly uninhabitable from the disagreeable consequences of damp
walls. (See -A^o fig. 6loh.)

1886/). Damp courses. This simple provision to prevent wet, which is likely to gr-t

into walls, from rising in them by capillary attractiim, is too often neglected, especially

in cheap work, for the present saving of a pound or two ; but at the ultimate expenditure

of many pounds. The simpl('^t plan has generally been to work three courses of the
brickwork above the footings and below the ground floor, in cement. Messrs. Smith of

Darnick s'ate that a coating of cement, done in a very substantial manner, did not
appear to have the smallest effect, as the wall was as damp above it as below. For smciH

cottages they found an effective plan was to build all the parts of the wall underground
quite dri/, and not to use any mortar until clear of the earth. This left the walls quite

dry above. 'The next method is to bed a course of sound whole slate slabs, j inch thick,

in cement. When the soil is very damp, two or even three courses of trJinary slates

may be laid in and well bonded, not only in the main walls, but in all cross partitions

and dwarf walls. For some reason, probably that of the slates and cement having se-

parated or crushed with the weight of the walls, allowing the damp to pass through, this

method has fallen into d suse. As Portland cement will adhere to slate, proliably, in

Solid works, if used instead of Roman cement, the result would be more satisfai tory.

1886c. Sheet zinc bedded in loam has been found to decay. In extensive works, fine-

gritted asphalte, applied in a hot state, is introduced as a layer, about half an inch in

tliiikness. This niaterial is stated, in the Appendix to the Report of the Fine Arts Com-
wissioners, to have kept out the effects of damp, which would have shown themselves, as

the fouwdations of the building referred to were always in water about 20 inches below
the level of the ground floor. The brickwork s ould be dry and protected from rain

during the operation, to prevent the asphalte becoming honeycombed. In buildings

already erected, the walls can be underpinned to introduce the material At the New
Palace at Westminster the joints are only halt filled with mortar, the asphalte filling the

remainder when poured over the bricks. The bricks for the next course, having been
heated at a coke fire, were placed on the asphalte in its fluid state, aiid the joints half

flushed up. The outer courses, however, should be first laid for sh^rt distances, that

they may set before the middle is filled in. In rubble masonry, it will be necessary to

fill up all inequalities on the surface with fine concrete; when this has set sufficiently,

the asphalte is to be laid as described for brickwork. Gas tar mixed with lime is s id to

be impervious to wet.

1886(i. Two centuries ago, thin sheet lead was laid on the top course of a wall to pre-

vent dan)p coming down it from the gutters; of late years, a layer of 4 lb. milled lead

Fig. 6156. Fig. 6lJe. Fig. CliJ. Fig. G15e.

has been proposed to prevent it rising; no doubt the best and most efficacious remedy,

but the cost would be gre ter than usually allowed. But the best invention, having

price also in its favour, is the damp-proof coitrse, formed of brown stoneware, perforated

throughout its entire width with a half air space, which remains open after the mortar
beds are laid, on each side of the slab. In an executed work, a course of bricks can be

cut out and the stoneware be inserted. This is one of the many building inventions of

Mr. John Taylor, junior. Fig. dloh. shows one for an 18-inch wall; other sizes as well

as angle blocks are provided. Each foot superficial is stated to be equal to the support

of 25 tons or 600 feet of vertical brickwork. Jennings has patented earthenware x'eeper

i/oc/'5, ' non-conductors of damp and a cheap substitute lor brick sleeper walls
;

"' they
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Fig. r,i3/.

are also useful for carrying stone paving: Jigs, fil.jf?, 61.W., and Ql'te. describe theni-
s-lves. Fig. ()15/'. shows tlie section of a sleeper-wall ^n brickwork, c;irryiri<i; sroiie

paving on one side and timber joibt on the other. There are four courses of brickwork,
on which is laid the timber sleeper, 4 inches by 3 inches,

to carry the joist.

1886e. Fig. Qlbb. is also useful for admitting air into the
space under a floor, and then dispenses with the conmioa
cast-iron airbrick usually fixed for sui-h a purpose. Air qrat-
viqs are of a larger size. The following arrangement, shown in

Figs, eid^f. and 61 5A., has been carried out where it was thought
advisable to provide for the admission of a large quantity of
fresh air at times into the bo('y of tlie budding, i^unnels or
pipes were in-erted in the side walls under the flo)r, say 1 It.

9 in. diameter. An area protects the front, to which a small
weeping drain is put to carry oif any rain water, and is pro-
tected at the top by a grating to prevent animals getting in. On the inside is a
plate or slide, which can be let down through the floor, paving, or boards into a groove,
to regulate the quantity of air or to shut it

off. The fresh air ascends through gratings,

or by other means, in the floor, into the hall.

1886/*. A preventive against the rise of

damp in the inside of the building is to cover
the whole area within the walls with a layer of

concrete, about 4 to 6 inches thick. By a bye-
law of the Metropolitan Board of Works, the
site of evei'y house or building shall be covered
with a layer of good concrete at least 6 inches

thick, and smoothed on the upper surface,

unless the site thereof be gravel, sand, or

natural virgin soil. But as concrete, fspecially

if of a coarse character, is of a honey-comb
character, even when fixed or set, being full of

little cavities, there is some danger in placing

it in wet soils, for it will often weep, and if cut,

water will be seen to ooze through it. Also,

when placed under a basement floor to keep
out damp, water will invariably find its way
through if there be any pressure, as from
.'<pripg«. To prevent vapours rising from de-

composed matter in the soil, a good practice,

even in dry localities, is to cover the soil, before

the floor boards are laid, with a layer of two Sectiox. Fig. 6;5A.

inches of unslaked lime, which on slaking with damp, or damp air, will destroy any
vegetation that maj' have been left on the surface.

SEWERAGE AND DRAINAGE.

1887. Before a brick or stone of any budding be laid, the architect neglects his duty
if he has not provided for perfect drainage in the lowest paits of tlie structure. This

should not be by the aid of a stagnant tank, called a cesspool,, if it can possibly be

avoided, although there are some localities wdiere such a tank must be formed, and then

the solid conten's can possibly be made useful for manuring purposes, the surplus water
being drained ofl^, possibly into some running stream at a distance from the building, whose
exhalations shall not be blown by any prevalent winds of the spot back upon the place

where they were generated in a diflPerent form. The durability of the structure is quite

as much involved in good drainage as is the health of the family whose dwelling-placo

the house is to become. London, with its suburbs, is now probably the best drained

capital in Europe. The lines of sewers forming the INIain Drainage scheme have relieved

the noble ri^'Pr of nearly all the sewage matter which had been carried into it. Every
street and alley has its public sewer, and nearly every li. iise has its separate drf.in into

the sewer. No new sewer cm now be made in London without the previous approval of

the Metropolitan Board of Works ; and no ilrain can be laid into a sewer without the

previous approval of 'he vestry or district board, which has to apply to the Meti'opolilan

Board of Works for their sanction in both cases. Many towns in England have now their

Board of Health supervising the drainage of the streets and houses, pursuant to "The
Public Health Act, 1848," and " The Local Government Act, 1858."

1887a. Snu-ers a.re provided for carrying away foul water brought into them by the

drains. Ordinary street sewers are built of hard bricks set in cement, and are now
generally egg-shaped in section, being about 3 feet 3 inches wide at the top, and "J feet



THEORY OF AKCIIITEGTURE. Book IT,

9 inches at the bottom, of the sides, which are formed bj^ curves of a large radius, and

6 leet hi^h in the clear. Smaller sewers are 2 feet 9 inches and 2 feet 3 inches -n-ide, and

4 leet 6 inches clear height; and 2 feet 6 inches wide, and 4 feet clear height. The
smaller end is placed doAvnwards. The dif-

ference of friction or impediment in favour of

a curved bottom is great, much power of the

flow of water being lost by the use of a flat or

flatly curved bottom. This part of th:; sewer

is called the invert, and is often formed of

stoneware, the core being filled in with coarse

cement ; thus the foul liquid does not perco-

late through them into tlie soil. The flgure

(61 oi.) shows Jentiings' compound invert

blocks, laid and jointed in Portland cement

;

the bricks at the angles set in blue lias lime.

Smaller sewers are now made of large cir-

cular glaze 1 stoneware pipes, and in a few

exceptional instances of iron ; and even rock

concT'te ttthes, from 15 inches to 36 inches

diamiter, are made at Poole. Tlie joints of
^'°'"'^'' these pipes are made watertight. These

ordinary sewers pass into larger ones called "main sewers," all gradually inclined from

the hijtier to ihe lower levels, joining one another either with curves or acute angles, sc

that the flow of one current shall not impede that of another; and they gradually become

larger an 1 1-irger, according to the requirements of the town, until they end in one oi'

more outfall sewers dischargiug into a river, or to reservoirs for a system of irrigation or

for other purpose.

lS87b- The accumulation of foul deposits in servers is paused by the want of sufficient

fall or sufficient flushing with water, and so occasions foul air, or gas as it is wronjjly

called. Hence it is essential tJiat the sewers should be well ventilated, in order that the

foul air shall not e.«cape or pass up the drains of the houses. This ventilation in a line

of sewer is effected by a shaft carried up from the crown of the sewer to the surface of

the street, where it is finished by a grating. Wtiere there are plenty of these ventilating

shafts, it is considered that no nuisance is produced by the bad air as a general rule, because

the purer air is supposed to be continually passing into and out of the sewer through them,

thus diluting the foul air. If a nuisance from foul air is complained of, it would show
that something was wrong with tliat pirt of the sewer, or tiiat another ventilator was
wanted in the distance between the two already in position. Instead of these, it has a'so

l.ieen prop(.sed lo ventilate sewers by means of pipes carried up houses and ending ab >ve

the roufs, but this system is considered to be inefficient unless llie pipes are of large size.

The head of a system of sewers, or the end or head of a sewer, as to a court of houses,

jequires both a flushing aj)paratus to oce^isinnally cleanse the sewer, and a pipe ventilator

or ventilating shaft carried up to carry off the fuul air which there collects. Other

s* stems have been suguested. Various attempts have been made to create strong upcast

draughts by furnace chimneys, cowls, or other artificial means, but these attempts have
never been more than locally—and then only partiallj—succcssail.

1887c. AVhilst on the subject of sewerage, it may be well to refer to the new system of

raising the sewage from a low to a higher level hy means of Shone's hydro-pneunialic

sewage ejector. This (u.'cessfid system, as carried oat at the Houses of Parliament, is

described in the Traii&acti"iis of tlie Royal Jiistitu'e of British Architects, 1887, iii-, new
series, and in Bi'liinh Architect for January 28, 1887. P- 09. The work was performed
thus: in the bottom of the old main brick sewer, about 1000 feer long, passing from
north to south under the Houses, a 12-iuch cast-iron drain was enibedced in concrete,

with a fall of about 1 in 212. This received all the sewage of, and rain falling on, the

Houses and grounds, and was discharged into a receiver at the bottom of a sewage nian-

liole. From the side of the receiver a 12-iiich cast-iron inlet pipe is carried horizontally

into the adjoinintr ejector chamber, in which are three cast iron ejectors, one being capable

of discharging 480 gallons, and the other two 335 gallons each, per minute. The sewage
is conveyed into theni by a 6-ineh cast-iron pipe. From the botiom of each ejector a

6-inch cast-iron pipe passes vertically upwaids into a 12-inch cast-iron horizontal outlet

pipe, which is carried through a dam built in the old main sewer, and discharges beyond
it int) the old outlet communicating with the Low Level Sewer, and above the normal
flow'of sewage therein.

1887c?- Compressed air is used for ejecting the sewage, &c., from the ejectors by
Atkinson's difterential gas engines—four of them, each of 4 horse-poiver. Usually one

only is emplo\ed. There is an automatic airangement for conducting the air, and ball

valve.s for admitting and expelling the sewage. Ttie compressed air in the ejector is dis-

charged by a pipe leading into the veutiLtiing shaft passing up the clock tower. The
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amount of sewage ejected in fZry weather is found to average no more than 40 gallons per
minute, so that a 6-mcli pipe would carry away all the sewage produced in the Houses.
Fresh air is admitted into the subwa}' and chamber, &c. 'J here is also a 9-inch main
"branch drain under the basement along 'he west side of the Houses, which is also venti-

lated. The total cost of the works, iucluding the four gas engines, the three compressed
air receivers, the piping, and the three ejecLors, has been a little over J.1,500/.

Brains.

1888a. Into the public sewers are carried the drains from the houses. These drains

•were formerly made of brick, and called " gun-barrel drains " from their circular shape.

In course of time tliej' got out of order from decay, rats working their way through, and
otlier causes, so that foul mattei's soaked through into the soil, which thus became
saturated, and foul air ascended into the house. Such drains have been discarded since

the introduction, about 1845, of pipes into the sewerage and drainage system. These
pipes are made of vitrified stoneware, and are very different to the glazed or unglazed
e:irthenwaro pipes sometimes substituted for cheapness. The sewage soon corrodes this

glazing, which being removed, the half-burnt earthenware sucks in the foul water and
decays. Nor is it nearly so strong as the stoneware pipes ; these are also supplied

with covers for occasional inspection. Pipes are also made specially, 3 feet long and
of a thickness equil to one-tenth of the diameter, with Stanlord's patent jonts, oy
J. Cliff and Suns, near Leeds. Messrs. Doulton manufacture a patent self-adjusting

joint, securing several advantages.

18886. The main drain necessary for the service of the largest bouse (we suppose the

case of one in the counti-y), if the fall be even but moderate, requires no large dimensions.

When we see a small river draining considerable tracts of country, often in section only

8,. 9, or 10 feet superficial, it m y easily be conceived that the surplus water from, and
rain falling on, a mansion is a quantit}^ even in pressing times, that exacts no large area

of discharge to free the place fr.,ni damp. There are few cases in which the greatest,

mansion would demand more than a 12-inch or 9-inch pipe, witli branches of 6-inch and
4-inch pipe; which, with 3j-incli lead pipes for soil pipes, if properly connected an i

laid, will suffice for all purposes.

1888c. One object in draining a house, a mansion, a village, or a town is to make the

drains and sew'ers so that the sewage in them shall never stagnate at any part, but be

co; stantly flowing with a self-cleansing velocity ; and so that the air in ihem shall never
stagnate at any part, but be always flowing, by fresh air passing into their lowest pnrts,

an 1 by foul air discharging from their highest parts into the stratum of the atmosphere
above that in which we live and breathe.

18L"3cZ. There are several systems of draining a country mansion. Near to the main
outlet is fijied a la ge intercepiing trap, to be ventilated. Into this passes, by drains on
all sides of it, all the water by the rain-water pipes from the roofs, the soil by those from
the water closets, and from the pantry and scullery sinks, as well as any surface water
from trapped gratings. The waste pipe from the scullery siuk shouhl, previously to

passing into the drain, be connected with a grease trap (see Pi-umhery). Some of the

rain-waier pipes m-iy act as inlets of fresh air and also as ventilators to the drain ; hut

occasionally, and especially near traps, other pipes for inlets of fresh air may be provided

to prevent what is called " syphoning." These ventilating pipes are to be of the same
diameter as the drain, as required by some authorities, or as the soil pipe as by others,

to be carried up to the top of any gable or roof of the house, and to some feet above and
clear of the chimney pots, so as to prevent foul air from passing down them by down
draughts ; the top is sometimes open, but they usually have a cap or exhaust ventilator.

1888c. The rain or surface water from houses in the country, or on open land, shoidd

bo carried away into the natural streams by glazed stoneware or fireclay pipes, embedded
in concrete if the soil require it, and of diameters varying from 3 to 24 inches or more,

laid with a proper fall. Where a building has to be erected on soil which holds water,

the site should be drained by the use of agricultural pipes, these being d schirjied into

an open gully leading to the main drain, to a stream, or otherwise where convenient.

1G88/'. Tdwn drainage consists of the comparatively clean surface and subsoil water;

and of soiled and used water containing organic matters called sew;ige. The combinatiim

of these two waters was established in London towards the end of the last an 1 the com-
mencement of this century, at the time that water supply by pipes to houses became
general. This was dischargtd into the cesspools, and thence by overflow drains into

'litehes, watercourses, and sewers, open and covered, and Ihence into natural streams and
rivers. The two systems of drainage should, say many persons, be kept separate by the

provision of one set of drains for receiving the clean water and d scharging it into the

natural streams ; and of a second set for receiving the dirty water and sewage and con-

veying it by seif-cleansing drains, as fast as it is produced, to prepared agricidtural land.

This system was recommended l)y Mr. John Phillips aljout 1849 ; Init it has not fouiul

many advocates, chiefly as it ap[ieirs to fail from the water in the first portion being



5o4 TUh'OUY OF ARCHITECTURE. Book II.

removed from the second portion, and thus tliere is not sufficient to carry off the sedi-

mentary matter, which would be done when the two systems are combined.

1888</. The position and size of tlio drains having been stttled, ihe fall has to La

arranged. It has been proved beyond a doubt that matters easily carried away by the

increased velocity gained by using a smuU drain, remain as an obstruction in a largo

drain. A velocity o/ 2 feet per second is th') least wliich will keep sewers clear of all

ordinary obstructions ; while house drains and small pipes require a velocity of 3 feet

per second lo keep them clear (Hurst). A fall of from 2 inches or 3 inches in 10 feet

will be found quite sufficient for all practical purposes. A fall of 1 in 30 is considered

by many to be a good fall, and not always to be obtained. Pipes half full, with a velocity

of 3 feet per seco- d require the fcJlowing falls : — 4 inch pipes, 1 in 100 ; 6 inch, 1 in

1-30; y inch, 1 ill 225; 12 inch, 1 in 300 ; 15 in.h, 1 in 350 ; 18 in.di, 1 in 450 ; 24 inch,

1 in GUO ; 30 inch, 1 in 700. With a velocity of 2 feet per se. ond, 4 inch pipes require

a fall of 1 in 200 ; 6 inch, 1 in 300 ; 9 inch, 1 in 450 ; 12 inch, 1 in 600 ; 15 inch, I in

700; 18 inch, 1 in 900; 24 inch, 1 in 1200; 30 inch, 1 in 1400 (Sears).

1888A. Hence also the advantage oi Jliishbig a drain. One pierson has urged that his

ten-r()0med house and outbuildings have not, in the course of many years, ever been

inconvenienced by tlie use of a 3-inch drain, whilst other houses of similar size, having

6-incli and even 9-incli drains, have been seriously affijcted. Much depends on the fall,

and on the careful lading of the pipes, and something tn the quantify ot water used for

household purposes. Where a watei" closet is placed at or near the head of a drain, a

stoppage of its pipe often o''curs ; while grease trom the kitchen sink incrusting in the

pipe, for want of occasional flushing with hot water, is ancjther Irequent cause. Sewers

also occasionally require assistance by flushing them from their head. One of the

best arrangements proposed is that of an iron tilting ci>tern, to hold about 90 gallons,

inserted in a brick pit at the head of a pipe sewer. This cistern, with its br.iss bt-ar-ngs

and plates, brickwork, stone cover, and water tap, costs about nine pounds, and if one

were placed at the head of each pipe sewer in a town, and all were turned off' at the

same time, a material assistance in keeping the main line also clear, wcmld be found.

The " self-acting syphon flush tank " is now much used for such purposes. Rogers Field's

patent consists of two concentric tubes, the outer one being closed at the top ;tnd steadied

by radial ribs projecting from the inner tube. The annular spiace between the tubes

constitutes the ascending or shorter leg, and the inner tube the descending or longer leg,

of the syphon (Bui/dcr, 1879, xxxvii. 1,002). There is another arrangement patented

by him, combined with a grease intercepter. (See Wati-e Waste Phf.ventek.) A some-

what similar one is put forward as " Adams' patent flushing syphon." Another by
Banner, as in The Sanitarian's Comjjanion.

1888«'. The house drain should be eflfectually cut off from aerial connection witli the

common sewer, or any other house ilrain ; also, the house should be cut olf from aerial

connection with all soil and waste pipes ; and all these external pipes and the house

drnin should be so formed and so connected that they shall at all times be freely tluslied

with fresh air, and all contribute to their mutual purification. " House drains," writes Mr.
Hon'-ynian, '' as usually laid at pres^nt are nrit ventilated. A 4-inch drain, as recom-

mended by Sir Robert Rawiinson ( 7Va«s. of Sanit. Inst., vol. vi., p. 72) and others,

cannot be ventilated by merely leaving openings at each end of it. The friction in such

a pipe would neutralise a considerable amount of energy, aiid there is no energy. The
movement of the air is sometimes in one direction, sometimes in the other, and the

quantity which gains admission is just about sufficient to promote fermenta'ion and the

propagation of organisms, and to allow the escape of abominably polluted air at either

end, or into the house if it have the chance. My advice is to increase the size of the

drain, to confine the sewage in a narrow channel, and to kee.p the whole clean. I am not

pirepared to say tliat even a well-ventilated house drain would be superior to one abso-

lutely without ventilation, from which atmospheric air is entirely excluded ;
but it

appears to me to be indisputable that there must be either thorough ventilation or none,

and that in this case the usual via media is the very worst course that can possibly b'j

adopted."

1888-1'. A system has lately (1887) been patented by Mr. H. R. Newton, architect,

whereby he shows the absolute necessity for the total enclosure of sewage fronr air in

all ways, to prevent exhalations arising, and to absolutely control the method for their

suppression. He points out the injurious influence of forcing air into fouled water in any
way, or of allowing fouled wafer to have any contact with air; drains and sewers, he

maintains, should be always full, instead of empty.

1888/. Various arranaements are advertised for obtaining access to drains for inspec-

tion without the necessity for breaking into them, or for clearing stoppages. At the end

of the drain next the sewer (and perhaps at other places) should be formed a manhole
or " inspection " chamber, having a syphon trap in it, or between it and the sewer. It may
be formed of bricks in cement, sometimes set on a concrete bed, and is usually 3 feet

6 inches by 2 feet 6 inches in the clear, and finished with an air-tight cover, as by a
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Yorkshire stone set in cement. Thn depth of the drain determines the depth of the

chamber, which must be Jarger if very deep. At the bottom ot it is an open clianiiol

about 9 inches deep, so that it

glance whether the sewage is

In the end next the sewer an

at the drain between the t ap

ing, if necessary. The cap to

times be securely fixed and

can be ascertained at a
flowing properly or n(>t.

eye-hole is fixed, to get
and the st-wer, forclean-

this e^e-hole must at all

sealed.

Fro. GI.'iA:.

A, Inspection chamber at the back of the house, b, Ditto, or manhole, in the front of the liouse.

C, c, c, tlie drain running from the sewer at the end H, through B, wherein is shown a syphi'U trap, with
a pipe D tlirnugli which the drain can be cleansed, if necessary. This chamber B is ventilated by a pipe
No. I. to let foul air out or fresh air in. The pipe No. II. is a ventila'ion pipe to the house drain, and also

to a soil pipe, No. III. e and p are trapped gullies or gratings in the .lards or gardens. Into A would
also he carried the draiu from the grease trap. This figure is obtained from Catherine M. Buckton'a
Oil?' Dwellings, Healthy and UnheaUhy, 8vo., Longmans, 18t<5, p. 65.

1888;??. Fig. 615/. is a plan and section of the interior of an ordinary town house,

showing the position of each sanitary apparatus, as urged by officials and by others. The
figure is from Buckton's Our
DivelU)igs,l\^S5,Tp. 62. Plcm

:

K, back kitchen : f, front

kitchen ; o, front yard or area

;

H, yard or garden ; n, step'i

down to the basement ; x, the

drain, taking the trapped

gully in garden, passing

through the inspection

chamber b, which takes

the drain from the water
closet soil pipe, and from a,

the grease trap, with its

vent pipe No. IV.! from e, the

sink in the scullery. No. II.

is the vent pipe to the

house drain, and No. III. the

vent pipe to the soil pipe.

In the front area, g, is the

inspection chamber r, through
which passes the drain x,

having s, the trap to sepa-

rate it from the sewer, and
into this chamber runs the

trapped gully ; No. I. is the

Tent pipe from it. Section : a
and B are two water closets,

the plans are given at the

side ; and as a sanitary arran-

gement there should be a
lobby, lighted and ventilated,

between the water closet and
the staircase, somewhat as

shown on plan b
; y, slop sink,

with syphon trap passing on
to the head of a pipe into Fm. fii.'i;.

the drain. The other letters api'ly to the above description also.
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Iron Brains.

1888«. The "Newman" complete system of Ca&t Iron Drainage, of which the first

introducers and sole manufacturers are the North British Plumbing Company. A paper

is published by them, On Ihe use of Cast Iron for House Drains, by W. D. Scott

Moncrieff, C.E., read at the National Health Society's Exhibition, 1883. The advanta.ges

of cast iron are put thus : 1, its superior strength and capacity to resist fracture; 2, the

greater lengths in whicli it can be manufactured, and the corresponding reduction in the

number of joint-i ; 3, the greater facilities for making the joints secure by means of lead

run in, sulphur, oxi ised iron filings, red lead and yarn, &c. The points to be considered

in adopting cast iron are : 1, the available means for preserving it ; 2, the determination

of the capacity and weight of the pipes; 3, the character uf the connections best suittd

to the material; 4, the nature of the joints; 5, the comparative cost. The prei^erving

methods besides paint are: 1, the coating with a preparation of tar, known as Dr.

Angus Smith's compositiim ; and 2, the Bower-Barff process, consisting of coating the

surfaces of the iron with magnetic oxide after a very careful cleansing, and then
painting to protect the surface from being injured too deeply at any time, for if

scratched, oxidation quickly follows. They can also be gl ized inside. At each end of

the drain a manhole can be formed, so that the drain could l)e swept clean from end to

end by a sweep's machine. Some objections have been raised to iron drains, more espe-

cially that of the iron cracking, as it is well known iron rain-water pipes will crack,

even wlien protected from the atmosphere.
I8880. The pipes in 6 to 9 feet lengths, with inspection covers, curved junctions, are to

be laid on concrete, or on a dwarf wall, or on iron bearers, and in a trench or subway under
the passage, so that the whole length can be open to inspection at any time. Five-inch
pipes are usually adopted, fths of an inch thick, giving about 120 lbs. as the weight of a
6 feet length. When the soil pipe is connected to tlie iron soil drain, a copper ferrule

should be wiped on to the end of the suil pipe, the latter being threaded and caulked as

for the ordinary iron joint. The joints may also be screw joints. The company also

furnish the necessary house drain terminal, manhole covers, flush tank with annular
syphon, rain-water flushing head, grease trap, water-waste preventer cistern, mica non-
return valve, soil-piipie cowl, improved valve closets, air ventilator and tubes, Winser's
channel pipes and bends, straight and taper, in lest enamelled stoneware ; white enamelled
sinks for kitchen and scullery; caulking sleeve of brass, for securing lead pipts in iron

sockets, with oakum and lead ; and many others of similar modern appliances.

Testing a Brain.

1888;). There are several methods of ascertaining if the pipes are properly laid, as

well as for finding the place of an escape of smell into the house. 1. By the peppermint
test, relying upon smell. This is applied by pouring down the ventilating or other
accessible pipe outside the house, about two ounces of strong (essence 0') peppermint,
quickly followed by about two quarts of hot water, the orifice of the pipe being
ins-tautly plugged up to prevent the escape into the atmosphere of the scent. If per-

ceived in any room, or closet, or sink, there exists the evil. 2. By the smoke test,

relying upon sight chiefly, the invention (1883) of Mr. C. Innes, C.E. Straw may be
placed in the drain, say at the inspection shaft (if there be one), then saturated with
petroleum, and lighted, with care on account of the flare. Then the drain must be
covered over so that the smoke shall ascend the drain, esc.iping at the ventilating pipe, if

there be no crack or defect by which also to escape. A pinhole in an iron pipe has thus
been detected when the previous test failed to point out the exact spot. Pain's " smoke
rockets" burn from ten to fifteen minutes, and emit a dense volume of smoke. "The
Banner piatent drain grenade ' or "drain ferret" is made of thiu glass, and charg^d
with poAverful pungent and volatile chemicals. When the grenade is dropped down any
pipe it breaks, and the efl^ect produi-td by its contents is distributed only as intended.

When drains to be tested by the smell or smoke test pass through a house, care

must be taken to close all openings ; and when applied outsidf, the openings should be
closed, to prevent any smell futeringfrcm the outside.

1888(7. In places where the drain is deep and has been laid in clay with rubbish
over, and perhaps finished by concrete with a coat of cement over, tr tile, or other
paving, if the ground be probed with an iron or steel rod to the bottom of the
trench, it has been found that smoke Avas acually issuing fiom the drain ; and it also

sliowed the state of the ground, the point of the probe indicating the nature of the

soil at the bottom of the trench. A third test is the water test to the main drain of

a house. The pipes have to be stopped up at both ends in order to be filled with water,

and some upright part formed, or selected, for the purpose of observing if the

drain hold the watir, or the reverse. The ends of the branches into it having been
also stopped up, the water may then be turned on, and the pipes filled to a part marked
on the upright pipe. It is thou to be carefully watched to ascertain if the water lalls
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lieluw tlie mark ; should it do so, it at once proves that there is a leak somewher'^.

(James tStewart, senr.)

18S8r. Among other general and special recommendations (Woodward, in R.I.B.A.

Transactions, with additionb), are the following:

—

1. Constant bnpervision during the laying of drains, to secure good workmanship

Loth in the laying and jointing.

2. Drains are best laid when the carcase is completed and the roof put on. Tlisy are

not required sooner, and they are then less likely to be disturbed. If left for a later

time they may probably be hurried over.

3. Wb'erever possible, drains should be laid outside the house. When inside, their

direction should bo indicated on the floor by a sulRcient witlth of the floor material being

laid so as to be easily taken up at any time to obtain complete access to the drains.

4. All old drains and cesspools, and all soil which has been in contact with or saturatsd

by any ot them, should be entirely removed from the premises.

5. Junctions should always be made by a gentle curve or bend with the length of tlio

p-pe, and never at a right angle.

6. A regular and uniform tall should be secured ; a too great fall may rapidly carry

away the liquid while the soil remains.

7. The pipes should, if the soil 'be soft, be laid in a bed of concrete or on well-tempered

clay puddle, and formed to suit the curve of the pipe.

8. The joints of all pipes should be well socketed, and the pipes slioiild have a full

bearing on the bed, not being allowed to Lear only on the joint, so that channels should

be formed in the bed, or be cut out for the sockets to rest in.

9." Tlie joints should be carefully cemented or clayed in all round
;
nut the least

particle ot cement or clay should rt-main on the inside of the pipes, as on hardening it

forms an obstruction and the nucleus for stopping the dram.

10. All traps should be earthenware syphon traps, wich inltts and covers, with ready

access for cleaning out. Greasd traps for scullery sinks should be ready of access for

periodically removing the grease, Avhich otherwise passes into the drain and assists in

iorniing an obstruction. Thes.e traps should be ventilated.

11. As flushing plays an important piait in all systems of drainage, the waste water

from sinks, baths, rain-water pipes, &c., should pass down the house drain. Lately, in

some systems, these have been kept distinct from the soil drains ; but as very little watt r

accompanies the one emptying of a water closet apparatus, there is much danger of soil

remaining, an e\il which is avoided by the flushing obtained from the other sources._

12. At the junction of pipes a shaft or inspection chamber should be formed, with a

proper cover, to allow of acc^-ss to the pipes, and by which rods may be passed up ai.d

down the drain in case of a stoppage.

13. Eelore the drain enters the sewer, and outside the house, a similar sliaft should be

Luilt, with a stone or iron cover well cemented down, and a syphon trap fixed on the

sewer side of the shaft, with a ventilating pipe carried up well aLove the roof of the house.

14. All overflows, wastes, and rain-water pipes should discharge over an open gully

trap, and not be connected direct into the drain. Where practicable, gully traps should

be flxed outside a building.

15. Air inlets should be fixed as far as possible from windows and doors.

16. If the dram has but a slight fall the use of a flushing tank is indispiensable.

lS88s. The importance of sanitary inspections may be shown in the necessity of some

modifications to the existing drainage of a house. The following remarks Hnd sugi,'es-

tions will be useful to the investigator :—" It cannot be too strongly impressed on the

public mind, that to make a house fairly safe from dangerous inroads of sewer gas (or

smell), as it is termed, is not by any means a gigaatic undertaking. In the case of a new

house, an architect of ordinary professional capacity is quite alive to the modern ideas (if

sanitation, and he will no doubt see that, so far as his client permits him, all that is

proper to be done is thoroughly carried out. The difficulties become apparent when he

has to deal with an old house, the drains of which he knows nothing about ; but even

here the task of securing safety from poison from the sewer is not such a very hard one.

Take, for example, an ordinary tircet house. The water closet apparatus is of the olil

kind, perhaps set in an apartment in the centre of the house, without any communica iou

with the open air. The sink waste is directly connected with the drain, supposed to be

protected by an old bell-trap, which is of little use. The cistern has the old standing

waste pipe, also directly connected with the drain, a'ld serves the sink as well as the

water closets. The rain-water pipes are also directly conneced with the drains, which

run under the kitchen floor or basement passage, and uninterruptedly onwards to the old

ir >n flap trap (at the sewer), which, if it exists, or is in right action, is the only oppos-

ing force to direct contact with the main sewer in front.

1888(. " Now this is, apparently, a very alarming state of things, to be remedied only

(some would say) by the removal of pipes, cisterns, and apparatus throughout the house,

involving pjrhnps the dislocation of everything in it, and the substitution of the net-
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work of arrangements of modern sanitation. If the client be willing to carry out these

elaborate notions, there can be no objeeliou to his having them; but tor the larger class

tbx; lollowiug 'A'ill, in ordinary cases, be sufficient to arrest danger ; first supposing that

the water closets, sinks, and cisterns, are in a proper state of repair, and that the drains

or other pipes are all clear.

1888«. " Take up the paving of the front area where the main drain runs throu;ih to

tlie sewer. Cut out a length or so of the drain, and build, in 9 inch brickwork, a shaft

3 leet by 2 feet. Render it inside in Portland cement. At the bottom let iu a half

drain pipe, and at the sewer side fix a syphon trap. Connect with the shaft two 4-inch

drain pipes, one on either side of the shafc; or carry up a 4-inch galvanize I iron pipe a

short distance to form inlets. If a rain-water pipe be near at hand, the joints may be

caulked, and it may be connected with ihe shaft by one of the pipes; carry it well up

above the roof, and treat it as the outlet ventilator. If a rain-water pipe is not ni'ar at

hand, carry up from the shaft, and well above the roof, a sep.irate 4-iiich galvanized iron

Ventilating pipe. Cover the shaft With a York stone, or iron cover, ai.d the drain job is

done. As regards the water supjily, tlie cistern should be well cleaned out periodically, say

once a month, and there will not be much to fear in that direction."—Woodward, Loudan
as it is and as it might be, read at Royal Institute of Britisii Architects, and printed in

2'ransactions, new series, vol. ii. p. 46.

Skct. II.

BRICKLAYING AND TILING.

1889. Bricklaying, or the art of building with bricks, or of uniting them by cement or

mortar into various forms, includes, in the metropolis, and mostly in tho proviuces, the

business of walling, tiling, and paving with bricks or tiles, and sometimes plistering; but

this last is rarely, if ever, undertaken by the-London bricklayer; though in the country

tlic trades of bricklaying and plastering are usually united, and not unfrequently that of

masonry also. The materials used have been described in a previous part of the woik, to

which the reader is referred (181L et seq^.).

]889rt. It is ad visible that the student should be acquainted with the mechanical prin-

ciples involved in the construction of shores, and the nature of the forces which are

brought into play. G. H. Blagrove, in Shoring and its Application, 1887, writes :

" Though the student has to learn the principles of Shoring, the practising architect

has to apply them, often in the utmost haste, to prevent the most disastrous conse-

quences, and occasionally surroundt-d with the most perplexing difficulties. Viollet-le-

Duc sajs: 'Nothing enhances the respect of workmen for the architect like his being

ready to shore properly . . . and nothing is more satisfying to the eye than a

system of shoring well combined and well executed.' " The author divides his beok

into Raking, Elying and Dead Shoring, Needling, Centreing, Timbering for Excavations,

Underpinning, and Straightening Walls. In Raking Shores is explained the danger

of using timber unnecessarily heavy for the purpose, and the danger of the vertical

sinking of a wall, causing the shores to separate it; also the advantage of shoring

ao-aiust the floors, and the proper precautions to be taken for shoring, of a more per-

manent and efficient kind than the rough and ready shoring so often resorted to. In

the case of Flying Shores there is the risk of their sagging, though this may generally

be obviated by using trusse.s, pirticularly when the flying stores are in more than one

height. Little has to be said about " detd shores," but the rough way in wiiich they are

often put in is detrimental to the building. In the chapter on Needling the necessary

precaut'ous are carefully stated, but the proper calculation of the strength of the needles

is not urged. The dt vices which have be n put in practice at times to save expense,

viz., the iron frames which enable the bretsummer to be rolled in lengthwise, the case

where the bressummerhas to be enclosed in the frames, then got in para lei and rolled end

on to its place, and where it is only put in parallel, are also explained. Two devices are

not noticed : one where the middle of a wall has to be removed, but where an arch can be

turned ; the arch form is marked in chalk on both sides of the wall, holes beginning at

the skewbacks are successively cut to the shape of the arch by men working on both

sides, and the segments are then built in and wedged up, until the whole arch is turned

without using needling, and, when the cement has set, the brickwork below ha cut away.

The other is executed thus : narrow iron girders, not exceeding one- fourth of the thickness

of the wall, are cut in, and fixed on both sides, then York stone is pinned in on the top of
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them, conne.'Ling the two girders, which are also bolted together. The brick«-oi-k below
is then removed. This sy.-tem will in most cases supersede all others. Careful advi e is

given for shoring up defective arclies and vaults ; and a French plan of suppoiting centre-

ing on \iood oy pistons fitted into iron cylinders filled with sand; by this means i lie

cen-reiiig can be accurately slackened by letting out the sand. The familiar methods of

Timbering Excavations are given. ^Vhere the earth will not s'and, sheet piling is re-

commended, i fc. wide, but 4 ft. 6 in. is generally cons'dered to be the least width in

which men can conveniently excavate. In Underpinning, the author points out the

difficulties of t-horing when the defects have arisen from_ tlie ground being too soft; he
shows the shoring necessary fur crushed piers and columns, and adverts to the move-
ments occasioned by underpinning, on parts apparently too distant to be affected by
them. Descriptions are given of the methods employed in straightening walls, as at

Armagh Cathedral, Beverley Minster, and St. Albans Abbey. (G. Aitchibon,in R.I.B.A.

Proceedings. The Mechanics of Shoring, in Building News, Sept. 14, 1877, p- 249.)

1890. The tools used by the bricklayer, who has always an attendant labourer to supply

him with bricks, mortar, &c., are— 1. A hrick troiuel, for taking up and spreading the

mortar, and also for cutting the bricks to any required length. 2. A hammer, for cutting

holes and chases in brickwork. 3. The plumb rule, being a thin rule, 6 or 7 inches Avide,

with a line and plummet swinging in the middle of it, in order to ascertain that the walls

are carried up perpendicularly. 4. The level, which is about ] or 12 feet long, with a
vertical rule attached to it, in whicli a line and plumnut aie siispend-d, the use of which is

to try the level of the walls at various stages of the building as it procee.ls, and particularly

at the window sills and wall plates. 5. The large square, for setting out right angles.

6. The rod, for measuring lengths, usually 5 or 10 feet long. 7. Th^'jointing rule, about

8- or 10 feet long, as one or two bri.-klayers are to use it, and 4 inches broad, with which
they rim or mark the centre of each joint of the brickwork. 8. The. jutnter, which is of

iron, shaped like the letter S. 9. The com^Msscs, for traversing arches and vaults. 10. The
raker, a piece of iron having two knees or angles, dividing it into three parts at right angles

to each other, the two end parts being pointed and equally long, and standing upon contrary

sides of the middle part. Its use is to rake out decayed mortar from the joints of old walls

for the purpose of replacing it with new mortar, or, as it is called, pointing them. 1 1 . The
hod, which is a wooden trough shut close across at one extremity and open at the other.

The sides consist of two boards at right angles to each other; from where they meet a

handle projects at right angles to their union. It is used by the labourer for conveying
bricks and mortar to the bricklaj'er ; for which purpose, when he has the latter office to

perform, he strews dry sand on its inside, to prevent the mortar from sticking. 12. The
linej^inSfWUch are oi iron, for fasteinng and stretching the line at proper intervals of the

wall, that each course may be kept straight in the face and level on the bed. The pins have
a line attached to them of 60 ft to each pin. 13. The rammer, used f ir trying the ground,

as well as for beating it solid to the utmost degree of compression. 13. The iron crow;\r\^

pick axe, for breaking and cutting through walls or moving heavy weights. 14. The grind-

ing stone, for sharpening axes, hammers, and other tools. The following ten articles relate

enti ely to the preparation and cutting of gauged arches. 15. 'J"he haiikir, which is a bench
from 6 to 1 2 ft. long, according to the number of workmen who are to work at it. It is

2 ft. 6 inches to <5ft. wide, and about 2 ft. 8 in. high. Its use is for preparing the bricks

for rubbeJ arches, and for other gauged work. 16. The camber slip, a piece of wood,
usually about half an inch thick, with at least one curved edge, rising about 1 inch in

6 feet, for drawing the sofite line of straight arches. When the other edge is curved, it

rises about half that of the other, that is, about h.ilf an inch in 6 feet, for the purpose of

drawing the upper line of the arch, so as to prevent it becoming hollow by the settling of

the arch. The upperedge is not always cambered, many preferring it straight. The slip

being sufficiently long, it answers the width of many openings ; and when the bricklayer has

drawn his arch, he delivers it to the carpenter to prepare the centre for ir. 1 7. The rubhitig

stone. This isof a cylindrical form, about 20 inches diameter, but may be less. It h fixed at

one end of the banker, upon a bed of mortar. After the bricks for the gauged work have
been rough-shaped by the axe, they are rubbed smooth on the rubbing stone. The headers
and stretidiers, in return, which are not axed, are called ruhlicd returns And rubbed headers
and stretchers. 18. The bedding stone, which is a straight piece of marble 1 8 or 20 inches in

length, of any thickness, and about 8 or 10 inches wide. It is used to try the rid)bed side of a
brick, which must be first squared to prove whether its surface be straight, so as to fit it

upon the leading skew hack, or leading end of the arch. 19. The square, for trying the

bedding of the bricks, and squaring the sofites acrjss the breadth of the bricks. 20. The
bevel, for drawing the sofite line on the face of the biicks. 21 . The mould, for forming the
face and back of the brick, in order to reduce it in thickness to its proper taper, one edge
of the mould being brought close to the bed of the brick when squared. The mould has a

notch for every course of the arch. 22. The scribe, a spike or large nail, ground to a sharp
point, to mark the bricks on the face and back by the tapering edges of the mould, { a- the
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purpose of cu'ting them. 23. The tin saw, used for cutting the sofite lines about one eighth

of ;in inch deep, first by the edg(j of the level on the face of ihe brick, then by the edge of

the square on the bed of the br ck, in order to enter the brick axe, and to keep the brick

from spaltiiig. The saw is also used for cutting tlie sofite through its breadth in thedirec-

tion ot the tapering lines, drawn upon t ;e face and back edge of the brick; but the cutting

is always made deeper on the face and back of the brick than in the middle of its thickness,

for the above-mentioned purpose of entering the axe. The saw is also used fur cutting the

false joints of headers and stretchers. 24. The Innck axe, for axing off the sofites of bricks

X'l the saw cuttings, and the sides to the lines drawn by the tcribes. The bricks being
always rubbed smooth after axing, the more truly they nre axed the less labour will be

rrquisite in rubbing them. 2o. The templet. This is used for taking the length of the

stretcher aud width of the header. 26. The chopping block, for reducing the bricks to their

intended size and form by axing them. It is made of any pie('e of wood that comes to

hand, from 6 to 8 inches square, and generally suppurted upon two 14-inch brirk piers, if only

two men work at it; but if four men, the chopping block must be lengthened aud supported
by three piers, and so ou according to the number empLiyed at it. It is about '2 ft. 3 in. in

height. 27. TheJIoaf-stoiie, which is used for rubbing curved work to a smooth snrface,

such as the cylindrical backs and spherical heads of niches, to t.ike out the axe marks. It

is, before applicatioia to them, made of a form reversed to the surface whereon it is applied,

BO as to coincide with it as nearly as potsille in finishing.

Boiidii/ff.

1891 . Before advei ting to the hand, as it is technically called, of brick walling, which is

the form of connection of the bricks with each other, it must be observed that in working
walls not more than 4 or 5 feet should be brought up at a time ; for as, in setting, the

inortar shrinks and a general subsidence lakes place, the part first br.night up, if too large

in qu!intity, will have come to its bearing before the adjacent parts are bi-ought up, and thus
fissure-, in the work and unequal settlements will take place. In carrying up any particular

part above another, it should always be regularly sloped back to receive the adjoining parts

to the right and to the left. On no account should any part of a wall be carried higlier

than one scaffold, except for some very urgent object.

1892. Previous to the re^gn of William and Mary (1689-1702), brick buildings in

England were constructed in what is called English bond; and subsequent to the reign in

qucftioii, when, in building as in many other cases, Dutch fashions W(re introdured,

much to the injury of our houses' strength, the workmen hare become S'i infatuated

with what is called Flemish bond, that it is difficult to drive them out of it. To the intro-

<!uction of the latter has been attributed (in many cases with justice) the splitting of

walls into two thicknesses ; to prevent which, expedients have been adopted which would
be altogether unnecessary if a return to the general use of English bond could bo estd-

blished.

1893. In chip. i. sect. ix. of this book (1503. ct srq.) we have spoken generally n\

walls; our observations here, therefore, in respect of them, will be confined to brick

walls and their bond.

1891. English bond is that disposition of bricks in a wall in which (expect at the quoins)

the courses are alternately corapo>ed of headers and stretchers. In britk walling, and indeed

in stone walling also, a cour.-e means the horizontal layer of bricks or stones of which the

wall is composed, being contained between two faces parallel to the horizon, and terminated

on each side by the vertical face of the wall. The mass ,,,
„ ,, .

,

,

— „ ^_ ,^„
formed by buck or stones in an arch ai'e also termed courses, but

;

-
!

r ceive the name of concentric courses. The term header \s
,

applied to a bri<-k or stone whose small head or end is seen in
j

the external face of tlie wall; and that of stretchir to a
,

i

brick or stone whose length is parallel to the face of the wall. -^,^-^^ ',.
,

, ,,,.
-

,}„-;„\

Englis-h bond is to be understood as a continuation either kikyaiio.v.

of header or stretcher, continued throughout in the same
course or horizontal layer, and hence described as consisting

of alternate layers of headers and stretchers {fig. 616.), the

former serving to bind the wall together in a transverse direc-

tion or widthwise and thus prevent its splitting, whilst the

latter binds it lengthwise, or in a longitudinal direction. None
but the filnglishboad prevents the former occurrence, as Wurk
executed in this way when so umlermined as to caus^ a fracture,

separates, but rarely breaks tiirough the solid brick, as if the

wall were composed of one entire piece.

1895. The ancient Roman brickwork was executed on this
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principle ; and its extraordinary durability is as much to be attributed to that sort of woik
beinjr used for bonding it together, as to its extraordinary thickness.

189*^. In this, as well as Flemish bond, to wliich we shall presently come, it will be ob-
served, that, the length of a brick being but 9 inches, and its width 4i inches, in order to

break the joints (that is, that one joint may not come over another), it becomes necessary

near the angles tj interpose a quarter brick or but, a, called a queen closer, in order to pre-

i.erve the continuily of the bond in the heading course. The bond, however, may equally
be preserved by a three-quarter bat at the angle in the stretching course, in which case

this last b;it is called a khip closer. In each case an horizontal lap of two inches and a half is

left for the next header. Tlie figure above given is that of a two-brick or 18-inch wall, but
the student will have no difficulty in drawing, on due consideration of it, a diagram of the

bonti for any other thickness of wall ; recollecting, first, that each course is formed either of
headers or stretchers. Secondly, that every brick in the same course and oa the same
face of the wall must be laid in the same direction, and that in no instance is a brick to i)e

placed with its whole length against the side of another, but in such way that the end of
one may reach to the middle of the others that lie contiguous to it, except'ng in the outside

of the stretching course, where three-(iuarter bricks, or king closers, will of course be neces-

sary at the ends, to prevent a continued upright joint in the face of the work. Thirdly,

that a wall crossing at right angles with another will have all the bricks of the same level

course in the same parallel direction, whereby the angles will be completely bonded. We
shall close these observations with a recommendation to the young architect, founded on
our own experience, on no account, in any building where soundness of work is a desidera-

tum, to permit any other than English bond to be executed under his superintendence.

1897. Flemish bond is that wherein the same course consists alternately of headers and
stretchers, which, ia appearance, some may fancy superior to that just described. Such is

not our opinion. We think that the semblance of strength has much to do with tliat of

beauty in architecture. But there is in the sufferance of Flemish bond a vice by which
strength is altogether lost sight of, which we shall now describe. It was formerly, thougli now
partially, the practice to face the front walls ofliouses withguaged or rubbed bricks, or with
at least a superior species of brick, as the malm stock ; in the former cases, the bricks being

reduced in thickness, and laid with a flat thin joint fre(]uently, what the workmen call iiputf!/

joint, for the external face, the outer and inner work of the same courses in the same wall, not

corresponding in height, could not be bonded together except where occasionally the courses

fell even, where a header was introduced from the outside to tie or bond the front to the in-

ternal work. Hence, as the work would not admit of this, except occasionally, from the

want of correspondence between the interior and exterior courses, the headers would be
introduced only where such correspondence took place, which
would only occur in a height of several courses. Thus a wall

two bricks in thickness, if faced on both sides, was very little

indeed better than three thin walls, the two outer half a brick

thick, and the middle one a brick or 9 inches thick. Brick-

layers having little regard for their character will, if not pre-

vented by the architect, not only practise this expedient, but
will also, unless vigilantly watched, when a better sort of brick is

used for the facing, cut the headers in half to efl'ect a paltry saving

of the better material. In walls of one brick and a half in thick-

ness, the strength of the wall is not diminished by the use of

Flemish bond so much as in those of greater thickness, as may
be seen by the diagram (fiff. 617.). INIany expedients have
been invented to obviate the inconveniences of Flemish bond

;

but we think it rather useful to omit them, lest we should be
considered as parties to a toleration of its use, for the continu- i|i.|i,||ii ,i|ii|iii, iiii r

ation whereof no substantial reason can be assigned. As we "iwi3:L5iliii'iiJil:il'''''i

nave before observed, all that can be alleged in its favour is a
''"''

fancy in respect of its appearance : but were the English mode executed with the same
attention and neatness bestowed on the Flemish method, we should say it was equally
beautiful ; and therefore we shall thus close our notice of it.

1898. The two principal matters to be considered in brick walling are, first, that the
wall be as strong as possible in the direction of its length. Secondly, that it be so con-
nected in its transverse direction that it should not be capable of separatin<' in thicknesses.
To produce the first, independent of the extraneous aid of bond timbers, plates, &c., it is

clear that the method which affords the greatest quantity of longitudinal l)ond is to be
preferred, as in the transverse direction is that which gives the greatest quantity of bond in

direction of the thickness. We will, to exemplify this, take a piece of walling 4 bricks
long, 4 bricks high, and 2 bricks thiik, of English bond : in this will occur 32 stretchers,

24 headers, and 16 half headers to break the joint, or prevent one joint falling over another.
Now, ill an equal piece of walling constructed in Flemish bond, there will occur only 20

O
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stretchers and 42 headers; from which the great superiority of English bond may be at

once inferred.

1899. Bond Timber should be used in pieces as long as circumstances will admit. In

•walls where tlie thickness will allow of it, some jirefer that the timber should be laid in the

centre, so that when it decays no material damage is done. Also that in case of fiie, the

bond timber is not afftcted by it. If so placed, when dressings of wood are rerjuirt'd,

wooden plugs must be provided to which to secure them. When a fire occurs and the

bond is next the inside face, it is burnt out, and the strength of a thin wall, say 9 or

1 4 inches thick, is seriously affected thereby. Two or three tiers in the height of the room
are usually employed.

1899(/. However useful timber may be in bonding thin walls whilst the brickwork is yet

green, it has for some years hjen entirely superseded by hoop iron bond. Tliis consists of

narrow and thin stiips of iron (see Smitueky) laid between two courses of bricks. Tlie

iron should be tarred and sa ided, the former as a preservative from rust, the latter to

afford a firmer hold to the mortar. Some authorities go so far as to state that hoop iron

bond, unless it is set in a cement course, is not so efficient as wood bond. A tier of bond is

placed in each three feet of iieight, one strip of iron to each half brick. In extensive works,

or in s])ecial cases, two, three, or more, tiers are recommended. In addition to the use of

concrete on clay soils, it may be occasionally useful to build all the footings for four or six

couises in htight of iirickwork in cement, each course well bonded with hoop iron, laid both
longitudinally and diagonally ; it is perhaps better than a course of Yorksliire stone (par.

1 882.) as the bond is continuous. During the execution of the works, the iron is continued
through all openings as with wood bond ; the latter is cut away when rtquisite, but the

former should be turned down ajiainst tlie brickwork. The laps at a junction should be care-

fully made to secure the continuity of the tie. An addition to the plain band of iron has

been introduced, and I'l/eniian'n j atent 7uitched hoop iron ho?id has been extensively iin-

ployed. It consists in forming a slight notch at intervals of 11^ inches on both sides al-

ternately, and turning it up in succession, in contrary directions, forming a triangular

piece, whereby a better key is obtai.ied upon the bricks and mortar.

1903. Miirtar joints. The propriety of using mortar beds as thin as possible, has been
inculcated in this work, and most specifications state that four courses of brickwork formed
of the ordinary sized bricks are not to rise more than 11^ ; sometimes 12 inches is nanu'd. as

tlie joints shoidd not exceed |ths of an inch. When good mortar is used that sets rapidly,

the joint might be thicker than thus allowed. In Roman and most Eastern work, the joint

was usually 1 and 1] inches thick, and where the inortar has been good, such buildings so

executed are sound after centuries of wear. "In modern practice, in all masonry and brickwork
wliere strength is required rather than ornament, thick beds and joints of good mortar
will be useful. Thin bricks or tihs will also be lietter than thick bricks, as the material
will l)e bitter burned, and consequently more enduring. More good mortar can also be
used, which in such work gives strength." Such is the practical opinion of R. Rawlinson
(IJu'/diT, xxi. page 152), who declares that "the proportion of mortar to rubbli> stonework
should lie about 1 to 3, that is, in 4 cubic yards of rubble wall there should not be less i ban
1 cubic yard of mortar. In lirickwcik (ordinary bricks) the proportion will be 1 ti 4.

If tliin bricks be used, or it very small stone be used for rubble- work, the proportions may
be as I to 1." It has been urgid that the peculiarity of i arly Norman masonry, even of the

perijd of bishop Gimdulph, is that of \ery thick beds of mortar. Mr. Rawlinson further

adds, " As a general rule, buildings whether of marble, limestone, sandstone, or of brickwork
alone, or of brick and terr-aeotta combined, which are oi-namental in character, must all

liave </u'h joints and buds. Tliiik beds and joints of mortar would destroy the harmony of

design by deteriorating tlie ap])earance of labour bLStowed on the rich materials in such
buildings

"

J90Pa. The fine joints of rubbed brickwork are formed by lime ))utty, being mortar
reduced to the consistency of cream; tlie bricks are dijiped into it to take up a coating, and
then driven close upon each other. Ashlar work is usually set in a putty formed of liine,

white lead, and a small (juantity of very fine sand.

IDCOb. The surfaces of ruany of the machine-made bricks are so hard as to prevent the

jnortar sticking, unless first coated with sand. Many walls on being pulled down have

shown that the moriar had had no hold upon the bricks; a key had only been formed be-

tween two bricks liy the holejs at their ends. A wall, thougli built in first-rate work,
was easily shaken to pieces, even after it had been built four or five years. Bricks, espe-

cially in hot weather, should be so.iked in water (par. 18;52fl.); and even some of the

courses of hiicks should lie sprinkled with water, to prevent the brick absorbing all mois-

ture from the mortar before tlie lime has had time to crystallise. The walls, however,,

take longer to dry ; as is also the case when groirling (par. 1860.) is employed. An in-

tere-.ting communication from Norway has been printed in the Jo irnah of January, 1888,

ex|)laining how brick woik is c;u-iied on there in the winter ;
" such walls dry quicker than

those rui;ed in summer." The desL-riptioa is too long to be here further adverted to.
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1900c. The mortar or cement should be such as will quickly set, to prevent the super-
incumbent weight pressing tlie joints closer, and therel)y causing settlements, wliicli even
with the greatest care, often take place untrjiially. As o'ten as it is conjectured, from the
nature of the soil, or from the fjundalion being partly new and partly old, that the work
will not come to its bearing e(|ually, it is better to carry up the suspected parts separately,
and to leave at tlieir ends what are called tiothings, by whicli junctions may be made when
the weaker parts liave come to their regular sound bearing.

1900rf. i he thickness of walls has furnished the suiijeet of previous pages : we shall

therefore only add, that too much eare cannot be bestowed on strengthening all angles as
mucli as possible, and well connecting the return of one wall into another; that piers

or pilasters are exceedingly useful in strengthening walls, inasmuch as they act by increas-
ing the base wliereon the whole stands; and, lastly, that in carrying up walls to any con-
siderable height, it is usual to diminisli their tliickness by sets off as they rise. la
bouses, above the gionnd- floor, the sets off are usually made on tlie inside, having the out-
side in one face

; but, if it be possible, it is better to set off equally from both faces, because
of tlie better balance afibrded.

1900e. Joints in brickwork are finished on the face in several ways. The most common
are the ' struck joint,' wliich is merely finishing the joint by drawing the point of the trowel
along it : or 'jointed,' as done by a tool called a yoj/i/er (par. 1890, art. 8), so as to leave
a line impressed on tlij mortar : or 'flusti joint,' in which case the joint is drawn at top
and botto n with the trowel when the brick is laid, and afterwards when the mortar is par-
tially set, the middle of the joint is flushed flat with the 'jointer ;' this is sometimes called
a ' high joint.'

1901. A bricklayer, with the assistance of one labourer, can, if he be so inclined, lay in

one day about lOJO bricks in common walling; but the trades unions now prevent him
from laying more than about one-third that number. Occasionally, for a higher remune-
ration some non-union man may be found to lay near the former number, and then he
woold comjjlete a rod of brickwork in four days and a half, its area being 272;|^feet snjjer-

ficial of the thickness of one brick and a half. When, however, there are many apertures or
other interruptions to liis work, be will be proportionably longer over it. The weight
of a rod of brickwoik is about 13 tons. Generally it may be taken as consisting of from
4.300 to 4500 stock bricks, allowing for waste according to the quality of the bricks.

27 bushels of chalk lime, and 3 single loads of drift sar.d, or 18 bushels of stone lime and
S.t single loads of sand. In cement, of 36 bushels, and the same quantity of sharp sand.
A lod of brickwork laid dry contains 5370 bricks. A cubic yard contains 384 bricks,
and requires about 6^ cubic feet of sand and 'J\ of lime. A ton of bricks contains about
.373 on an average. 330 well burnt bricks weigh generally about 20 cwt., so that a cubic
foot weighs about 125 lbs.

1902. Brkk-nogging is a method of constructing a wall or partition with a row of posts
or quarters 3 feet apart, whoso intervals a'e filled un wiih occasional plates of wood with
brickwork between. It is rarely more than the width of a brick in thickness, and the
bricks and timbers on the f ces are flush. It should never be used where tliickness can be
oi)tained for a nine-inch wall. A halfbrick nogged partition will lequire about 500 bricks;
a whole brick-nogged partition about 1030 bricks; and with brick on edge about 3-10.

1902a. A half-biuk partition built in mortar is now adopted in many of the model
lodging houses, sometimes with an occasional hoop ircn bond. 'J'hese are built four, five,

and six stories in heigiit, the joists of the floors steadying them as they are carried up. Of
course tlie apartments in such places a.e small in all their dimensions, being about 12 feet

long, 9 feet wide, and from 9 to 9 feet 6 inciies in height. A half-brick wall of greater
dimensions may be built in cement, and when the floor joists are laid upon it, it becomes
very steadv, strong, and little likely to be injured by a fire. Thin slabs of stone have been
used as partitions in small bouses near a quarry. Tiles in cement with wood plugs in-

serted for ths dressings, make a sound partition, and when plastered direct upon the tiles,

it takes up much less room than a one-brick wall.

190-'/^. INIany varieties oiliolhnv bricks are made for a similar purpose. The " patent bonded
hollow bricks or rebated tiles " (/ft/. 61 7a.) of Hertslet and
Co., were employed in 1816-7, by Henry Roberts in the

model lodging house in George Street, St. Giles's ; as also in

the so-called Prince Albert's model houses, erected in Hyde
Park in 1851, and removed to Kennington Park. A is a

bond stone ; B concrete, C floor boards, and D a tie rod.

When used for ])artitions, or for roof and floor arches, these

hollow bricks are fireproof, deaden sound more effectually,

and are considerai)ly ligher, than solid brickwork. Such
bricks as a lining to stone or flint walls, supersede the neces-

sity for battening. They are also well adapted for cottage
,

- —_„,__ .

floors. Hulluw bricks can be made by any good tile machine, ' ~ " iCtliiSJBSilJ

'
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in the same manner as ordinary drainpipes. They are more compressed, require less

drying, and are generally hetter h'urned than ordinary bricks. An interesting and complete

paper on the subject, with illustrations on the English and French systems of making

hollow bricks, is given in the Building News for 1858.

1902f. Hollow walls, formed ot'ordinary stock bricks, were employed for two-story cot-

ta"-es early in this century. Three methods are usually adopti-d in the construction of a

wail. I. All the bricks placed on edge, as Jig. 6 176, the stretchers and headers breaking

joints, and the headers
. frrzzp^

forming the bond. \ I _J_ Li

Many persons consider

that this arrangemei.t Mill il
-tcf

FTFH

i-^ V4.

rig. G174.

produces a disagree- ^
able appearance on the

outside face. II. All T
the bricks laid flatways,

but the stretchers are

sawn in half, so as to

leave a space of 41 ins.

between them ; and in

laying the headers, as

Jig. 6 lie. care nui^t be

taken only to fill up
with mortar the joints

.

over the half brick on edge, so as to leave the middle of the joint open. III. To

lay all the bricks flat in the usual English bond, leaving a space of about 2 inches be-

tween each face, and to make up the thickness thus caused, viz. 11 or 11^ inches, by a

bat t(j eacii he.ider. This may be varied by using a less numl)er of headers, and placing

two or three stretchers together, according to the strength of the work required. At

Southampton, and perhaps elsewliere, headers are not used, the two facts being bonded

together by hoop-iron cramps (fg. C17c/.), with forked ends, ^ths by ^'^jth^inch, tailin~

int.) the fro^sof thebrick
"""

{J'g. 6 17e.), and having a

be.id in the middle of its

length partly as a strut /-^rf^^^^S^^"""^^ < 7i

to the inside, and jjartly W^ Fig. end.

to ])revent any moisture
Fig. C17/.

running along it to the inside face. A cast iron cramp (Jig. 617/) is also made, i inch by

,^ ths in. thick. Jennings has adopted bonding bricks of stoneware for hollow walls.

Fig. eilg. shows the application of the three sizes; A is IfJl inches long, to be used in

garden walls and other places where an uniform face is not required ; B is 1 1^ inches long,

ir

T~r
Fig. 617j.

where but one uniform face is required (the brick is shown to a larger size mjig. 611 h.) the

end of tlie bond brick being faced with a closure of the same material as tiie wall ; and C

is a brick 9 inches long, wlien both faces are to be uniform, closures being used at hotli

ends of it. A 16 inch hollow wall can be built with a 9 inch inside wall, a 2 inch space,

and a 4.^ inch wall outside, and so on. Such a w;dl is of very common election in North

America, and it is found to stand very well for country villas of good dimensions.

19c2</. Much diversity of opinion exists as to whether the space so left should be

ventilated by air gratings just above the ground, and also by others under the coping, to

obtain a current of air and secure dryness if water be blown through the outer brickwork.

In exposed situations, especially on the sea-coast, if hollow walls are not built, either the

wall has to be slated on the outside ; or it has to be battened on the inside, even when

cemented on the outside, to prevent damp showing on the interior surface. Hollow cement

blocks have lately been introduced in France, and are said to be cheap, as dur.ible

as stone, ventilation easily secured, and provide for the ready formation of shafts for warm

air or tbr flues. The blocks have a resistance of 4,'?0 lbs. to the squ.are inch, and are

adapted to walls about 20 inches thick as well as t;) partitions of less width.

1902e. Mr. Taylor has ado|)ted an arrangement of an Interior face of common bricks

B, (vith an exterior /aci«^ block of a better manufactured brick a, in the shape of the letter
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I,, leaving a cavity of 2 or more inches between

them, (fig. 6lli).

1903. Groined arches, A groin is the angular

curve formed by the intersection of two semi cylin-

ders or arches. Tlie centering for raising tlie more

simple groins that occur in using brick arches,

belongs to the section Carpentky. Tiie turning

a simple arch on a centre only requires care to keep

the courses as close as possible, and to use very

little mortar on the inner part of the joints. In

executing a brick groin, the difficulty arises from

the peculiar mode of making proper bond, ;it the

intersection of the two circles as they gradually rise

to the crown, where they form an exact point. At

the Intersection of tliese angles, the inner rib should

be perfectly straight and perpendicular to a diagonal line drawn on the plan. After tha

centres are set, tlie application of the bilik to the ang'e will immediately show in what

direction it is to be cut. With respect to the sides, tliey are turned as for conunon cylln-

dric vaults. Mr. George Tappen, an ar- ^^^

chltect of great practical skill, introduced / ^ \
a method of constructing groins rising from

octangular ))iers, which had the advantage

of not only imparting strength to the angle,

which in the common groin is extremely

delicient, but ot increasing the space for

the storage or removal of goods, and fur-

ther, of strengthening the angles of tlie y
groin in tliis construction by carrying the <
band round the diagonals (Jiff. 617 k.} of

e<iual breadth, and thus affording better

bond to the bricks,

1903'/. The Metropolitan Building Act,

1855, requires that tnider a public way,

an arch, if it be employed, of a span of not

more than 10 feet, is to be at least 8.J inches

thick ; when not exceeding 1,5 feet, it must

be 13 inches at least; and beyond that

width the thickness requires special appro-

bation. If of iron construction or other incombustible material, it must be built in a man
ner approved by the district surveyor. An aich over a jjublic way must be formed in tlie

above manner, but a span not exceeding 9 feet must he Scinches thick at least. A like

special approval is required if the arch or floor be of iron.

. C17/t-.

riREPROOF ARCHES, FLOORS, AND ROOFS.

19035. Light arched flat floors, composed of bricks cemented with gypsum or plaster,

have been in common use in Roussillon from time immemorial. Rondelet is of opinion

that the segment of a circle is a better form for such arches than the low semi-ellipse. He
describes apartments of 18 feet by 25 feet, as used at the War Office at Versailles, covered

with brick arches of which the rise was only ^',th part of the span and in five stories.

The coach-houses and stabbs of the Marshal de Belle Isle at Bisy near Vernon, were

arched in an elliptical form, having a rise of i th of their span, which was 32 feet 9| inches.

They were not finished until a year after the walls and roof had been completed. The
walls were built of rubble-work having chains of cut stone at intervals of about 16 feet.

They were 2 feet 8^ inches thick, being about equal to -,'2 f P^'* «f ^l'^ span. These

arches were formed of a double thickness of bricks laid flat, and in plaster, built in succes-

sion, with the vertical joints broken. The haunches were filled up with rubble stone in

plaster. The springing was formed by notches in the wall, above which the regular courses

of stone projected inwards as gathering courses. Above all, a third course of flat bricks

was laid horizontally, forming a pavement. Rondelet considers that arches of small and light

materials cemented by gypsum become as it were one body, and exert little or no lateral

pressure upon the abutments excepting at first, because that cement has a tendency to

swell in setting. Rondelet relates that a stone of 4000 lbs. or 5000 lbs. weight was dropped

upon one of these arches from a height of 4 or 5 feet, which made a large hole through the

arch, without doing any further injury. If mortar be used the parts must be thicker, and

the centering left, until the work has set. Portland and Roman cement might be better

than gypsum for work in England. Rondelet also states that it is better to use coved

arches springing from the four walls, than a common arch springing from two opposite

walls only.
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1903c. The arcli brick floors, used in tlie dwell'ngs for workmen at I51rkenl)i.ad, by tlie

architect, C. E. Lang, were 7 feet in span, worked in lialf- brick excejjt at the sprinj;iiig

and the skew-backs, with a few three- (jusrter and oilier jiarts ot bricks inserted, so as to

form a toothing or vertical bond with tlie concrete with whicii tlie spandrels were tilled.

The six or seven courses at the crown were wedged in with slate while the mortar was
wet, and in no instance did the least siibsidenie take jilace at the crown, allhoiigll subjected

to very severe trials, such as that of men jumping from the walls upon the arches. The
span of 7 feet is perhaps the limit of a halt-bnck arch turned in mortar with the ordinary

rough brick. The arches rise about one inch to every foot in span. Tiles were laid in

mortar on the concrete, which macie the thickness ot the fluor at the crown ol' the arch

5^ inches. There were altogether about 1200 arches of this kind turned, and without the

siigiitest accident. This explains the usual metliod of forming hreproot floors, by turning

brick arches between iron girders, which are in large spans tied togeiher at the springing

by iron tie rods ; a subject which has been so often considered and discussed, and nowhere
more so than at the Iiisiilute of Architects, as detailed in their IVansfictiuiis.

1903c/. TUe Denu'tt arch. A fireproof system, patented by Messrs. Dennett, of Not-
tingham, and used since about 1855. Tliey execute a groin, dome, or circular ceiling of

any length, width, or height, without tie rods or intermediate supports, at much less cost

than can be done liy any other fireproof material ; circular ceilings of ii6 feet diameter,

with coffers in them, or any amount of decoration, can be executed on the soffits, and the

upper surface can be finished smooth in itself, or with stone, wood, tiles cement, or asphalte,

and a current of air ensured underneath. Very few iron girders are reijuired. For fluors,

although in an arched shape, it is in reality a beam, as a complete floor can be turned from
wall to wall, resting on a projection of brickwork, and the material be left without any
abutment. Its durability equals stone ; and its strength is equal to Irickwork. The
Hoors are bad conductors of heat ; leave no harbour for vermin; ventilating pipirs may be

laid in them, and also flues. The material (a concrete of broken stone or brick em-
bedded in gypsum calcined at a r.^d heat) can be be used for a sound-proof construction,

wlien laid in the old method between wood joists, as at St. Thomas's Hospital.

1903e. Three courses ot' plain tiles Itiid in cement and well bonded have been for many
years employed for sliglitly curved roofs to form terraces ; roofs for cellars under paving ; as

roof's over small hack buildings, and for similar purposes. Where the walls are well backed
up, tie rods may not be necessary. It has been asserted that the tiles shotild twt be covered
with the cement. Portland or other cements laid on brick arches, or on tile, or on a flat

concrete roof supported by iron joists ; also asphalted roofs; all generally crack and let in

wet, especially where there is any traffic on them, or their foundations are not perfectly stable.

At .\iistin and Seeley's artificial stone works, New Road, flat roofs, floors and steps are

formed in their material. The terrace roofing is formed of plain tiles in three couises,

rendered on tlie top to tlie thickness in all of about 4 inches, carried over by arches sliglitly

camt)ered, springing from small brick piers, and tied by light iron rods, which form
their chord line. 'I'hese flats ha\e an immense weight upon them, and arc cast in one
l)iece, as it were, there being no perceptible joint; they are coinplettly water-tight, and cjH
be easily cleaned.

1903/. Light arches may likewise i)e formed by placing thin iron plates between joisting

of iron or wood, bending them to a slight curve, and filling in above them with concrete to

form solid work. Mallet's budded wrouylit iron plates, are usually made in square or oblong
shapes, having a slight convexity in the middle, and a flat rim round the edge, called the

fillet. These plates are considered the best form yet devised for the iron covering of a plat-

form, and are usable for the above purposes. They are often placed so that the convex
part is compressed, and tlie flat fillet stretched; when they give way under an
excessive load, it is usually by the crushing or crip|)ling of the convex jiart. The safe load.s

given in the tables published by the inventor, for a ])late 3 feet square, \ inch thick, and
with 1 -75 inch of curvature, are 4-5 tons for a steady load, and 3 tons for a moving load. The
square form, supported and fastened at all the four edges, is the inost favourable to strength.

The buckled jilates used by Mr. Page for the platform of new Westiuinster bridge measure
84 inches by 36 inches, with a curvature of S.Jinches, and thickness of \ inch; they bear

17 tons on the centre without giving way (Rankine, Civil Engineering).

1903^. In India, where all buildings of any importance have flat roofs, the long estab-

lished jjractice is to forin them of tiles, mostly 12 inches square and 1 finches thick ; in

Calcutta they are generally 18 inches square and 2 inches thick. These tiles arc made
with great care : they are burnt the same as pottery, and are used both for roofing and for

flooring. In roofing a room of 20 feet span, it is first covered with teak beams 1 2 inches

deep l)y 8,^ inches broad, jilaced 3 feet apart, which carry burgalis or joists, 3 inches stjuare,

fixed Ifoot apart, and on these the tiles are jilaced in two layers carefully jointed with each

other. Above them is laid 6 inches of concrete, formed of broken bricks and lime, spread
evenly and beaten down to 4 inches, and beaten until the mass is dry ; finally it is plastered,

and rubbed or polished. If well made and of good materials, it is impervious to wet, and
will last as long as the timber under it.
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190;;^. A fioor, or even a flat roof, patented by Bnnnett in 1858, is formed of hollow
liriiks, having the two sides each composed of two parellel inclines, and each about hnlf

tlie depth of the block, connected bj a lioi-izontal or nearly horizontal plane, and the two
inclines on one side are parallel with those on the opposite side. Tln'ough these bricks

tie rods are passed, and secured at each end to wall plates formed of angle iron ; the whole
is then screwed up, when the bricks form a slight curved arch in section, and from the in-

clined sides they over and iinderlap one another and mutually give and receive support
from the neighbouring blocks. This invention has been carried to 21 feet span with a rise

of about 2| inches, and about 13 feet wide. Otiior arches have been constructed for the

purpose of testirg its bearing powers. Ono of tlie latter. Id feet beween the bearing

walls, and 2 feet 3 inches wide, was loaded with 4 tons 10 lbs. (or 267 lbs. to the square

foot), and was quite elastic. The deflection was about yj-xhs of an inch. The bricks are

put together with Portland cement and sand. Each brick is 10-^ inches long, by 9| inches

wide, and 6 inches thick, and weighs 21 lbs. 100 square feet coraprisa :
—

tons CAvt. qrs. lbs.

H5 bricks, weigliing --.-_.
Cement and sand -------
Angle iron and tension bars (bars being 4 fett apart)

Total we'ght per square - - - - - -ll::i217
1903/. Pi>ts and jars and hollow bricks have all been used in arched work to reduce its

weight. Sr John Soane employed jars in the dome of the li'otunda at the Bank of

England, which is about 65 feet in diameter. In floors of arched work either iron ties

must be used to prevent the walls being forced out, or iron girders employed, thus subdi-
vi ling the lengtli, and tlie work arched across the length, i.e. between each girder. The
Builder of 1849 records the use of hollow bricks in the vaulting of St. George's Hall, at
Liverpool ; and Daly's Revue Ge/iera/e for the same year, the use of such bricks in walls.

1903/4-. The Indians about Nagpora build their sto7ie vuultsin a peculiar method, which
might be followed with advantage in some cases in this country. At the springing, stones
of a considerable depth are used, having the intrados cut to the form of the curve ; six

courses are laid, the upper one having a groove 5 inches wide and 2 deep. Then
stones of a smaller depth are laid, each having a groove cut in one face, 2 inches in depth
and 4 inches in breadth, with a corresponding projection in their other face, the groove
being on the upper side to receive the projection formed in the next course. About eight
courses having been laid, it then becomes necessary to present the work from falling in-

wards. At every 10 fett in length two strong rods are placed horizontnlly across the
chasm, and the ends are forced into the grooves. From these courses as from a new base
similar grooved stones to those already described are continufd, the length of fach
course contracting until the key course is inserted. When this last course is complettd,
the rods are Siwn across at either end of the finished vault, and the work continued. When
the arch or vault is of considerable span, a series of bases may be adopted, each at higher
P'>ints than the other, until one part is keyed. A slight scaffolding supports the work-
man, but no frame or centreing is used.

1903^. In view of a fire, and for the preservation of property and life, fireproof yFoors

should be more constantly insisted upon to replace the common wood floors, which (as has
been described) usually " consist of one inch of boards and one inch of plastering to separ-
ate each story in a dwelling." Even these can be improved by some modern inventions.
An American {Wight) method is by fixing flat interlocking fireclay tiles, carried by iron

clips screwed to the underside of the joists, the underside of these tiles being grooved to

formed a key for the plaster. A space of 2 inches is thus left between the plaster and the
wooden joists, and as the tiles themselves will stand almost any heat that can bo brought
to bear on them, the joists are absolutely protected ; on the upper side fine concrete or
pugging might be used. This system can be aflSxed to existing floors by simply hacking
off the lath and piaster, and it is probably quite new in this country. (J. Slater, I\ew
Invmtions, in Eoyal Inst, of Eriti^h Archittf-ts, Transactions, 1887.)

1903/?j. In the so-called "flats" and suites of offices, the floors are now generally
formed of fireproof construction. There are many modern systems. The core or
material used to fill in between the wrought-iron joists, which are placed 2 feet to 3 feet

apart, is generally determined by local circumstances, or the patent of the inventor of the
system. These are, metallic concrete, coke breeze, pit or river ballast, broken stone,
broken brick, well-burnt clay ballast, granite chippings, pumice, pots, &c., all generally
set in cement. This preparation is covered by an asphaltic, granitic, or metallic surface.
Lastly, the upper surface is finished Avith a floor of boards nailed to small wood joists

or sleepers resting on the concrete ; blocks are also used for fixing them.
1903». Archibald D. Dawnay's fireproof flooring is stated to be the simplest, cheapest,

and strongest ever introduced; suitable for all buildings to 40 feet span without
columns, being composed only of steel or iron joists embedded in a high class con-
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Crete, finished flat on both sides, forming a solid block of one thickness, absolutely inde-

structible.

1903o. Homan and Eodgers' flat brick fireproof floors. They are constructed with hard
burnt bricks, jointed in cement, and bonded on the upper face with tough concrete. The
depth of the finished floor is 6 to 9 inches. "By the method of laying, the ironwork
is protected from the action of fire. The brick soffit forms a key for the plaster; no
laths or counterceiling are necessary, but, where desired, wood blocks can be fixed in the

sotfit to receive the ordinary lath and plastered ceiling, then making the most perfect

sound-resisting fireproof floor known. The concrete being tough instead of friable, the

boarded finish may be nailed down without the use of sleeper joists ; but, since serious

failures show that wood embedded in concrete, asphalte, or pitch, is liable to decay, it is

recommended to use an inch strip as a sleeper fillet, which will also provide veutilatijn

and space for gas and water pipes." The floor is stated to have no thrust.

190'?jo. Lindsay and Co. 's patent system, wherein a steel decking is introduced, and
also their patent trussed concrete flooring. The steel flooring is manufactured of two
diflFerent strengths, varying from 4 inches to 14 inches in depth, and suitable for spans of

from 15 teet to 50 feet clear. It is stated as perfectly and equally distributing the floor

loads to the surrounding walls, and as acting as a complete tie to the building; not

affected by settlements of the walls ; and is 30 per cent, lighter than ordinary arched floors.

The trussed fireproof flooring is laid with pum-ce concrete, enclosing small joists joined

by steel truss rods twisted together every 18 inches; or formed as an arch underneath
between girders to 14 feet span. A slab of this concrete, 2 feet span and 4^ inches thick,

was loaded to 22 cvvt on the foot without injury. For a space of 30 feet the depth of the
decking is only 5 in. to support a load of Hewt. per foot super. Brick partitions can be

placed on this decking and concrete in any position, independent of walls or girders under-
neath. This flooring has been largely used in the National Liberal Club, by R. AV. Edis,

architect. The top table is made thicker than the sides, and the sectional strength is

thereby greatly increased, and the various sections are riveted together at a point which is

very close indeed to the neutral axis. Tha concrete is called " pumice concrete," as it is

very light and tough ; considered to be a good material for constructing roofs, domes, &c.

1903g. The '' Doulton-Peto " patent fireproof flooring, in principle consists of a series of

lioUow blocks of stoneware placed between rolled iron joists, making a flat ceiling, which
niay be plastered or not. The iron girders are fixed in the ordinary way, but not so

close together as usual. The tile next to the side of the girder is specially shaped to set

K2Z^^^^
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Fig. 617/.

against and beneath it, so as to isolate it completely. The fy. 6171. shows tiles

made for a flat ceiling, and set in cement ; if no ceiling, then the under side is made
smooth to receive whitewash, &c. The
tiles for ordinary floors aie 6 inches

high and about 1 foot thick. The floor

is stated to be one-third lighter than

concrete or brickwork. A flat roof cau

also be formed with them. AVhere an

arch is desired between each girder,

another form of springer (Jig. 617;«).

has been adopted. It has stood the

test of upwards of 6 cwt. to the foot

dead weight on material only, and with

iig.6i7iii. an arch of 6 feet span and quite flat. On
an arch of 8 feet span a cask of graphite weighing 7 cwt. has been rolled and rocked, the

vibration doing no injury. A fire has been lighted beneath, making it red hot in parts,

and while in that state a hose has been turned on with a considerable pressure of -water

without the least eflTect. It has also been tested with unevenly distributed weights, and

with vibration and concussion, all which it has successfully withstood. This flooring has

been used throughout at the London Pavilion, where it was found very advantageous

from its lightness, the speed with which it was constructed, and its cleanliness. A large

building cf four stories at Messrs. iJoultun's factory has been similarly constructed by
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that firm ; the under side of the flooring has not been plastered. {Builder, Dec. 19, 1885,

p. 877. Transactions of the Eoyai Institute of British Architects, 1886, p. 130.)

1903r. Bunnett's patent floor consists of hollow bricks laid in the form of a flat arch,

resting on angle irons tied together by tension rods. P]ach brick is so arranged as to

receive support from six adjoining bricks. Miasurcs' patent floor consists of iron joists

with iron fillets 9 inches apart, at right angles to the joists, and resting on their lower

flanges, and cement concrete filled in, embedding joists and fillets. Hyatt's patent dove-

tailed corrugated iron sheets are used for fire-resisting iron and concrete floors, ceilings,

and partitions, giving great strength combined with lightness. Partitions can be made of

Portland cement, concrete, and iron, only two inches thick, the iron being completely pro-

tected. The JF?^/;/fireproofing Company of America has introduced many novelties (//((iVc/er,

1887, p. 704). Porous terra-coita is made in America by mixing sawdust with the clay

;

having been burnt it was perfectly fireproof, and although spongy, unless dipped in water

it was not absorbent, but was rather a dry material, besides being one of the best non-

conductors of heat and sound. It weighed about jialf that of ordinary brick. It was
used to line outside walls to keep them perfectly dry ; also as fixing blocks, because the

nails could be driven into it more easily than into deals. It makes a good fireproof roof

by placing sheets of it on the flanges of JL iron ; it Cr^me a little above the edge, and the

slates or tiles could be nailed directly on this. Fireproof flooring bricks were made of

terra-cotta, and were a great saving in strength of materials.

1903i-. A concrete floor to the various stories of a building has often been formed, but

not always with success. A system is explained in the Builder for April 3, 1886, which
should be well studied. Concrete slabs, the largest of which is 21 feet by 12 feet 6 inches,

of an average thickness of 13 inches, sustained the great loads and rudely impactive

forces of a wholesale provision trade, in a warehouse at Sunderland, erected by Mr.
Frank Caws, whose description, though concise, is too long to be here inserted.

lC03i!. If properly mixed, care taken in laying, and thorough cleansing of all broken
materials used, then the results m.ay be satisfactory. To receive stone paving and for

tramways, concrete is laid in successive layers of cement and gravel in proper prop >r-

tions, not too moist, for the requisite thickness, well beaten down with iron beaters. For
a floor finish, a thick layer of about an inch of the cement and gravel finished off with a

smoother, care being taken not to work up too fine a surface. The proportions to be used

are 1 part of Portland cement, 4 of gravel, and 6 of broken stone, the latter to pass

through a 2^-incli ring. Concrete flat floors are cheaper and equally as strong as arched

floors, and should be at least from 6 to 6 inches thick. Such a floor will carry a safe

load of about 5 cwt. per superficial foot. One tested went further. It was made of 1 of

cemCLt, 3 of gravel, and 3 of well-washed broken atones to pass a 1^-inch ring, the

finishing layer being of cement and gravel. The Portland cement should be tested, for

its proper strength is of importance. (John Garthwaite, of Liverpool, 1885.)

1903i«. Fur town buildings these various patents afford the means for obtaining flat

roofs, which have many advantages for the inhabitants, as affording a promenade. They
have to be thoroughly well constructed. Two of the latest constructions are at the new-

City police station. Cloak Lane, Cannon Street, having a superficial area of 2000 feet,

formed of iron joists, carrying concrete covered by a layer of one inch of the finest Pyri-

mont-Seyssel asphalte, the skirtings being of the same material ; a thin layer of very fine

and clean pebbles from the sea shore were applied to the surface while hot. The other

roof is to the Army and Navy Auxiliary Supply Association in Francis Street, Westmin-
ster, having a superfices of about 12,000 square feet, and is of the same construction.

CONCRETE BUILDING.

1903v. The Metropolitan Board of Works have approved of such structures, and have
made the following regulations to be observed in their formation :

—

I. The concrete to be used to be composed of Portland cement and of clean Thames
ballast, or gravel, or crushed smiths' clinkers, or brick burrs, or small broken
stones, or any hard and durable substance ; and each to be passed through a
screen having a mesh not exceeding 2 inches in diameter. Sand to be in, or

added to, such materials in the proportion of one to two. ^\\ such materials to

b« perfectly clean, and free from all greasy, loamy, or clayey matter.

II. These materials and cement to be mixed in the proportion of not more than 8 parts

of material as aforesaid, by measure, to one part by measure of the best Portland
cement.

Ill, In making the concrete, a box 2 feet by 4 feet by 2 foet, or other like proportions, is

to be used for the materials other than the cement, and another box, capalile of

holding one sack or half a cask containing 2 bushels, is to be used for the cement.

The cement and tlie materials are to be turned over at least three times, and
thoroughly mixed together with water.

lY . The walls of the buildings to be carried up all round in regular layers with con-

crete thus composed, and grouted with cement in the proportion of 1 of cement
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to 2 of clean sharp sand after each layor, until the walls are coniplcted in height.

The grout to be made as mortar lir&t, and then thinned with water to the

necessary consistence.

V. The concrete to be well and thoroughly bonnd together, so as to secure the com-
plete adhesion of the materials and work during its progress.

VI. The thickness of walls to be equal, at the least, to the thicknesses for brickwork

prescribed in the Building Act.

VII. Suitable cores to be used for flues, and also for recesses. Flues to be formed with

stoneware or fireclay pipes, not less than half an inch in thickness, unless

properly pargeted.

VIII. Dc or at/d window frames to be bnilt into the waUs.
IX. The portions of the partj' walls and chimney stacks above the roofs of buildings to

be rendered externally with Portland cement.

X. The rules of the Metropolitan Building Act, 1855, as to the use of timber in walls,

and other rules of that Act, so far as they may be applicable to concrete buildings,

are to be observed.

lP03w. This concession was made after many attempts to obtain it, by Philip Brannon,

by Tall, Di-ake, and others. Mr. Wonnaco't read a paper in 1871, On the Use of Portland

Cement Concrete as a Budding Material, which enters fully into the merits and demerits

of this construction. It was supplemented by another paper. Remarks on Concrete

Building, by A. W. Blomfield, who summarises the whole thus : The chief advantages

are, I. Cheapness; II. Strength and durability; III. Rapidity of construction; IV.

Economy of space. The chief drawbacks are : I. Its liability to failure, from the iise of

improper materials, or from the want of knowledge and proper care, or from the wilful

misuse of good materials ; II. The limits which the material and method of construc-

tion impose on architectural design and decoration.

1903a:. J. Tall advertises concrete construction for cottages; door and window frames.

Drake and Co., concrete building apparatus ; dovetailed eelf-fixing building slabs; marl.le

and granite facing bricks ; fireproof floors, doors, staircases, wall tiles, &c.; window heads,

copings, terminals, steps ; marble concrete baths. W. H. Lascelles has, panelled slabs

and concrete backings screwed to stud work; walls built of Potter's patent cement slabs;

plain and moulded concrete forms of all varieties in building and ornamentation, as

window sills, door jambs, gables; concrete ceilings ; and chimneypieces. The Eureka
Coricrete Company has steps, sills, strings, balusters, fireproof floors, mantelpieces,

thresholds ; copings ; a concrete door of four panels, hung in position and fitted with lock.

Faija's concrete, hardened by his new patent process. J. Wright and. Co. have made an

"improved concrete lintel," having a curved upper surface and a T" iron passing through

it lengthways ; with their fixing block inserted to receive the sash or door frame. See

also par. 1864z. ; and Artificial Stone.

1903y. In 1887 Mr. W. Simpson read a paper before the Royal Institute of British

Architects entitled Mud Architecture, relating many methods of construction of similar

materials in various countries; further interesting references were made in the discussion

and correspondence of that year.

1903rtff,. Concrete and cement blocks. Blocks formed of Roman cement, pnzznolana,

lime, and sand, were soon suggested for such a purpose. Those made without the

cement were found to be longer in setting, but eventually became the strongest. To these

combinations potsherds were added, as Pliny relates was in use in the time of the Romans;
increased toughness resulted. The late Mr. Walker, engineer, possessed specimens of

Dutch terras, which had been used in Woolwich dockyard in the reign of George III.

These wore of very great hardness ; in fact, gunpowder had to be used in breaking up the

dock where it had been employed. For concrete and mortar for the river wall of the

Houses of Parliament he used two measures of sand, 1 of puzzuolana, and 1 of lime. Mr.

Leo used Portland cement, Portland stone chippings, sand, and shingle, in blocks in cubes

of 16 feet and upwards, made in moulds, for the breakwater at Dover. Mr. Blashfield

had made experiments for that work with Lancashire terras mixed with broken tiles and

sand ; but it was not deemed equal in hardness to the Portland cement concrete blocks.

190366. Atkinson's or Mulgrave cement was used by its patentee for concrete bloL-ks of

shingle, sand, and cement, used as ashlar stone in the case of a house at the corner of

Mount Street, Grosvenor Square, still standing in a substantial condition. Concrete in

small blocks, known as Ranger's patent artificial stone, has been used to a limited extent in

the construction of domestic btiildings. It was employed in the additions to the ColUge

of Surgeons, Lincoln's Inn Fields, 1835-6; a guard-house in St. James's Park; the

Imperial Assurance Office, in Pall Mall ; and in a row of houses in the Western Road, at

Brighton, partly in blocks and partly in moulds as pise work. This process is not con-

tinued, probably from the mortar not being properly mixed in the first instance, and the

concrete being exposed too soon to the action of the weather, for it dries unevenly, and

cracks in aU directions.
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1903ec. Buckw Its Granitic Breccia stone^-As patented about 1858 to compete with brick-

voi-k in price, its strength and dural'ility being greater, and its bulk and weiglit con-

siderably less. It was impermeable to wet and never vegetated, so that for pavements

and linings for tanks it appears to have answered v/ell ; but for some reas^on, not ascer-

tained, the manufacture of it was lately given up. It could have been manufactured in

a single piece, of a weight varying from 1 cwt. to 60 tons or more ; also in slabs from 5

feet to 100 feet superficial ; and to any contour. W/iecble's Reading Abb'y paterit concrete

stone, formed with Bridgewater stone lime, when made into a brick, was found to be equal

in strength to a common stock. Some specinif ns never attained the strength of concrete

except iu a case where large gravel or flint was the chief ingredient. Messrs. Bodmcr's

patent compressed stone bricks, compounded chiefly of 1 part of hydraulic lime and 7 of

siliceous sand, well mixed, are subjected to great pressure in moidds. Upon removal,

the bricks are piled up in the open air, when induration commences, and the material is

converted into stone. They appear to be ready for use after six weeks' to two niouihs'

exposure, and experiments show a steady progressive increase iu strength as they advance

in age. When eleven days old they crushed at 377 tons; at twenty-two weeks from
6'4 to 6-95 tons ; and at sixty-three weeks a pressure of upwards of 8 tons was reached

witliout effect.

1903(W. Coignefs Betoii Agglomere has been employed in France in the construction of

a church in the park of Vesinet, near St. Grermain, from the designs of M. Boileau, and

into the construction of which he has also introduced cast and wrought iron. The beton

is formed with all the mouldings of Gothic architecture both externally and internally.

It was built similar to pise work, though it is also applicable for blocks, like stone, in

which manner he has lately executed some bridges of 1 40 feet span. The very hard frosts

of January, 1865, had not appeared to have had any effect on the betoii at tlie church, whic h
was being executed at the time, and is described in the Builder iov November, 1861;

views are also given in the volume for 1865. It is stated that such structures cost only

about one-half or perhaps one-third of the expense of a stone building, with greater

decoration.

1903ce. The system of building with concrete bloc/cs at Sandown, Ventnor, and other

places in the Isle of Wight, is well adapted for constructing walls to ensure dryness. The
blocks are about 18 inches wide by 12 inches high, and are of two thicknesses, those for

the outer wall being 4 or 5 inches, and for the inner about 3 or 3|- inches thick. These

are tied together by pieces of iron, lea-\nng a space of about 3 inches between them. This

forms what looks, to those accustomed to the 2 feet thick solid walls of Scotch houses, a

flimsy wall, but it appears to be sufficiently strong for carrying another story over the

ground floor; and with a few openings above and below for the admission of air into the

space between the walls, forms a structure which, in a sanitary point of view, may be

considered perfect. Some would prefer to have the inner wall of brickwork.

1903jf. Table of the Resistance to Thrusting Stress of Nine 2-inch Cubes of

Concrete, bedded between Pine three-eighths of an inch Thick. By
D. Kirkaldy, for W. H. Laseelles, May, 1881.

Cracked slightly. Remarks.

Stress.
Per

sq. mch.
Per

sq. foot.
Builder, xl. p. 619.

1

2

3

4

5

6

7

8

9

lbs.

19,162

18,628

16,298

12,982

12,248

8,488

8,023

5,838

5,796

lbs.

4,790

4,657

4,074

3,245

3,062

2,122

2.003

1,459

1,449

tons.

308-0

299-4

261 9

208-6

196-9

136-4

1290
938

93-1

Neat cement, made Dec. 15, 1880.

Ditto.

Neat cement, made March 8, 1881.

3 of cement to 10 of ground material, made
Jan. 18, 1881.

Ditto.

1 of cement to 4 of ground material, made
Jan. 1, 1881.

Ditto.

1 of cement to 4 of ground material, made
Jan. 1, 1881.

Ditto.

1903/7/7. The use of concrete has extended from the foundations of buildings, backings

of wharfs, retaining walls, and abutments of arches, to the employment of it tor tlie

backing of vaults to produce a level surface; for the substance of fireproof floors; fur

the base of floor.", pavements, and roads ; for the walls, floors, &c. of houses, bridges,

and moles ; and various other purposes.
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1904. Many ornamental brick cornices, may be formed by but little cutting, and

changing the position of the bricks employed, and several, indeed, without cutting, by
cliamfering only. Of late years the machints for making bricks have permitted the ex-

tensive use of moulded bricks of different forms, which have entirely superseded the

more artistic advantages of cut brickwork to required outlines or ornamental details.

1905. Niches may be formed in brickwork. They constitute the most difficult part of

the bricklayer's practice. The centre will be described under the section Caepbntkt. The
difficulty in forming them arises from the thinness to which the bricks must be reducfd

at the inner circle, as they cannot extend beyond the thickness of one brick at the crown

or top, it being the usual as well as much the neatest method to make all the courses

standing.

19(i5rt. Flues. It has been an established rule to build flues 14 inches by 9 inches,

14 inches square, or larger, for kitchen fireplaces, because it suited the size of the bricks

and bonding, contained a sufficient amount of superficial area, and afforded a space for

a boy sweeper to ascend them. Since then circular pipe flues, 8, 9, 10, 12 inches diameter,

or oblong pipes with rounded corners, have been adopted by many, the inside being

smooth. These are easily swept, and no lodgments of soot and brick rubbish take place.

An objection has been made, if the pipes be glazed, that during a storm, or other con-

cussion, the soot falls down into the room if the register flap be not shut. These pipes

make good work at the gatherings. It is almost an invariable rule to make the flue the

same size throughout ; there is also the theory that the flue should be made larger at the

top, and also smaller at the top, similar to a factory shaft. Also that a tall-hoy is useless,

for the top should only be finished by a terminal of a few inches, just sufficient to divide

the rushing currents and allow them to pass between each pot. The fireplace should be

covered over at the usual springing line by a slab of stone, or concrete, or iron plate,

with an aperture in the centre of the size of the intended flue. On this the brickwork is

carried up. Above it, in the breast, has been formed a chamber with sloping sides, to

counteract any down draught.

19056. A brick flue \s iMrgeted inside to render it smoke proof, that the velocity of the

draught should be assisted or improved, and to prevent as far as possible the lodgment

and accumulation of soot. The parget, which is a mortar made of a mixture of lime and
cow-dung, should be sparingly applied, but sufficient to fill up open joints and all irregii-

larities in the brickwork. If applied thick, it shrinks and cracks, and falls off, and
assists in making a chimney smoke. It is now recommended to use the ordinary mortar

for this purpose, the brickwork being kept as smooth inside as possible, by careful

pointing, as it has been found more successful for a number of years.

1905c. Paving. When neither slate, granite, Yorkshire or other stone, flint, nor shells,

are used for paving, recourse is had to bricks, tiles, and asphalte. A yard superficial of

brick jMviiig requires 32 to 36 stocks laid flat; 48 to 52 laid on edge; 36 paving bricks

laid flat, 82 on edge ; 140 Dutch clinkers on edge ; 9 twelve-inch tiles; and 13 ten-inch

tiles. Brick paving is laid^ai in sand
;
jointed in mortar; jointed in cement ; and laid

071 edge, in the same manner. Tile paving is generally laid in sand or mortar (^3flr. 22fi2't).

Besides the ordinary brick, some others have been introduced, especially for stables and
yards, such as the Terro-metaUic grooved bricks, and Towers and Williamson's Adamantine
ciinkcr paving bricks for stables and yards ; it is stated to be superior to the old Dutch
clinker in shape, colour, density, and wear {par. 1829). Tebbutt's patent safety brick

for stables and yards, &c., is considered to ensure perfect foothold, drainage, easy

cleaning, saving in labour and straw, to form a durable floor, and to have a good appear-

ance. Each brick is 5 inches by 10 inches by 2i inches ; and the gutter brick is of the

same size, Homan's Quarts, Granite and Ferrolithic slo?ie paving, for streets, public

buildings, breweries, warehouses, stables, schools, &c, Bennett's improved Granitic

stone, for pavements, &c. (1887), is said to be fire, damp, and vermin proof; the surface,

though hard and indestructible, is not slippery, it does not absorb moisture, it is laid

from 1^ to 3 inches in thickness, is unaffected by the weather, and hardens by time.

Macleod's Metallic concrete is proof against fire, vermin, damp and frost, not slippery,

and can be used for piaving, wall linings, roofing, &c. It is very hard, and has been used

in stabling, breweries, workshops, &c., from before 187C. Stuart's Granolithic and
impenetrable pavement (1869), is very largely employed in this country and abroad.

Wilkes' patent metallic piving and Eureka concrete is used at the war office, the fire-

brigade stations, and police stations. W. B. Wilkinson & Co. patent a specular granitic

concrete pavement, which is formed in lo-inch squares of 1\ inch thickne-s, gruui d
perfectly flat, presenting a spotted appearance of red and different shades of grey

colours. It may be laid on ordinary mortar, can be used for outside purposes, aud is

stated to cost less than tiles.

1905a!. Ordicary tile 'paving is made of about 8, 9, 10, 11, or 12 inch tiles, of a hard

and well burnt clay. The 11-inch tiles used in the footpaths, which are each 14 feet

6 inches wide, of new AVestminster bridge, were made bv Blashfield, and were laid diagon-
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.-ill}' (par. 1839). The Staffordshire paving tiles, in blue, red, and bu9P, are very durable,

and for general purposes as effective as the more expensive qualities for inlaid purposes.

lOUS^". Floors mid paths are often finished with a face off inch, 1 inch, or Ij ineh of

Portliind cement. Tliey are considered to be best laid with the cement and sand thoroughly

mixed and just wetted sufficient so that a handful pressed by the hand will not fall to

pieces when the hand is opened. This laid down, and water brought through it by the

hand float, stands well. Plasterers do not like to use it so stiff. To repair any worn
places the old cement should be thoroughly wetted before the new work is applied.

1905/. Here may be mentioned the use of encaustic or inlaid tiles for paving; of

mosaic tiles and of tesserm for mosaic work, whether for pavements or for wall decoration
;

the Roman mosaic pavement ; the Venetian marble mosaic tiles ; Italian marble mosaie

and marble mosaic granite. There is also a patent wood mosaic, made of small blocks of

wood, end grain, and prepared in tiles to pattern 6 inches square.

IQOo^'. To clean dirt off tiles, dilute muriatic acid, i.e. spirits of salts, may be used,

but it must all be wiped off, and after washing, the moisture must be wiped off with a
clean dry cloth,

1905A. AspHALTE has now taken the place of most other sorts of manufactured pave-

ments of the tame character. A solid foundation is prepared by a bed of concrete of

hydraulic lime and gravel, with a layer of finer concrete over it, to fill up the vacuities.

When dry, the asphalte is put on, of a thickness for private purposes of about fths of an
inch; for public purposfs, from one to two inches: it shuidd be applied as hot as

possible. A small quantity of pure quick lime is added to the asphalte when in ebullition,

to prevent it melting by t e heat of the sun. This material has been much used for

threshing floors of barns, for malt-houses, armouries, tun rooms (sometimes from 2 to 2^
inches thick), dissecting-rooms, dog-kennels, exercising yards, mills of many kinds,

granaries, verandahs, and numer )us factories and buildings. For carriage traffic, the

asphalte is embedded with small Guernsey granite chippings. This material is not

suitable for any floor where oil, tallow, or other greasy matter is employed. The
Polonceau and Seyssel Asphalte Company indent the surface into small squares,

affording a foothold for horses in a stable ; this is also considered useful for flat roofs

and paving generally. The gra-nite rock and Seyssel asphaltes, for floors, paving, &e., are

considered a certain preventive of damp and vermin. The Yal de Travers compressed

and mastic asphalte, for roadways, &c., roofs, basements, stables, warehouses, breweries,

reservoirs, slaughter-houses, markets, laundries, lavatories, &e. The Limmer Asphalte

I'aving Company, and the Societe Fran^ai.se des Asphalte, are also engaged in paving the

thoroughfares of London and elsewhere. Wright's marble tar pavement for yards, play-

grounds, &c. has been used for the platforms of the Windsor and the Waterloo stations,

and in the middle part of the quadrangle of Somerset House.

Tiling.

1906. The tiler's tools are—the lathing hammer, -with two gauge marks on it, one at

7 inches, the other at 7^ inches. The lathing staff, of iron, in the form of a cross, to stay

the cross laths and clinch the nails. The tiling trowel, to take up the mortar and lay it

on the tiles ; it differs from the brick trowel, in being longer and narrower The bo^se,

made of wood, with an iron hook, to hang on the laths or on a ladder, for holding the

mortar and tiles. The striker, a piece of lath about 10 inches long, for separating and
taking away the supeifluous mortar at the feet of the tiles. The broom, to sweep the

tiling after it is struck.

1907. Tiling is the operation of laying the tiles on a roof for the covering of the building,

and is effected with either plain or pan tiles ; the former is the most secure description.

Plain tiles are laid at different gauges (see j)ar. 2301). 210 plain tiles laid flat will cover

a square of tiling, which can be laid in a day by a man and his assistant. As old tiles are

of a much better consistency than those now made, it may bo desirable to re-use the best

of them with new tiles to fill in ; in which ease the old ones are laid with the best effect

in courses, say three or four rows of new and two of old tiles ; or laid in a diapered
pattern, according to the quantity. Pan tiles are generally pointed in mortar, which if it

be not very strong will not stick; in consequence of this, tiled roofs require fresh pointing

every few years, especially in exposed situations. A practice has obtained of late years,

when plain tiles are set in mortar, not to peg more than about one tile in ten ; this

should not be permitted, as with the decay of the mortar the tiles slip down. An ancient

cu^tonl prevailf-d, to bed the tiles in hay or moss, and when the roof is of the full pitch

this suffic s without mortar; they may even then be laid dry. But with any less p tch,

some precaution must be used to keep out drifting snow, and such wet as miy be blown
up between the tiles lifted by the f^rce of the wind. In lieu of oak pegs, extra large

flat headed wrought nails, made of pure zinc or of zinc and copper, have been used, and
it has the advantage of allowing a tile to be replaced from the inside of the roof, by
lifting up the others to place in the tile and drop in the nails in a few seconds. The
utility of the mortar is questioned in the Builder fur ISCo,
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19()7a. ran tiling is laid to a 10 inch gauge ; and 180 pan tiles will cover a square.

From the frequent repairs necessary to tiled roofs, slating has become the most useful

covering, and is generally employed, except for the most common buildings. See par.

2301, in Seecifications.

1907/'. Weather tiles were fixed either by nailing them to battens or boards, which

rofted after about 20 years. Then nailing them to the mortar joints was bad, as a

gauge of 3 inches was too small, 4 inches being the ordinary gauge for tiles. Mr. 11.

Nevill got blocks made 1-| inches thick; and generally for the top story of buildings,

to run in the inside of the wall two carriers and stretchers and a course of headers.

Thus a course was obtained for each course of tiles. Weather tiling ought to be headed

between the two tiles, and if they could get close to the wall the little space between the

wall and the heading might be filled with cement. The bricks might be used on edge,

thus giving a 4^ inch height, when the tile could be fixed to the joint. Where the

4 inch gauge would not work, the tiler punched out a small hole at the side of the tile,

when this gauge was obtained and the nail driven through the side of the tile : 3 inch

French nails were preferable. (E. T. Hall.)

1907c. The bricklayer has often to provide temporary coverings to buildings whilst

his other operations are being performed. The commonest method is that of merely

nailing old boards laid weather-board fashion to any slope that may be desirable. The
next is the use of tarpaulins supported by open boarding, and secured to posts or

scalfoldiug rigged up for the purpose; this must be efficiently done, as in case of high

winds the whole may be carried away. Felt is also used for temporary roofs, for which

))urpose, likewise, Messrs. Eigg and Co. have a new material compose! of canvas covered

wii:h a waterproofing substance having vegetable oil as a basis, and consequently not

liable to the desiccating action of the rays of the sun.

]907(i'. As the bricklayer has to provide for the removal of water refuse, so he has to •

provide for the deposit of dust, ashes, and rubbish, by a dust- Ida. This was formerly,

and is still in many places, built of brick with a wood cover, and is generally more than a

nuisance. With the modern arrangements for the periodical removal of dust by the

pHrish or other local authority, the dust-bin need be no other than a galvanised iron recep-

tacle for such ashes or articles as cannot be dried and burnt up in the kitidien or other

fire (see SPECiricATioNs). Burton's Comhinaiion Dust-hins are of galvanized iron, and con-

structed of such a size and shape as to stand side by side, each being removed and emptied

separately. They form two, four, six, or eight in a compartment, each being 22 inches

high, 21 inches wide, and 14 intdies from front to bvck, or about ?>\ cubic feet, a

^sufficient load for one man. AVhen necessary, they can have a wood cover or be enclosed

in wood or brick. An improved dust-bin is explained in Builder, 1885, xlviii., p. 779.

1907e. The difficulty and expense of removing this refuse has caused the invention of

a refuse destruct.r on Fryer's principle. One is described lately as having twelve cells, each

capable of destroying seven tons of house refuse every twenty-four liours. The smoke

from these will pass tlirongh a furnace heated to 1 500 or 2000 degrees Fahr. before

pasing into a shaft 180 feet high. The waste heat from the furnaces will be utilised for a

30 Itorse-power engine for grinding the clinkers into powder for making concrete slabs.

No fuel is required, as the "ashes " provide it. Leeds claims to be the first town to have

adopted this invention. Mr. C. Jones, of Ealing, added a muffle furnace between the

destructor furnaces and the main shaf*-, which eflTectually destroys the offensive properties

of the gases and dust from the furnaces.

Ttrra-CMa.

1908. The more modern use of this material includes the Persian and Moorish tiles,

&c., its use by the Italians during the thirteenth, fourteenth and fifteenth centuries,

as at the cities of Milan, Pavia, Padua, Yerona, Pisa, Bologna, Brescia, Perugia, Venice,

&e. ; also in North Germany ; many places presenting examples of colour decoration.

1908rt. In England specimens of terra-cotta and moulded brickwork appear at Granby

Church, Nottinghamshire, where at the east end is a window of considerable size, of Per-

pendicular date; the whole of the jambs and tracery are composed of contemporary

moulded terra-cotta. Layer Marney Hall, Essex, dating 1500-25, supposed of foreign

manufacture; Wolterton Manor Ilousn, Norfolk, circ. 1500; the tomb of John Young in

the Rolls Chapel, London, 1516; medallions at Hampton Court Palace, commenced 1515,

perhaps foreign ; Sutton Place, Surrey, 1529 ;
Eastbury Manor House, near llford, 1575 ;

and other places. Generally it died out with the Tudor family. At the end of the

sixteenth century nearly all pottery (except Oriental) had been what is termed_.so/';;, and

although much of it was coated Mith a hard and durable enamel not easily injured, yet

the body could be generally scratched with a knife. In the seventeenth century stone-

ware was sought after, and works for its manufacture were established at StratforJ-le-

Biiw. Elers, from Nuremberg, settled at Burslem.

1908/*. The first great advance was made by Coade, and, later, Seeley, of Lambeth, wdio
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began about 1762 to make statues, bassi-rilievi, &c. About 1825 Eossi made the

statues, cipitals, antefixse, and other Grecian ornaments for St. Pancras Church, London,

for the Inwoods ; and Bubb executed in terra-cotla the frieze of the opera-house in the

Haymarket, as also the pedimental sculpture and statues of Cumberland Terrace, Eegent's

Park. The terra-cotta made by Goade and Seeley was chiefly from the Poole clay, com-

bined -with tlint and sand. It has withstood heat and frost, and is more perfect than the

stonework or cement work around it of the same date, which in some cases has had to ba

painted to preserve it. Their well-tried ingredients and proportions of clay and siliceous

materials, and the degree of vitrification, the essential to the durability of terra-cotta, were

adopted by Mr. Pulham. One of the greatest revivals in pottery connected with architecture

took place about 1833, when Mr. Wright, of Shelton, obtained a patent for making inlaid

tiles, a patent bought by Mr. Herbert Mintou, who improved upon it. The churches

at Leverbridge, and at Piatt, in Lancashire, by the late Mr. Edmund Sharpe, in 1815,

were important examples of the revival of the use of terra-cotta.

1908c. At Buckingham Palace, near the stables, were placed, about 1836, severallarge

vases made by Mr. Elashfield; these are in perfect preservation, while the stone coping

on which they are placed is decayed. Ho also turned out some of the best work ever

made in this material, as atDiilwieh College, 1866, and at Lady Marriane Alford's house

at Ivnightsbridge. The facade of the Science Schools, in Exhibition Road, South Ken-
sington, is a largo and florid example. The Natural History Museum at South Kensing-

ton, by Mr. Alfred Waterhouse, R.A., is of terra-cotta inside and outside. Mr. E. W.
Edis has used it at the Constitutional Club in Northumberland Avenue ; and many other

buildings of late years show its use. Among those in progress are the new Law Courts

at Birmingham, which have been specially designed for its use by Messrs. Webb and Bell,

19[)8d. In works of art, as in sculpture, the artist has only to model in the clay, as he

is obliged to do before he commences to carve out the marble ; the clay is at once burned,

and all the after labour on the marble or stone is saved. Still it is attended with some
risk, for an accident may happen in the burning, and then the modelling has to be redone.

Large works should be done in conjunction with the potter, who would supply the proper

clay, and see that the thicknesses throughout were as even as possible. The largest piece

of sculpture ever executed in terra-cotta was the group of America at the Albert

Memorial, executed in 1876 by Mr. John BjU, It consists of five figures, each 10 feet

high, with a buffalo of like proportion ; it is now at the Smithsonian Institute, Washing-
ton. Other similar, or ornamental, work can be finished up at once in clay by the artist,

and burned, and are thus never repeated, in the sense of moulded work. Vases, 12

to 15 feet circumference, are made as true on the upper edge as rubbed stone. They
have cost less than if they had been moulded and cast in compo or cement, and they

have the sharpness of the best carved stone.

1908e. In 1880 it was alleged that English architects had not given to the architectural

treatment of terra-cotta the degree of attention and experiment which it deserves. Sir

G. G. Scott, in Gothic Architecture, Secular and Domestic, 1857, wrote: "Terra-cotta

seems the natural accompaniment of brick, but it should not be usei as an artificial

stone. It is the highest development of brick, and should be used as such. By a judi-

cious use of brick, moulded as well as plain, encaustic tiles, and terra-cotta, we might
develop a variety of constructive decoration peculiarly our own."

1908/. A writer puts tUe use of terra-cotta and stone as follows :
—"It is argued that

it is improper, inartistic, and uneconomical to use terra-cotta constructively so as to

imitate stonework, but it is eminently suited for surface decoration and architectural

ornamentation, and when so used is capable of high artistic treatment at a moderate
cost. Stone is a natural material, and when fixed every part of it does duty construc-

tively. Terra-cotta is an artificial substance ; it is but a shell or case, which generally has

to be filled up with concrete or brickwork in walling, or with an iron core for a column,

or with a girder for a lintel, before it can be used constructively. Terra-cotta used
to imitate stonework is inartistic, for stone is worked with the greatest nicety, and fixed

with perfect accuracy. With terra-cotta it is not possible, at its best, to secure perfect

jointings or straight arrises; there is a monotony of texture in all its plain surfaces, as

well as a general inability in the material to acquire additional charm under the infiuonce

of the mellowing touch of time. It is not economical to employ terra-cotta in a way ti)

imitate stone constructively. The rough stone is brought to the works, squared, and fixed.

The terra-cotta, however, arrives at the works in the form of a hollow body, to be added
to before it can be worked in. Stone is easily corrected if it be found inaccurate ; whereas
for terra-cotta, chipping, cutting, and rasping has to be r?sorted to, to rectify twisted

lines and other inaccuracies; or gaps in a building left for a time until defective or

deficient blocks have been manufactured. As it is sent to the works so, probably, the

material is fixed generally."

1908^. "Terra-cotta, as a superior sort of brick, has to be designed accordingly, and
used in string courses, cornices, and such like places, where ordinary bricks so fixed are

liable to be atfected by the weather; and when manufactured in small pieces, for repeti-
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tion work, it will come more tnie, will h;ivc a Ijptter appearance lluin when in large blocks,

and thtse will fulfill all constni.-tive requirements; while, as it can be highly decorated

at a trifling expense, it can compete favourably with stone similarly used. Without
doubt, it is best adapted, both as regards form and colour, for a purely decorative

material. It is true there is a great difficulty in combining stone and terra-cotta in tha

same building effectively; but brick and terra-cotta go well together, and when used

legitimately afford the happiest results. Ancient examples show its proper use, but not

that A3 a counterfeiter of stone."—(W. Henman in Britih Architect, 1887, p. I(t5).

1908^. For building purposes the great advantage of terra-cotta is the close and abso-

lutely impervious character of the material. Whether the great advantage claimed for

it as being impervious to the action of a London atmosphere, of the present day, is well

founded or not, will have to be settled by the test of time, but theoretically it should

Stand better than any stone under the same conditions.

1908i. Another writer remarks as i'oUows : "What are the special characteristics of

architectural treatmpnt which terra-cott:i demands in order to produce a f-atisfactory

architectural and artistic result with the cap-ibilities and pejuliar ciiaracter of the

ma'erial? There are two points : 1. The size of the pieces is limited, and the material,

whde incapable of the high finish and precision attainable in stone detail, and still more

in marble, possesses, before it goes into the kiln, absolute plasticity; it can be modelled

by the hand with great ease and rapidity, and with much variety. Large projections

are unsuitable; they caunot be carried out in a pure terra-cotta style, or without

assistance, open or concealed, from other materials. Nothing should be attempted in

terra-cotta architecture which is not capable of being honestly executed in the material,

without the aid of concealed supports and ties. 2. The designer has before him a

material capable of endless variety of treatment, and the chief value of which consists

in its artistic treatment. If a considerable amount of repeated ornament is required to

be economically produced, it can be obtained by a mould more easily than in most

materials; and this continuous ornament can be produced by hand with constantly'

varying detail. The architect or designer may, in fact, be the actual worker of the

ornanientation. "With this, if s oneware be used, may be a considerable variety of

colour, which is not only indestructible, but is susceptible of being cleansed, an important

point in the midst of a town atmosphere.

1908/. " The first really architectural use of terra-cotta was in the clay plains of North

Italy, and it is from the produiitions of the archite -ts of this district that much of the

inspiration of the modern terra-cotta designer in architecture has been, or should be,

drawn. The earlier specimens are of great simplicity, consisting of the simple moulded
brick cornice in two or three projectirg rolls one over the other. Later came a gradual

elaboration of ornament, especially in cornices, in panels, and on the face of pdasters.

At the Certosa, at Pavia, the richness is carried in some parts to its greatest possible

extent, and is a good example of the constructive ornamental details, but the whole is

too overloaded. On the other hantl, in the Church of the Carmine, at Pavia, the (rna-

ment is for the most part confined to the cornices and horizontal strmgs, and is designed

so as to bring out some of the best capab.lities of the material. The cornice has a fi-ifc

outline, and a slight projection as compared with its vertical measurement. The main
divisions of a Classic cornice are kept in view, while in this is a reminiscence of corona,

bedniould, and frieze ; the effect whicti cannot be got by projection is sought by increased

depth and by richness of surface ornament. The twisted rupe-like string below what
may be called the frieze, is easily carved out in a plastic material; it is easy to mould;

the same may be said of the ornament above it. Other cornices may be found exhibiting

a like treatment.

1908/:. " Tiie consideration of the difference which would have to be made in orna-

mental detail in transferring it from marble or stone to terra-cotti, or painted and

glazed stoneware, suggests another influence in the nature of the material which must
also affect the ornament executed. However wed mixed and burned may be the clay, the

shrinkage and twisting in the kiln render it impossible to trust terra-cotta to give the

precise, clear, and sharp symmetry of, say, Greek detail. It may be supposed that the

manuficturers of the North Italian arti?ts devised the twists to, as it were, soften tha

resulting twist of their more immature material, as compared with the modern manufac-

ture, and also in order to avoid the hard straight lines and attempts at symmetrical

detail, and to impart such a degree of irregu'arity in line that accidental irregularities in

the manufacture would be the less observable." The writer in the Builder goes on to

design, and to explain the modifications he has made in, Greek details, to bring them,

within the proper scope of terra-cotta, and concludes :

1908/. " Another point in regard to the gencr.-il treatment of the walling of terra-

cotta buildings is that in many of the Cinque-Cento terra-cotta buildings there is an

ent re absence of any attempt to obtain a completely homogeneous wall surface. Tha

surface is as varied and broken up in this respect as that of a brick building, thus rath r

proving again that it is the mateiial for varied and picturesque effect rather than fjr
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symmetrical fiiiisli and neatness. It has an appearance of surface treatment about it,

which is much more in harmony with the feeling of the Kenaissance than of Gothic

architecture, in which we look for the appearance of great mass and solidity, rather than

of elegant surface ornament. This terra-cotta may olfer to architects wishing to carry

out a Classic type of design' with grjat modifications, a material admirably suited to the

condiiions of modern city architecture." {Builder, 1880, vol. xxxix. p. 195, 230.)

190S«. Large and fine works of art, as busts, ba>si-rilievi, ornament, &c., have to be
modelled and moulded in the usual way by the artist or sculptor. He gradually forms the

clay into a rough outline, hollow, in a cellular way, propping his model true until it is

quite finished and dry and ready for burning. This is an original terra-cotta. The
trouble is great, but is fully compensated by the result. No moulded copy presents such

vigour, freshness, and grace. When, also, only one or two pieces are required, as in

decoration, they are formed hy hand-working on tho clay itself, as in the case of sculpture

above described. The more widely the knowledge of pottery is diffused, the more certain

the architectural potter is to succeed in developing the use of argillaceous and vitreous

substances, in the construction of monumental and sylvan works of art. It will be a

new branch of work for the genius of the architect ; it will improve and advance the

study of modelling in all its ramifications; and it will give refinement and taste to the

labours of the poorest brickmaker.

lyOSw. Cornices of great size have been made, and even portions of the shaft of a

column 5 feet long. Terra-cotta steps have been advocated, but Messrs. Doulton have

refused to make them ; tiiey have lately patented a tread (called the Sicilian tread) of

great denjity, which may be used also as a nosing to stone or concrete steps. At South

Kensington a flight of steps after two years' wear is still as perfect as when first fixed.

AVindow sills, label mouldings, jambs, water tables, copings, sinks, fire hearths (with

nxassive rounded edge to serve as a fender), stove backs, chimney shafts, &c., could be

more elegantly and cheaply wrought in clay than in any other material.

1908o. Of late years terra-cotta has been used extensively for the facings and dressings

of a building in the place of stone It is generally made of hollow blocks, formed with

webs inside so as to give strength to the sides and keep the work true while drying,

whereas, when required to bond with brickwork it must be at least 4^ inches thick.

When extra strength is needed, these hollow spaces are filled with lime concrete, or

Roman cement, as Portland cement is liable to swell and burst the terra-cotta. It is

able to bear a very heavy crashing weight. A block of about 1 foot cube, without cross

webs or filling, at 40 tons splintered at the edges; and at 100 tons it became generally

broken, but not crushed, as on being tied with string it remained in shape.

1908^^. The putting together of the material requires great care and consideration.

The pieces may be flanged and rebated so as to hold together almost without the assist-

ance of moi'tar. As the outer surface ehould be almost proof against any ordinary tools,

alterations cannot be made as the work proceeds, and the design iu detail must be
matured before the work be commenced.

IdQSq. The disadvanfaqes in the use of terra-cotta are neither numerous nor insuper-

able. Besides the difficulty of getting the blocks true, wdiich is a matter nuinly for the

manufacturer, the architect has to design his work so as to be tuitable to the material.

The great difficulty is oh the score of the extra time required to pirepare the necessary

drawings, one set for the builder, and another set made to the shrinkage scale for the

manufacturer. These last are now often made by the manufacturer from tho full-sized

drawings supplied to him. Mr. Charles Barry writes :
" Perhaps the most embarrassing

of the disadvantages is the arrangement necessary to have the terra cotta blocks made and
ready on the ground before the rest of the work is begun, in order to work in where
wanted as the bricklayers progress. At times this is found impossible, and annoying
delays in the general work take place, for which clients are apt to blame their archi-

tect. The lesson, of course, to be learned from this is to carefully mature the design

at the outset, instead of contenting ourselves with a mere sketch of what is intended,

with tile hope and intention of working in parts as time goes on and the work proceeds."

1908r. In good jobs it is recommended that the fixing should be done by or under the

supervision of one or more persons experienced in the material, and the proper use of

suitable cements—Portland cement will split a block in pieces—especially where most
strength is required, as considerable additional strength may be gained, which is only

acquired by practice. An txpcrt will be more likely to make it work together for good
lino and fit, by setting and humouring, as the pieces are apt to be taken as they come;
and this is especially necessary where small pieces are adopted for simplicity of execu-

tion, cheapness, and expedition ; time is an object for large pieces to dry, burn, and cool

gradually, all essential to good work, and to escape from twisting, hair cracks, &;c.

1908s. Terra-corta resists the ac^wH o/'yi>e. It is used as a protectioi to ironwork,
iron columns, &c., and can be treated artistically. Heat which would destroy stone

merely burns the dirt horn this material, giving it the appearance of having just left

the kilu. At a large fire at Messrs. Duulton's factory the stone sills of tho windows
PP
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and copings of the walls wore destroyed, while the dressings of tlie windows, which were

of their terra-cotta, were perfectly sound and looking all tlie brighter for the burning.

Colours in Terra-cotta.

lOOSff. One advantage of the material is the delightful random variety of tone of

colour which is often to be obtained. The colour varies, giving an appearance of depth

to the worli and producing very pleasing effects, at times. This variety is generally

produced by the flash of the fire. The natural colours are buff, red, and blue, more or

loss intensified by the amount of heat to which thsy are subjected. Other colours can

be obtained by tlie admixture of foreign matter. The red terra-cotta of Ruabon is made
from a natural red-coloured clay when burnt, very hard and non-pirous, with a clean,

smooth surface. The buff terra-cotta is a good and sound material, burns hard, and

keeps its colour. The pink terra-cotta, a new colour, is made from pure clays, and is

without any stain, very hard and durable. By a little additional cost and the operation

of a second firing, a soft dull glaze can be put on all terra-cotta bricks, mouldings, and

ornaments, so that fa9ades executed in this way could be washed cLan by water from a

fire engine.

19i)8i<. The aid of terra-cotta to polychromatic effect is capable of being developed in

a very elaborate manner. Variety may be obtained in the unglazed ware by what is

called " slipping,' or mixing two clays of different tones together in water to produce a

third or intermediate tone. In glased terra-cotta the material can be painted in a

great variety of colours, which are then fixed, and at the same time rend-red more

brilliant in effect. This ware is formed by throwing salt into the fire when the ware is

at a white heat, which is decomposed in the form of vapour, the soda suspended in it

incorporates itself with the surface of tlie ware, forming the glaze. Various mineral

colours are used, and the main colour is influenced by the fuel : the blue colour of the

ancient Rhenish productions is considered to be due to the use of woad. It has been

stated {ArchiEoIog a, iii. 112, and Proceedings, xi.) that at Gatacre Old House, near

Bridgenorth, "a glazing seems to have been applied to the stone of which the house is

built, by some unknowii process, after the building was finished, as it covered the joints

as well as the stones."

1908y. The intense heat to which glazed ware is subjected, and the consequent diffi-

culty of keeping its true shape, makes its use in this form very difficult. It is compara-

tively easy in all thrown ware, which, from its circular form, shrinks evenly in all its

psrts. The liability in all moulded work to warp and twist requires increasing care in

all its preparatory stages. That it is not impossible maj' be ascertained from the salt-

glazed stoneware in the vestibule of the "Palsgrave," opposite the Law Courts in the

Strand. This greater risk seems to necessitate that "its use must be in small pieces,

and in such placis where absolute flatness i>f surface is not indispensable; but under

these conditions it may be applied with admirable effect to heighten mouldings, or to

panel terra-cotta pilasters, or as bases and capitals, especially as shafts to ornamental

columns, and as oosses."

1908w. The paper read by the late J. M. Blashfield before the Northampton Architec-

tural Society, Sept. 6, 1859, on Ancient and Modern Pottery; and that by Mr. James
Doulton, read A^ril, 1886. at Carpenters' Hall, on Terra-cotta, have also been freely

quoted from in the above account.

Sect. III.

MASONBY.

1909. Masonry is the science of preparing and combining stones so as to tooth, indent,

or lie on each other, and become masses of walling and arching for the purposes of building.

The tools of the mason vary as the quality of the stone upon which they are to act. About
the metropolis the value of stone is considerable ; and it is accordingly cut into slips and

scantlings by a saw moved horizontally backwards and forwards by a laboui-er. In those

parts where stone is abundant it is divided into smaller scantlings by means of wedges.

The principal tools of the mason are the mallet and chisels, the latter being formed of iron,

except at the steel end, and the cutting edge being the vertical angle. The end of the

chisel struck by the mallet is a small portion of a spherical surface, and projects on all

sides beyond the adjuining part or hand hold, which increases in magnitude towards the

middle of the tool, to the entering or cutting edge. The other tools of the mason are a

level, a plumb-rule, a square, a bevel, with straight and circular rules of divers sorts, for

trying surfaces in the progressive states of the work.

1910. In London, the tools used to work the face of a stone are, successively, the point,

the inch tool, the bjastcr (the operation of working with which is called boasting, as that
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will) the ]ioint is called pointing), and the hroad tool. The use of tlie point leaves the stone

in nanow furrows, with rough ridges between them, whicli are cut aw;iy by tiie inth tool,

and the wliole made smooth hy tiie bo;ister. Tiie point is from g to ^ of an inch broad, the

boaster is 'i inches wide, and the broad tool 3.i inclies at the cutiing edge, which in use is

always kept perpendicular to the same side of the stone. It performs two sorts of opera-

tions, 'i'hus, imagine the impression made I)y the whule breadth of the tool abtlie cutting

edge, to be called a cavity ; in one ooeration, the successive cavities follow one anotiier in

the same straight line, until the breadth or length of the stone is exhausted ; successive

equidistant parallel lines are then repeated in the same manner, until the tool has passed

over the whole surface. This operation produces a sort of fluted surface, and is called

gtrokltig. In tlie other operation, each successive cavity is repeated in new equidistant lines

throughout the length or breadth of the stone ; then a new series of cavities is repeated

throiigliout the length and lireadth of the stone ; :ind thus until its whole length or

breadth is gone through. Tliis operation is called toaling. The tools for working the cyl'n-

diical and conical parts of mouldings are of all sizes, from \ of an inch upwards. Tiio-e

for working convex mouldings are not less than half an inch broad, except the space be

too confined to admit of such breadtii.

1911. A stone is taken out of winding principally with points, and finished with the

inch tool. In London, the squared stone used for facing buddings is usually stroked, tooled,

or rubbed.

1912. In those parts of the coimtry where the stone saved by the operation of sawing

is not enough to compensate for the labour, the operatio.i is altogether performed witli the

mallet and chisel.

19l;>. When stones, previous to the operation of hewing, are very unshapely, a stone axe,

jeddiiig nxe, scubhUng-liammer, or cavil, is used to bring the stone nearly to a shape ; one end

of the jedding axe is flat, and is used for knocking off the most protuberant angular ])arts,

when less than right angles ; the other end is pointed for reducing the ditTerent surfaces to

nearly the intended form.

1914. In Scotland, besides the above described sorts of work, there are s- me other kinds,

termed drovtd, broached, and striped. Droving is the same as that called random tooling 111

England, or boasting in London. The chisel for broaching is called a punch, and is the

same as that called a point in England, Broached work is iirst droved and then broached,

as the work cannot at once be regularly done with the punch. Siriped woik must also be

first droved and then striped. If broacliing is performed without droving, which is seme-
times done it is never so regular, and the surface is fall of inequalities. Of the three kinds

of surfaces obtained, the droved is the cheapest.

1915. It is, however, to be observed, that the workmen will not take the same pains to

drove the face of a stone which is to be afterwards broached, as in that of which the

droving is to remain the fii.al finish. When the surface of stone is required to l)e perfectly

smooth, it is accomplished by rubbing with sand or gritstone, and it is called rubbed work.

1915a. Some useful practical remaiks for obtaining the face to stone in medi;eval work,

is given in Deiiison's Lectures on Church Building, 1856". p. 216. " The mode of working
mouldings depends a good deal upon the kind of stone used. In that fiom Steetly near

Woiksop, employed almost exclusi\ely out.side tlie new church at Doncaster, and in the

Ancaster stone, used for pieces of window tracery and mullions too large for the blocks

that can be got from Sttetly, and in the Brodsworih stone, the mouldings are all com-
pleted with a drug. I do not use the word ' finished,' because that meats going over the

work t<) put a particular kind of surface upon it after it is really completed. On the other

hand, the Crookhill stone, of wliicli all the pillars and a few other paits are made, would
utterly defy any such small tooth-comb work, as a drag ; notliing under a chisel with a

heavy hammer will touch it. Again, some stene from Huddlestone is too tough ana
cheese-like for dragging, and the mouldings in it are completed by shaving them with a

chisel, soinething like wood carving. The efl'ect of that is very good, because a chisel ruu.

along in that way will always make a rather undulating surface, though smooth enough to

the toucii, even to jjlease the finger of a clerk of the works. In some real Norman
arches, which had been covered with plaster for centuries, the mouldings showed that the

drag or t'ol had never been al'owed to make the marks directly across ; generally they are

oblique and sometimes parallel to the direction of tiie moulding. Worked in this way, the

stones will he sure to show themselves distinctly, and the effect of the mortar staining the

stones for a little distance from the joints, produces anything but a bad effect. Tuck-
pointing, to rather rough iriasonry especially, i.e., making prominent joints in mortar, with

the edges cut quite straight and .square, is another char.ce of S))oiling work. After a few

years this generally splits off','' and the building may look at last as it should have done at

first. The mortar should be finished within the face of the stone. The stone work at

S. Alban's Alibey is described by Mr. Neale, as finished by the a.re by the Nonnans

;

chiselled during the Transition period; holster tooled during the Early English; cluio

tooled during the Decorated, and the mouldings scraped; while during the Perpendicular

period it mjiiiili/ scrtiped.
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1915&. Grey granite, or inoorstone as it is called in Cornwall, is got out in blocks by split-

ting it with a number of wedges applied to notches pooled in the surface of the stone, about
four inches apart. The pool /wles are sunk with the point of a pick, much in the same way
as otiier hard quarry stones are split. The harder the moorstone tiie nearer it can be split

to the scantling required. Generally speaking, granite has no planes of stratification, and
it works or cleaves equally well in every direction ; but in the porphyriiic varieties tiiere is

a rough kind of arrangement of the crystals ; and in gneiss thei-e is a species of layer,

formed by plates of the mica, which is plainly discernible. When brought to near tlie size

required, it is first scahbled by a hammer with a cutting face 4^ inches long by li incites

wide, weighing 22 lbs. ; then brouglit to a picked face with a pick or pointed hammer
weigliing '20 lbs., formed by two acute angled triangles, joined base to base by a parallelo-

gram between them thus <^ o ^ ; and if to he Jintly icmtyht or fine picked, it is further

dressed with a similar pointed hammer, reducing the roughness to a minimun. Tlie finer

finish ov fine axed face is (jroduced by a hammer or axe with a sharp edge on both sides,

weigliing 9lbs. ; fov fine work the "patent axe" is also used, which is a hammer formed
of several parallel blades screwed together, capable of being taken to pieces when required

to be sharpened. Polishing can then be done by machinery, the granite being rubbed
by iron rubbers witli fine sand and water, and finished with other materials.

1915c. Aberdeen red granite possesses the property common to all granites, that of a

distinct plane of cleavage, which, though not perceptible to the eye, is at once recognisable

under the hammer of the workman, and of course can be wrought with much greater pre-

cision and cHect with the bed, than transversely to it. Tliis bed bears no traceable relation

to the natural joints of the rocks, which are indefinite in their directions; and still less

so to their stratification. The grey granites are but slightly affected with cleavage, being

capable of being blocked with the hammer with about equal facility in every direction.

The local varieties of worked granite differ somewhat from those used in England, and are,

I. Hammer-blocked, as in foundations, plinths, &c. 1 1. Scappkd blncks, squared with the

heavy pick, as in docks and heavy engineering works. III. Picked, abetter finish than

No. II, IV. Close picked, the bed and arrisLS made fair, and the outer surfaces made as

fine as the pick will make them ; used in ashlar work, &c. V. Sinyle axed, a finer finish

than No. IV., and used in quoins, reliates, cornices, &c., in house building. And VI.
Fine axed, the finest finish before polishing, given to dressed granite by means of the

patent axe, used in the best work in house building, cemetery memorials, and as u finish to

contrast with polished work.

WALLINO.

1916. In stone walling the bedding joints are usually horizontal, and this should always,

indeed, be so wlien the top of the wall is terminated horizontally. In building bridges,

and in the masonry offence walls upon inclined surfaces, the bedding joints may follow the

general direction of the work.

1916«. Footings of stone walls should be built with stones as large as maybe, squared
and of equal thicknesses in the same course, and care should be had to place the broadest

bed downwards. The vertical joints of an ujjper course are never to be allowed to fall

over those below, that is, they must be made, as it is called, to break joints. If the walls of

the superstructure be tliin, the stones composing the foundatior;s may be disposed so that

their length inay reach across each course from one side of the wall to tiie other. When
the walls are thick, and there is difficulty in procuring stones long enough to reach across

the foundations, every second stone in the course inay be a whole stone in breadth, and
each interval may consist of two stones of equal breadth, that is, ])lacing header and
stretcher alternately. If tliose stones cannot conveniently be had, from one side of tiie

wall lay a header and stretcher alternately, and from the other side another series of stones

in the same manner, so that the length of each header may be two thirds, and tlie breadth

of each stretcher one third of the lireadth of the wall, and so that the back of each lieader

may come in contact with the back of an opposite stretcher, and the side of that header may
come in contact with the side of the header adjoining the said stretcher. In foundations of

some breadth, for which stones cannot be procured of a length equal to two thirds

the breadth of the foundation, the works should be built so that the upright joints of any
course may fall on the middle of the length of the stones in the course below, and so that

tlie back of each stone in any course may iiiU on the solid of a stone or stones in the lower

coiu'se.

1917. The foundation should consist of several courses, each decreasing in breadth as

they rise by sets off' on each side of 3 or 4 inches in ordinary cases. The number of courses

is neccs'^arily regulated by tlie weight of the wall and by the size of the stones whereof
these foundations or footings are composed.

1918. Walls are inost commonly built with an ashlar facing, and backed with brick or

ftibble-work. In London, where stone is dear, the liacking is generally of brick-work,

which does not occur in the north and other ])arts, where stone is cheap and common.
Walls faced with ashlar, and backed with brick or uncoursed rubble, are liable to become
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convex on tlic outside from tlie greater number of joints, and, consequently, from the

<;reater quantity of mortar placed in each joint, as the shrinking of the mortar will be in

proportion to the quantity ; and therefore such a wall is inferior to one wherein the ficing

and backing are of the same kind, and built with equal care, even supposing both sides to

be of uncoursed rublde, than which there is no worse description of walling. Where a wall

consists of an ashlar facing outside, and the inside is coursed rubble, the courses at tho

back should be as liigh as possible, and the beds should contain very little mortar. In

Scotland, where there is abundance of stone, and where the ashlar faces are exceedingly

well executed, they generally back with uncoursed rubble ; in the north of England, wiiere

they are not quite so particular with their ashlar facings, they are much more particular in

coursing the backings. Coursed rubble and !)rick l>iickings admit of an easy introduction

of bond tmiber. In good masonry, however, wooden bonds should not be continued in

length ; and they often weaken the masonry when used in great quantity, making the \m\\\

liable to bend where they are inserted. Indeed, it is better to introduce only such small

pieces, and with the fibres of the wood perpendicular to the face of the wall, as are required

for the fastenings of battens and dressings.

1919. In ashlar facing, the stones usually rise from 28 to ,'50 inches in length, 12 inciics

in height, and 8 or 9 inches in thickness. Although the upper and lower beds of an ashlar,

as well as the vertical joints, should be at right angles to the face of the stone, and the

ftice and vertical joints at right angles to the beds in an ashlar facing ; yet, when tlio

Btones run nearly of the same thickness, it is of some advantage, in respect of bond, that

the back of the stone be inclined to the face, and that all the backs thus inclined should

run in the same direction ; because a small degree of lap is thus obtained in the setting of

the next course, whereas, if the backs are parallel to the front, no lap can take place when
the stones run of an equal depth in the thickness of the wall. It is, moreover, advan-

tageous to select the stones so that a thicker one and a thinner one may follow each other

alternately. The disposition of the stones in the next superior course should follow the

same order as in the inferior course, and every vertical joint should fall as nearly as possible

in the middle of the stone below.

1920. In every course of ashlar facing in which the backing is brick or rubble, homi, or,

as they are called in the country, through stones should be introduced, their number being

proportioned to the length of the course ; every one of which stones, if a superior course,

should fall in the middle between every two like stones in the course below. And this

disposition should be strictly attended to in all long courses. Some masons, in carrying

u]) their work, to show that they have introduced a sufficient number of bond stones into

their work, choose their bond stones of greater length than the thickness of the wall, and

knock or cut off their ends afterwards. But this is a bad practice, as the wall is liable to

be shaken by the force used in reducing, by chiselling or otherwise cutting away the pro-

jecting part, and sometimes with the chance even of splitting the bond stone itself.

1921. In piers, where the jambs are coursed with ashlar in front, every alternate jamli
stone should go through the wall, with its bed perfectly level. If the jamb stones are oi'

one entire height, as is often the case when architraves are wrought upon them, and also

upon the lintel crowning them, of the stones at the ends of the courses of the pier which
are to adjoin the architrave jamb, every alternate stone should be a bond stone ; and if the

piers be very narrow between the apertures, no other bond stones will be necessary in such
short courses. When the piers are wide, the number of bond stones is to be proportioned
to the space. Bond stones, too, must be particularly attended to in long courses above and
below windows. They should have their sides parallel, and of course perpendicidar to

each other, and their horizontal dimension in the face of the work should never be less

than the vertical one. The vertical joints, after receding about three quarters of an inch

from the face of the work with a close joint, should widen gradually to the back, so as to

form hollow wedge-like figures for the reception of mortar and pack'mg. The adjoining

stones should have their beds and vertical joints filled with oil-putty, from the face to about
three-quarters of an inch inwards, and the remaining part of the beds with well-prepared
mortar. Putty cement is very durable, and will remain prominent when many stones are

in a state of dilapidation, through the action of the atmosphere upon them. The use of

the oil-putty is at first disagreeable, from the oil spreading over the surface of the con-

tiguous stones ; but after a lime this unpleasant look disappears, and the work seems as

though of one piece.

1922. All the stones of an ashlar facing ought to be laid on their natural beds. From
Inattention to this circumstance, the stones often flush at the joints; and, indeed, such
a position of the lamina much sooner admits the destructive action of the air to take
place. I\Ietliods of building in cement and concrete blocks, are noticed in the previous
section.

1 922a. Rubble-WORK, A wall consisting of unhe-wn stone is called a rubble wall, whether or

not mortar is used. This species of work is of two kinds, coursed and uncoursed. In the for-

mer, the stones are gauged and dressed by the hammer, and thrown into different heaps, each
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containing stones of the same thickness. The masonry is then laid in liorizontal courses, but

not alw.iys confined to the same tliickness. 'J'he uncoursed rubble wall is formed by

laying the stones in tlie wall as tiiey c ime to hand, without gauging or sorting, being

))reparL'd only by knocking oti" the sharp angles with the thick end of the scabbling

hanuner.

19'i26. Ai)parently, wherever there was any difficulty in obtaining stone, the mediaeval

builders emplovcd the worst of all methods of construction in walling, viz., concrete or

riibble-work l)etween the two faces of squared stone. Jn the early period of media-val art,

flint or rough rubble, with "sliort and long work" to the quoins, seems to have been very

general ; this " short and long work " was also used in faced walls ; in both cases the short

work consists of stone u))on its bed, and alternates with the long work or stone upriglit

:

the short work ought to serve as liond tlu-ouglioiit the walls. In the 1 'ith century

tiie use of rubble in conjunction witli worked sione became freijiient. The chief defect,

frequently considered one of the merits, of this system, consists in the omis-iion of sufficient

bond both in piers and walls ; the occurrence of joints in angles is too frequent ; in fact,

any expedient seemed better than the trouble of making a back-joint.

I9'22c. Kentish IlAcsroNE. This material, now so extensively employed for mediaeval

work in the metropolis and suburbs, is never used intn-naUy, as it .sweu/s, that is, the con-

densed moisture from the atmosphere is not absorbed, and will show itself even through two

coats of plastering, //as.' oc/e sfo?ie, however, which is the sandstone separating the beds of

the ragstone, the sand being sufficiently agglutinated to allow of its being raised in blocks,

must never be used extenialli/. It is easily worked, and makes a good lining for ragstone

walls, as it does not sweat. It should be roughly squared, for if not done, the crumbling

nature of the stone would endanger the security of the work, should it be exposed to any

luiequal pressure : it must not be jjlaced where it would be exposed to very great ])ressure,

as in arches, jambs, &c. Hassock may l)e procured in London at from (is. to 75. per cord

(3 feet cube), in roughly stjuared pieces; while rough rag is about 5s. per ton, and rag

headers about 1 2s. 6d. ]>er ton.

192_'J. Sunk and mouliied work in so hard a material is to be avoided, and so much
wrought surface would cause decay. In using ragstone ashlar, it must be l.iid upon its na-

tural bed, otherwise rai)id decay will almost certainly follow, arising from the thinness of the

strata, for blocks of a large size can seldom be entirely freed from hassock ; and even wliat

ajjpears to the eye as blue stone, retains for a considerable distance inward the jierishmg

nature of its enveloping crust. A block of ragstone, if the face be worked, will present in

d:mip weather an appearance i)recisely similar to the heart and sap of timber. In the cnse

of cojiings, &c., where one bed is exposed, the stone siiould he skiffled (or /niohlilcd) as nuicli

as possible from the upper side, so as to expose only the soundest portion of the stone to

the action of tiie atmosphere. In some situations, as mullions, door and window jamhs,

an unsightly ajjpearance would lie produced by too exact an attention to the beds of the

stone, as the ashlar is generally too small to range with more than one course of headers.

In these cases the old masons seem to have dejiarted from their usual rule, and to have set

the blocks on end, so as to embrace two or three ourses ; but as the depth of the block re-

quired to work an ordinary jamb or mullion is not very great, it is not difficult to get the

whole thickness required out of the heart of the stone.

1922e. Stone of the smaller layings are generally worked into headers; it is common to

work one side of the stone to a rough face with parallel sides, without paying much atten-

tion to the beds and joints, whicli often recede at an acute angle with the f;ice, so as to

bring the stones, when laid, tcj a closer joint. Such stones, however, mu^t be pro])erly

pinned in behind, and carefully bonded with the work at back. Headers are generally

knocked out to six, seven, eight, or nine inch gauge for the height ; the length and tail

being determined by the size of the stone : on the face they do not vary much from the

square form. Formerly lieadcrs were set on their natural bed, therefore it is not unusual

to find stones in an old wall entirely gone from this cause.

1922y. In the Whitelands bridge bed, a very free working stone of a bluish colour can

be got 12 feet long with certainty, and the Horsebridge bed yields a good stone to a

length of 15 feet. Tiie white rag, the lowest of the beds in the quarry, tumbles to pieces

on exposure to the air (Whichcord, Kentish Bag&tone, 1846).

1922p. In its mechanical properties, ragstone possesses some of the qualities of granite,

though in an inferior degree. In respect to resistance to pressure, it stands next to granite

in the list of British stones ; but when loaded for a transverse strain, the numerous vents

to which even the best layings are liable, renders it imtnistworihy for lintels, or in a

suspended position, without much precaution. In the former case of lintels and architraves,

three stones, arch jointed, gives the recjuisite security.

1922A. WniNSTONE, a material, in one form or another, found almost over all Scotland,

makes a very durable arch for bridge woik, when well built with good mortar, the stone

being in its natiu-e weather proof. In the neighbourhood of Edinburgh, whinstone arches

have been erected since about 1770, the greatest sj)an lieing about 60 feet The Messrs.
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Smith, of Darnick, ttated, in the Tiansactiovs of the Institute of British Architectg,

that they liad erected bridges with semi elliptical arches of the spans of 51 feet, and of

6'i^ feet, of whinstone faced with hewn stone. A bridge, almost entirelv of whinsione,

having an arch 6.3^ feet span, the depth of the masonry being 2^ feet on the average, was

erected in 1833 ; while another, 76 feet 4 inches span, at Falshope, was entirely of whin-

stone, with a rise of about 18 feet. It sunk about seven inches when the centre was struck,

but no broken stone was observed. The depth of the arch, requiring three breadths of

stone to make it up, was 3 feet ; their average thickness wns 3|- inches ; but it varied from

1^ to 6 inches. The stones were laid as dose as possible, and in crossing the bond the

work was made firm, but the stones were not dressed straight upon the beds. Its cost was

360/. exclusive of the digging for the foundations.

192'-';. The most annoying part in the building of rubble arches, is the slowness of the

setting or drying of the mortar, as until the mortar is able to bear considerable resist-

ance the arch is extremely supjjle, and easily bent out of its proper curve when the

centre is struck. This bridge stood five weeks before that measure was considered

advisable. Cement would perhaps be best ior large rubble arclies, and even if expensive,

the wliole cost would be cheaper tii.m a bridge of heun stone. With cement, almost any

kind of stone, even the refuse of a slate quarry, niigl t be worked into an aicli of almost

any extent.

1922A. Flintwoiik.—In the chalk districts, the houses of the fifteenth century are

frequently faced with flints, cut and trimmed, and arranged with great skill and eH'ect.

One of the best examples is a house in St. Andrew's, at Norwich, next tiie cemetery, a

fragment of the decorated period of Gothic arciiiteciure, in which tiie flint work is so

delicately finished tliat a penknife can scarcely be inserted in the interstices.

1922/. As flint itself is practically imperishable, and as flintwork becomes, when per-

fectly set, a mass of concrete, it produces substantial work, if great care be taken in its

manipulation. But flint walls frequently fad, by liulging while they are in course of con-

struction, and splitting when they are old. On any sufficient natural cause, as the giving

way of the foundation, they are riven into imniinse masses ; hence a flint building gets out

of repair less readily than a stone one, but if it suffer at all, it is very apt to become a

complete ruin.

1922«i. Flint walls intended for durability should not be less than two feet in thickness,

built slowly and solidly, flushed uj) with stiff strong mortar compoimded of quick-setting

stone lime and coarse sharp sand free from loam. As flint is a non-absorbent, bricks and

tiles are often worked into the middle of the walls to assist in the induration of the

mortar; but for the sake of economy, lumps of hard chalk, pebbles, and flat-bedded stones

are frequently used as the principal components of the core or middle of the wall. The

work must be kejjt as dry as possible during its erection, as well as subseijuently ; frost is

foimd soon to level the work while saturated with water.

1922)j. Flint walls are strengthened by lacing courses, forxneiS. of bricks three or four

courses deep, not generally showing outside. At Cambridge, Brandon, and elsewhere,

they do show, and are used every two or three feet. The object is not only to get a con-

tiniu)us bond, but to bring the work to a level bed. and again start fair. When round

flints are split, and the thicker portion is kept, as usual, at the face of the wall, driving rains

are readily conducted by the inclination of the iqjper bed of each course to the middle of

the wall, and by keeping it damp conduce to its decay ; but as flints are seldom split at

right angles to their axis, they can be so laid in the work as to be flush on the face as well

as level, and the lower bed must be firmly pinned up with fragments. It is desirable that

cavities for drainage, with exit holes at the plinth level, be formed in the middle of the

wall by building in rods of wood or iron vertically, and drawing them up as the work pro-

gresses. The face is sometimes finished by inserting in the mortar joints (yu/Ve/s, or the sharp

fractured bits of flint, when the woi k is called galkted or yarreted (^Dictionary of Architecture).

19220. Amongst examples of a systematic parsimony of labour and material in

mediaeval art, may be no iced the characteristic tables or courses, where each projection

is taken out of a sei)arate course of stone or out of the smallest

is\ y s\ ^ stone adjoining to it. The base (_fiff. 618.) and the capital

i /^ ^\ \ (.Ai7- 618fl.) of a shaft are kept so small as to be got out of

(
£^ ^ single Idocics ; the astragal belongs to the capital, and not, as

I
^ ^>-- ' - i" Roman work, to the stiaft ; the bell is in one stone, the

\ .^ ^ ab;icus in another (_/?</. til8t/. ); each order of an arch is an in-

f"^^-^ kjf^ deiiendent range of stones; the hoodmould is self-existent ; the
^ sills are not dished, and the buttresses are toothed rather than

L.^_^ bonded. In two cases, however, the use of large stones jire-

^^^^=

—

\^' vailed, viz., in shafts of the 13th century (in France, 11()0-
ViB. 018. Fig. 6isa.

1230), which are long rods of stone 6, 1, or 3 inches in diameter

id incapable of Leaiing any great weight, ludess banded or bonded to the nearest wad of
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pillar, and in the springing stones of vaulting, which are worked with level beds. (See par,
iiOO'Jf.) Tiie horizontal courses at tlie bottom of the arch are also seen in the con-
struction of large horse-shoe arclics. With the 13th century, also caine the decided
distinction between decoration and mere construction, wliicli employed stone vertically,
not only for sliafts of columns, liut tor mullions and tracery of windows and dwarf walls
such tracery being cut out of slabs and confined by grooves or similar means.

1923. Where walls or insulated jiillars of very small dimensions are to be carried up,
every stone should be carefully bedded level, and be without concavity in the middle. If
the beds should l)e concave, as soon as the superimposed weight comes to be borne by the
pier or pillar, the joints will in all probability begin to flush ; and it is, moreover, better,
if it be possible, to make every course in the masonry of such a, pier or pillar in one
stone.

1924. When large columns are obtained in a singl.- block, their effect, from that circum-
stance alone, is very striking; but as this is not very often to be accomplished, the next
point is to have as few and as small joints as possible; and the different stones, moreover,
ought to be selected with the view, as much as possible, of concealing the joints, by liavintr
tlie blocks as much of the same colour as possible. Jt will immediately, of course, occur
to the reader that vertical joints in columns are inadmissible, though in mnny of tii'e "Teat
edifices at Paris such do occur, much to their detriment.

1925. The stones for an intended column being procured, and the order in which thev
are to be placed upon one another liaving been determined, we must correctly asceriain the
exact diameter for the two ends of each of them. To effect this, draw an elevation of the
column proposed to its full size, divide it by lines parallel to the base into as many heights
as the column is intended to contain stones, taking care that none of the heights exceed the
lengths the stones will produce; tlie working of the stones to the diameters thus obtained
then becomes easy. The ends of each stone must first be wrought so as to form exactly
true and parallel planes. The two beds of a stone being thus formed, find their centres
and describe a circle on each of them; divide these circles into the same number of equal
parts, which may, for example, amount to six or eight; draw lines across each end of the
stone, so that they will pass through the centre and through the opposite divisions of the
same end. The extremities of these lines are to regulate the progress of the chisel alon"
tlic sinface of the stone; and, therefore, when those of one end have i)een drawn, iliose of
tiie other must be made in the same plane or opjiosite to them respectively, 'ihe cylin-
drical part of the stones must be wrought with tlie assistance of a straiglit-edge ; but for the
swell of a column, a diminishing ride, that is, one made concave to the line of the column,
nuist be emjiloyed. Tliis diminishing rule will also serve to plumb the stones in settiiK'
them. If it be made the whole length of the column, the heights into which the elevation
of the column is divided should be marked upon it, so that it may he aiiplitd to "-jve each
stone its i)ro|)er curvature. But as the use of a very long diminishing rule is inconvenient
when the stones are in many and short lengths, rules or rods may be employed correspond-
ing in length to tlie different height.

19250;. The method of setting tiie blocks or frustra by the ancients, was to dish out the
beds to obtain a truly fine joint. In the Partiienon, an outer space of 7 inches in width

all round the drum, was lel't a perfectly level and smooth bed for actual
^^M contact. Tlie next space, of 1 foot in width, was very slightly tooled or

/*"
I

scratched over. The next, 9 inches in width, was made still lower by beino'
•—"^^--

^
tooled over very roughly. The remaining |)ortion round the centre was

, I

left smooth, but was made as low as the surface of the second si>ace. A
I

square hole, worked at the quarry, in the ceiitre of the shaft, was filled

I with a cube of hard wood, in which was a hole to receive the half of a

I
circular pin, also of wood, suggesting the idea that when the marble /;-Ms^;a

i
; were set, they were rubbed against each other. The first drum, at the

\ temple of Hercules at Agrigentum, when ])laced on the stylobate, was
_, ^

,

_ ; y„ turned round until it had been well ground down. {Civil Enc/ineer,

lte»| ^c. vii. p. 241.) The practice of late years, for large columns, has been
N*^

to place a plate of thin lead between the beds of stone, so as to secure
'°*^ an equal bearing and prevent the edges flushing, any s])ace being filled

in with putty or ceinent. At Paris, in many of the porticoes, the columns have very
deej) thin rustics (,fi(f. 6186.), which would effectually prevent any broken edges from
being observed. The effect is peculiar, especially in strong sunlight. The height ot

the face of the stone is -385 of a metre ; the lieight of the channel, including the
rounded a' rises, is '40, and the depth of tiie channel is '85.

19256. Besides the usual inode of drawing a volute, described in par. 2576, we insert

a method recommended by Mr. Gwilt for adoption. A general method of inscribing a

Bfirsl in a rectangular qnadriliteral, ABC D:—Multiply the given height by the given
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breadth, and divide the product hy the sum of the height and breadth. Then subtract

the quotient from the heijiht. 'J he re-

mainder is tlie radius of the first quarter

revohition of the spiral : The forinida is

A_'''^* = r( = BE,/)oor Fa). Subtract

the radius aF so found from the heiglit
' H BD and the remainder FD will be tho ra-

dius of the second quarter of the revolu-

tion, and is to be set from F to b. The
difference a h between a F and b F will

form one side of the quadrilateral dbcd.

Subtract the radius F 6 from tiie width

CD and the remainder GC will give id

the otlier side of the quadrilateral ahcd

(which points will be the centres for the

portionsofthe firstrevolution), and will be

a figure similar to, or of the same propor-

tions as, the given quadrilateral A BCD.
Then dG will be the radius of the tliird

quarter of the revolution and He the ra-

dius of the fourth quarter. In tlie quad-
rilateral or ])arallelogram ahcd, draw the

diagonals ad, he, and draw bH, cutting the

diagonal ad in e, then will e be a |)oint lor

the formation on the diagonals of another

parallelogram efy/i, whose angles (as in

that first made) will be the centres for the radii of tlie second revolution. By again

drawing Hf to cut the diagonal ad, another parallelogram may l)e formed, and so on to

bring out the spiral. X is the centre jiart to a larger scale (Builder, xviii. p. SG-i).

1925c. From the nature of the formida it is evident that when h : b in but by a trifle in

a greater ratio than 1-61 : 1 the first radius will be greater than the breadth of the quadri-

lateral, and the spiral cannot be described within tl;e figure. Also that when h and b are

equal, tlie spiral vanisiies, for the formula becomes /'—.-.' a"d the first radius is equal to

half the side of the circumscribing square. Hence a circle is inscribed. Also that as

the height and breadth ajqiroach equality the number of revolutions increases. in the

diagram the height is taken at 27 equal parts and the breadth at 23 of such parts. Upon
trial it will be found that the exact ])ro])ortion of the height to the breadth to bring out a

spiral within the given quadrilateral lies between TGI : 1 and r62 : 1.

l[>2~:d. When a pier was to stand upon the head of a pillar, the early mediaeval builders

avoided an error which their ancestors often committed. Instead of turning the arches and

filling up the space at the springing until there was a clean base for the pier (Jiff. C18(/.),

they built some courses of the arch-stones in single blocks exceeding the width of the

pillar. When these had risen so high that the base of the pier would not interfere with the

Fig. 61S(J. Fig. 618/ Fij. C18c. Klg. Gl9g. Wi;sTMixSTi;u AbbeT.

arch-stones, these horizontal courses were discontinued (Jiff. 618e. ). A
modern folly (Jiff. 6 1 8/. ) was unknown to them. A similar system die- ^'s ^'^A.

tates the construction of a corbelled foundation for any work standing free from the

general thickness of the wall. In early pointed work the intrados of an arch (as A in fffs.

61 89. and 6 ISA.) was plumb with the face of the square block B, forming part of the

capital ; and equally the front of a shaft over a capital is plumb with the same square block.

19'i5e. Joggling. Lintels or flat arches, stone architraves, chimney mantels, and such

like, when formed of small stones, are secured by joggling the joints of adjacent stones so

as to form a continuous beam, the strength depending upon the solidity of the abutments.

The gauged arches formed of cut bricks and used as heads to openings, are similar in
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edict, Imt as tlicy liave ncitlicr joggles nor dowels, tlicy arc now sometimes assisted,

especially in uncertain foundations, by plating under tliem a tliin flat bar of wrouglit

iron. Rurtliolomew, in bis Specijications, 1840, gives some ancient si)ecimens from Roman
sepukluvs, the tiiree lower courses being prevented from sliding by a wedge-sluij)ed joggle

formed on tlie top bed of one stone, and a corresponding bole cut in the lower bed of

the next stone, to receive it. Firj. G18/. is perliaps the earliest instance of a similar

contrivance, and shows the oversailing portions (Frencb crossetits). ]t is taken from

777 L>):)X<<<J ^
Fig. ei8t. Fig. 618fc Tig. 61SZ.

Diocletian's palace at Spalato, a building often referred to as exhibiting the germs of

several of the peculiar ornaments afterwards prevalent in the Romanesque and Norman
styles of art (par. 198). The same principle is seen in a semicircular arch of eleven

voussoirs in the lower story of the reputed tomb of Tbeodoric at Ravenna ; in a chinmey-
piece at Conisborough Castle, Yorkshire ; and at the gate of the Alliambra. ]\Iur|)hy's

BatuUia, gives, in plate 2, two instances of the same kind of construction. ^Vitb double
set-ofis, an example is found in the upjjer ])art of Tbeodoric's tomb. Fii/. 6'18/i., showing
the introduction of tenons of a circular form, is the transom of the Norman west door-

way of Rochester Cathedral. Fii;. 6181. having three tenons to each stone, is from the

mantel of a fireplace in Edlinghani Castle, Northumberland.

I925f. Serlio, in his Opeie d' Architettura, in Book iv. chap, v., shows two excellent

modes for relieving the weight from a llntei over an opening, Jips. G18m. and 618». Fi(/.

6\So. is the mode ado])tid by Mylne, in

erecting Blackfriats Bridge, where each
joggle consists of a cube foot of a hard
stone. During the repairs of this structure

in 183.3, the decayed or broken stones were
cut out, and new blocks inserted by the in-

genious arrangement shown in Jig. 618/j.

A represents the new block let in, in two
parts. B is first fixed, having a hole cut to

receive a jihig C, which is placed in a hole
F's- 6i8». in the half U; on this block being inserted

in place, the plug C drops half its length into the hole in B and secures the portion 1).

Channels were also cut through the blocks, through which wiies were placed attached to

the jilug to insure its sliding into its place. These

were cemented up subsequently. In small works,

copper plugs, or dowels would be more proper than

the large blocks shown in fi/. 6 1 So., as they require

the removal of less of the substance of the arch

stones as necessary for admitting joggles. Cubes,

and dowels, of slate are now very much employed.

192.5.9. Another method much practised consists

in joining, by an elbow to each voussoir, a jiortion

of the neighbouring horizontal course of the work.

This arrangement will he understood at once by

reference to T?."?*'-
•'5f) and 957; but, however good

it may appear at first sight, it is liable to split at

(he junction of the horizontal portion with the

radial parts, if any irregular settlement takes place.

The rustic channels of arcades wrought in this

form have, however, a good effect.

19'i5/t. From Viollet le Due, Dictionnaire, we
cbtain the use of the crossettea as exemidified in a

chlinncypiecc (Jic/. 6I87.). Fi;/. 618r. is the lintel

to the door on the north side of the Church of St.

Etienne at Beauvais; and fig. 618s. that of the Church of Villers Saint Paid,

shows the system described by Rondelet, in ])late 27 of bis valuable publication, for ob-

taining the requisite proportion of strength in such flat arches, as they are called. Who-
ever may be interested in the method of supporting and tying together by rods and

bais, the stones of architraves, as formerly piactiscd by the eminent architects of Fr-m'^e,

must be referred to the publications of Rondelet, Patte. D'Aviler, Blondel, and ethers'

of tliat period ; in fact, the system is still introduced in the modern publications on con-

Btructioflj in the French school of architecture.

Fig. 61
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1925». To tie in

asbliTing to the brick

wall, cramps are used,

either of cast iron,

wrought iron, copper,

or bronze. The two

latter are of course the

iiest ; the two former

exfoliating by air an(

damp, and sj)litting the

stone, unless perfectly Fig. cicr.

secured. During the restora-

tions at Cologne Cathedral, the Fig. 618s.
^

Fig. Gist.

cornice (above the 55 feet high windows) is 3 feet 7 inches high, and in order to connect

the stone.s, iron hooks were put hot into the holes, which were then filled up and surrounded

with asphalte. By this proceeding the iron is for ever preserved from oxidation ; it has

proved itself the best system, because the applications of mortar, gypsum, sulphur and

lead, have all failed. On the exterior, bronze surrounded with lead has been used, which

has hitherto proved satisfactory. Cramps are also now set in Portland cement.

1 926. Nothing to perplex will occur in carrying up stairs which are supported by a wall

at both ends, because the inner ends of the steps may either terminate in a solid jieu-il, or

be tailed into a wall surrounding an open newel. Where elegance is not required, and

where the newel does not exceed 2 feet 6 inches, the ends of the steps may be conveniently

su|)ported by a solid pillar ; but when the newel is thicker, a thin wall surrounding the

newel would be cheaper. In stairs to basement stories, where geometrical stairs are u.sed

above, the steps next to the newel are generally supported upon a dwarf wall.

1927. In geometrical stairs, the outer end of each step is fixed in the wall, and one of

the edges of every step supported by the edge of the step below, and formed with j'>if(/h'd

joints, so that no step can descend in the inclined direction of the plane nor in a vertical

direction ; the sally of every joint forms an exterior obtuse angle on the lower part of the

ujiper step, called a back rebate, and that on the upper part of the lower step cf course an

interior one, and the joint formed of these sallies is called ajoc/gle, which may be level from

the face of the risers to about one inch within the joint. Thus the plane of the tread of

each step is continued one inch within the surface of each riser ; the lower part of the joint

is a narrow surface, perpendicular to the inclined direction or soffit of the stair at the end

next to the newel.

1928. With most sorts of stone the thickness of every step at the thinnest place need not

exceed 2 inclies for steps of 4 feet in length ; that is, measuring from the interior angle of

every step perpendicular to the rake. The thickness of steps at the interior angle should

be proportioned to their length ; but allowing that the thickness of the steps at each of

the interior angles is sufhclent at 2 inches, then will the thickness of them at the interior

angles be half the number of inches that the length of the steps is in feet ; for instance,

a step 5 feet long would be 2i inches at that place.

1 929. The stone platforms of geometrical stairs, that is, the landings, half pares, and

quarter paces, are constructed of one or more stones, as they can be procured of sufficient

size. When the platform consists of two or more stones, the first of them is laid on the

last step that is set, and one end tailed in and wedged into the wall ; the next stone is joggled

or rebated into the one just set, and the end also fixed into the wall, as that and the \yie-

ceding steps also are; and every stone in succession, till the platform is completed. When
another flight of steps is required, the last or uppermost platform becomes the spring stone

for the first step of it, whose joint is to be joggled, as well as that of each succeeding stej),

similarly to those of the first flight. The principle upon which stone geometrical stairs

are constructed is, that every body must be supported by three points placed out of a

straight line ; and therefore, that if two edges of a body in different directions be secured

to another body, the two bodies will be immoveable in respect to each other. This last

ca.se occurs in the geometrical staircase, one end of each stair stone being tailed into the
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wall so as to be incapable of tiltiiin;, and aiiotber Ofigc resting eitber on tbe ground itself,

or on tlie edge of the preceding stair stone or idatform, as tlic case may be. Tbe stones

whieb form a platform are generally of tbe same tbickness as tliose forming tbe step.?.

ON THE SCIENTIFIC OPERATIONS OF STONE CUTTING.

1 930. Tbe operations by wliicb tbe forms of stones are determined , so as to combine tbem
projjcrly in tbe various parts of an edifice, are founded on strictly geometrical ])rincipk's,

and require tbe greatest care and exactness in execution. It is only by a tborougb know-
ledge of tbe natin-e of tbese operations tbat tbe master mason is able to cut and carve tbe
parts wbich, wben joined togetber, compose tbe graceful arcb, tbe ligbt tracery of tbe
(jotbic vault, or tbe graceful and magnificent dome. Tbe metbod of simple walling, and
its general ])rinciples, bavc been given in tbis book, cbap. i. sect. x. In wbat follows we
propose to confine ourselves, 1st, to tbe leading operations necessary to set oiit tbe sim])le

arcb or vault, and tbe groins formed by it ; 2d, to tbe forms produced by vaults wiili

plain and curved surfaces intersecting; Sd, and lastly, to dome vaulting; giving sucli

examples as will so initiate tbe student tbat be may, we trust, bave little, if any, difficulty

in resolving any case that may occur, and reminding bim tbat if be well understand tbe
section already submitted to bim on Descriptive Geometry, bis labour will be m.ich
abridged, not only in wbat immediately follows, but in tbat section wliicb treats hereafter
on Carpentry,

19.31. I. Of the Construction of Arches and sijipi.e Vaults, and the Groins
FORjiED Bv their INTERSECTION. In arclics and simple vaults we have to ascertain tbe
exact form of the arcb in all its parts, and the direction of its joints; both which points are

dei)endent on the geometrical properties of the curve used for the arcb.

1932. To find tlie joints of a fiat arch wit/invt using the centre of the circle of which the

arch is a part. Divide the arch AIJ (ffl. 619.)
into as many equal jiarts as there are intended
to be arch stones, at the points 1, 2, 3, &c. From
A, with any convenient radius, describe an arc

at a, and from 2, with the same radius, describe

another arc, crossing the first at a, and join al ;

then 1 is tbe first joint from A. To find tbe joint

passing through 2 ; with tbe same radius as before, from the joints 1 and ,3 as centres, de-
scribe arcs cutting each other at b, and draw '21/ ; then 'Jb is tbe second joint. In tlie same
manner all tbe other joints between A and 13 will be found. To find the skew bachs, or
abutting joints AC and DB ; with a radius equal to 1«, from tbe centre A describe an arc
at C ; from tbe centre 1, with tbe radius Aa, describe an arc cutting the former at C, and
draw the line AC, wbich will be the springing bed of the arch. In the same manner the
joint 13D may be found.

1933. The joints of any arcb may be drawn with considerable accuracy by setting off at

equal distances a jioint in the curve on each side of the jilace for tbe joint, and from these
points, as centres, with any radius, arcs to intersect, through whose intersections lines

being drawn, will give the directions of tbe joints.

1934. To draw an elliptical arch to any two dimensions hi/ circiilar arcs. Draw tbe straight
line AE {fy. 620.). Bisect AB in C by tbe perpendicular Dy, make CA and CB each

Fig. 619.

~^h
Fig. 620.

equal to half tbe span of tbe arcb, and make CD equal to the height, and Ay parallel and
equal to CD. In C(/ make Ck equal to CD. Divide A; and AC each into two equal i)arts.
riirough 1 in AC draw kn, and through I in Aj draw ID, cutting hn at n. Bisect wD
by the perpendicular Ig, and from g with the radius gn or gD describe the arc nDih. Draw
gh parallel to AB, and join hli, and produce /(B to meet the arc nDh in i. Join (ji cuttingAM 111/ and make Ce equal to C/. Join ge, and produce it to meet the arc wD// in n.

From/witb the radius// describe the arc /B, and from e with tbe radius eA describe the
arc A,7i«. Then AwD/B is the arcb required.

1935. All elliptical arch ADB (/// >V2\.) hci„g giccn, to draw Ihcjnintsfor a given number
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of arch stones. Find the centres c, /, (/ in the same manner as if the arcli were to be drawn
;

join ye and produce it to meet the arch ; also join g,f and produce it to meet the arc in i.

Divide the elliptical curve AD 15 into as many equal parts as the number of arch stones.

From the centre e draw lines through the points of division in the curve between A and
where ge meets the curve and from the

centre g draw lines through all the interme-

diate points between ge and gf. and lastly

draw lines from/through all the intermediate

points between i and B, and the parts of the

lines thus drawn on the outside of the curve

will be the joints of the arch stones.

1936. In very large arches it will be de-

sirable to find five centres, as in Jig. 622., and
these will be obtained by finding two in-

termediate points in each half of the curve

instead of one ; then bisecting each pair of

adjacent points by a perpendicular, we shall

have the centres e, A, g, i, f, to be used for

drawing the joints in the same manner as in

the preceding figure.

19.37. The above methods are sufficient for ordinary purposes ; but where strict accuracy

is required, the following method is mathematically true. Suppose any joint, as yk, ia

required to be drawn (Jig. 623.), and that

the point D is the middle of the arch and
the point C the middle of the springing line;

then with the distance CA or CB, from the

point D describe an arc at e and another at

/ to cut AB at e and
J'.

Draw eg and /'//

;

produce e^ to i and fg to /i, bisect /igi by the

straight line gk, which will be the joint re-

quired. In the same manner, by drawing ^'^- ^^•'•

lines from e and /to each point of division, and bisecting the angle, lines for the other joints

may be drawn.

1938. 2b draw a Gothic arch to any given dimensions {Jig. 624.). Draw the straight lino

Fig. 624. (CI is made equal to 15C )

AB equal in length to the span of the arch. Bisect AB in C by the perpendicular DI.

and draw AG and BII parallel to DI. Make CD e(]ual to the height of the arcli, and the

angles CDG and CDH each equal to half the vertical angle; make CFe(|ual to the dif-

ference between CD and AG and join FA and FB. Divide AG and AF each intj the

same number of equal jiarts, counting each from the point A. 'i'hrou,i;h the points

1. 2, 3, 4 in AF draw la, lb, Ic, Id, and through the points 1, 2, 3. 4 in AG draw 1 1), 21),

SD, 4D cutting la, 16, Ic, IJ at the points a,h,c,d, then through the points AnbcdD draw

acurve; wliicli will be half of the Gothic arch required. (Other methods. /jar. 1943a., t<.se7.)

1939. To draw the joints of the arch stones of a Gothic arch (fg. 625.). Having formed

the angles CDG and CDH as before, make A? equal to AG and draw D/ perpendicular

to DG. In 1)/ make D/i equal to Ai and join '/t. Bisect ik by a perpendicular meeting

1)/ in /. Produce // to p. Divide the curve into as many equal parts as the arch stones

are to be in number. Then i will be the centre of the joints which pass through all the
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Fig. 626.

jn)ints between A and ;;, and / will be the centre for drawing the joints of the arch stones

which pass tiirough all the points between p and D.

19-10. Tlie reason for the foregoing rule is obvious ; for the joints are merely made to

radiate to the centres of the arcs of circles whereof the arches themselves are formed ; as

in subsections 19;H, 19.'55, they were drawn to the centres of the approximating circles

wherefrom the elliptical curves were struck.

1941. To describe a parabolic curve for a pointed or Gothic arch hy means of a series of

lines touching the curve, the dimensions of the
i,

arch and the angles it firms at the crown being

given. Draw the straight line AB {fig. 626.)

and draw CD perpendicular to AB. JMake

CI) e(jual to the height of the arch, CA and

C15 each equal to half the span. Make the

angles CDe and CD/ each equal to half the

vertical angle. Divide Ae and eY) each into

the same number of equal parts, and through

the corresjionding points of division dravv^ lines

which will form one half of the arch: the other half DB may be found in the same manner.

1 942. To draw the joints of the arch stones

10 the above sort of arch. Draw the chords

AD, DB for each lialf of the arch (fig. 627.) ;

divide the arch into as many equal parts as

there are to be arch stones. Let it now be

recpiired to draw a joint to any point h : bisect

A 1) in k, and join ek cutting the curve in /.

Draw hg parallel to Ak, cutting eh in g, and in

el make li equal to Ig. Join hi and draw hm
perpendicular to hi. 'I'hen hm is the joint re-

quired. In the same manner all the remaining Pij, 527.

joints will be found.

1943. To describe a rampant pointed arch, whose span, perpendicular height, and the hex/lit

of the ramp are given. Draw the straight line AB (fig. 621.), and make AB e(inal to the

span of the arch. Draw BC perpendicular to

AB, and make BC equal to the height of the

ramp. Bisect AC in D, and draw DE per-

pendicular to AB. Make DE equal to the

height of the arch; draw A/ and C^r parallel

to DE, and make Af and Cg equal to about

two thirds of DE. Join /E and E^. Di-

vide Af and _/'E each into the same number
of equal parts, and through each two corre-

sponding ])oints of division draw a straight

line. All the lines thus drawn will give one ^ "

half of the curve. The other half may be Fijj. gjg,

drawn in the same manner. To find the joints of the arch-stones to this sort of arch, proceed
as for a plain arch in the last examjile, as shown hy fig. 629.

rig. 0330. Fig. 6296.Via. 629.

1913a. Besides the rule given in par. 1938, To draw a Gothic arch to any given dimen-
tions, tlie following plan has been jnit forward for finding the curves of arches and ribs,

riie fundamental rule that tlie curves sliould spring from the line of the impost has been
abandoned l)y many

; one centre was to be taken a liltle above this line, another a little

below it, and so on. Tlie following rule furnishes a principle which gives the centres ol

ail these curves with iierfect certaintv and perfect harmony, at the same time furnishnig
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what is a fiirtlier requisite, an independent ))rojection for each rib. Tlio author insists

tliat thfse curves were always elliptical. If tlie arch to be drawn be less in lieight than

the half widtli, let Ali,(fff 629a.) be the lialf wiutli; BC theheiglit ; join AC ; draw lines

from B ar.d A perpendicular to AC, and tlie points E and D are those required. Then

EC vill be tlie smaller radius, and EC added to AD will be the longer radius. For

arches whose height is prcater tlian tlieir li.df width {fie/. 629h.), draw CF and BE perpen-

dicular to AC, then EC will be tlie smaller radius; and EC added to CF will be tho

longer ladius. The author of this theory is Thos. L'Aker, as read at the Liverpool Arch.

Society, 16th October, 1850, and printed in the Civil Engineer, \ol. xiii. p. 365. See

par. 200'ld.

\9-i\M>. Although the term arc en tiers point is still used in France for an arch enclosing

an equilateral triangle, as it was in the time of De I,orme, that arcliitect, in liis work

entitled NomeUes Inventions pour Lien hastir, published in 1578, showed that the arc c?i tiers

point was obtained by division of the space into three equal portions, of which two gave

the radius, 'i'he arc en quntre points was obtained by division into four, three of them
giving the radius. This mediasval mode of determining some of the shapes of pointed

arches, was noticed by Professor Willis in his elucidation of Wilars de Honecort's Sketch-book,

1859, p. 138-40. He is disposed to call the equilateral arch, the arch of two points;

meniions arches of six points; and instances cases with a radius of (ive-seventlis and a

radius of tive-eighths, besides the occurrence of a centre placed to the extent of iialf the

span outside the springing point. The same authority observes that the true method was

forgotten soon after the disuse of mediaeval art, as Viola Zanini, in his book Delia Archtlet-

tura, published 1G29, defines the terzo acuta as the arch on an equilateral triangle, tl:e

quarto acnto as the arch on a square witli the diameter for radius, and the tjuinfo acuta on

a pentagon : these last are respectively rather higlur and lower than the true arch of four

points. Tlie term point is heie used as meaning a division, and not a puncture.

1943c. The Pro'essor has also explained, p. 141, that to

know the extia length of a voussoir at the top of an arch of

2, 3, 4, or 5 points, the radius may be prolonged through

the point P (Ji(/. 629c.) of the arch to any extent S; then PS
being divided into twenty-four parts, a line from S may lie

drawn parallel with the springing line to T, and respectively

12, 6, 8, or 9 of those (jarts in lengtli ; which will give a

point V, so that P\' will be the line of the central joint.

1943c/. The construction of otyee arches is very siinjjle ; but

as will presently be shown, the rule is open to judicious

variation. The general principle is to draw the line of the

nose Z, (Jig. 629d.) of the hoodmould ; to take a point u))on

that line; to draw from the springing a line through that point to the centre line, to accept

the place where the centre line is cut as the height of the ogee, and to find in tiie usual

manner the centre for the upper part of the ogee. The following directions are chiefly

taken from Viollet le Due, Did.
1943e. To draw an ogee arch of one point {fg. 629f/.). Bisect the span in D, draw the

centre line CD, describe the arc AG,
bisect AG in E, and through E from .\

draw a line cutting the centre line in

H ; through H draw FK parallel to the

S|)rlnging line, and through p] from D
draw a line cutting FK at ]\I, which
will be the centre for the upper jiait of

the ogee arch. In some cases, as in the

figures 629e, /, and/i, the three points

KMN form an equilateral triangle.

1 643y. To draiu an ogee arch of two

paints {Jig. 629e. ). Bisect tlie span A B,

diaw the centre line, and descrihe

the arcs AGB; then divide GB into

fiveparts Gl, &c., and proceed as before.

1943_v. To draw an ogee al'ch of
three paints (fig. 629/). Repeat the

above operations. ol)serving to divide

the span AB into three parts, AE, E F,

FB, and to divide GB into four parts,

Gl, &c. It will be observed that in

A D Jig. 629g. (from Pugin), AB is divided
Fig. 629* into three parts, and the centres E with

V serve to descril)© the arcs on their own sides of the centre line ; that the dit,tauces Al,

II, and IB are «qual, and that Ell is equal to El.
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il> B A E U i<' B A E DF
Fig. 629e. rig. 639/ Fig. 059(7. Fig. Ui9/i.

194.'5A. To draw an ogee arch of four points {fig. 629k.). Ei.sect the sjiiiii, draw the

centre line, fix

the four points, x
and describe .-- -

the arcs AG, C)"^-'--'

G B; then di-

vide G B into

four parts, and ^•^

proceed as above indicated. But
a difference is taught by an illus-

tration adduced by Viollet le Due,
to show another feature of medie-
val art. In fig. 6'29i. it will be

ob.served that the arch GA is di-

vided into fire portions, and that

the line AH is drawn through the second divi-

sion. The line F2 produced, cuts the horizontal

line JH in M; or 2H may be bisected, and a

perpendicular obtained meets in the point M,
for the ogee line -.^H. A centre N has been as-

sumed for the line RR; and also another centre,

O, for the line PP, both lines being drawn each

way from T ; from which arrangement it results

that the lines A2H, RI R.and PIP, are not paral-

lel for their whole lenuths. In some cases the^

line of work muijtbe tlie centre of a fillet or of a
boltel. It should be noticed that .some very Fi;;. 't'2i>i.

good decorated work of tie middle of the 1-1 tli century, uses five-eightlis of the space

for the radius, and finds the centre of the ogee curve upon a line drawn from tliat

central point of radius at an angle of 45° with tlie hori-

zontal springing line.

]943i. To draw a c.unped ogee arch {fi(i- 6-9h.). Proceed
as abi>ve described for an arch of one jjoint as far as the

construction of the horizontal line JK. Then from the centre

F through E draw a line, and thereon make lUequal to l.S,

being so much of I Fas is intercepted by the centre line of

the pointed arch ; and then on the horizontal line JK make
WH equal to IS : thus are obtained the two centres for the

cusp. But V^iollet le Due appears to prefer another mode,
which very sliglitiy differs in result. He draws SI produc ed
at an angle of 43° with theliase line; on this he marks (j'U,

which is the half of a semicircle, equal to GA, fixing lU,
and continuing the process as in tlie former method.

1944. II. Op the Construction of intersecting

Vaults ok Groins. The forms of vaults may be so adapted
to one another that the lines of intersection shall be in planes, • 't-'-

"-"''•

and these planes the diagonals of the plan of the intersecting pai t of the vaults ; if, however,
tliey he not so adapted, the lines of intersection will I e curved on tlie plan, and the.se curves it

is necessary to ascertain in making both the moulds and the centerings for executing the work.
194.5. To detfriniiie the form of a Doult to intirsect with a giret one in the filane of the

diai)on(il, and aho to find the dingntial rill fur the centering. Let the given vault be EIF
{fig. 6'30.) and AC and BD the diagonals, crossing \n f Draw /I peipendicular to EF,
futtiug EF in c. In the arc I F take any number of ooints ah, and draw ag, b/i iiarallel to

^t, cutting EF in d, e, and the diagonal AC in g, h. Drawy)i, gq.hr ])arallel to EF, cutting

the base GH at m, n, o. INIake nip. ntj, or, each respectively equal to cl, dn, eb. Draw /'I',

gk, hi, perpendicular to AC, and make/I', gk, hi respectively equal to cl, da, eb. Make

H\ W y3

'U
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Fiff. 6.10. Fit;. G-'l.

fp\fh' each respectively equal to fy, fit. Draw g'li, h'l jnirallel io.fl'. Make p'k' efjiial

to Ilk, h I equal to /(/ ; also make nin', tn'o' each respectively equal to mn, mo. Draw the

arcs pqr. ]>''i'r, as also \'kl, Vk'l ; then, through the iJoints thus found, draw the curves u]H)u

their bases AC and GH, and that on GH is tlie form of tlie intersecting vaults, and that

on AC is the form of the angle rib. If the form of the given arch be tliat of a semicircle

EIF (» 631.), let AHCD be the angular points of the plan, AC and DI3 the

diagonals, cutting each other at M. Draw MK parallel to GD, or CII cutting GH in N.
Draw ]\IL perpendicular to AC, and make ML e(iual to the radius of the semicircle.

Then, with the transverse axis AC, and semi-conjugate axis ML, describe a semi-elli])se,

which will be one of the angle ril)s, as required. Also make NK equal to the said radius
j

then with the lesser axis and the semi-greater axis NK describe the semi-ellipse GKH,
which is the form of the other vault.

19-16'. The same method applies in fig. 632., where the narrow opening is a semi-circle

Fit;. 6.-2. Kig. 6.13.

an! the wide (jne, consequently, a semi-elliiise, having its minor axis vertical and its nirtjor

axis horizontal.

19-17. When tivo circular-arched vaults of different heights intersect, to determine the plan of
the arrisses in ichich the arches meet. Let ABC {fig. 633.) be the arch of the main vault,

and DEF that of the lesser vault ; ACLO the plan of the main vault, and DPQF that of
the lesser vault; and let the two vaults intersect each other at the points HKNM. Also,

let E be the middle point of the lesser semi-circular arc DEF. Produce HD to v, and in

the arch DE take any number of points rs, and draw rb, sa, EI parallel to DH. Draw
rf, su, Ev parallel to DF, cutting Dy at the points tuv, and produce HC to G. In CG
make Cw, C.r, CG respectively equal to Dt, Dm, Dc, and draw wz, i-y, GB parallel to AC,
cutting the seirj-circle ABC in the points zyB. FVom the points Byz draw BI, ya, zh,

Ijarallel to CL. Then through the points lah draw a curve, which will be one half of the
plan of the arris. The other half will be found in ti;e same manner.

1948. The method of tracing the plan of the groii.s is the same {see fig. 634.) when the
vaults intersect obliquely.

1949. Ti) find the plan of the intersections of two arches of the same height, and either of the

miine or different 'pedes. Let the sections of the two arches be ABC and DEF {fig. ()3,5. ),

the arcs AB, BC being equal to each other, and the aics DE, EF equal to each other ;

(I Q
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nnd let H, K, N, M be the points where the two arches intersect each otlier on the plan.

Divide either of the arcs BC or DE into parts, equal or unequal ; as, for example, in the

arc DE take any number of points r,s at pleasure, and draw ru, ii», EI perpendicular to DF.

rroduce H D to v, and draw it, su, Ey, parallel to DF, cutting Do in t, u, v. Produce H C to

G, and make Cw, Cx respectively etjual to D^ D« ; and as the arches are equal in height,

CG will be equal to Dy. Draw w;/, xz, GB, parallel to AC, cutting the arc BC in tlie

points y, z, and touching it in B. Draw ija, zh and BI L
parallel to UK, and through the points tlabl draw

tlie curve Wahl, which will lie half the plan of the

groin as required. The other half IN and the other groin

MK will be found in the same manner.

1950. To find tlie plan of the groins produced hij the

intersection of a cylindric and a c(mic vault, the angle of

position of the axis, the diameter of the ci/linder, and the

plan of the conic vault heinp given. Let AB {fig. 636.)

be the axis of the cylinder, CD that of the cone, C
being tlie apex, and D the point through which the

base passes. Through any point A in AB draw EF
perpendicular to AB, and make AE and Al' each equal

to the radius of the cylinder, and draw EH and FT
parallel to AB. Tlirough D draw KIM perpendicular

to CD, and make DK and DM each equal to half the

diameter of the cylinder. Join KC and MC, cutting

EH and FT in the jioints N, O, P, Q. Divide the semi-

circles F'GE and KLM into parts, whereof the corre-

sponding ones are equal to one another. From the

points of division in the semicircle EGF draw lines

parallel to AB; and through the corresjjonding points

in the semicircle KLM draw lines perpendicidar to the

diameter KM, cutting KM. From the points of section

draw lines to the apex C of the cone, cutting the former

drawn through the points in the semicircumference

FGE. Through each set of corresponding points draw

a curve, and the two curves will represent the arrisses of

the groin on the plan. If in an octagonal ground vault

tlie octagonal range be cylinders, and the cross vaults,

which tend to the centre, diminish to a line of the

height of the vault, the following construction applies :

— Let EFGHI (fig. 6:57.) be the exterior side of the

vault, which is both equilateral and equiangular, and

lot JKLMN be the line of the exterior surface of the

inner wall; so that the lines EJ, FK, GL, HM, IN,

which pass through every two corresponding angles,

may tend to the centre O of the groin vault. Let the

sections of the given ribs be PQll and STU, so that

PR of the rib PQ.R may stand at right angles to the

sides F.F and JK and the sic'e SU of the rib STU
on the middle of the side F'G. Divide the two bases

PR and SU in the same proportion, and through

the joints of division in SU draw lines from the centre

O of the ground vault to meet the curve STU; and
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tliroiij^h tlio points of division in the base PK of the cross rib PQIl draw lines parallel

to EF, to terminate in the line FK, and in the semicircle PQR. I'rom the points where
these lines meet FK, draw perpendiculars on one side of FK, and make the heights of

these perpendiculars respectively equal to the ordinates of the arc PQR ; and through the

ends of these perpendiculars draw a curve F"VK, which will be the angle rib. From the

points of meeting in the line FK draw lines parallel to F'G, and through the points of

division in SU draw lines to the centre O, intersecting the former lines drawn from the

points of division in F'K ; through the corresponding points of intersection draw the

curves SBL and KBU, which will form the plan of the angle.

I 951. In single groins the centres are made for the widest avenue, and are covered ovei

with boards {/ig. 6'38. ), so that the top of the boards may form tlie surface required for

mrning the arch upon the intersections; or the angles are found by the following practi^'al

method. The groins meet in the points I, C (Jiff. 6S9.), upon the boarding of the two
groins. Place the straight edge of a board upon the point I, so as to range over the line

GH on the ])lan Then set up another straight edge upon the point H, so as to be vertical,

and the straight vertical edge will meet the horizontal edge ; then apply a third straight

edge to each of the other two straight edges, so that it may also come in contact with

the boarding. After this draw a line along this third straight edge upon the boarding as

tar as may be found convenient ; shift the moveable or third straight edge, and apply it in

the same manner to another adjoining portion of the surface of the boarding. Proceed in

the same manner until the whole line be completed on the surface. By this means, the

necessity of laying down lines for the covering is avoided. The lines being thus drawn,

ribs for the cross vaults are fixed on the top of the boarding ; so that, making jirojier

allowance for the thickness of the same, its surface, when fixed, may form .the true surface

of the other cross vault. The ribs fixed upon the boarding to form the cro.ss vaults are

called jack rilis.

19.52. The mode of constructing the curves by lines is shown for a rectangular groin in

fif; 640., in which A is the plan, B the elevation.

Here, to find the pliant moulds for forming the

groins on the surface of the boarding, and working
the arch-stones, describe a semicircle on one of its

sides, and divide it into any convenient number
of equal ])arts. Draw lines perpendicular to the

base or diameter, the semicircle being supposed to be
within the piers; the ordinates will cut the diago-

nals : but if it be laid down on the outside, the or-

dinates nmst be produced until they cut the diago-

nals. From the points where the ordinates cut the
curve, draw lines parallel to the other side of the

groin, and produce the side on which the diameter
of the semicircle is placed, and extend the semicir-

cular arc with its divisions upon any convenient jiart

of the line thus produced. Through tiie points of

division draw perpendiculars, so as to intersect with
tlie former parallel lines; then through the points of

intersection draw the curve, as shown at C, whicii

will be the mould required.

1 953. Sometimes several vaults meet in one com-
mon centre, as in Jig. Gil., which exhibits the plan
of an eiiuiangular and equilateral groined vault,

constructed of semicircular arches.
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FiR. 611.

I 954. Where the piers supporting groins (fff-

64'i. ) are made octangular, tlie angles of the

groins slioiilcl be cut oft' or arched as ribs, by
which they are rendered much stronger than

when they are square. In stone groins, where
the arch is cut oft", there is no advantage in point

of strength, and rather a defect in point of ap-

pearance, to the groined angles.

19.55. Arches intersecting a coved ceiling are

similar to groins. Such arches are called lunettes,

and are generally ))ractised for semicircul ir-

headed windows piercing the coves in the ceilintj

/iff. 643. exhil)its a plan and section of such arches.

1956. A dome is a solid, which may be con-

ceived to be generated by the figure of the b ise

diminishing as it rises, till it becomes a point at

the summit ; and when a dome has a polygonal
base, the arches are plain arches, and the con-
struction is similar to that of a groin. A dome.l
ceiling of this kind upon a rectangular plan is

shown in plan 13 (/iij. 644.); the sections .\ A
being elliptical in the top, and with lunette win-
dows. C shows the geometrical constvuctioii.

V
rrv~"'^' ^^

wUr"
\^
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1957. Jf/ien ruches in/ersect an inclined vault, and the projections of the arrisses cross

Mch other at riyht angles, and the angle of elevation of one of the semicircular vertical ribs

of the ascending avenue or opening is given to ohtain the geometrical construction; so that

the cross arches may be cylindrical snrfeces.

Draw the straiglit line A 15 (fg. 645.) to

luijiescnt the axis of the inclined vault, and
draw CD perpendicular to A 13. I'roduce

CD to e and /; ; make AC and AD each

equal to the radius which forms the edges

of the ribs ; draw /tN parallel to AB, and
make the angle N/(o ecjual to the inclination

of the axis represented by its i)lan A 15. In

the line ho take any point p, and draw qr

parallel and ps perpendicular to hN. Wake
ps e(]ual to AC or AD, and through « draw
iJ parallel to ho. Draw pii perpendicular

to Ijt, cutting it in u. Produce pu to v.

Set the circumference of the inclined vault

from u to V, divided into the equal parts ?<, 1,

1,2; 2,3; 3v, at the points 1, 2, 3. Divide

each ot the quadrants qs, sr, into the same
number of e(|iial parts at the |)oints 1, 2, 3,

and through these points and in ?<(' draw I«,

ilb, 3c ])arallel to vt, and through the points

1, 2, 3, in the curve qs, draw /L, la, 2b, ^.c,

parallel to pu. Through all the points i ig. m.-j.

L, ft, b, c draw the curve Labcv, and this will be the pliable mould for forming the angle or

groin over the plan, and for working the arch stones. Draw D^ parallel to A^. Let K
divide the circumference CED into the two equal parts EC, ED ; divide the arcs DE, EC
into the same number of ecjual parts as up at the jioints 1 , 2, 3, and draw In, 2.r, Sy, E-,

parallel to AB; also through the ])oints I, 2,3 in the (juadrant qu draw gli, 1 »-, 2.r, 3//, nz,

per])endicular to yN ; then through the points h, w, .r, y, z, draw a curve, which will be the

plan of the groin whereof the stretch-out is "Labcv. In the same manner the other half of

the plan will be found, as also the whole of the other parts,

I 9 .8. J^he form (f an arch crossing an inclined groined vault at right angles, and the plan

of the diagonal ribs I.eing given ; to find the arch of the level vault. Let A13, BC {fig. (J'lG.)

l)j the plan of the axis of the vaults. Through any j,

])olnt A in A 15 draw DE perpendicular to A 15, and

make AD and AF each ecjual to the horizontal

breadth of the vault. Draw DG and ITI pa-

rallel to AB; draw also any line LK parallel to

AB, cutting BC in C, and make the angle KIL
eijual to the inclination of the axis represented by
its plane AB. JMake CJM and CK equal to the

breadth of the level vaults; draw KG and ]\IN

parallel to BC, and let RI N cut DG in N, and FII
in P. Draw the diagonals PG and Nil. Pro-

duce GK to cut IL in L, and NI\I to cut IL in Q.
In the curve DEF take any number of points a,

h, I-. an J draw ad, be, c/" parallel to A 15, cutting DF
in the points /;, q, r, and the diagonal GP in d, e,f,

and the diagonal UN in the points d',e',f'. Pro-

duce B.\ to E, draw dl, em, fn. Bo parallel to BC,
cutting QL in the ])oints g, h, i, /i ,- make gl, hm, in,

lio ecjual res])ectivcly to pa, qb, re, AE; tlien through

tiie points /, m, n, o, draw the curve QoL. Draw Hll
periiendicular to Nil, and make HR equal to KL,
and join Nil; then will II R be the line of ramp for

.
F'« 'i"-

tlie diagonal rib over its plan UN. Perpendicular to UN, draw d v, e'w,fy, BG cutting

the line of ramp UN in the jioints s, t, u, v. Rlake sv, tw, iiy, vG re.s|)ectively e(|iial

to pa, qb, re, AE. Then through all the jioints v, w, y draw a cm-ve, which will be the

angle rib standing over II N, and which will also serve for the angle rib standing over

(jP. All the groined vaults continued in the same range may be constructed by the same
moulds.

1959. To make the icorhing drawings for a .semicircular arch with a straight face, and
to describe the motdils for the voussoirs. Tliis simple case will .serve as a rule for those fol-

lowing; hence the explanation should be perfectly understood, as all the other cases dilfer
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from it only according to the different kinds of arches to be constructed ; such as tlie hevtikf.

arch, that in a battering or sloping wall, and tliat on a circular ivall.

J 060. Draw t^vo lines (fig. 647.) perpendicular to and crossing each other, as BA, GD
From the ))oint E, as a centre, describe

the sofite curve ACB, and the extrados

or u])per curve FGII. Divide cacli of

tliese arcs into two equal parts, as the

dotted arc ahc. Draw L]M parallel to

AB, and make the distance A' L equal

to the thickness of the wall wherein the

arch is to be constructed. Draw the

outer and inner lines of the plan F'K,

A L, B'M, UN parallel to CD. Divide

the arc ACB into the proper number of

equal parts for the arch stones or vous-

soirs, suppose five, by the joint lines 1,

2, 3, 4 ; from the point E draw the

joints 1—5, 2—6, ;5—7, 4—8; then

from every yioint where the joints cut

the arcs ACB, FGH, &c. draw the

))erpendieulars cutting the line K N,

as 8f/, cM, 4/, Ig, hi, 'Mi, 21, mii, 6o,

p, aL, and 5s. Divide the sofite of

each voussoir Al, 1—2, 2—3, &c. into

two equal i)arts t, u, v, ir, from wliich

also let fall the perpendiculars <Y, aX,

1961. To draw the moulrls of the

sofite below NK. Draw the line OP
l)arallel to the line KN ; prolong ED
to Z and make the distance Q.Z eijual

to ED. Through Z draw RS parallel

to OP, and on each side of QZ lay off

the distances C3, 3v, v4, 4w, and icli « ?•
'

' "»' « " '' •^ "' ''J ' "' " *"

respectively on Q.r, J'y, ga, ah, and bV. Fi-. 647.

On the other side lay cff C2, 2u, u 1

,

1 1 and t .\ on Qc, cd, de, ef, and/O. Through the points O, e, c, a; a let fall on RS the perpen-

diculars OR, ea',cd', .vc', ad, PS, and through the points /j d, g, b let fall the perpendicnlars

ffom the middle sheetings /t', df, yg', bh' ; the distances of the dark lines give the breadth

of the sofite of each stone in the sofite curve.

1962. To draw the moidds of the joints : lay off the distance 1—5 on eg, ih, xi, ah, and

through the points ghin draw the lines gq, hi, im, hp, parallel to QZ. To find the middle

of the joint divide the distances eg, ch, xi, an, each into two equal parts, as in k', m, g', s,

through which draw the lines k'l, m'n', q'r', st parallel to QZ.
1963. The elevation is a section of a hollow cylinder, of which the concave or interior

surface forms the intrados of the arch, and the convex or exterior surface the extrados, and

of which the cutting plane of the section is perpendicular to the common axis of the

cylinder.

1964. The angles of the stone are found from the angle whicli the arc of this section

makes with any joint, ami the curving of the sofite of the stone is found by a ruler or

mould, the edge of which is made to the curve. The ends of the sotite are found by its

developement.

1 965. When the stones are shaped according to the moulds, ,,

and joined together in consecutive order, the whole mass, thus

united, will form the solid arch as required.

1966. These separate operations being properly attended

to, every diflKculty will be removed, and no confusion will

arise during the process, wiiich can, in any degree, tend to per-

plex the delineator.

1 967. To find the bevels and moulds fir the joints and sofites

of an elliptical arch cutting obliquclg through a straight wall,

the joints radiating to the centre of the opening. Draw the axis

EN of the arch {fig. 648. j, and theiein take any point E,

through which draw AB jieqiendicular to EN; make EA and

KB each eipial to half the space of the extrados or centre

l:ne of the arch ; also make E(^ and EI) each ecjiial to half

the span of the inner arch. Produce the diameter NE to G ; Fie 6W.
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make EF equal to the heiglit of the inner arch and EG equal to the height of the ou.er

»ieh. On the major axis AB, and semi-minor axis EG, descrihe the semi-ellipsis AGl!,

which is the extrados of tlie arch. Also, on CD as the major axis, and EF the semi- iiiinor

axis, descrihe the semi-clli|)sis CFD.
1 9f)8. Make t^he angle ABH ecjual to the angle which the wall makes with the right

section of the arch, and let BH cut the axis in K. Draw ML at such a distance from

BII that they may comprehend between them the thickness of the wall, and let MIj cut

tlie axis in N. The intrados of the arch on tlie one side of the wall is OPll, and the

extrados is LQ.M ; tliey are both ellii>ses respectively of the same height as the intrados

and extratlos of the right arch, but with the axes OH and LM.
1 969. Til Jiiid the bcrcl of the aogh of the arch stones corresponding to the joint ah

tui'liiig fo the centre E. l)escril)e the arc be from E with the radius Eb cutting AB in

c. Draw b(/ parallel to EN cutting BH in g, and draw cd parallel, and gd perpendicular,

to EN, and join Kd: tlien EKrf is tlie angle or bevel required (fg. 6-i8.)

1 970. The sofite of the arch is drawn according to the general principles of develo])ement

1971. To make the working drawings for an arch iti a sloping wall, as, for instance, an arcu

in a terrace wall. To draw the elevation; from any convenient point o in the line AB
(f;h 6-19.), describe the arc of the intrados

aVf and the arc of the extrados AQB: di- U\

viiie each of these arcs into odd numliers of

e(]ual parts (for the arch stones in this ex-

ample five), and draw the joints bg, cli, di, eh.

For the plan of the arc of the intrados draw

AH ))erpendicular to AB, and draw the line

of slope or butter AS. In the arc of the in-

trados take any number of points bed. Sec.

'and draw the lines bb, cc, intersecting Wi in

the points 1, 2, &c. and meeting the line of

batter AS in the points be. Draw CD ))a-

rallel to AB, and at any convenient distance

from it draw auhvcw perpendicular to CD,
intersecting it in the (joints e, /, nu n. &c. Find

the points //, c', d in the straight lines bv, mw,
7IX, such that the distance of those points

from the line ED may be respectively equal

to the intervals \b, Ic, &c. between the per-

liendicular All and the line of batter AS,
and draw the curve a' b' c' d' e' f, which will

lie tlie ))lan of the arc of the intrados. In

the same manner the ciuve E(/ /( (AD may be

described ; which being done, the plan of the

arc uf the extrados will be obtained.

197'i. To find the mtiuUls of the sofitcs

and beds. Draw any straight line HI in a

separate place, and extend the arc of the in-

trados idicdef upon the line HI from H to I

;

Pig. 549.

divide it into the same number of parts that

the arc oP/of the intrados is divided into (in this instance five), and mark the points of divi-

sio.i /', vi', n', c'. Transfer the distances ea', lb', mc between the line CD and the jilan of tlie

arc of tl)e intrados, to the perpendiculars n"a", l"b", m 'c", n"d", c"e", and through the points

a"b"c"d"e'f" draw a curve, which will be the developcment of the arc of the intrados. I'ro-

duce the lines l"b", m' c", n"d", to v", w", x", and transfer the distances br, c'w, d'x from

the ])lan to the sofite on the lines b"v'', c 'w", d'x". Draw ga ', hb' , ic", kd" perpendi-

cular to HI; transfer the distances 17'a, h'b, i'c from the plan to the sofite upon ga", hb",

ic', and join a"v", h"w", x"c", which will complete the moulds of the joints.

1973. To make the drawings for an obliqne arch bg an abridged method. The following

method is said to be abridged, because, by one very short operation the moulds of the

sofites and joints are found within the plan of the arch ABDC (fig- 650.). Divide AB
in E into two equal parts, and draw EF parallel to AG. From the point A draw AG
perpendicular to AC; i)rolong DB to G ; divide AC into two equal parts in the point H.
From H, as a centre, describe the arc AFG, which divide into voussoirs, and draw the

joints from the centre H. Draw lines from each sofite jjarallel to EF, and below the line

CD; the moulds for the sofitcs are comprised between the parallels of the key, and those of

the joints are traced on the sides of the plan, as follows : —
1974. To find the moulds of the sofites. Through the point Q draw Q\ parallel to

Gil. 'i'ofindon HS the |)oint N, through the point K draw KE also jiairallel to (ill. To
find on Q T the point .M, and on US tiie point L, draw the front line of the second sofite
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FiK. r,50.

IMX, and tlio front line of tlie first I L. 'J"he

back of this sheeting sofite is found by the same
operation below the plan. The moidd of the

key is formed by two lines US, QT, and the

front and back lines of the plan AB, CD; the

two moulds of the solites N3ITS and LIXV
serve to trace the two stones on each side, ol)-

serving only that the lower arrisses of the soHte

on ths oide AC become those of the to]) on
the side 13D; or that the inider arriss of one
side may be that on the other side by reversing

the mould, which will have the same effect.

I 975. To find the mmilds of the beds or joints.

Prolong NQ to meet DG, to find the point P,

and through it and the point E draw the front

of the second joint P2 ; prolong Lj\I to GD to

find O, through which and the point E draw
the front of the joint O.S. Proceed in the same
manner to find the backs of the other joints, which
are sufficient also to trace the stones by reversing

them. It is not absolutely necessary to cut out
the moulds of the sofites and joints, but the

angles may be taken by bevels and ajiplied to

stones. The heads are prepared, as usual, with
tlie moulds of the heads of the straight arc. It

must be ol)served, that in this arch the face or

front dlilers from a straight arch, being formed by different sections of a cylinder.
1976. To find the moulds for an oblique arch, whtre(f the front shpes and the rear are

pendicu/ar to the axis. Let A'lJ'GH (fff.
651.) be the plan of the imposts. From „
the point «, as a centre, dcsciibe the arcs

ACB, Dill, which divide into five or more
e(]ual parts for the arch stones. Draw
the joint lines from the centre, and th'i

perpendiculars from tne joints below the
line A B. Fron ttie summits of the ]3er-

pendiculars. draw lines parallel to A 15,

to terminate in the perpendicular D F.

From the ))oint D, as a centre, describe

arcs from the points whicli terminate in

DF, to meet the line of slope DE in the

))oints ?n, /, k, E. Draw the lines ?wr. Is, kt,

EF parallel to AB, meeting the perpendi-
cular DF in the ])oints rstp ; transfer the

distances rni, th, uP from n to b', from o

to c', from ((' to s', and tlnough the points

A'6'cViVIJ' diaw the curve. Find the

extrados or outer line Vifghi in a manner
similar to that in which the inner curve
has been found. Draw the ))oints h' (' , eg',

d'h, e'i. Prolong All ami BG to K and
L, and draw the lines b'b, c'c, d'd parallel to AK

1977. To make the straight arches. Draw KL perpendicular to A'K, and produce K
/'andf/. Transfer the distances between the points m, I, k, E, and the line QD to

ordinates of the lower arc from h to v, from c

to u\ from d to .r, and from e to y, and draw
the curve 'AvivxyLi. Also find the outer ciuve in

the same manner, and draw VT at right angles

to AH.
1 978. To find the moulds of the sofites. Draw

the line WX. (fig. 652.) in any convenient sur-

face, and lay the breadths of sutite, not from the

arc ABC as before, but from those of the riglit

are Krjt'.ryL, that is, transfer the distance Kv,
WW, w.v, xg. yL to the line WX upon Wa, ab, be,

Cil, and dX. Tlnough the poi .ts WabcdX., diaw
fht lines rfy, el, fk, yl, km, yz, pervpndicular to

per
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WX. Triinsfer the distances 1 A, 2b', 3c', 'id', 5e' upon the perpeiidieulars to WX ; that

is, from a to e, from b to/, from c to g, from (/ to h, and from X to y, and join t/g, ef,fg, yh,

hy. Ill the same maimer draw the line yihlmz, which will complete tlie sotites.

1979. To find the moulds of the joints. Transfer the distances v0, wy, xS, ye, to the line

XW from a to a, from b to )3, from c to •>, and from d to 5, and through the points, a, yS, 7, 5

draw the lines nr, os, pt, 5u perpendicular to W'X. Find the ]M>ints w, o, p, q, as also, r,s,t,u, -m

m the preceding examples : then the moulds of the joints will he tirn, f/iso, ptl(;, h^um. It

umst be observed that the boundaries, or extiados and intrados, Dili, ACB of the ring of

the arch, do not stand in a plane perpendicular to the plan, but are supposed to be the

lines which are drawn on the wall itself; and this is the reason why arcs are described

between the perpendiculars DF and the line of slope DE. It must also be observed, that

the voussoirs of this arch must be cut by the moulds of the heads of the straight arch, and

the moulds of the sofite must be applied on the voussoirs before the sofite is hollowed.

Thus, let the first voussoir on the rigiit hand be cut by the head mould on that face of the

stone intended for the sofite ; apply the first sofite mould, and its U])])er bed the first joint

mould, and on its under bed the plan of the impost. Tlien cut the two heads according

to these moulds, and hollow the sofite square to its arrisses using for this purj)ose the

curved bevel.

1980. To find the moulds for execiding a semicircular-headed arch in a mass of masonry, of
which one of its faces is a battering plane upon an oblique jilan, and the other opposite face a

portion of a cylindric surface. Describe

the intrados and extrados of the eleva- ,\j;" ^.izzzzsisizzzlh^

tion ; draw the joints and describe the

plan a'b'c'd'ef of the intrados l^fig. 65'?>.),

and the plan Y.g'h i'k D of the extrados.

Draw 15 R perpendicular to AH, and

draw BS, the portion of the cylindric

surface. From the arc BS draw the

plan a'l m'li'of of the intrados upon the

line TU, and the plan '\!}>q'r's\J of the

extrados in the same xnanner from the

arc BS, as the plan of the plane face

was drawn from the line of slope AS.

1981. To find the plan <f any joint,

as tiiat for the line or joint ch in the

elevation. Bisect ch in v, draw cm', vie',

and hq' ])er])endicular to AB, intersecting

the line VD in the ))oints que. From
the points cvh, in the joint ch, draw cc,

VL\ hh, meeting the line AS in the points

cvh, and intersecting the line All in the

l)oints 1 , 3, 2 by three intervals, 1 c, 3v, Fi^, (;-,3.

2A. Find the places hvc of the three

points hvc on the elevation. In the same manner find the places q'w'm' of the three cor-

responding points ; then will c'v'h'q w'm' be the plan of the joint required. The plans of the

otlier joints will be found in the same manner.

1982. To find the joint mould itself. Draw the line III {fig. 654.) equal in length to the

developement of the intrados, and let He
, , j f

be the developement of the arc ac ; draw
cm" perpendicular to HI. Draw any line

WX in the plan parallel to VD, inter-

secting the lines cm', v'w', h'q , in the

points 1, 2, 3. Draw W X' in the deve-

lopement or sofite parallel to HI, and
at tlie same distance from HI that WX
is from VD in the plan, and let WX in-

tersect the line c"m" in 1 . Make the

distances 1—2, 2—3 respectively equal

to cv, vh, in the joint ch in the elevation,
''

and through the points 1, 2, 3, just found,
'"' '"''

draw VW, h"q", parallel to Cm". From the jilan transfer the distances 2v', lie', 3//, ?,q" to the

sofite from 2 to V, and from 2 to W ; also from SA ' and from 3 to g the points cvp' will be

in a straight line, because tliey correspond to the straight face of the wall, and the points

m", w, q" will be in a curve, because they correspond to the cylindric surface. Draw, there-

fore, the straight line c"h", and draw the curve line m"wq", which will be a portion of an

ellipsis, differing in its curvature but in a very small degree from that of a circle drawn

through the same three points. However, if more exactness be reijuiied, we may lind as
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iiiaiiy jioiiits in the joints of tlic surface of the wall and in the cylindric surface as we please;

tiler. <'
III' /)"h" is the joint recjiiired, which serves for the Lipjjer and under beds of the two

stones tiiat unite together in that joint.

19H;i. Find all the otlier joint moulds b"l''p"g ', d'n'v't", e"o"s"k", in the same manner,

;i:id (ind the points a'f" in the developement. Through the points a"b"r"d 'e"f" draw a

curve line by hand, or by a ruler bent to the points, and this will be the front curve of the

so ite. Find the points k 'p" in the developement corresponding to the points a' and/ on

the ])lan, and tlirough the points corresponding to the points a and / on the plan, and

the jjoints k l"m"n"o"p", draw another curve, which will be the developement of the

otiier side of the soKte. The developements of each of the parts of the sofite and of tiie

two adjacent joint moulds give the three moulds for working one stone and the adjacent

joints of the stone on each side of it. The angle which each of these joints makes with the

soHte is found by making a bevel with one of its edges, circular for the intrados of the arc

of the elevation, and the other to coincide with tlie joint line adjacent.

] 984. To find tlte moulds for executing a gateway in thu quoin of a sloping wall. Let

ABCU {lig.653.) be the i)lan of the angle

in which the arch is to be constructed,

whereof AB is tlie span. Draw the centre

line EL, to which draw the perpendicular

FG. Prolong the line CAto F, and UB
to G ; then from the ])oint L, as a centre,

describe the sofite FHG audits extrados.

Divide these arcs into e(iual parts for the

arch stones, and from the divisions let fall

perpendiculars, and also from the middle

of the sofites to EC, ED. From the sum-
mits of the perpendiculars draw lines pa-

rallel to FG terminated by the lines of slojie

Set off the slope at tlie different heights

111, fl2, aS, a4 respectively at right angles

to the lines on the jjlan, on dl , h2, dS, b-i,

K5 ; also on the o))posite side -lay «2, «4

on d'2, 64 ; then on one side draw the curve

AW>K, and on the other, to abridge the

work, join 156, bb, /)K. Again, for the

outer curve, or extrados, set off cl, c2, cG
on ili, r/2, N.'?. On both sides draw the

curve INIr/i/O on the one side, and to

abridge the labour, draw the straight lines

O,/, dl, dN.
19S5. To find the moulds of the sofites.

Draw the line FQ (^tig. 656.), on which lay

the arc of the sotite FUG in the usual Fir. r,-.i.

manner, making the points 1, 2, 3, which correspond to the points dividin

jiarts ; then on the lines of the sofite lay the distances

FA, //>, gh, hb, LK, on PR, Ik, 21, 3m, 4m, QS, and
trace the front curve of the sofite H/dnuiS. Also re])eat

tlie same on the other side where there is only a straight

line drawn from one sofite curve to another.

1 986. To find the bach curve of the sofite. Lay the dis-

tances en,fp, gq, kr, LE on PT, \o, 2t, 3u, 4i', QU, and trace

the curve 'l\jturU.

1987. To find the moulds of the beds or joints. The Pi„ 5^5^

sofite lines to which the beds belong are 2< and 4ii.

Draw the straight lines eh, fd parallel to QU, respectively distant from 2t, 4v by the

breadth GI of the joint, and let the Vines be, fd meet PQ, in e and f; make ea equal

to gd, and ab equal to dw, and join al, bt ; make fc equal to hd, and cd e(|ual to d.r, and
join nc, rd. To trace the stones by moulds, prepare the voussoirs with the head of the

moulds of the straiglit arch FHG. The sofite should be hollowed in each voussoir by
its ])artijular mould : the rest is done as usual ; but it must be observed, that if the

sotite moulds are made with straight lines in front and near the sofite, it must not be hol-

lowed till the last. The voussoirs may be worked by bevels, preparing the stones by the

jilans ACVM, 15DWO, as for common imposts. Although the arch in each front be not

absolutely necessary here, we shall give the method of constructing it. Let the line 'un

be drawn apart, on which lay the distances L5, L4, Li, LA on the lines ns, n</, no, nin

square to mm. Draw the perpendiculars op, qr, st, on which lay the heights of the joints of

the straight arch taken on the line of slope ; that is, lay l2, on op, \4 on qr, 15 on st, and
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Let

draw the line nt, whicli is the slope. Then draw the curve mprt. and from tlie point n draw

the joint lines /»> and rX. The centre of tliis gate is represented (in the upper part of the

dia<rram) with voussoirs, and the keystone placed beliind to show the mitre of the centre.

The sofite moulds serve for curving the ends of the stone where the intrados meets tlie

surface of the two walls. It must, however, he observed, that, previous to the application

of tlie sofite mould, the concave surface of the intrados must he formed by a mould with n

convex edo'e, and then the soHte mould or moulds of developement must be bent into the

hollow, so tiiat the two parallel edges may coincide with the corresponding edges of the

stone. The an"-les which the intrados makes with the joints are taken from the elevatioi*

of the face of the arch. This elevation is no more than a section of the arch perpendicular

to the axis of the cylinder which forms the intrados.

loss. To cunstruct a semicirciilar-Zieaded arch in a rcinnd toiver or circular wall.

A1U)C (./!>• 657.) be the plan of the tower. Bisect the

arc AB, and through the point of bisection draw EF parallel

to the jamb line AC or BD. Through any point a in EK
draw (;H perpendicular to EF. Troduce the lines CA and

DB to meet Gil in the points G, H, and GH will be bi-

sected in a. From a, as a centre, and with the radius «G or

(ill, describe the semicircular arc GFH. Also describe the

arc of the extrados and divide the arcs each into five equal

parts, and let fall the per])endiculars of the joint lines, and

those of the middles of the sofite curves to the inside circu-

lar line CED of the tower. Having extended the arcs of

the intrados curve on the line IK, and having drawn the

lines of the sofites and those in the middle of each sheet as

before directed, lay off the distances between the right line

GH and the circular outside line AbB, viz GA on IX and

on KZ, cd on ef, \g on /(/, Sk on Im, Mra on op, ah on qr ;

then trace the front curve on the sotite X?-Z. To find the

rear curve, lay GC on lY, cC on eS, &c., by which the

rear curve will be obtained.

1989. We do not consider it necessary to pursue the

construction of the moulds, the operations being very si-

milar to those already given in the previous examples.

1990. To find the moulds for an olilif/nc nemicirctdar arch in a circuhir tower. The

construction of this differs from the preceding only in the bevel or obliquity of the tower;

hence it requires no particular description ; only

observing, that the bevel causes the mould to be

longer on one side than on the other (see Jiff.

(i.-5o.), as is evident from the plan ; therefore

the distances taken between the right line AB
and the circular line of the tower CUE, being

une(iual, must be transposed each on its particu-

lar line of the mould and joint to which it cor

responds in the sofite, that is, the distance AC
must be laid on FG, BE on HI, and so of the

rest. To work the stones, dress the beds, then

ajiply the pro]icr moulds and cut the head and

tail circular as before. Trace the breadth of the

sofite on the upper bed, thc>n hollow the sofite,

and cut the joints by the l)evel.

1991. To construct an oblique arch in a roinid

sloping tower intersecting a semicircular arch trithin

it. This is nearly the same as the two preceding

cases. On one side draw the line of slope (^fiff.

659.) AB, and on the other the arc CD. Draw
parallels from the divisions of the sofites and their

middles, as in the figure, in order to cut the line

of slope and arc. To work for the slope, set off"

all the retreats comprised between the perpen-

diculars AH and the line of slo})e AB on the

])erpendiculars of the sofite, s(]uare to the front

line of the tower F I 9 G, as follows : Transfer

the retreat 9—10 on 1 9

—

'20 by i)lacing the com- y;.^_ ,;is.

passes so that the line 19— iiO would ])ass

through the centre of the tower, and the point '20 fall on the centre of the gate O

—

75,

and 7—3 on 17— 18, and on 21—22 in the same manner (only terminated by the lints

Fig. 657.
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troin the safitc instead of tlio centre line of

tlio arcli), set also 5—G on 15— 1 6, and on
'_>;i—24, 3—4 on 1:5—14 and on 25—26, and
l.istly 1—2 on 11— 12 and on 27—28, and
through these points trace the soHte 28—'_0

— I 1. The extrados is found in like manner,
nnd tlie middles of the joints 47, 49, 53 ; which
done, draw the j)lan of the joints 14—47—35,

IS—19—37, 22—51—39, and 26—53—41.

1 992. To find the curve of the plan which

leininiites the tails of the moulds. Set the

l)rojections of the buttress of the semicircular

arc at right angles to the inside line of the

tower ; viz. 64

—

65 on 74—75 ; 62—63 on

72—73 and on 76—77; 60—61 on 70—71,
and on 78—79, 58—59 on 68—69. and on
80—81 ; 56—57 on 66—67 and on 82—83;
tiien trace by hand the curve 83—75

—

66.

The curves of the extrados and joints are j-jj,. q^,j_

found in the same manner.

1993. 7o fi?id the moulds of the sofite. Draw the line of direction 94—84 (ftf/. 660.1
as before, below which set off the distances I— 1 1 or

84—85, K—12 on 86—87, L—14 on 88—89, M— 1 6

on 90—91, N—18 on 92—93, O—20 on 94—95, and
then trace the front of the sofite moulds 85—95—99.

To find the rear, set I

—

66 on 84—33, K—67 on
86

—

:i6, L—69 on 88—100, M—71 on 90—98, N

—

73 on 92—97, ()—75 on 94—96, and trace the rear

curve of the mould 101—96—S3.

1 994. To find the moidds of the joints. Transfer

1'— I 9 on 31—54, Q—37 on 32—48, I—47 on 42—52,

11—35 on 43—40, and through these points trace the

front joint or bed moulds 93—54—48, 89—92—40. fik. goo.

To find the rear, make 31—50 equal to PV, 32—38

equal to QX, 42—46 equal to IT, and 43—34 equal to RS; which done, trace tiie

curve lines 97—50—38 and 100

—

^6—34. The two other joints are found by the same
method. We do not consider it necessary furtlier to multiply examjdes of the kind here

given : the latter sort, especially, rarely occur in practice ; and if they should, all that will be

necessary to master the operations will be
the application of a little thought and study.

1995. III. Of Do.me Vaulting. In

whatever direction a hemispherical dome
is cut, the section A is always the same.

J} represents one half (see _^.f/. 661.) of the

same in the plane of projection. The con-

struction is sometimes such that the jjlan

is only a semicircle, as 13, as in the ter-

mination of the choir of a church : in which
case the French call it a cul-de-four ; with

us it is called a semi-dome.

1996. Through the extremities of the

joints, and through the middle of each

sofite of the section A, let fall on the line

ah, ])erpendiculars, whereof all the distances

dc from the centre c will be the radii of the

arcs, which will serve for the developcment
of the sofites, of the joints, and for the

construction of the arch stones. The me-
tliod which follows, tlu.ugn it will not

perhaps give tlie sofites and joints strictly

accurate, will do so sufficiently for all prac-

tical purposes. Upon the developement
C make SC equal to the arc MDGC, then

set out to the right of the points of di-

vision the parts ST ecjiial to st on the plan
I? ; tlien raise through the points 'V

\i|)(iu the line SC" perpendiculars equal
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If we suppose the face or

to tlie correspondents e, t, d of the plan B, and draw the curve ESD througli the points so

found.
. ...

1 997. The sofites are ternihiated by four curves, whereas the jouits have two nglit sides,

as 131, EI, and DO, EO, and two curved sides, as II, DE, and OO, UE; the widths

1)1, DO of the joints are equal to DI, GE of the section; in one direction they are curved

only one way, but as respects their sofites they are so in every way. The heights of the

voussoirs are given by the section A, their bases on the plan B Thus G, I, in the voussoir

next the keystone, being the most ojiposite points, the base of it on the plan will be comprised

between the two arcs cite, which answer to the perpendiculars let fall from G and I. The

base of the first voussoir, according to the first method, will be ecjual to the surface com-

prised between the arc ao/ and the arc dse, wliich answers to the perpendicular let fall from

the point D.
1998. EF and GH are the diameters of the upper and lower bases of a truncated cone,

whose lower surtace is hollowed out spherically. After working the voussoirs, so as to

make their bases such as we have just indicated, they must be worked to solite moulds for

"ivino- them the hemispherical form of the section ; after which the angles of the moulds

are joined by arcs parallel to the arrisses of each stone, or by applying a general mould of

the form of the section, that is, circular, of the radius of the dome.

1 999. For the. pendentives formed in an hemispherical dome. The piers D and E are

sujjposed those of half the dome pierced by the pendentives.

elevation B {Jiy. 662.) to make
one quarter of a revolution

about the point A, we obtain

the elevations B and C.

Through the points of division

on the elevation C draw to the

arc AD right lines perpendicu-

lar to C.\. On the extremi-

ties of these lines upon CA,
and from C, as centre, describe

arcs in the plan F, by which

the plan of the projection on F
is obtained, whose intersections

with the right lines drawn from

B will give tlie joints and faces

for tlie level beds. The lines

HF, FE, ED are right lines.

The spaces GAEF, FHIK are

pieces of cylindrical vaulting,

so that the only difficulty is in

joining to each of their vous-

soirs their correspondent parts

inELMHFE.
2000. The elevation B gives

the heii!:ht of the voussoirs
;

Fig. G62.

their bases, as seen in the preceding example, will be OPQ.UNO, GSTUVKFG. The
length of the keystone will be X Y, and a—A will be half its width.

2001. The part F'^ll is the plan of the springing stones of the pendentive in the eleva-

tion A. Tlie remaining parts of the construction are sufficiently shown by the lines of the

diagram, which will be understood by the student if he has previously made himself

accjuainted with the previous portions of this section.

2002. We should willingly have prolonged this part of our labours, if space had per-

mitted us to do so without sacrificing other and important objects. If the subject be one

in which more than the ordinary practice of the architect is called upon to put into execu-

tion, we refer him to Simonin, Coupe des Pierres, Paris, 1792, and llondelet's Art de Butir,

which we have used with much freedom, and in which many more interesting details will

he found than we have thought it absolutely necessary here to introduce, though we be-

lieve we have left no important point in masonry untouched. We cannot close this section

without paying our tribute of respect to the masons of this country, who are among the

most intelligent of the operative builders employed in it. A very great jiortion of them
are from the north of the island, and possess an astuteness and intelligence which far exceeds

that of the other classes of artisans. We must not, however, altogether do this at the ex-

pense of those employed in carpentry, which will form the subject of our next section,

among whom there will be found much skill and intelligence, when the architect takes the

proper means of drawing it out ; and we here advise him never to be ashamed of such

means.
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200?«. IV. Of CaFSSONS I\ Cvl.INDRICAt, AND HEMISPHERICAL VaUI.TINO. — Tlie

nic'iliod of st'ttiiig out the caissons or sunken panels in 4-yliudrical vaults and domes, is a

process re<|uire(l almost in every building ol' importance, and imparls great beauty to the
eH'ect of the interior when |)roperly introduced : it is, indeed, one of tlie e'eineiits in

composing them, and must tlierefore be well u.derstood before the student can succeed
in developing his ideas.

'iOOt-V). In setting out the ribs of cylindrical vaulting, the vertical ones are supposed as

falling on supports below the springing ; l)ut if such supports fall too wide apart, the
caissons themselves will be too wide, and the space must be divided into a greater number;
ia which case, if practicable, an odd number is to be [ireferred, taking care that the caissons

are not too much reduced in width. 'J'his, however, is only for the purpose of ascertaining

roughly how many caissons may be used in tlie circuit of the vault; and it is to be remem-
l)ereci that they must be of an odd number, because a tier of caissons should always extend
along the crown of the vault. Fig. 662a. is an example of a cylindrical vault wherein the

Fig. 662a.
'

Fig. 6P26.

number of caissons is five. A is one half of its transverse section, and B a small portion of

the longitudinal section. The width of the ribs between the caissons is one third of them;
hence, if the number of caissons, as in the example, be five, the arch must be divided into

twenty-one parts, one of which parts will be the width of a rib, and three will he givrn to

the width of a caisson. As we have just observed, a caisson is always placed in the centre

;

we shall therefore have the half-arch = U + 1 + 3 + ] + 3 + 1 = ICi and lOi x 2 = 21. Tin
vertical lengths of the sides of the caissons thus found will regulate the horizontal lengths

of their sides, inasmuch as they should be rnnde square. If the caissons in the vault be

seven in numher, as m Jiy. 6626., the soHte or peri))hery must be then divided into twenty-

nine parts ; if their number be nine, into thirty-seven parts ; and so on, increasing by eight

each step in the progression. The caissons may be single or double sui.k, or more,

according to the richness re(]uired ; their centres may be moreover decorated with fluurmig,

and their margins moulded with open enrichments. Where the apartment is very highly

ornamented, the ribs themselves are sunk on their faoe, and decorated with frets, guilloches,

and the like, as mentioned for ceilings in Book iii. , c. i., s, xxlv. Uurand, in his Cours

(T Afc/iitecture, regulates the width of the caissons entirely by the interaxes of the cohmms of

the building; but this practice is inconvenient, because the s: ace may in reality be s,)

great as to make the caissons extremely heavy, wliich is, in lact, the case in the examples

be gives.

t-'002c. In the case of dome or hemispherical vaulting, the first point for consideration

is the numher of caissons in each liorizontal tier of them; and the student must recollect

that allowing, as before, one third of the width of a caisson as the width of a rib, tlie

number of parts into which the horizontal periphery (whereof eV on the plan A is one

quarter, and its projected representation at ee on the section B) is to be divided (Jig. 662c.)

must be multiples of 4, otherwise caissons will not fall centrally on the two axes of the

plan. Thus,

A dome having 16 caissons in one horizontal tier must be divided into 64 parts.

20 ditto

24 ditto

28 ditto

32 ditto

80 ditto.

96 ditto.

1 12 ditto.

128 ditto.

and so on increasing by 16 for each term in the progression. In the figure, the number of

caissons is sixteen. Tiie semi-plan is divided into thirty two parts, three whereof are

(jiven to each caisson, and one and a half to each half-caisson on the horizontal axis of the

plan. From the divisions thus obtained lines are carried up to the section ab, ab, cd, cd.

As the projected representations of the great circles of a sphere are ellijjses, if from /',

b, d, d, we construct a series of semi-ellipses wiiose transverse diameters are equal
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to the seini-diatnetiT of the s])liere,

and their conjujrate axes lieierinined

fioni the jjoiiits of intersection b, b, d, d,

we sliall have tlie vertical sides of the

caissons. The next part of the process

is to ascertain the ratio of di ninution

in ilie heigljts of the tiers of caissons

as they rise towards the vertex, so that

they may continue square in ascending.

Upon a vertical line CC. whose length

is equal to the developed length of the

line of dome ef, or in other words,

whose length is equal to one quarter of

the length of a great circle of the sphere,

to the right and left of C set out at g
and (f the half width of the caisson ob-

tained from tlie plan, and make /ig, kg
erjual to one third of the caisson for

the width of the ribs on each side.

Drav/ lines to the vertex of tlie de-

velopment from hh and gi). A diagonnl

hi being then drawn, the horizontal line

ik will determine the lower edge of f'e

next caisson upwards. Proceed in this

way for tlie next from I and so on.

The heights of the caissons thus ob-
tained, being transferred to the section

on I he quadrant ef, will give the ])ro-

portionate diminution thereon of the

caissons as they rise. They are discon-

tinued, and the dome is left plain, when
they I.ecome so small as to lose their

effect from below, and indeed they

could not beyond a certain limit he
executed.

It <J C (] li

20C)2d. V. Of Gothic Vaulting.— Professor Willis, in his valuable essay On the

Faults of the Middle Aues, printed in the Transactions of the Institute of British

Architects, 1842, states that every rib should spring as a separate and independent arch,

and that the elliptic curves produced by the method of obtaining the form by ordinates
from those of the transverse ribs, are totally at variance with the characteristic forms
of the Gothic style. De Lorme first taught this method, and others followed him, but it

was never intended by them to he applied to Gothic rib-vaulting. This author shows
(eh. viii. ) that every rii) is perfectly independent of the other in its curvature ; eacli rib consists

of a single arc of a circle whose centre is vpon tlie impost lerel, nnd they cannot be therefore

connected by projections. They all form pointed aiches of ditlerent proportions, with the
exception of the diagonal arch, which is very nearly a semicircle. " This," says Willis, " may
have been tlie genuine French method, but in our English examples the centres are com-
monly placed without respect to the impost level, and the general forms of the vault are

ditferent from those which are produced in this manner." Derand, writing later than De
Loinie, says, ''that in this style the ribs are always made arcs of circles, elliptical or other

curves being inadmissihle "
(jj. 177). Willis, liiter, however, allows certain ribs in a vault

to be "'semi four-centred arches," the others being arcs of circles. (See 1943a.)
200?e. ''In the eaily stage of rdi-vaulting" rt-marks Professor Willis, " the ribs consist of

independent and separate voussoirs down to the level course from which they spring. The
separate stones were roughly jointed at the back, instead of being each got out of a single

.stone, as in later structures. The back of tliese ribs is concentric with the soffite. The
transverse rib of the north-east transept of Canterbury Cathedral consists of about one
hundred richly-moulded stones, but the workmanship is exceedingly rude "

i'OOSy. " The rough construction of the spandril, in the early instances, was followed at

once by a more artificial structure, bespeaking a great advance in the art of masonry ;

and it remained with very slight change to the very latest period of rib-vaulting. This
system is shown in fig. (iG'iid. The junction of the solid mass L to N with the clearstory

wall, is bounded by parallel vertical lines D, and this mass is always built of solid

masonry bonded into the wall and forming part of it ; the French name for this block of

masonry is tas de charge. It is from the level of N that the real rib and panel work
uf ibe vault begins, for separate ribs are erected upon the surface of this solidi and
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coiiiiocted by vaults of a light material. Tlie dcconitive construction, however, of the vault,
cxiiibiistlie rib and panel from the abacus L, upwards. Tlie point N is commonly at abont

:
half tiie vertical hei<^ht of the arch, iind is not

J necessarily guided by the impost of any clear-

siory lib adjoining. M is the general position

where the mouldings of the several ribs run clear

of one anotlier at the divergence of tlie ribs.

The solid i)art LM is built of horizontal courses
of masonry, generally each of a single stone

and its level Ijeds cut the curved mouldings
obliquely in front."

2002^. Moller, Memorials, &c., translation

1S36, p. 154, notices that, at Cologne, the

lower part of the vaulting of the cathedral is

formed by horizontal courses of stone pro-

jecting from the wall, consequently the ac-

lual span of the vaulting is ])roportioniillj

diminished, while, on the other hand, the abut-

ment is in the same degree strengthened. Still

more deserving of attention is the manner in

which the essential parts are so linked to-

gether as to be rendered incapable of thrusting or giving way, and therefo e of necessity

remaining in their original position. Price, in his work on Salisbury Cat/itd'al, 1753,
\). 25, quaintly remarks : "And iiere 1 beg lea\e to make a conjecture, that is, that all the

S))ringing stones of tlie vaultings were inserted into the walls at the time of their being
erected, and so left till the whole church was roofi-'d <uid covered in ; and tiien being
defended fro n rains, &c., they fixed their principal ribs and groins, and turned over the
vaultings, as having the weight of the superstructure to act instead of a buttment."

2002/«. " Above M," continues Professor Willis, ' the rilis are each built separately of
voussoirs, having their beds properly inclined to meet the axis of curvature of the rib. and
these ribs are backed and united by solid masonry which connects them with the w..ll, and
wiiich, appearing between the rib, seems to he a jioition of the light vaulting surface,

really employed higher up. From the upper surface N, each rib A is still built as from M
to N with voussuirs, hut upon these ribs rests the ligiit thin vault or panel-work."

SOO'-'i. " It is remarkable that the courses of the vaults are not laid level, but are in

most cases made to incline downwards u])on the diagonal rib. The reason for it is not
easy to explain, but it is very common, especially in the earlier exam)>les. These courses,
in the transepts at Westminster Abbey, aie of a liglit coloured stone, probably challi, in-

terrupted at regular intervals by a course of a darker stone; and the ridge, which has no
rib, is also formed entirely of this darker stone, laid in a serrated manner. These dark
courses are ratlier broader than the light o.ics, and there are four or five courses of the
light between each of the dark. Tlie suiface of the panel between ench rib is also made
slightly concave or domical (probably to preserve tiie eHL^et of being level, as seen from
below it), and may theielore have been laid witliout any centreing, since each course would
support itself, 'i'hese peculiarities may all be found with some variations in other vaults

of the same age.''

2C02/;. " 'I'he architect of Leon cathedral," remarks Mr. Street in his work on Gothic
Architecture ill Spain, p. 110, " filled in the whole of the vatdts with a very ligiit tufa, ob-
tained fiom the mountains to the north of Leon ; so at least I was assured by the super-
intendent of the works at the cathedral. Some of the material I saw was no doubt tufa ;

but some of it seemed to me to be an exceedingly liglit kind of concrete. The vaulting of
Salisbury Cathedral is similarly constructed. I do not know whether at Beauvais the same
expedient was adopted to lessen the weight." Both at Heauvais and Leon the construction
in every part was too light.

209-'/. Over the vaulis was commonly laid a tliick irregular course of rubblework,
which again is also often covered with a kind of concrete. The vaults of the western
compartments of Westminster, and of the south transept and tower of Hereford, are left

bare on the upper surfiice. and tiiese vaults, instead of being built with small briek-like

stones, are comjiosed of long thin' slabs. The ribs themselves are, in some later examples,
formed of a tew long bar- shaped voussoirs instead of tlie small and numerous jiieces of the
earlier examples. Thus, in the transept at Westminster, L to N consists of 1 3 or 14 stones ;

but at the vvest end of the nave of 6 only.

2002m. Price notices (p. 24) that at Salisbury, " The groins and principal ribs are of
ChilinarK stone, but the shell, or vaulting between them, is of hewn stone and chalk mixe-d,

in t'p of which is laid a coat of mortar and rubble of a consistence, ])robably ground in a
kind of mill, and poured on hot, while the lime was bubbling; because by this, the whole
is so cemented together, as to become all of one entire substance. This composition is



c.iAP. in. MASOXRY. 609

very remarkable, somewhat resetiibliiin; tlie pumico-stonc, being porous ar.d ligtit, by wliich

it contributes prodijiiously to the strength of tiie wliole, and at the same time the least in

weight of any tonti ivance that jjerhajis was ever used."

200'Jw. "Tile early mouldetl i ilis are formed as y?y 602/". from St. Saviour's Church,

Soutliuark, the vaulting or paml-work

resting only on their backs; hut the ribs

of later date are rebated for the reception

of this work, as shown \nfig. 66'2e."

2002o. As early as 1225-50, the square

plans for vaults were superseded l)y oblong

ones, which allowed the cross-n7>, the ///<«"/(-

7i/), and the a-all-rib to arri' e at nearly one

level. In the new system the groin-ribs

were portions of circles, and the cross-ribs

were struck with the same radius; but

these vaults were soon considered to be

weak, and the cross-ribs were heightened

while the groin-ribs were either stilted or

(subsequently) sl)arper pointed.

2002/). .As soon as mediieval builders

ndmittid the principle that the strength

of arcii -stones, like tliat of beams, is more dependent on the deiith than on the width, they

reduced tiie width as much as they could in or(!er not to require a large abacus to thi;

capital. The next step was to rt solve all thrusts upon that support into a foice acting

directly ujDon it ; and consecjuently lo endeavour to make the various pressures, which
the pillar has to bear, combine in a point in a .stone that .should be fully as large in plan

as the abacus, and ])•• rhaps rest upon others of the same cliaracter.

2()02(/. The o])eration of deciding the form and i)lace of this stone is very simple after

the size of tlie arcii-stones lias been determined. Sujiposing that the work is, as in a

cloister, bounded by a wall, and with-
,

out wall-ribs, there will only be a

cross-rib and two f;roin-ribs to be

heeded. A line AB { fy. 662g.)
sliowing the face of the wall is to be

cut in O by another line CD repre-

senting the centre of the cross-rib ;

and the plan of the arch-stones for

that rib is to be (irojected by the aid

of these lines. It gives at the wall a

centre O, and in its length OE on the

central line a radius with which a

semicircle may 1)6 described (as shown
by the dotted line); a couple nf pa-

rallel lines, FG and HK, will now
show the thickness of the cro.ss-rio.

To proceed with a groin rib, a line

from O must he laid down at the

correct angle made by the groin with

the wall ; and the \A'm\ of the groin-

rib must l)e so projected that, witii

this line for an inside line, the front

of the arch-stone shall touch the

semicircle. A couple of parallel lines

jMN and I'Q will now show the thick-

ness of the groin-rib ; and the plan

of the abacus of the pillar may l)e

designed, even so as to allow of wall-

ribs if they should he intended.

2002r. The use of the semicircle

is not an indispensable, but is a ria-

tuially convenient step, because the

equal quantities so taken by it from

all the spans of the ribs leaves undis-

turbed in general result all calcula-

tions found.^d upon lines drawn fi;om Fi^ CCSo.

mutlumitical (joints that are takt'n as centres in a |)lan made to a small scale; but

tlie plans of the gioin-ribs may be placed anywhere uiK)n their lespective eciUre-liiU'si

R R
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SO' \o:\rr ;,s till' intersection or junction of tlio neighbouring lines of the widths of tlie
nlis is secured at some jjoint. J'liis intersection is not a:i absohite necessity, but it is the
means of reducing the size of the abacus; and tlie point of junction S is that beyond
uhicli (working from the wall) the two rilis will be distinct Taking this point S as fixinf
a line for tiie si)ringing, the elevations of the two arches are to be drawn on the intersect-
ing lines; then lines 8U and ST drawn perpendicular to the si)iingings, will cut the ex.
tnidos of each arch at jioints whicli dicide the level of the top bed of the liorizcintal work.
'J he mass of work between this bed and tiie capital will be divided into a convenient
number of courses, and tlie plans of tiie beds thus lixed are easily drawn from tlie elevations
iif the arches; when it will be seen that, if the groin-ribs are less in depth than tiie cross-
libs, the former will give a good starting-place" tor the material which is vo form the
spandrils of the vaults. In a similar manner, the intersections o' a.-.y number of ribs may
be found, and the tertiary and secondary ril's may lie successively supiiressed in favour of

the primary principal ones. \'iollet le Due, Dicfioniiahe,
s.v. Construction, p. 96. Prof Willis gives the following
illustration (/</. 662/*. ) sho>>ing the method of setting
out inouldings for vaulting, belonging to the perpendicular
period ; it is taken from one of the spandrils of a complex
vault which formerly covered the extreme north-western
coinpaitment of the nave of Canterbury Cathedral, the
lower storey of the so-called Lanfranc's tower. The num-
iier of ribs being seven retpiired tuo stones in each of its

iipjier courses at least : ^'A «(j'-V(. being only a portion <f
thespandiil. contains but four of them. It also shows that
the stone had been scored, then rejected, and another set

ot hues drawn, and actually em|iloyed. A B, AC, are the rejected centres, and 1) a portion of
the h.st outline. E I', EG, EIJ, and EI are the true lines drawn, each parallel to its own
rib. ihe a\erage thickness of the courses is about 10 inches.

2002s-. The kcy.slon. or bnss-stunc was adopted by the medieval arehitects as a necessary
appendage to gr^m-nbs, because the solidity of the vaulting defends greatly upon the
pressure exerted by the key, whicli must consequently I e heavier than any of the aicii-
stones

;
it will necessarily be an extremely large stone, albwing a great part of its mass to

be cut away by the .sculptor in order to diminish its

apparent heaviness. This stone should generally be
nearly circular in plan ; for if the ribs diverge enough to
leave any large sjiace between them, a fracture is almost
certain. In cases of such divergence, it is best to design
the sculpture so that a mass may occupy the space This
remark, of course, does not apply wlu re there are only
two groin-ribs meeting at right angles; but it governs the
amount to which the groinrib should be allowed to be
worked in the key-stone. No part of the boss ought to
be sunk within a horizontal line connecting the intrados

of one rib with that of anotlier
; and it is generally desirable that, whether or not the ribs

be back-jointed for tlie Hlling of the groining, as ^y. 662/!, the kev-stone sliould ha\e
a projection or ta 1 sufJicient to stand above the back of the "tilling. •' Every boss-stone,"
says Professor Willis, '• had its upper surface made horizontal, on which were drawn the
lines from the axis of the boss in the direction of the respective ribs." The principles lure
indicated are illustrated in _/?_(/. 662t.

2002^ In the construction of groined vaulting it has been considered b'-st to fix the key-
stone on the centreing, befure laying the arch-stones, for the sake of the guidance which 'it

affords in tlie work
; the inconveniences of working a boss in its place, and of sefing it it

already worked, were obvi.ited i.i the L3th century by leaving its breast smooth, so That a
wooden boss, carved at leisure, might be fastened to it with hooks. In the 15th century
such a l.css was not unfiecjuently of stone instead o( vvood

200971. A striking feature of the Flamboyant style is the fie(]uent use o( pendents in thd
vaulted roofs of tlie period. These, however, are "not confined to the Continent, for the
Tudor period in this country exhibits many splendid instances of tiieir employment, none,

"

lierhaps, more gorgeous, or more interesting as regards its construction, than" the Chapel
of Henry the Seventh. Some ofthevaiious exmiples that exist have been scientitically in-
vestigated by Professor Willis, in his iiaper On t/if. Cor.ytnicliou of the Faults of the Middle.
A(ies, already quoted; and we therefore now jiroeeed merely to indicate the principles upon"
which the fairy- like system of not only sus|)endiiig vast bosses from the ceiling was con-
ducted, but that by which these bosses or pendents became in tiieir turn the springers for
supporting other vaults as in the beautiful little Lady Chapel at Caudebec in Nomiandy,
and many other examples. A plan is given in the section o"n Puincihles of Proportion.'

2002P. This chapel is hexagoaal on i^Ian, about 23 feet in span, or from side to side.

Fig. CC2i.
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Fill. 662/t. shows the mode by wliich, from tlie key-stone of an arch apprcachinji a semi-

circular form, and suspended or elongated beyond its ordinary dei)lli, support is i;iven mr

the springing of the vaults of ihe ditl'erent bays. On this i)ractice I'hilibert De Lonne
observes, '* Les ouvriers ne font seulement une clef au droict de la croist'e d'ogives, mais

M

See auothcr section and! Fis. 6G2t. [plan, figs. 1322 and 15:3.

jussi plusieurs quand ils veulent rendre plus riches leurs voutes, comme aux clefs ou s'assem-

blent les tierccrons et Hemes, et lieiix oii ils ont mis quelquefois des rempants, qui vont

d'une branche a I'autre, et toinbent sur les clefs susptndues, les unes etant circulaires, les

aiitres en fa9on de soufflet, avec des guymberges, mouchettes, claire- voyes, feidllages, crestes

de choux et plusieurs bestions et animaux : qui etoient trouves fort beaux du temps qu'on

faisoit telles sortes de voutes, pour lors appelees des ouvriers (ainsi que nous avons dictj

\oiites a la mode fran^oise."

"JOO'Jtv. We have shown above the mode of suspending the pendent in a polygonal

building. The Jit/. 662/., by a little consideration, will explain the mode of suspending

pendents not centrically situate, as in theose of the ceiling of Henry the Seventh's Chapel,

whose date runs coincident with the Flamboyant period. The figure is a transverse section

and plan of the vaulting of the building, in which one of the main arches, on which the whole

construction depends, springs just below A, and reaches its summit ;it 13. Tiie voussoirs or

areii-stones whereof it consists are marked in their order. The dotted interval from a to b

is not to be considered as an interruption of the formation of the arch i)y the pendent, but

may i)e supposed an imaginary line passing through it, or rather througli the arch-stone or

voiissoir C, whose general form is narked by the bounding letters cdefba ; so that, in

fact, the pendent is nothinx more, as in the case of the Lady Chapel at Caudeliec, than a

voussoir, a large part whereof hangs down below the face of ihe vaulting. The voussoirs are

out of blocks about 3 feet 6 inches deep; but a considerable portion of the solid below the

soffite of the arch is cut away to form the lobes of the cinquefoils. The arch D serves, by

its connection with the walls, to stiHen and give weight to the arch where it would be most
required, that is, towards the s])ringing. The pendent or voussoir E, on tiie same block

witli C, being tiius established in its place, .serves at, or towards its foot, as a springer for

the ribs of a fanwork tracery shown on the plan, whose ribs are, in fact, ribs of a dome, and

in construction do not diH'er from it. Their section is shadowed somewhat lighter than tl.s

pendent voussoir. The fanwork round each affords the means of introducing another

pendent at ils meeting at F in the plan. (This pendent is shown at F in the two sections

given in Pkincii'les of Puofortion. ) The /(ire vault is very properly distinguished by

Piof. Willis from what he calls the stelhir vault, which is formed of ribs that may be, and

indeed fre<juently are. of different curvature, and the rays of the star of ditl'erent lengths ;

whereas the fan vault consists of ribs of the same cur\ature and height, ad the summit
of the fan is bounded (,see the yr^. ) by a horizontal circular rib, instead of the ends of

lozenges forming the points of the star. " The effect of the fan is that of a solid of revolu-

tion, upon whose surface panels are sunk.: the effect of the star is that of a group of

branching ribs." It is manifest that the constructive details of these two sorts of vaulting

are vastly different. In the one, the de|)cndence is upon ribs which support, by rebates on

them, the tilling-in panels; while in the other tlie principle is similar to tliat of dome-
vaulting. This will be immediately perceived by refeience to the plan G, in wliicli tiie

courses are marked, as also in the part of the section marked H. 'Ibe plan I shows the

tracery of the soffite of the vault. The author above quoted observes, " The construction

of these fan vaults is in all examples so nearly the same, that they seem to have proceeded

from the same workshop , and it is remarkable that, at least as far as I know, there are an

S.J12



R12 TIIKORY OF AUCHlTECrURE, Book II

C"()ntinent:il examples of them ; wliereas, of tlie previous vaults, there arc quite as many
on the Continent as in England. In France, indeed, the lienie " (ribbed) " vuuits are not

HENUr THE SEVESTll'S CIIAPEI,, WKSTMIXSTER.

very numerous; they are confined to small chapels, and tlieir patterns are in general simple.

But in Germany and in the Netherlands there is an abundance of tliem, distinguished, cer-

tamly, from ours by local peculiarities, but nevertheless of similar mechanical construction,

and requiring the same geometrical methods."
2002t. The iniroduction of (an vaulting seems to have occurred in the beginning of the

15th century. The first instance wherein the span was considerable is the Dean's Chapel
sittached to the north-west transept of Canterbury Cathedral. In St. George's Chapel
at Windsor, tiie aisle and central compartment only have fan vaults, the principal vault

not being fanwork. The chief " orks of this kind, of known date (about 1.500), are

Henry tlie Seventh's Chapel at Westminster, King's College Chapel at Cambridge, the

central tower of Canterbury, and Bath Abbey church. (See Pkinciim.es of Pkoi'Okt;on )

In the church of St. Etienne du Mont at Paris, we find a remarkable example of the style

of the renaissance contending with the expiring flamboyant style. In short, the whole of the

interior is a mass of interesting incongruities. The church is cruciform, and at the inter-

section of the cross is a pendent key-stone, most elaborately wrought, and more than 13

feet deep. It is obvious, in respect of these pendents, that there is no mechanical difference

between their pendency and their being insistent, as lanterns are, on domes.
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Sect. IIIa.

use of marble.

20C2rt(7. The Greek term " marble," to flash, gleam, sparkle, is well applied to the

white marb.'es of the Greeks, which ditFered materially from those of Carrara, in Italy.

The Greek and Eoman marbles are noticed in the Glossary. The Byzantine interiors

exhibit fine examples of durable applied marble decoration, about one inch thick, show-

ing no desire to appear anything dilferent. The walls were covered with oblong panels

ill viers of rich marbles opened out, framed with narrow white mouldings and bands of

different colour, continuous horizontal lines of colour on white being introduced between

these panels ; the whole surmounted by a marble mosaic frieze, with a cornice displaying

small, sharp, triangular shadows, as at Constantinople and St. Mark's at Venice. At

Palermo the panels were framed with bands of mos;MC work.

2002/^6. The marble pavemods of Greek temples were probably the earliest, and were

usually of thick, large slabs. They perfected the tesselated mosaic pavements. The

Eomans gained the knowledge from them, became proficient, and used them throughout

their extensive empire. Although under half an inch square, the mosaic is one inch

thick, made to last. Some of the grandest pavements are the simplest, as those of the

Basilica Julia at Eome, of Santa Sophia, and the one under the central dome of St.

Mark's. That of the Basilica Julia has been lately discovered, and is very pt-rfect in

part. The plan is a rectangle of about two squares, the centre space being divided into

three squares and four broad bands. The squares consist of large slabs of Giallo antico,

' with a broad border of Pavonaczetto, the bands being rectangular slabs of rich Afrmmo
and Porta Santa. The central slab is surrounded for about fifty feet with large slabs of

Greek white marble.

2(J02ce. The OjJusAlexa?idrinunnpa,xemeurs, as at St. Mark's and at West minster Abbey,

were usually composed of few colours—red and green porphyries with white Palamhino

for the mosaics, the bands being Greek white marble, and made out of old materials : a

great variety of geometrical patterns. Some of the most beautiful examples are at Palermo.

The Palambino was a limestone of pot-like texture. The great pavement in Siena

Cathedral, one of the finest Italian Eenaissance works, consists of pictorial subjects in

dark green marble and mastic inserted into thick slabs of white marble. These have not

worn well, and are kept covered. The filled-in lace-like p;itterns used as borders round

the monuments at Sta Croce, at Florence, are in a better condition, the fillings being in

smaller quintities. These fillings might be of lead set in a white ground, and woidd look

well. Black and white marble pavements in squares were introduced about the time of

Torregiano, and were largely used, as at King's College Chapel, Cambridge ; the Beau-

champ Chapel at Warwick ; and in mansions generally. The white squares came from

Italy, and the black from Belgium ; and are still used in that country.

'IWldd. The retiring grey marbles, as Petworth, Purbeck, or Frosterley, were used by

the medieval builders in England, and the colour was most useful in contrast with the

stone. The altars and tombs of the Italian Eenaissance were executed in white marble,

with only one colour introduced for the columns, pilasters, frieze, pediment, and panels

of the bnse. A variety of marble work of late date, seen at Palermo and Naples, consists

of inlaid floral arabesque, of orange, red, and brown marbles, with black inserted into

white. It is gaudy, being deficient in repose. Similar work is seen in the monuments at

Agra, in India.

2002ee. English Alabaster, if selected free from earthy veins and used Avhere wet would

not run over it, though only for interior work, may be better than many stones, and it

would keep its colour. Of all buildirig materials it is about the least porous or absorbent.

It has been used for monumental work from a very early period, and much delicate work

has been executed in it. The inner arch moulding of the west doorway of Tutbury Church,

carved into birds' beaks, of the Norman period, is in ordinary alabaster, and remains in

good preservation. This material came into general use about the fourteenth century in

Derbyshire, and extensively so during the lilizabethan period. Great Britain and Irelai d

(see Marblk, 1681 et scq.) contain many varieties of well-known coloured marbles, little

used, even at the present day.

2002/! Memorial slabs of incised marble preceded brasses, and were far supcrinr to

them. The English Eenaissance produced marble work in chimneypieces equal, if not

superior to anything on the Continent. The designs and the marbles were equnlly gooil.

'IWliiq. The 0«//.r marbles of Algeria, Mexico, and California, of the same nature as

Oriental alabaster, can be cut and ground thin enough for window purposes. At Tarragona

Cathedral and at Orvieto are examples of orange-yellow Oriental alabaster. In the east

windows of San Miniato are slabs of antique Pavonazzetto, with red-purple markings,

nearly two inches thick (par. Glo).
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'2{)02/J;. Carrara and Sicilian marhles are used for steps and floors, Avail linings,

jiimbs. lintels, columns, capitals and bases, entablatures, altar rails, fonts, pulpiis,

sepulchral m^morials, and many other purposes. If consistent details were used, it might
piol)ably be emploj'ed for public and other buildings (par. ]677n),

'lOO'Iii A new and beaut'ful white marble, called Hc(/gc marb'e, from near Erono, in

"Norway, is stated to be a pure calcium carbonate, hai'd, with a few small veins or spots,

of nearly uniform whiteness, and taking a high polish. The price in London is about
one halt that of similar marbles. A green and a red marble are sent from Greece. Verde
Aiitico and J''erde di Corsica are composed of limestone, calcareous spar, serpentine, and
asbestoB.

2002/.7.-. The British Muslim, the South Ken-
sington Museum, the University at Oxford, and the

Geological Museum in Piccadilly all contain tine

collections of coloured marbles, ancient and modi rn

—some wrongly named. The most instructive col-

lection is in the museum of the Louvre. (W.
Hvindley, Ma7-ble: its nses as suggested by the jxist,

read December, 1886, at the Royal Institute of British

Architects )

Mouldings.

2002W. A marble to stand exposure to the weather
should be close, hard, and vitreous-lookmg. Plenty
could be selected. The mouldings used in the palaces

of the CiKSars and other important buildings in Rome
were usually very simple, and mostly consisted of flat

hollows and rounds, with small filli-ts produced out
of a chamfer (fig. 662?«.). They looked Avell, and
cost less than m.iny modern ones, which are designed
forgetful of masons' methods of Avork. Mouldings
needed to be draAvn specially to suit the colour of

the marble.

'IWlnim. Marble linings, Avhenever possible, should
be fixed holloAv at the bick, and a few small pbices

left open in the joints until the solid Avails are dry;
the hoUuAV alloAvingthe slab to keepAvarmer than tlie

solid Avail, thus avoiding condensation. Gojd well
slaked lime mortar is the best for bedding. Cements
are to be aA'oided. Plaster of Paris should be mixed
Avith a little lime putty, to assist adhesion and pre-

A'ent SAvelling. It must be remembered that marbles
absorb water by capillary attraction, and are coin-

monly permeable to gases. They absorb Avater from
the mortar, wiiich coming to the exterior surface

becomes deposited at the mouths of the pores and
gives the surface Ji brownish discolouration. If the
interior surface be coated with asphaltum the dis-

colouration will gradually disappear.

Polishing.

2002??re. As to folishing marble : properly polished

chinmey pieces of foreign manufacture, and toilet

tables, are rarely found, as acids are used to pro.'ure

a lapid and cheap, though imperfect and fugitive,

rtsult. At the Carrara quarries the marble is first

rubbed smooth with fine sand, then with pumice-
stone, then with two or three stones of variable hard-
ness, finishing off with lead, which gives the last and
brightest polish. Water and friction do the work. (E. C. Robins.) Marble steps should
never be polished, as if propoily done they are very slippery and dangerous. In Belgium,
only the face of the riser and rather more than halt the nosing, stopping just where
the foot pitches, is polished. This (rom below has the appearance of a completely
polished stair, while at the same time there is no danger from slipping. (C. H. Biodie.)

Polished marbles and stone rarely go well together in the same work; but some marbles

—

greys, reds, and cippolinos—l"ok well dull-polished, and then would go better with stone.

"White marble as used by the Tuscan carvers Avas not polished.

These full-size illustrations {jig. 662ff2.) have been taken, by permission, from among
the specimens of old marbles in the collection of Mr. "W. Brindley.
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Sect. IV.

CARPENTRY.

2003. Carpentry is tlie science of framing or letting into eacli oilier an assemblage of

pieces of timber, as are those of a roof, floor, centre, &c. It is distinguished from joinery

in being effected solely by tlie use of the are, the adze, tlie saw, and the chisel, whicli are

the carpenter's tools ; whereas joinery requires the use of the plwie. See 2102. et seq.

2001. Though necessarily of high antiquity, tlie very scanty information which Pliny

and Vitruvius have left us on the subject would merely show that the science was knowii

by the ancients. The roofs of Egypt present us with no more than flat coverings of massy

stone; a pediment roof, therefore, would seem to have been ainong the first efforts of con-

structive carpentry ; and upon the pitch which this, then and since, has received in different

ountries, we shall hereafter have to speak. The Greeks appear to have used carpentry in

the construction of tlieir floors and some other purposes ; but in a country abounding «itli

stone and marble, it is not likely that wood was much used in the interiors of their build-

ings, unless where lightness, as in doors, for instance, required its empl yment. With the

Romans it was much more commonly used; and from all that can be gathered, we may
consider them as the fathers of the science.

2005. Amo.'.g the moderns it has l)een very successfully cultivated ; and, with very few

exceptions, we may almost assert that the works of Palladio, Serlio, De Lorme, Sir

Ciiristoplier Wren, Perronet, and a t'aw others, exiiibit specimens which have scarcely been

siir(.assed in later times, notwitl'istanding the scientific form it has assumed in the present age.

2006. To the mechanical principles of carpentry we have, in Chap. I. Sect X. of this

book, directed the attentiun of the student ; and to the section now under our (jen wo
should have added the words Descrijttire and Practical to Carpentry, but that mtic.i of

wiiat could have been said on that he.id has already been anticipated in the section on

Descriptive Geometry. Hence, in what follows, that which comes imder such pred cainent

will be only given in particular cases, for the purpose of saving time and tremble to tlie

reader in the application of its principles to them. We must, here, also reiiind the reader,

that under the section Reams, &c., and Timber, have been described the diH'erent sorts of

timber used for building purposes, their strengths, and the strains to which they are

subject and which they are capable of resisting ; and that therefore this section is confined

simply to putting pieces of timber together, so as to form the assemblage of timbers under

which we have commenced by deflning the science. 'l"o do that properly requires great

gkill and much thought. Considerable waste, and consequent expense to the architect's

employer, result from that ignorance which assigns to the scantlings of timber larger

dimensions than are absolutely necessary for the office of ench piece ; insufficient scantlings

will bring the architect into trouble and responsibility ; and the improper connection of

the pieces will be equally ruinous to his reputation. The princijiles of practical carpentry

are, nevertheless, simple ; and though to form new combinations and hazard bold and

untried experiments in practice will require all the skill and science of a talented artist, the

ordinary routine of carpentering is to be learnt by a little application and a due exercise

of common sense.

2007. After these observations, we must introduce the student to the first operation

which in practice may arise. It is not every where that timber can be obtained in suf-

ficient lengths to stretch across the void he has to cover ; and it will in such cases be

necessary for him to know how one piece of timber may be .so joined to another, for tin;

purpose of lengthening it, that the two pieces, when joined, may be as nearly as possible

eipial in strength to one whole piece of timber of the same dimensions and length. This

operation is of great service to the builder, and is technically called satrjing. To perform

it, the joints are indented, and bolts are passed through the pieces within the length of the

indents, such bolts being confined above and below by means of nuts and screws. In

fi'j. 6-;.'?. four ways are

exhibited of accom-
plishing the object in

(juestion. AandBare
the methods usually

employed for joining

,
: r 1

1

r^ 1

D

rr-'— 1 A^ !

together jilates, lintels,
i.-,j, i;i;i

and ties, in which bolts

are rarely necessary; but if such a method is used for scarfing beams, bolts must be em-
ployed. The stronger forms, whicli only should be used for beams, shown in C and D, are

not only in that reK])eet such as should, on that account, be used for beams, but are exe-

cuted without loss of length in the ])ieces of timber. The length of the joints of tiie

scarfing may be increased at ])lcasure ; the diagrams are merely given to show the mode
of doing u hat was re<juired. With fir, however, when bolts are used, about four times
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the dc])tli of the timber is a usual length for a scarf Scarling requires great acciiracv

ill execution ; for if the indents do not bear e(iua!ly, the greater part of the strength will

be lost: hence it is iin])roper to use very complicated forms for the indents.

2008. Pieces of timber are framed into and joined to one another, by the aid of

luort'Cfs and tenuns, and by iron straps and bolts ; and on the proper placing of thuse

depends the soundness of the work. If a piece of framing is to stand perpendicularlv,

as in the case of partitions, witliout pressure from either side, the mortice and tenon
should be in the centre of the wood. But in the case of framing floors, in wliicli

the pressure is on the iip})er surfac, and entirely on one side, the mortices and tenor's

ought to be nearest the side on which the pressure is, by
which the timber will not be so much weakened ; and

hence it is tiie constant practice to cut the mortices and
tenons as in Jii/s. 66^, 665. By the method shown in the

^

last-named figure, the tenon obtains more strength from !

an additional bearing below, which is further increased by

the inclined hutment above, called a fimh.

1:009. The method of framing wall plates together at an angle, for the reception of the

hip rafter on the dragon beam, and the angle ties for retaining the wall plates in their

j)laccs, is shown in Jit/. 666., wherein AB is the mortice cut for the tenon of the hip rafter

?

Fih'. GG5,

LJ

r

FiK. Rfifi. Fig. B6S.

sliown in fit/. 667. Fie/. 668. is one of the wall ]5lates, showing the halving to receive tiie

other plate, and the cutting necessary for dovetailing the angular tie. Fie/. 669. shows the

method of cutting the mortices and tenons of principal and hip

rafters; another method being given in Ji(/ 670., and to be pre-

ferred where a greater resistance to thrust is sought, because by it

a double hutting is obtained on the tie beam. Inasmuch, how-
ever, as in this last case the beam is cut across the grain to re-

ceive the rafter, the part left standing to receive the heel of the

rafter may l)e easily split away; to obviate which, the socket may
be cut, as at A, parallel to the grain of the wood. c<l is the iron

strap for securing the rafter's foot to the tie beam, and keeping it
\ ^

in its place. A plan of the upper part of the tie l)eam is given
'^"

at B, showing the socket and mortice of the section .\ in tlie list figure! C exhibits the

mode in which a principal rafter is strapped to a tie-beam, with i\\cj(ii</Utig,

'iOlO. The most approved method of fjrming
hutments (^fig. 67 1.) for the struts or braces, au, rn^

which ate joggled into the king-post, is to

make their ends, which act against the joggle,

l)er])cndicuhir to the sides of the brace ; they
will thus be kept firm])' on their hutments,

and have no tendency to slide. C is a section

of the king-post and tie beam, showing the

mode of wedging and tightening the strap,

with a single wedge, in order to draw the tie

beam close to the king-post. D is a section

of the same parts to a larger scale, and with

tlie introduction of a double wedge, which is

easier to drive than a single one, because there

is less action ujjon the cross grain of the wood.
'2011. Strai)s in carpentry should be sparingly used. Professor Robison lias very

properly observed, that " a skilful carpenter never emjiloys many straps, considering them

as auxiliaries foreign to his art." The most important uses of them are, that of suspend-

ing the tie beam to the king-post, and of securing the feet of the
i
rincipal rafters to the

tie beams in roofs.

201 'J. Bolts are sometimes used for the last-named ofKce, «ith «vr.s7/(?-.« and heads and

sriew iMit^. in v.liich c.isc the wasliers, nuts, and heads should bt well painted, though
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even tlieii they are liable to rust. Wherever the iron work used for securing a system

of franiing is exjiosed to the luunidity of the atmosphere, it should be rendered

d.irable by freciuent i)aiuting. Vrxcti { Britixh Carpenter, 1759) observes thus: "
'I'here is

oae particular that had liked to have escaped my notice, concerning the jjlacing of iron

straps on any truss, thereby meaning to help its strength, which is by turning the end

square (as shown at E,Ji(/- 671.). This method embraces the timber in such a manner, to

make it like a dovetail, w/iic/i cannot draw from its place ; another observation is, to bolt on

vour strajjs with s(]uare bolts, for this reason : if you use a round bolt, it must follow the

auger, and cannot be helped ; by this heliiing the auger-hole, that is, taking oft' the corners

of the wood, you may draw a strap exceeding close, and at the same time it embraces the

grain of the wood in a nnich firmer manner than a round pin can jiossibly do." The

example given by Price, liowever, for turning s(iuare the strap, is injurious to the rafter,

which must be partially cut to admit of it.

FLOORS.

2013. The assemblage of timbers in a building, used for supporting the flooring boards

and ceilin"' of a room, is, in carpentry, called nahed flooring, whereof there are three

different sorts, viz. single flooring, double flooring, and double-framed flooring. But before

enterino- on the particulars of either of the sorts, we will make some general observations

on the construction of floors, which require the architect's attention. First, the wall

plates, that is, the timbers which lie on the walls to receive the ends of the girders or joists,

should be sufficiently strong and of sufficient length to throw the weight upon the piers.

Secondly, if it can be avoided, girders should not lie with their ends over openings, as

doors or windows ; but when they do, the strength of the wall plates must be increased.

'J"o avoid the occurrence in question, it was formerly very much the practice in this

country, and indeed is still partially so, to lay girders obli(juely across rooms, so as to avoid

oitenings and chinmeys, the latter whereof must indeed be always attended to. 'J'hiiidlv.

Wall plates and templets must be proportionately larger as their length and the weight of

the floor increases. Their scantlings will, in this respect, vary to 4i by 3 inches, up to 7^ by

5 inches. Foukthly. The timbers should always be kejit rather higher, say lialf to three

(|uarters of an inch higher, in the middle than at the sides of a room, when first fr.imed, so

til it the natural shrinking and the settlement which occurs in all buildings, may not ulti-

mately api)car ;itter the building is finished. I^astly, when the ends of joists or girders are

supported bv exiernal walls whcse height is great, the middles of such timbers ought not

at lirst to rest upon any )).irtition wall tiiat does not rise higher than the floor, but a space

sliould, says Vitruvius (lib. 7. c. 1.), be rather left between them, though, when all has

settled, they may be brought to a bearing upon it. Neglect of this precaution will induce

unecjual settlements, and, besides causing the floor to be thrown out of a level, will most

probably fracture the corners of the rooms below.

2014. Single Flooring is con-

structed with only one series -of joists

(as shown in flg. 672.). In this way
of framing a floor, if a girder is used,

it should be laid as nearly as pos-

sible over the centre of the apart- p
ment. A single floor containing

the same (piantity of timber as a

double floor is much stronger ; but

the ceiling of the former is liable
^

to crack, and cannot be got to so

good a surface when finished. Hence, where the bearings are long, it is much better to

use double flooring.

'2015. The scantlings of fir joists for single flooring are exhibited in the subjoined table,

and are founded on our own practice. The weight of a square varies from 1 1 to 1 8 cwt.

Length in Feet. Wiiltli in Inches. Depth in hiclies.

(>• 2 6

8 'Ji, 7

10 '^i 71

1

2

2i 8

14 2^ 9
18 2^ 12
20 .'5 1

2

These scantlings may be varied if wanted, according ti. the laws laid down in the

section Beams, Pillars, &c. ; 1622. el sey.

2016. li^ flg- 6T-2. AA.\ a le the joists, and B the floor boards. The laths for the ceiling

arc nailed to the under side of the joints .V.\.V.
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2017. In most floors, on account of the intervention of flues, chimney openings, and oc-

casionally other causes, it will so hajjpen that the ends of the joists cannot have a hearing

on the wall. In such cases a j)iece of timber called a trimmer is framed into two of the

nearest joists (then called trimming joints) that have a bearing on the wall. Into tli9

tiimmer, which is parallel to the wall, tlie ends of the joists thus intercepted from tailing

into the wall are mortised. The operation is called trimming. The scantlings of trinmiers

and trimming joists may be the same as those hereafter given for binding joists ; or if to the

width of the common joists an eighth of an inch be added for each joist supported by the

trimmer, the dejjth being the same, tlie scantling will generally be sufficient.

L'OI S. When the bearing of a single joist floor exceeds 8 feet, a row of strutting pieces

should be introduced between the joists, by which they will be prevented from horizontal

twisting, and the floor will be stiffened. If the bearing be more than 12 feet, two rows of

stiffening pieces or struts should be introduced, and so on for each increase of 4 feet in

bearing. They should be put in, in continued rows, and be well fitted. Beyond a bearing

of 1 5 feet it is not advisable to use single flooring, neither ought it in any case to be used

where it is required to prevent the passage of soimd.

'201 9. A dou'ik floor consists in its thickness of three tiers of timbers, which are called

hitiding joists (these perforin the oflSce of girders), bridging joists, and ceiling joists. From
an inspection of fig.

67.5. the construction

"ill I'e easily under- ri;rnMW\ ,|l|IIBSlirifi

stood. A A are the

binding joists, which
are the princijjal

sui)i)ort of the floor

on the upper side,

whereon BB, the

bridging joists are

notched ; which is

the best method,
though sometimes they are framed between with chased mortices. The binders, of course,

rim from wall to wall ; and as for carrying the floor, the bridging joists, as their name im-
l)orts, are bridged on to them ; so the lower tier of timbers, called the ceilingjoists, are either

notched to them, or are what is called pidlei/ mortised into them ; that is, a chase D is cut in

the l)indL-r long enough to allow tenons of the ceiling joists C being obliquely introduced
into them, and driven up to their places. Tlie scantlings of timbers used in this method
are the same as those for double-framed fioorinu of ^vliich, indeed, it is hut a species.

20iO. The double-frumed floor diflTers only from the last-named by the binding joists,

instead of going from
wall to wall, being

framed into large

))ieces of timber
called girders (as

shonn in Jig. Gl-i. ),

wherein A is tlie

girder, B a binding
joist, C a bridging

joist. Da ceilingjoist,

E the pulley mortice
for the ceiling joist

D, and F is the floor. The great aavantages of this sort of flooring are, that it prevents
the passage of sound between the stories, and enables the architect to make a solid ceiling.

2021. As in a double-framed floor the girdcis are the chief supports, it is exceedingly
imi)ortant that they should be sound and free from shakes. The distances between oi:e

girder and another, or the wall, should not exceed 10 feet, and their scantlings as n the
I'oUowing table :

—
(iirders of the length of 10 feet should be 9 inches deep, 7 inches wide.

I'-i;;. C7.->.

12

14

16

18

2()

22
'2*

'26

30

10
11

12

12

13
14

],^

16

lb

Ifi

9
10
11

11

\9,

IJ
12
I :<

14
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2021a. Girders or beams wliose bearing exceeds 24 feet are difficult to be prociind of

Bufticient depth, in wliicli case an expedient is put in requisition to strengthen a less depth.

The principles it involves are explained under the head of roofs, namely, thoseof tru^sin<j

them (2i)31, et seq.), an operation that converts the beam within its own tiiickncss into a

piece of framework, for the purpose of preventing the bending, or, as it is technically called,

its saoginp, wiiicii jiroduces an injurious horizontal thrust on the w^iUs. This operation is

represented injiy. 675, in two different ways. No. Ill represents the plan.

.;;b .-•-;-
~ c' • liA • c

;-_•
_, B!>

k#a

s? -

tia

•II?—rr^'-^-^~'c" • ;'a
• a::

•
""""r- -i"--r-.-_..9i:^l

•fi"

iS=
= -JH -^^

Fig. 075.

The beam is cut into tv/o halxes in the direction of its depth and length, between and into

wliicli the truss is inserted, as shown. It is better tliat the Oucss posts A, and nbutment

pieces B, should be of wrought iron ; tlie struts C may be of oak, or some stiff'er wood
tli.ui the beam itself. In I. and II., the whole, or nearly the whole of the timber, is in a

state of tension.

'20 Jib. This operation is further developed by trussing the beam hcloiv itself, an

arrangement cjnsidered to be safer and stronger than that above described. No. IV. has

a wrought iron tension

rod, with a stay in the V.

centre, whieh^ takes the

whole of the tension,

whilst the timber is thrown
e.itirely into compression.

No. V. is the s^ime with IV.
two stays. By tliese sys- ""^ '"'"'"'--=--.-.--.. ': ..-.--'•''—
tems a beam, rafter, purlin,

--;.,--

ivc, which wdl b.irely sup-

l)ort its own weight safely, may be made to carry a load of many tons without sensllile

detlection. Tlie tension rod is useful in pro|iortion to its distance from the beam (evi-

dently within certain limits). \^ it he immediately imder, or concealed within the under
edge, it becomes nearly useless, especially in a ca.st iron beam with a wrought iron rod,

where the beam is mucli less extensible than the rod. In such a c;;se, the beam would
break and fall before the rod has bjen brouglit into action. The respective sizj or

sectional area of the rod and beam is regulated l)y the respective strength of the materials,

as it is useless to apply a rod capable of sustaining double tlie tensile force that the beam
can resist of crushing force, and riVt v>rsa; it is merely adding weight (Warr, D'jnamics,

page 2.')9 ). The flitch girder is described in par. I(jy9«.

20'Jlc. The resistance of beams of soft wood may be considerably incieased by strength-

ening the centre of gravity. Du Hamel, Force Jes Buis, took twenty-four sticks, cut from
young willows, of equal strength. Each stick was 3 feet ( French) long, and 1 ^ ineli square.

Six of these broke in the middle with an average weight of 566 48 lbs. In two other

pieces he made a cut across it ^ inch deep in the centre, and filled it out with a piece of

oak; these broke witli an average weight of 594-73 lbs. 'I'wo more were cut ;^ inch

deep, and treated in the same manner; they broke with 5S5 lbs. Five were cut '\ inch

deep, and broke with 572 78 lbs. All the trials showed that the piece of harder wood
increased the strength of the beam.

20-' i d. Laves's girder is a simple and elective contrivance for strengthening a beam.
The piece of timber having been cut nearly from end to end (^Jig. 675a.), is hound at each

termination with

J an iron strap.

/ *l Blocks are
' ' driven in the cut

so as to separate

the severed pieces to several inches distance in the middle of the length, thereby throwing
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the material favthcr above and below the neutral axis. A solid beim, -10 feet long, 9j inclies

(lo;?p, and 7] inches wic'e, dt-flected 5^ incljes with a load of 1,700 lbs. When a similar

beam had been cut to '.iG inches of each end, making the upper part 5 inches deep and the

lower part 4^ inches, and separated by blocks until tlie parts were as wide asunder as half

the depth of the beam, the beam suffered a less deflection by 1| inch. A f.'reater strength

was obtained by separa'ing the parts to the whole depth of the beam, when it deflected

;5 inches less than the solid beam ; and when separated to 1-^ times the dejith, it; deflected

4 inclies less than the solid beam. The greatest strength is obtained by giving a section

to the upper and lower parts proportional to the po«er of the material to resist tension

and compression [Civil Eiujinter for 1840, page 161, being a paper read at the Institute

of British Architects).

'iC'ilf. Floors are now largely made of fireproof materials, as referred to in the section

Bricklaver. The introduction of rolled iion joists and girders has enabled the architect

to construct his floors of larger span, by supporting the timber joists l)etw<.ea them. By
using riveted steel girders a saving is made in the cost of construction.

2022. We now return to the subject of binding joists, which ought not to be more than
(> feet ai)art. The depth, if necessary, for accommodating thein to the thickness of the

floor, may he varied irom tlie following table by the rules given under section Beajis, &c.
Binding joists of the length of

6 feet sliould be 6 inches deep, 4 inches wide.
8 — 7 — 4i
10 — 8 — 5
1.' _ 9 _ 5i

14 feet should be 10 iccbes deep, 6 inches wide.
16 — 11 — 6i
18 — 12 — f
M _ 13 — 74

The scantlings of bridging joists are similar to those already given for single flooring.

These, as well as ceiling joists, whose 'cantlings are subjoined, should not be more than

12 inches apart, and they re((uire to be scarcely thicker than is necessary to bear the nails

of the laths fixed to them, for which 2 inches is quite sufficient.

Ceiling joists of the length of

4 feet should be 2i inches deep, \\ inch wide.
6 _ 3j — H
8 — 4 —2"

10 feet should be 5 inches deep, 2 inches wide.
13 — 5i — £*

Tlie weight of a square of framed flooring with counter flooring varies from 22 to 36 cwt.

2023. Though, perhaps, more curious than useful, we should not jierform our duty to

the student, were we to omit a method of constructing floors with short timbers, where long

( nes are not to b.; procured. Suppose it bj recjuired to floor the room ABCD {fiy. 67().^

Let four joists, as in the figure, be mortised and tenoned at aiicJ, as there shown. N 'w

it is evident th:it these j;;ists will mutually support each i:ther, for each is supported

at one end by the wall, and at the other by the middle of the next joist. Fig. 677.

shows another mode of accomplishing the sam^ objict ; and many other forms would
immediately suggest themselves to the experienced architect. The expedient is of ancient

(=rigin, inasmuch as oiu- old master (so we delight to call liim, notwithstatiding the new
lights that modern critics have found to guide them). Serlio, has described the expedient

without any difference. In the fourth vohune of Rondelet (^4/t f/e .B(///r), an author to

whom we are under infinite obligations, is descrilied a floor executed at .'\msterdam for ;i

room 60 feet square, of exceedingly singular construction, inasmuch as it is without joists

at all. Each side of tiie room is provided with very strong wall plates, whose angles are

secured with iron straps, and are rebated to receive tlie flooring, which consists of three

thicknesses of 1|^ inch boards Of these thicknesses, the first is laid diagonally across the

opening, its ends resting on the rebates of the wall plates, ana rising about 'd^ inclus

towards the centre of the room. The next (second) thickness is laid dirtgonally at light

aJiples to the first thickness, and the two are well nailed together. In the third thickness,
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tlie boards are laid down parallel to one of tlic sides of the room, and form tlie upper side

of the floor, bein<;, however, well nailed to those below. Tlie whole of tliein are yruovcd

and toiu/ned together, forming a solid Hoor 4^ inches thick. In this examjjle is an instance

well worthy tlie study of the architect, as respects a scientific connection of parts, and the

great advantage of a well-disposed bond. The floor in question is, in fact, a tliin plate,

well supported round the edges, the strengths of the plates being directly as the squares of

their thicknesses, e(|ually strong to btar a weight in the middle, whatever tluir benring;

tliougli if the load be uniformly distributed, the strength will be inveisely as the area of

the space.

'iO'J.^a. The flooring of the Middle Ages, as used for upper rooms, were constructed

with largo sipiare limbers resting on wood plates, which formed the cornice to the

rooms ; sometimes tliey had stone cornices under them. Occnsion.dly the under sides of

tlie joists were covered with boarding, and tliis was divided into panels by small ribs, wiih

l)osses at the intersections, carved witli foliage, or with shields of arms, or other ornaments.

An example of the 15lli century exists at Winghain, in Kent; Park(?r, Doin. Arch. iii.

I '27. These were usually coloured in distemper. The ceiling of the nave and of the

eastern part of St. Albau's Abbey church is a remarkable example of a fine flat ceiling of

early date, as is also that in tlie toner of the church at St. Cross, in Hampshire, ar.d

that of the lilirary, 15th century (and foimerly in the chajjel) of Merton College, Oxford.

In Engl.ind, in the l;3th century, the ceilings (which were of wood) were frequently

painted the same as on the wainscot, in green and gold, and were sometimes also decor.itcd

with historical subjects and with gilded bosses.

20236. The joists that came upon a beam were placed upon it, and, being cut, were

pinned into corresponding blocks. If the beam took two sets of jdists, the blocks might
be made long enough to connect the ends of the two sets. But by tlie Hth century the

system of girders, binders, and joists was jierfected ; boarding one inch and a half thick,

rebated oa lioth ed.es, was laid with the wider face downward, and connected by rebatid

battens, fixed upon stop-moulded joists, and these were dovetailed for iialf their depth

into moulded binders, that were dovetailed three-fifths of their depth into moulded girdeis,

the backs of all l)eing flnsii for the boarding, which received the moitar and tile floor.

202,30. Whether in cak or fir, this latter system was ajiparently never enriched « itii

painting, but moulded and carved ; indeed the inevitable towel decoration makes its

appearance in panels fonued by moulded strutting. 'I'hese panels are let into r.b tes on
the back of the struts and joists and binders, so as to leave a space between the panels and
the flush floor, receiving the plaster or the tiles upon plastering. Another effective practice

was to rebate the backs of the joists sufficiently deep to allow the apjiarent ceiling to

consist of short pieces of board that were decorated on the two edges, laid close together,

forming a pattern of circles, diamonds, foils, &c., cut in open work, witii a ground formed
l)y laying a plank over tlie whole length between the joists; over this came the finished

one, or three coated floor. In the 15th and 16'ti) centurii.'s, pendentives hanging by key.s

to timber ceiling-joists, between binders, formed an entirely new arrangement of decoiation,

wbicli rivalled in its complexity of drops and cofftrs the inost elaborate works of Saracenic

ceilings. In the time of Henry VIII., the ceilings were cominonly of plaster, with a

great variety of patterns stamped in thein. Tlie ceiling of the chapel of the Savoy Palace

in the Strand is a lich example of panelling only.

'202.]d. Some of the titnber houses built in Troyes at the commencement of the 15tli

century afford good specimens of the manner in which the construction of the floors was
rendered oinamental. The studs of the framing carry the usual head-piece, which is

moulded; and on this are notched down the ceiling joists, which have their ends cut as

cantilevers: upon these rests a board, or plank, having its edge moulded, wliich is kept m
place by the ciiantlates at the feet of the rafters. At other times the sill is separated from
tiie joists; because tiiey rest upon stanchions, upon which are planted brackets carrying
the ends of the joists: between the ends, which are grooved, there is a ])iece of carved
woodwork, so that the ends of the joists, in conjunction with a moulded ])la!e resting upon
them and receiving the tie beams or ceiling joists, form a sort of coibel-tabie. (Fig. 7011 )

2023e. Another method of forming a floor, with its ceiling, into decorated construction, is

due to the I5th century. This consisted in cutting balks of timber diagonally and laying

them with the angles downward close together. The ends were notched into the gii ders

or binders, leaving flusli backs. If not sightly enough, triangular fillets were put in

between them ; and the sliaip angle might even be taken from off the an is or under edge
of the balks. Floors were also composed of brick segment arches (the bricks being set

herring-bone) between balks of timber laid with one corner upwards, so as to form a
skew-back for the arclies.

202,3/^ For these few remarks we are indebted to Viollet le Due's admirable Dictionnaire.

As the systems therein shown will scarcely be adopted in England in general practice, the
student will do well to refer to the work should he reijuire any illustrations. Avery
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siigsrestive la*e example, riclily moulded and carved, ns it existed before 1843 at Fontaine.

lileaii, u lien it appears to have been reused and somewhat altered, is given in tiiat v\'ork

among many others.

yii-':5(7. Tdiiher (iroiiied ceilirips are to be met with in the choir and lady chapel at St.

.Albans'; in Wavmington Church, Nurthainptonsliire, of the Early English period; in the

cloi.sters at Lincoln and (ilo'jcester ; in the towers at Exeter; in the lanttrn at Peter-

boroiigli ; tlie lantern at Ely, and the clioir at Winchester, cathedrals ; in tlie choir at

Selby Abbey Ciiiuch, Yoikshire; in tlie nave of Bostnn Church, Lincolnshire, where it

unfortunately occupies 'i'i <'eet of height; tlie chapel of St. Mary's College. Winchester;
and the entire roofing of York Minster. The vaults s])ring from stone-work carried up as

high as required to free the ribs from the wall ; there is no special mark of division at the

(loint where the stonework ce^is d and the woodwork commenced. The boarding was let

into a groove in the sides of the ribs, or laid on a rebate The eastern part of the chancel of

the 13th century church at Lffington, in Berkshire, is evidLMitly groined or prepared for

groining in this way, for whilst the walls and buttresses were insufficient to resist the

thrust of a vault even filled in with chalk, the stone springers exist. "There seeins to he

no good reason," continues Mr. Street, from whose lecture on Woodwork we are quoting,

"why this kind of ceiling should be condemned, as it has been by some writers, as though
it were unreal, or in any way a sham. It is nothing of the kind, and no attempt was
made to make the wood look like stone. The boarding was frequently feather-edged, and
grooved and tongned, and thus obviously of wood, {fiff- "i^'^f-) It may be introduced in

buildings not c.ilculated to resist the thrust of a stone vault; and it may be carried far u|)

into the roof and above the top of the walls, w'hich in stone vaults is always, v.'ithin a

little, the limits of internal height attainable."

I'AKTITIONS.

2024. The framework of timber used for dividing the internal parts of a house into

rooms is called a partition or quartertd partition. It is commonly latl.'ed and plastered ;

when the S])aces between the timbers or (juarters are bricked up, it is called a bricknogijed

}i<irtitum. The weight of a scjuare of common partition is rarely less than from l;5 to

1 S cwt. ; hence it becomes necessary to take care that partitions should not be set upon the

floor, without taking due precaution to relieve it of the weight, either by struts, braces, or

the formation of a truss in it. When a partition occurs in an upper story, under a strongly

trussed roof, it may be often advantageously suspended from the roof, and its weight thus

taken off from the floor below. If it have a solid bearing throughout its length, it

recjuires nothing but struts between the quarters ; but these are not absolutely re(]uired.

The scaiitlings of the timbers of a (juarter iiartition should vary according to the extent

of bearing. Where that does not exceed 'JO feet, 4 by 3 inches will l)e sufticient ; and where
it is as much as 40 feet, the (juarters should not be under 6' by 4 inches, that is, supposing

it to bear only its own weight. When it has to bear more, the scantling must, of course,

be increased accordingly.

2025. Fig. 678. represents a design for a trussed partition, with a doorway in the centre

11ii
1

I'Ji
1

li 'inn 1 ,1
1

{

1

h

\
of it: in which hh is the head, and AA the sill; t/c, c?c the doorposts; <7.</ the iiitertie,

Ad, Afi the braces; fd, /c/ struts. Fig. 679. shows a method of trussing a partition in

which the doors are at the sides. It is obvious that additional strength may also be gained,

when wanted, by introducing a truss between the intertie and head of a partition. The
angle of inclination of braces should be about 40^^ with the hori/on.

CARRIAGE OF ST.\IHS.

2026. The framed timbers which support the steps of a staircase are called the carriage.

They generally consist of two pieces inclined to the pitch of the stairs, called the rough

itriiiys. W^hen geometrical stairs consist of two alternate flights with a half-pace between

them, the carriage of the half-pace is constructed with a beam parallel to the risers of tlie
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3te)>.s, whoso joists arc framed into the beam for the support of tlie flooring. This beam is

called the tiproii piece, and that which sustains the rough strings at tlie upper end is callecJ

the pitcfiini, piece. The joists of the half-pace are sometimes turned into the pitcning piece,

and sometimes bridge over it ; but the steps of both flights are always supported by string

pieces, as before. 'I'he upper ends of the string pieces at the landing rest upon an horizontal

piece of timber, called, as above, an apron piece. The scantlings of the strings, of course,

vary with tlie length of the inclined part. The depth given to joists of similar length will

be more than suflicient.

20-'7. The first obvious consideration in constructing a roof is the slope to be given

to it, which depends on the climate against which it is to serve as a protection, and on

the materials to be employed in covering it. In hot countries, rain more rarely falls than

in temperate ones ; but when it comes, it descends very abundantly, which, added to the

temperature of the air, makes it unnecessary to give a great slope to the roof, from which

the water immediately runs, and the air dries it almost at the instant of the rain's cessation.

In cold countries the rain is more searching, the air is more impregnated with moisture,

and hiiow often lie!: for a long time on a roof; circumstances which require a greater pro-

portional slope to l)e given to it. Again, roofs covered with lead, zinc, or cop|)er, do not

re(|iiire so great a slope as tiiosc covered »itli tiles or slates. (See Hoofing, in Cilossaiy.

)

20'i*^. 'Fhough among architects there does not appear to have been any fixed principle

by which the slope should be determined, we find that in dlif'erent climates suitable slopes

have been adopted for similar materials. Thus in the southern parts of Eurojje we find the

roofs very flat; whilst as we proceed into its northern parts the roof ae<|uireK a very con-

siderable elevation. We shall here transfer to our pages the notice of this subject in the

Kiicyc.lopedie MetJiodiquc, which we consider extremely important and interesting, inasmuch

as it shows that necessity was the parent of beauty in the inclination of the roofs of the

ancients ; and in the times of the middle ages it had some InHueiice even in the production

and developement of the lancet arch.

2029. The researches and observations made respecting the roofs of a great many
ancient and modern buildings, situate in different countries, satisfy us that the slojies ofroofs

v-hich have lasted best are always proportioned to the temperature of the climate. Before

entering into the consideration of any law for determining the slope of a roof, it will be

proper to comprehend the meaning of the word climate as here introduced, which we shall

use in the same way as it is understood by geographers. According to them, the climates

of the globe are comprised under belts or bands, of une(iual size, parallel to the equator. Of
them there are twenty-four between the equator and the polar circle, each of half an hour

;

that is, the length of the longest day of a place situated at the beginning of the climate is

alwavs shorter by half an hour than that of the jilaco situated at the extremity of tiie same

climate, or at the i)eginning of the succeeding one, proceeding from the ecjuator towards the

polar circle. This difference in the length of the day, caused by the greater or less ob-

li(]uity of the troi)ic with the horizon, is one reason of the different degrees of temperature

of countries corresponding to the different climates. We are not, however, to assume that

the temperature will be exactly the same for all places under the same climate, since there

are many circumstances which tend to make a place more or less damp, in which cases the

slo])e of tlie roof should rather have a relation to a more northern spot. In the roof's of

the Continent covered with the hollow tile, as in the south of France for instance, less sloi)e

is re(]iiired than with the Roman tiles (sec the word Tii.e in Glossary), which are in

sectior.s alternately flat and circular; and these, again, recjuire less sh^pe than the conmi(>n

plain tile or slate. From the observations tliat have been inaJe, we find tluit the slope of

roofs coveied with hollow tile, f\jT\j thus, of the soutli of France, should be after the

rate of three degrees for every climate, be^iinning from the equator and proceeding north-

ward, and that when the Roman tile is used, an addition of tin ee degrees sliould be made t >

such inclination; an addition of six degrees, if covered >v'lth slates; and of eight degrees,

if coveied with jdain tiks. According to this law, the table which wi:l be piesently sub-

JKMied has been constiuctcd, and a comparison of it with ancient buildings gives a remark-

alile corroboration of its value. '1 bus, at Athens, situated about tire middle of the sixtii

climate, the sl(>;;e of a pediment would be about ]6^°; and that of the Parthenon is

actually about \6°; that of the temple of Erectheiis, 15',°; of Theseus, I ,')°. In Rome,
which is about cue third of the way up the seventh climate, the Roman tile requiies an

inclination of 22°. The actual slope of the ))ediment of Septimius Severus is 'i;i° ; those

or' the temi)les of Concord and IMars Ullor, 2:>',°
; of Fortima N'irllis and the Paiithedii,

24°; and, of more modern date, the slope of the roof of St. Paolo tuori le mura was 23".

2030. We shall now give the reader the table above mentioned. This ingenioti.i th;ory

is taken exception to by i'. Waterhou:e in bis Es.say on redni,ents, Sic, ibSti.
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20
20
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34
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24
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Lyons - Prance — 15 40 22 00 25 00 28 00 30 00
(ieneva Switzerland — 15 44 22 24 25 24 28 24 30 24
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Strasbourg -
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00
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00
12
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28
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00
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00
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Warsaw Poland — 16 42 28 12 31 12 34 12 36 12
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8
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38
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CoiJenhagen Denmark - .

—
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lulinburgh - Scotland XIL 17 32 33 12 36 12 39 12 41 12

Stockholm - Sweden XIIL 18 30 39 00 42 00 45 00 47 00
Petersl)urgli Russia - -

j

XIV. 18 44 40 24 43 24 46 21 48 24
Bergen Norway — 18 44 40 24 43 24 46 24 48 24

1

" There is no article," says Ware in his Bodi/ of Architecture, " in the whole compass

of the architect's employment that is more important or more worthy of a distinct con-

sideration than the roof. The great caution is," continues our author " that the roof be

neither too massy nor too slight. Both extremes are to be avoided, for in archltectiue

every extreme is to be shunned, but of the two the overweight of roof is more to be re-

garded than too much slightness. This part is intended not only to cover the bullditig, but



Chap III. CAHPENlilY. 6-25

to press upon the wain, and by tliat btaring to unite and hold all together. This it wil,

not he massy enough to iierlorni if too little timber be employed, so tliat the extreme is

to be shunned. But in )>ractice the great and common error is on the otlier side ; and lie

will do the most aceei)table service to his profession, who shall show how to retreneh and

execute the same roof with a smaller quantity of timber ; he will by this take off an un-

necessary lo;id from the walls, and a large and useless expense to the owner."

20:51. We shall now proceed to a popular view of tiie strains exerted by the timbers of

roofs, referring the nadir back to the section on Beams, Pii.i.aks, &c., for a more extended

and scientific view of them. Suppose (Jiff. 680. ), in B
the simplest form of roof, the rafters (shown by

dotted lines) A 15, CB to pitch upon the walls Aa,

Cc. Let the rafters be supposed to lie connected

together at B as by a hinge, as also similarly con-

nected with the walls at A and C. Now if the

elTective weight of the walls be not sufficient to resist

the thrusts of the rafters, as respects the height,

tliickness, and situation of liie centre of gravity of

such walls, taken as sold masses and moveable on

the points X and Y, it is manifest the rafters by

their own gravity will descend, and the walls will

s|)read and i e thrown out of an upright, as in ab

and fd. and the rafters will take the places shown in

the figure. It has already been shown (par. I6'2'2;

that the hoiizontal tiuust of a pair of rafters thus

nieetin<T each otlier. is proportio.ial to the length of a line drawn perpendiculaily from

the rafter's foot until it intersects a vertical line drawn from its apex. As the roof there-

fore becomes flatter, the length of the perpendicular increases. Hence, if AB and BC be

the rafters, and their weights be represented by their lengths, the weight or power of

thrust exerted by the rafter AB in the direction of its length will be represented by BO, and

the horizontal thrust by AO ; A O being perpendicular to AB. To secure, then, the walls in

their perpendicularity, which the thrust of the rafters tends to derange, a system of framing

becomes necessary. Thus, in_^/7. 681.,

a beam AC, which from the office it

performs of tying or confining the feet

of the rafters is called a tie beam, is in-

troduced across the opening, and into

this beam the rafters are framed. If

the tie is introduced above the level of

the walls, it is called a collar beam, as ac.

It is manifest that these beams exert

their power in the same way that a

string would, that is, that the principal

strain which they have to perform is in

the direction of their length, and hence, that for such esjjecial purpose, if they be prevented from

sagging or bending, a small size or scantling will be sufficient, for we have already seen that

the cohesive power of timber is very great in the direction of its length. To take care

that the tie beam thus introduced

should be strained only in the direction

for which it is used, we are now led to

another expedient. The beam by its

own gravity, especially in a large open-

ing, would have a tendency to sag or

bend in the middle, and the more so if

its scantling be simply proportioned

to its office of a tic. To prevent this

a fresh tie is introduced called a king-

post DB (fig. 68-'.), by which the

beam is tied or slung up to the apex of

the principal rafters ; and this combination of a pair of rafters, a tie beam and a king-

post, is called a truss, and is the most important of the assemblages which the car-

penter produces. When the rafters are of such length that they would be liable of

themselves to sag down, supports aa are introduced at the points where such failures would
occur, and these supjiorts arc called struts, because their office is to strut up the raftei",

wliich they should do as nearly as the ease will admit in a direction perpendicular to the

slope of the rafters.

20:52. It is clear that out of this last case a fresh system of trusses may arise as in

jig. 68.3., for from those points procured by the struts against the rafters new rods may

S S

KiK-CSI.
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be slunji; for increasing tlie stiHiicss

of llie tie beam ad infinitum in theory,

but not in practice, because theconi-

pressibility of the fibres of timber is

considerable in lines perpendicular

to their direction, and the contraction

and expansion of metal places a limit

to its. use. This compression of tim-
FiR. GS3.

Fig. 68).

ber deserves great attention on the part of the architect. We may lay down as a rula

in respect to it that the more the weights or pressures act in the direction of the fibres,

the less will be the compiession.

2033. To exemplify this, fig. 684. shows in No. 1. the principal rafters of a rool

butting in an ordinary roof, against

the slioulders AB, CD of the king-

post, whose fibres, being vertical, are

compressed by the pressure against it,

on each side of the rafters, wliereby

tliey a])proach each other, causing

the whole figure of the roof to suffer

a change. For by the action of coin-

])ression and its conse(iuence the kingpost must descend, and with it, consequently, the tie

beam which is slung up to it. To remedy the inconvenience in roofs constructed of fir, the
kingpost is often made of oak, which is less comjiressible, a practice which should be
ol)served in all roofs of consequence. But cast iron kingposts are the best substitute where
the expense can be justified. In No. 2. the end is accomjjlished mucli more economi-
cally by Uonsing the rafters in the head of the kingpost at the angle in which the rafters

meet, by which tlie fibres of the rafters butt against each other, bringing the compression
nearer to that which takes place in a post according as the rafters are less inclined to each
oilier, and tlie beam is then literally suspended from the vertical planes of the rafters at

their junction.

2034. When a roof (_^^. 685. ) is trussed by two upright suspending posts, which bft-

come necessary in increased spans,

such j)osts, AB, CD, are called queen-

posts, and the piece between them,

BD, is called a collar, which acts as

a straining piece to prevent the heads

of the queen-posts moving out of

tiieir places towards each other. It

will on mere inspection be seen that

this roof has tliree points of supjjort, B, K, and D; for by means of the struts AE, EC, a

new suspending point is gained from E for sustaining the tie beam between the points A
and C. It is also to be observed that the collar or straining jiiece BD jierforms in this

assemblage an office exactly the reverse of that which it does \nfig. 681.

20"5. The Mansard roof, so called from its inventor's name, and witii us called a Curh

roof, f're(iuently used for the purpose of keeping down the Iieiglit of a building, and at

the same time of obtaining sleeping or other rooms in it, is shown in figs. 686 and 687. It

may be considered as primarily
,;

consisting of four pieces of timber

connected by liinges at the points

ABCDE. If these be inverted,

they will arrange themselves Iiy

their gravity in such a manner that

when returned to their first position

they remain in a state of equili-

brium, which, however, in practice

is but a tottering one, and requires

additional expedients to jirevent

the whole assemblage thrusting out

the walls; and, moreover, to pre-

vent the upper rafters from acting

by their thrust to displace the lower

ones. To obtain these ends the

first object is to introduce the tie
'^'" ''^*'- ^'^ *'^^-

AE ; and, secondly, the tie BD. It is to l)e understood that means are to be used, when
needed from their lengtii, to prevent these beams from bending, similar to those already
directed in the cases of simple trusses. Fig. 686 is an exainjjle seKcted from Kralli,

(^Art. de la Charpente, fol. 1805), having an arched ceiling to give additional height to
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"soiT-e larn;o or fublic room. Tliis form of roof lias been frequently adopted in tlio palaces

;of France and Germany. Fig. 687 is a king-post Mansard roof, afl'ording a wide space

over tlie tie beam available as an apartment. Fiff. 698 is an example of tlie principles

adopted for a much wider spanned roof.

2035a. We bave tbus far endeavoured to expbdn in llie simplest way the conduct

to be pursued for obtaining stability in the construction of a roof; but before we
proceed to the scantlings of the timbers to he employed, the reader must be informed

that the trus.sis to roofing, with wliose nature he has now become acquainted, are

placed only at certain intervals (wliich should not exceed 10 feet) apart, and are

thus made to bear the common rafters and tlie weight of the covering, as well as

to perform the office of susjiending the tie beam by which the walls are kept

together. Hence the rafters so framed in a truss are called principal rafters ; and

by the means of a purlhie A (fig. v

6'S8.), which lies horizontally ^ ^Ji,

throughout the roof's length on the

]>rin(ipal rafters, they are made to

hear all the superincumbent load.

The purlines are in various ways
made fast to the princi]),d rafters,

Tiid ii))on it the common rafters

are usually notched down. Their

bearings are thus lessoned, and
loss scantlings suffice for them.

They are received at their feet on a piece of timber (15 in the figurc\ which runs longitu-

dinally along the sides of the

building. This jiiece of timber
is called a pi>le plate, from being

the iij)pormost plate in a build-

ing ; at their summits they abut
against a riilge piece I). When
ii roof slopes each way, the space

enclosed between the intersection

of the slojjos is called a hip (fy.
()8f). ); and the longest rafters in it,

wliifli are those at the angles, are
n^. •.^.,.

ca'lod /lip raftcix, and the shorter ones are named jack /•itfhrs, as A, A, A, &c.

'i();S6. We have, at the beginning of this section ('i(X)7. ), observed, that tiie use made of

bolts must be always in a direction as nearly as possible coiuitcr to the strain which tlie

pieces exert ; the method, therefore, of introducing them will, on due consideration,

be sufficiently obvious.

Before proceeding to lay before the reader some few examples of roofs suitable to dif-

ferent spans, as well as of some of magnitude which have been executed, it may I)e as

well to complete this portion of our labour, by giving some information on tlie scantlings

of timber for rooting, in which a medium, founded on our own practice, is introduced

between ignorant overloading, and fanciful theory.

2037. For roofs whose spans are between 20 and .30 feet, no more than a truss with a

king-post and struts will be necessary, in which case the scantlings iiereunder given will

he sufficient.

For a span of 20 feet, the tie beam to be 9 m. by 4 in. ; the king-post, 4 in. l)y 4 in.

,

principal rafter, 4 in. by 4 in. ; struts, 4 in. by 3 in.

For a span of 25 feet, the tie beam to l)e 10 in. liy 5 in. ; the king-posts, 5 in. liy 5 in.

;

principal rafter, 5 in. by 4 in. ; strut.s, 5 in. Iiy 3 in.

For a span of 30 feet, the tie beam to l)e 1 1 in. by 6 in. ; the king-post, 6 in. by G in. ,

principal rafter, 6 in. by 4 in. ; struts, 6 in. by 3 in.

2038. For roofs whose spans are between 30 and 45 feet, a truss with two queen-posts

ind struts will be re(]uired, and a straining jjiece between the queen-posts. Thus —
For a span of 35 feet, the tie beams to be 11 in. by 4 in. ; queen-iiosts 4 in. by 4 in. ;

principals, 5 in. by 4 in. ; straining piece, 7 in. by 4 in. ; struts, 4 in. by 2 in.

For a span of 40 feet, the tie beams to be 12 in. by 5 in. ; queen posts, 5 in. by 5 in. ;

principals, 5 in. by 5 in. ; straining piece, 7 in. by 5 in. ; struts, 5 in. by 2^ in.

For a span of 45 feet, the tie beams to be 13 in. by 6 in. ; <]ueen-posts, 6 in. by C in.

;

principals, 6 in. by 5 in. ; sUaining piece, 7 in. by 6 in. ; struts, 5 in. by 3 in.

2039. For roofs who.se spans are between 45 and 60 feet, two queen-posts are reqiiirc.-l,

nnd a straining piece between them ; struts from the larger to the smaller queen-posts, avM

• truts again from the latter.

s s2
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Tor a f:p:m of 50 feet, tie Learns, 13 in. by 8 in. ;
queen-posts, 8 in. Lv 8 in.; small

queens, 8 in. by 4 in.
;
principals, 8 in. by 6 in. ; straining piece, 9 in by 6 in.:

struts, 5 in. by 3 in.

For a span of 55 ft'ct, tie beams, 14 in. by 9 in.; queen-posts, 9 in. by 8 in. ; small

queens, 9 in. by 4 in. ;
principals, 8 in. by 7 in. ; straining-piece, 10 in. by 6 in.

;

struts, 5| in. by 3 in.

For a span of 60 feet, tie beams, 15 in. by 10 in. ; queen-posts, 10 in. by 8 in. ; small
qufens, ] in. by 4 in. ; principals, 8 in. by 8 in. ; straining piece, 1 1 in. by 6 in.

;

struts, 6 in. by 3 in.

2040. The scantlings of purlins are regulated principally by their bearing ; and
though we have subjoined scantlings for bearings of 12 feet, such should be avoided by
not allowing the distances between the trusses to exceed 10 feer. Thus—for a bearing
of 6 feet, the scantling should be 6 by 4 ; for 8 feet, 7 by 5 ; for 10 feet. 8 by 6 ; for

12 feet, 9 by 7.

For common rafters the scantlings are as follow ; 12 feet should be the maximum of
the bearing. For a bearing of 8 feet the scantling should be 4 by 2| ; for 10 feet,

5by 2i; for 12 feet, 6 by 2i.

2040a. To determine the size of a rafter for a roof to support the covering of slate,

the distan'e between the supports being 6 feet, and the weight of a superficial foo'', in-

cluding the stress of the wind, being 56 lbs. ; the deflection not to exceed j^th of an inch
for each foot in length; the formula becomes:—56 lbs. x 6 feet = 336 lbs., and

~li:=3Q72x6
— ~ 157'5, of which takefths for uniform load = 98'44. If the breadth be made

2,^ inches, then -^-;^ = 39-3, and the cube root of 39-3 is 3-4 inches, the depth required^

These are the rules given by Barlow (page 179), who, in the several editions of his work on
Strength of Materials, put the " reduced tabular value " for Riga fir, E = 96, and 32 times
E became 3072 ; and for English onk, E= 105. In the edition of 1851, this has been
altered to E= 192, and 16 times E= 3072 also, for fir; or for oak E = 210. The reason
of this change has been explained in Beams and Pillars, par. 1630«.

2040/). Another element in the calculation for timbers above-named, is the weights of
the differ-jtit mAterials used in covering buildings ; these are stated to be as follows.

(Flat fireproof roofs have been considered s.v. Bricklayer) :

—

A square of timbering for tiled anil slated roof - - 55 to 6 5 lbs.

„ boarding J thick 2-60 „ In lbs. per
„ „ and sbeet iron, 20 w.o. - - - 6-5 „ sq. ft.

„ pantiling about 7i cwts., also put at - 650 „ | 10
plain tiling „ Hi „ „ - 1780 „ f 7 to 20

„ stone slating „ — „ „ ' - 2380 „ f
,, slating, a mean „ 6i „ „ - — „ - 5 to 11

„ „ conmion ,, —" „ „ 500 to 900 „ J
» ., large „ — „ „ 1120 „ >

,. lead „ 5 „ „ 700 „ ^l 6 or 7

„ zinc, 15 ounce „ 1 „ „ — „ ,\- l-25tolG,'?

„ copper „ — „ „ 100 „ ^V
„ sheet iron, 16 W.G., and laths - . . . 5 „
„ „ Jjj thick 3 „

„ „ corrugated------ 3'4 „
., „ „ and laths . . - - 6'5 „
„ cast iron plates, J thick 15 „
„ thatch about —„----—„ \ 6-50

The weights of iron roof coverings are given by G. S. Clarke, Graphic Statics, 1880.

p. 137, from Unwin, Wroiic/ht Iron Bridges and Roofs. The column of fractions shows
what the height of the roof, in parts of the span, is usually made. As the timbers em-
ployed are of course less in dimension as the weight decreases, it follows that a much less

quantity of timber is requisite where the metals can be employed. On fiats it will be
necessary to consider the weight of the number of persons who may be probably stand-

ing on it at a time. The force of the wind has been considered in par. 1592a. When the

rise or pitch is ith of the span, the angle formed is 18°25"; \ is 26^35''
; \ is 33°42''

;

\ is 45°
; I is 53°

; | is 56=20" ; when equilateral, 60°
; a whole pitch is 63°30".

2041. By a study of the roofs which follow as examples, the arcliiteet will be led to

other expedients and modifications of the forms submitted to his notice, as circumstances

may call forth his ingenuity and talents. We have, we trust, already said enough to lead

him on, AVhere economy must be consulted,
the roof shown in fig. 690 may be used ; it

is only fit for a small building, and the span of

such a one should not exceed 25 feet. The left

end of the collar beam exhibits what is called yf^^^^^^ ^^X^
the carpenters boast, but it partakes somewhat
of the rule joint, being worked out to a centre
But in roofs above 25 feet span it is not Fig. C90.

well to omit the king-post and tie beam, though, if particular strains ?re to be provided
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against, even in such small spans the struts should not be omitted, and the form shown in

fig. G91. should be adoptCvl, which will answer for spans at least up to .'55 feet. In this and

Fig. 691. Fig. 602.

Other cases of larger span, it is oftun desirable that the common rafters .should not stand

above the principals, and then the purlines are framed by mortices and tenons into the

principals, as shown at A, jig. 69)2.. wlierein the line be shows the underside of tiie

common rafters notched on to tlie purlines. This is a usual practice in Gothic roofs.

20-12. I'Vom 35 to 45 feet, the tie beam should be susjjended from at least tliree points,

or it will be unnecessarily heavy ; and this suspension of the tie beam, so that it may be

.-eally a tie unsus-

ceptible of altera-

tion in form, is the

true cause of this

introduction of

king and queen
posts, as before ex-

plained. Indeed,

as. a general rule,

it is well that tl)e

distance between
such points of sup-

port for a tie be.im

sliould lot exceed

2.--0

Fig. 694.

13 to 1 5 feet, without expedier.ts being used to prevent intermediate sagging. Fiy. 693. is a
queen-post roof of a span of 43 feet, over the railway workshops at Worcester, sliowingthe
introduction of skylights. The trusses are placed 15 feet apait. The principal rafters are 8
by 8 ; tie beam, 12 by 8 ; queen-post, 8 by 6 ; struts, 4j by 4J ; straining beam, 9 by 8 ;

common rafters, 4| by 2 ; purlines, in two flitches each (trussed with stirrup pieces and iron

ties), 9 by 3. The tie biams are carried on iron shoes. Fig. 694. is a queen-post truss

for a span of 50 feet, which leaves a considerable space free in the middle. The tie beam
will probably he scarfed, which will be best made between a and b. The straining sill c,

strapped to the tie beam, will add materially to its strength.

2043. For spans above 60 feet we have not given scantlings of timber in the preceding
tables; but such do not greatly increase beyond 60 feet witli practicable spans, and enough

has been already said to make the

reader acquainted with that part of

the subject. Fig. 695. is the truss

of the parish church of Elgin, de-

signed by A. Simpson, of Aberdeen.
The trusses are placed 6 feet 6 inches

from centre to centre. Tiietie beam is

in two flitches, eacli 13 by 5^; prin-

ci|al rafters. 1 1 inches deep at lower
29-9 - • end, 8 inclics at top, and 6 inches

Fig. 695. thick ; collar beam, 7 by 5| ; king-

post struts. 5 by 5:^ ; struts, 5 by 4^^ ; horizontal rafters, 4i by 2i. placed 13 inches apart,

and covered with inch grooved and tongued deal, and 7 lbs. lead. This is similar to the

Italian system intimated in Specifications, par. 2'i85. I'he tie beams have cast iron shoes

at each end, with abutments formed for the ra!ters, and secured with | inch diameter

bolts with nuts and washers. The wrouglit iron suspending rods are inch square, and

have abutment pieces for the rafters and struts.

2043a. Fig. 695a. is the truss of a roof for a span of 45 ft., with cast iron shoes as abut-

ments for the timbers actin'.t as struts. The end of the tie beam has a cast iron shoe, which

also takes the foot of the principal rafter. Tlie sole plate of the shoe is prolonged inwards,

to admit of its being secured by bolts to the tie beam. The head of the principal rafter a,

and t!ie end of the straining beam a b, are inserted into a cast iron socket, shown in detail

in fig. A. The suspension rod passes through the solid part of the socket ; it has a head

at its upper end, and at its lower end it is screwed and secured by a nut. On the side of

the socket is cast a rest, c, for the side of tlie purline. To avoid cutting the princi^ial
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n.erat'tii-s, the other purline at B is also carried in a cast iron rest 1)olte(l to the raltir.

com re susponiliiig rod passes through a cast iron socket, which sirvcs as :.n ahiitmeiit to

the main struts. Si;iiilar abutments are providtd tor the lowei end ot the stiuts. Fkj. 6'J5i.

Fig. OOJa. Fig. 695^

tor a sjtaii of 4.> fett, lias also wioug'it iron suspension rods. .\ roof of this description,

,54 feet span and 21'2 feet long, is encted at the |.assongcrs shed of the Croydon railwiiv

station. The figure E is a section through a cast iron s eket taking the hiads of the prin-

cipals, and through which passes a wrought iron king bolt, shown in ])osition at J).

2044. In all the cases given, the roof is supposed to receive no support from any
but the external walls, and the trusses to be in most cases not more than 10 feet ajiart.

'20')5. 'I'lie reader wlio desires to b. come acquainted with other examples, is rccomuicnded
to the works by Krafft, Art de la Cliarpente, and C/iarpentaie; Ilondelet, UAit de Butir. and
its continuation l)y Bloutt ; Y.\ny, Art de la CharpKidcrie; Tredgold. Carj eiitt/ ; Newhuul,
Caiptnfer's and Joiner's Asshtiid, to which work we are indebtid for tlie above new ex-

amples and 7%p Doctrines of Carpentry Exp'ained— of a Roofhy Lieut.-Col. VVaddington,
in the Papers of the Cor] s of Royal Engineers, 1849, x. 71-15-'.

'-'046 y%. 09j rjprcsents a roof designed by J. Gibbs. From the centres of cohmins the

Fig. 696. <T. MAitTi.N's ix-tiie-fii;lus, westminsteb.

middle aisle is .'39 ft. 11 in. The roof is well contrived and framed; but the timbers ai e

strtinger than they need have been. Tlie scantlings are as follow :— A, principal rafter,

1 '. in. by 10 at bottom, and 1 1 in. by 10 at top; B, straining brace, 14 in. by 10 at bottom,
and 11 in. I)y 10 at top ; C, king-post, 9 in. by 9; D, strut, 7 in. by 7^; E, queen-post, 8

in. by 9.^ ; K, strut, 7 iu. l)y 7 ; G, tie-bjam, 14 in. by 9^ ; H, post over the column, H in.

by 9^ : 1, brace, 7 in. by 7 ; K, brace, 7 in. by 7 ; L, post. 8 in. by 9 ; ]\I, lamtner beain,

14 iu. by 9^ ; N, brace, 8 in. by 8 ; P, post in the wall ; Q,QQ., purline rafters, 4 in. by 6.

2047. Fi(/. 697. is the section of a roof by James Stuart, about 178,5. The span is 51 ft.,

and as a variation from the general forms of roofs, it is worth the student's attention. The

--51 Feet.

Fig. 697, OREENWICII HOSPITAL

scantling of the timl)ers are subjoined. The distance between the trusses is about 7 ft. AH
the joints are well secured uitli iron straps. A.'\, tie-hcam, whose whole length is 57 ft.,

51 ft. clear between the walls. 14 iu. by 12 in. ; B, an mm king-post. 2 in. bouare j CC,
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qi'fen posts, 9 In. by 12; DDDD, struts, 9 in. by 7; E, straining beam, 10 in. by 7; F,

Ktrainiiig piece, 6 in. by 7; GG, GG, principal rafters, 10 in. by 7; lihlih, he. purline

rafters for boarding upon instead of rafters; II, a camber beam, supporting the platform.

2048. Fig. C9S. exliibits tlie roof of the old Drury Lane Theatre, wliich wai built in

I 793. It possesses great merit, from the simplicity of its composition and the accommo-
dation afforded in tlie middle s))ace for the carpenters and painters. By dividing the breadth

.of the building into three parts, the roof was kept low, and the scantlings much reduced in

size. The sjian is SO ft. S.| in., the trusses were 15 ft. ajmrt, and the whole length of the

roof was 200 ft. It was destroyed by tire on the 24th of Fel)ruary, 18C9. The scantlings

of the timbers were as follow : — .\, beams, 12 in. by 7 ; 15, princijial rafters, 7 in. thick
;

C, king-posts, I 2 in. by 7 ; D, struts, 5 in. by 7 ; E, purlines, 9 in. by 5 ;
!•", ridge pieces,

U, in. tliick ; G, pole jjlates, 5 in. by 5 ; H, gutter plates framed into beams, 12 in. by 6,
I. common rafters, 5 in. and 4 in. by 2i

; K, beams, 15 in. by 12; L, posts, 15 in. by I 2 .

]M, princifial braces, 14 in. by 12; N, struts, 8 in. by 12; O, oak trusses to the middle

bearing of beams, 5\ in. by 4^ ; P, straining teams, 12 in, by 12.

20-i9. The last example we shall present is of the method in which the external dome
of St. Paul's is framed

(
Jif;. f>99. ). Tlie internal dome \a is of brickwork, two bricks

thick, having, at every live feet, as it rises, a course

consisting of bricks eighteen inches long, which serves

to bind the whole thickness together. This dome
was turned upon a centre, which rested upon the

projection at its sjiringing, without any supjiort from
below, and was afterwards left for the use of the

])ainter. It was banded together with iron at the

sjiringing. Exterior to the brick dome ("which has
indeed, nothing immediately to do with the subject)
is a cone of brickwork Bl?i, 1 foot 6 inches in

thickness, plastered and painted, part whereof is seen
from the pavement under the cupola tlirough the
opening a. On this cone BH^ is supported the
timber work which carries the external dome, whose
hammer beams CC, DD, EE, FF are tied into the
corbels G, H, I, K with iron cramps, which are well

bedded into the corbels with lead, and bolted to the
hammer beams. The stairs which lead to the Golden
Gallery on the top of the dome are carried between
the trusses of the roof. The dome is boarded from
the base upwards, hence the ribs are fixed horizon-
tally at near distances to each other. 'J"he scantling
of the curve rib of the truss is 10 in. by 1 I

i at tlie

bottom, and 6 in. by 6 at the top. The sides of the i
-''-- - ^i^

dome are segments of circles, whose ci litres are not " !" ,'

marked in the figure ; and which, if continued, would ''"'s- ^^"^

meet at top, and form a pointed arch. Aliove the dome rises a lantern of Portland
stone, about 21 feet in diameter, and 64 feet high, standing on the cone. The whole of this
construction is manifest from the figure, which exhibits the inner and outer domes with the
cone between them. The combination is altogether an admirable example of the mathe-
matical skill and judgment of Sir C. Wren.
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2050. Tlie largest timber roof perhaps ever projected, was over a riding liouse at Moscow,

in 1790, for Paul I. Emperor of Russia, ilie representation of which may be seen in KiaHt,

liecueil Je Charpente. The span is 2155 feet, and the slope witii tlie liorizon about 19^^.

Tlie external dimensions of the buildinjr were 19'iO feet long by 310 feet wide. It was

lighted by a lantern at top, and had an interior gallery round tlie building for spectatois.

Crosy, in liis Cioil Engineering, states tliat this roof wa, never erected.

2051. We shall close this part of the section with a diagram {fig. 700.) of the roof of

Fig. 7on.

the basilica of S. Paolo fuori le nTira, executed in the fifteenth century. The trusses are

louble, each consisting of two similar frames, nearly 15 inches apart, at intervals from each

•itlier of about 10 feet 6 inches. The principal rafters abut on a siiort-king po.st k.

Between the trusses a piece of timber S is placed and sustained by a strong key of wood
passing through it and the short king-posts. This piece sustains tiie beams by means of

another strong key at a. The tie beams are in two lengths, and scarfed together, the

scarf being held together by three iron straps. The scantlings of tlie timbers are as

follow : beams t, 22.1 in. full by nearly 15 in.
;
principal rafters p, 21 1 in. by nearly 15 in. ;

uusiliary rafters b, full \^\ in. by full 13J in. ; straining beam c, near 15 in. by full 12^ in.

;

jnirlines d, 81 in. square and 5 ft. Tin. apart; common rafters, full 5^ in. by 4Jin., and

8.^ in. apart. The roof, which is constructed of fir, is rearly 78 ft. 6 in. span, and is

covered with the Roman tile, the exact dimensions and form whereof will be found, under
the head Tii.E, in the Glo<;sary appended to this work. The roof is ingeniously and well

contrived, and, with a different covering, would suit other climates. It was consumed by
lire in tlie month of July, 182:3. (275.)

Philibert Delorme, in his work entitled " Nouvelles Inventions pour bien batir a petits

Frais," Paris, 1561, gives a mode of constructing domes without horizontal cross ties, when
tlie springing of each rib is well secured at the foot. It is a very simple method, and of

great use in doines, even of large diameter, the princii)le being that of making the several

ribs in two or more thicknesses, which are cut to

the curve in lengths not so great as to weaken the

timber, and securing these well together by bolts

or keys, and observing especially to break the joints

of the several thicknesses. This method was adopted

in the large Halle aux bleds at Paris, which was
many years since destroyed by fire, and has been re-

jilaced by an iron-ribbed dome. The fig. 701. will

explain the construction ; and, if necessary, an iron

hoop ))assed round at different heights will add much to the strength.

2052. Tlie scantlings of the ribs, as given by Delorme, are as under :
—

For domes of 24 feet diameter, the ribs to be 8 in. deep, and 1 in. thick.

36 feet diameter, — 10 in. deep, and 11 in. thick.

60 feet diameter, — 13 in. deep, and 2 in. thick.

90 feet diameter, — 13 in. deep, and 21 in. thick.

108 feet diameter, — 13 in. deep, and 3 in. thick.

For small spans of about 24 to 30 ft., the inch plank is about 4 ft. long by about 8 in.

wide. The feet of the ribs are tenoned into the wall )ilates; the shoulders of the tenons
being about one inch. The ties A, placed about 2 feet distant, are 4 in. by 1 in. ; they are
sometimes shown passing through the planks pinned with keys I in. thick and li in. wide,
and of a length nearly the width of the plank ; this method tends materially to weaken
the tibs ; that shown in the cut is a better mode. The wall plates, 10 or 12 inches wide
and 8 or 9 inches thick, have mortices 2 inches wide, 3 inches deep and 6 inches long,

sunk at 2 feet apart, to receive the ends of the ribs. In a roof where the span was 6^ feet,

the scantling was increased to 13 inches wide and li inches thick. The ties were alter-

nately (louble and single, and were 3 inches by li; and each rib was double tenoned into

the wall plate. This system, with many luodifiL-ations, was extensively adopted in the

Fig. 701.
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construction of the nave and side erections of tlie building for the Exhibition of 1862 ; and

also for some of the passages, &c., of the Horticultural Society, where they still exist, and

deserve examination. It is also adojjted for temporary sheds of large spans.

2052a. Tills work by De Lonne deserves tlie study of every one that seeks to bo

an architect, tho igh in these unfortunate days for tlie art the reward of study aad

nailing is very doubtful.

20526. Since the period of De Loime, another system, arising out of it, has been exten-

sively adopted for large buildings. Colonel Emy, having been called upon in 1819 to

design a roof of (JO feet span, succeeded in composing one in which, while timbers of a

greater length might he used, the necessary solidity, with the lightness and economy of the

system of De I.oi me. might be comhiiied. This he carried out in 18:25 and 1826. T'.w

workmanship is less than in De Lonne's roofs, as the

wood is all in straight jiieces, and is within the power

of the ordinary carpenter. An arch is composed of

a series of long and thin jjlanks, laid fl itways, the

flexibility of wliicli permits thtm to he easily and

quickly bent without tlie aid of heat ; and their

rigidity, jiroperly regulated, maintains the form

given and destroys the thrust. JFiy. 701a is a |ior-

tion of the base of one arc, which will illustrate the

system. 'l"he details are best learnt fiom Emy's
own work, as it would re(juire much space to do

justice to them. The vertical pieces A are 7f inches

thick, and placed about 4 inches from the wall.

The three first radial pieces 13 are prolonged beyond

the upri^^hts, and enter reces-es in the wnll to steady

the f. allies. 'J'ne ])lates C, breaking joint well with

one another, compose the arc, and are 1^ inch thick,

5|',, inches broad, and about 40 feet long, bolted to-

gether, the hulls being driven tightly into accurately

made holes, and are further firmly tied together by

iron straps ; the bolts are ^''g inch diameter, and about

2 foet 6 in. apart ; the ))rincipal rafters are 5^ in.

thick; the trusses are placed 9 feet 10 in. apart.

2052c. Upon an experiment that was made by
Einy to test the strength and thrust of this arch,

he found it necessary to add a supplementary plate

to a ])art of the extrados, and two plates to a part

of the intrados. The following is the proportion of the number of ))lates and their width,

which he adopted as a rule :

—

ft. ;

From the springing to radial (B) No. 1 - - 7 plates, 1 3 wide

From radial No. 1 to the tie placed between radials

Nos. 6 and 7 -

From this tie to radial No. 6 -

From radial No. 9 to the king-post

These supplementary plates were of oak, and of the same thickness as the others,

roofs are also given with sufficient detail in Newlands' work above-mentioned.

'2052(1. Medi.isval Roofs.— In the south of France the few Romanesque roofs did not

differ from the common king-post roof, except in two points, viz., that the tie-beam and
the king-post were stop-chamfered ; and the strain of the

purlines upon the principal rafter was counteracted by a

nearly upright strut from the tie-beam. This system
lelt the principal rafter with a false bearing, if the walls

were not extremely thick in proportion to the width of

the apartment which they enclosed. As a remedy, the

late Romanesque builders tenoned the purline into the

j)rincipals, and, moreover, laid it with its wid.r side to

the rafters, in order that the backs of the common
rafters should be Hush with those of the principal rafters

(similarly to Ji</. 692.). The next step was to put
jnoper struts from the foot of the king-post. At the

present day the purline is placed on edge for economy of
material. f'K '0'6

2052/1 In the north of France there was difficulty in roofing over the vaulting : either

the main walls had to be carried as high as the ridge-rib, or else the frame of the roof

had to be similar in iirauiple to that shown in Jit;. 7016. Experience proved that the

ft. in

7 ilates. 1 3

8 1 7

6 ,, 1

5 „ nearly 11

These
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hittor scheme resulted in letting the principal rafters draw th^ tenons of the braces and so

destroy all idea of a tie conneitin<r tlie two vvalis; hence tlie medieval builders wers
obliged to raise the walls siiflicienlly high to allow the tie-boams to pass over the l);ick

of the ridge-rib, as would lie tiie case at A. Tliis was expensive, and, moreover, it vtas

scarcely praciicable wliere tlie walls were little thicker than was necessary for the
backing to the fdrn.eiets of the vaulting over the arches of windows. It is to these
facts, rather tlian to any influence of climate, that may be attril)uted the adoption of
the high-pitclud roof, a system which required neither great width of footing nor large
scantling of timl)er, for the purlines were discarded, and the weight was distiibuted among
the rafters and trusses of each b^iy. The details of such a roof are simple. 'I'wo plates A
(.Jig. 701c.) are placed with their widest sides on the wall, and are strutted between from

the feet of the trusses to the ceiitre of the bay. Upon these plates,

ta'isels or short hammers B, are cocked down at intervals between
the tie-beams, which are cocked down and dove-tailed, to take not
only the feet of the common rafters, but also the nearly upright stud
or ashlar rafter F, which serves to give a wider base to the prin-

cipal and to the rafter. All these vertical pieces are double-
tenoned and pinned into the other portions of the work.

205'ii7. The racking motion to which Lirge roofs are liable, soon
showed that this was not the manner in which to make them
secure. 'I'lie puilines had been discarded, but the need of their

service remained , the necessity was obviated by erecting a sort of

trussed partition under the ridge. If the king-post was )int car-

ried by the tie-beam, the whole roof depended upon the strength
of the head of the king-post, into which the ridge was tenoned,
and the manner in whic.i it was connected with the ends of the
principal rafters. It therefore appears to be more probalde tiiat

the king-post was supposed to be carried by the tie-beam; indeed,
exam])!es occur of trussed partitions (fig. ~0\d.) to ridges, su|)poited by king-|)osts A,
which stand upon tie-beams that ride in queen-stinups, 15, where the stirrnjjs are hung
from the principal rafters at three-quarters of tl;e height of the roof. Care hiis been given

to this detail of the practice, because it seems to have
been entirely mistaken by VioUet le Due, Dlt. : for

example, the braces C, to the collars 1), are supposed
by him to exercise a favouiable eH'ect in pre-

venting the flexure of the rafter outwards, whereas

t!ie fact would seem to be that the brace lias to hold

up the collar D and with it tlie stirrup B, and witl;

them the tie-beam ^, for tlie coilnr is tenoned into the

hi IIg post and rafter. That author defers dating the

period of the perfecti.m of medicxval carpentry (as

well as of joinery) until the end of the 15th and the

beginning of the 16th century.

205'i/t Tlie flaming of cradle roofs, with king-posts

carried upon (^imt nini/hu/, as Viollet le Uuc sup-

poses) the tie-beams, became a practice that in

Fiance was general fiom the latter part of the 12tb

until the end of ihe 16th ceiitu j", and which con-

tinued the same peculiarities of construction that are

al)ove indicated The distinction between t!ie stirrup

and the post is less easy in the truss shown in^.^. 70le.,

but still it must be reckoned as a ))ost; this example

'r< m the prefec'ure, formerly the episcopal palace, at

Fig. 701c.

AT AI'.XEKRE.K.g. 701,;.

Auxerre, covers a IimII which is .30 feet wide ; the trusses are placed 13 feet ajiart from centre

to centre. The scantlings are as follows;- King-posts, 5 by 5, and principal rafters ."^ by

\\; the common rafters, 5 by 4f. are shown in Jiy. 10\f . and are tru.s.sed in a difl^erent

manner; they are jilaced nearly '2 feet apart. The roof ajpears to be boarded on the

inside to the circular form.

20.52;. Altliough Viollet le Due is of opinion that the tie-benms to the fine cradle roof,

51 feet 3 inches span, constructed at the beginning of the Kith century, over the great

hall of the Palais de Justice, at Rouen (fff. 247 ), have been cut away, it may not be unfair

to suggest that the work might have stood ;is well if, in its construction, it had resembled

the older and fine roof of the chateau at SulIy-sur-Loire, which he so well illu.strates,

but which want of space prevents our also doing. The student has, perhaps, no cause

for regret, as its construction can scarcely be reconnnended for imitation in the present

day. It is about 36 feet span.

2052/i. The absence of a ridge roll and the position of the ridge-piece in the majority
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of 7iiedi;eval roofs deserve notice. As soon as tlie ptirlines were disciirded, it setnis that
builders relied upon tlie kin-i-post to carry a ridgi.--piece iipoii uliicli rested (he ends of
"the rafters; these were halved and
spiked together above it. Excepting
in a i\;\v cases tlie ridge-pitce was
rather a piirline at tiie top of tlie roo.^'

tl)Hii an abutment. Much of the bait

•»nd strai) work apul'ed inthe\isible
Vames of roof's is not always the most
judicious as regards the conversion of

construction into decoration. l-'or

example, if it were calcula'ed tiat a

tie-beam w(ju!d sag, instead of in-

ci easing its scantling, or of trussing

it, the mediarval carpenter would very

probably hang it up to his truss, as

in J(/.i. 10\y. and 70I/i. At a later

l)eriod (say the 14th centuiy) with
some spikes. Fig. 701//. illustrates

the method of forming the jimciion of
post, beam, and strut in a roof; and

fi(). 7011. that of beams and posts ia '^^
the timber framing of houses.

'

Fig. 70ie. Fif. 701/

2051.7. It will be at once perceived, hy fig. 701c., that the hammer- ledm 15 B' takes the
place of the tie-beam, the middle p;irt of which may have been cut away. The tinted por-
tion shows the foot of the rafteis in a cr.adle roof; and the lighter portion the position and
form of the hammer-beam, ths outer end of which is tenoned and pinned on to the wall

Fig. 70lff. Fig. 70 It.Fig. 70IA. Fig -Oil.

• plates A, and the inner end supported by a curved brace C, whicli starts

from the bottom of the w: 11 piece D, the whole being pinned tog-therat

the ends. Sometimes a c ibel receives the foot of the w.ill piece and brace.

Tiius the whole length of the hammer beam may be said to h;ive a solid

bearing ecpial to supporting the roof rising al)ove it, by the ashlar rafter

or strut E, and at the same time forming a ])art of that structure, Wlun
the whole is piit together securely, it has been considered almost impossible for hammer-
beam roofs to spread, as froin the stiffening a tion of the braces, it would require a veiy

heavy force to push out the Wiills, 15ut " the ab.sence of that curved brace which dis-

tinguishes the Westminster example, ma^es these ro -fs much more likely to exert a

thru.st upon the walls, and, accordingly, it is notorio;is that in very many casts this has

occurred. In the fine example at Croxton, the sirain was so great as absolutely to bicak
short ofi'tlie perfectly sound heart of cak jiin^, nearly an inch in diameter, with which it

was held together; and it is to be feared that many of tlu' finest of these examples are

similarly in a dangerous condition." So writes JVlr. Street, in his English Woudu-oik, read

at the Institute of British Architects in 1865, a paiicr which should not be neglected by
the student. The principle of the construction of t' cse roofs has perhaps not yet been
satisfactorily elucidated.

'2052111. Tne timber roofs in England tnay be divided into five classes : — I. F^oofs with

tie-beams; II. Roofs w.th trussed rafters, or sing'e framed roofs; J 1 1. Roots with braces

witli or without collars; IV. Roofs framed with hammer beams; and V. Aisle rool's.

The first are more general and better treated in France. Tlie others are more peculiar to

England, in which country elaborate examples of these forms are to be found, especially

on the haumier-beam system.

'2052ii. Filch.—These rool's are for the most part -xciitely pitched, thou};li this was by
no means their invariable characteristic. An angle of 90^ was perhaps the ordinary eleva-

tion of Norman roofs, and in the early Enirlish period, though generally acutely pointed,

roofs are nevertheless found of an equilateral pitch or angle of 60°, ihougli this is of rare

oceiirrence. In this and the succeeding style, examples are found of so low a pitch as to

equal the flattest specimens of the perpei.dicular peiiod. 'I'lie roof, of the deiorati d.
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style, over the lirger south aisle of St. IM.irin's Church, Leicester, has a ipan of 21 feet,

wjtli ;i rise of only 4 feet. (See par. 2040b.).

CO.i'iM. I. Tlie tie-htam bears the whole \vei,-»'ht of a low pitched roof. The roof over

tlie south chapel of Kiddington Ciuirch, Oxfordshire, is of ratlier a steeper pitch than that

at Leicester. The under side of tlie beain is well moulded, and is connected witli the

wall-pieces by moulded curved braces forming a very ohtusely pointed arch ; the purlines

rest directly on the beam, and the ridge is supported on it 1 v a post, and by short

cuived braces, the whole of the space above the tie-beam biiiig fi.Ied up so as to give it

the appearance of a solid triangular sh:iped beam. The naves of Raunds and of Higham
Ferrers Cliuiches, Northamptonshire, the latter of decorated date, and of Wimmington
Church, IJedfordsiiire, present good and differing examples. The tie-beam is rarely left

perfectly horizontal ; tlie collar- beams and even the hammer-beains will be found to incline

upwards. Tie-beams were s;;metimes employed quite independently of the other timbers,

being simply laid across the building from wall to wall, notched down, and pinned to the

wall plates. Tliey were never entirely discarded, as tliey are to be met with in each of tiie

four usually accepted divisions of the style. At SoiithHeet Church, Kent, tiie tie-beam is

beautifully moulded ; whereas, at Northfleet, it is left in almost its natural rougiincss,

while the roof itself, which is one of the trussed rafter kind, is panelled, and has moulded
ribs with carved bosses at the intersections.

2052/). An example ofa strongly cambered tie-beam, with an ornamented king-post, is seen

in Swardestone Church, Norfelk, and it is by no means uncommon in the counties of Kent
and Sussex. The tie-beam
of the roof over the aisle of

Noith AValsham Churcli,

Norfolk {fg. 701/n.), pas.ses

through the nave wall, the

end forming a corbel for the

wall pieces of the nave roof.

This roof also presents a

practice which became al-

most universal in roofs of

later date, viz., an interme-

diate truss between the lie-

beams, in consequence of

the extreme width between

the main trusses, to supjiort the ridge and purlines, by the adoption of double rafttis

on each side, strongly united and framed together, .springing from a sm^dl hainmer-

beam over the apex of the arches. In

rocfs of high pitch, various endea-

vours were made to retain tiie arched

shape in conjunction with the tie-

beam. At Puliiam Church, Norfolk,

and Morton Church, Leicestershire,

the beam divides the arch into two.

with a bad result.

20527. 11. Single-framed roofs some-

times have only diagonal braces con-

necting the rafters. These occur gene-

rally where the span is small, as over a

porch. In wider spans, even without

tie-beams, each pair of rafters w:is

framed with a cullar-b.am, and was
stilFened by braces crossing at tim.s

above the collar, and at others the

braces being tenoned into its under side ;

Fig, 70111. wninoT.sHAM. Nom 01 k. when the latter was the case, a second

collar was genera'ly introduced above the first. Such roofs were very frequently hoarded

underneatii, foruiirig thus a polygonal barrel vault, and moulded ribs were applied, divid-

ing the boarding into panels, with carved bosses at the intersections. The above details

will be found combined in the examples of the decorated period from the nave of Wiui-

botsliam Church, Norfolk (fff. lOln ). The angle of the roof is 78°. The span is 21 feet

9 inciies ; the rafters and collars are 4^ inches by 4 inches. The former are placed 1 foot

9 inches apart between the centres. The nave roof of Reedham Church, Norfolk, .31 feet

span, is framed on the same principle. The hall at Sully-sur- Loire is a fine example.

2052r. III. Hoofs constructed with /;r/fes may be divided into two classes: I. Those
with collar-beams and braces ; and II. Those without collar-beams. An example of the

former is seen in the roof of the nave at I'lilhain Church (Jig 701o.), which is formed at

en angle of 1.05°, with a sjian of 20 feet 5 inches. Wall pieces \, arc used, pinned into

Ndinil HALMIAM, ^OU^OLIC.
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the underside of the principal rafters, descending low down on the wall; the arched brace

springs directly from this to the collar-beam, uniting them both with the principal. It is

held that it would be impossible for this roof to spread until it had broken the curved

braces. The va-

rioustimbersare

h\\ effectively

moulded. The
))rlncipal rafters,

12 inches by 10

inches; common
rafters, 6 inches

by 3^ inches

;

collar-beam, 14

inches by 8^
inches ; ridge

l)iece, 8 inches

by 8 inches;

piirline, 8 inches

by 0^ inches

;

w.dl ])iece, 10 Fig 70lo. i'ciiiam, noiifolk. lig. toi;).

inches by 8^ inches. Width between centres of trusses, 6 feet 2 inches; and depth of cornice

3 feel 2 inches. Of class II. is the roof over the nave of Starston Church, Norfolk (_/?</.

lOlp ). The angle formed is 100°. At the apex of the roof is a strut 15, about 9 inches

square, which hangs down 2 feet ; its four sides are morticed, two to receive the ends of

.
the braces where they are pinned, thus preventing the possibility of its dropping ; and the
other two on the op])osite sides, to receive the arched ridge braces, as shown at C. This ar-

rangement tends to prevent the roof either spreading outwards, or rocking from east to west.

The span is 21 feet 10 in. The principal rafters are 10 in. by 9 in. ; common rafters, 6 in.

by 4 in. ; wall piece, 10 in. by 7^ in.; purline, 6^ in. by Sj in. ; and cornice, 1 1 in. by 10 in.

2052s. IV. Hammer-heam roofs are always double-fiamed roofs, the rafters being sup-

ported by a skeleton framing of purlines and ridge, resting on, or framed into, the principal

trusses. Among the many varieties of this description of roof may be noticed:—(1) Those
with collar-beams and no struts, the collars, princii'als, and hammer-beams being united
with curved braces; (2) Those in which the collar-beam is omitted, the curved braces

being carried up almost to the ridge, and framed at the apex of the arch into a strut, which
receives also the upper ends of the principals; (3) Those with no collars or struts, the

whole of the truss being connected together and stiffened with curved braces only ; in this

instance the arched braces are formed of three

pieces of timber, one on either side of the

roof, tenoned into the hammer-beam and prin-

cipal, and reaching up as far as the purline,

the centre piece forming the apex of the arch,

being tenoned into each princijial, itself acting

as a brace, and to a certain extent as a collar

beam; and (4) Those having hammer-beams,
collars, and struts, connected together with
curved braces. ( See />ar. 2052/.)

2052t. An example of the first sort is the

roof of Capel St. Mary's Church, SuHblk
{fig. 70I7.). The angle formed is 87°, and
it is very seldom that a hammer-beam roof
has a steeper pitch. The span is 18 feet 3
inches. The principal rafter is 10 inches by
8 inches; common rafter, 6 inches by 3 inches; hammer-beam, 10 inches by 8 inches ; collar-
beam, 10 inches by 8 inches

; purlins, 6 inches by 5 inches ; ridge piece, 6 inches by G inches.
The trusses are 6 feet apart from centre to ctntre. The second sort is shown in fig. 701r.,
the nave roof of Trunch Church, Norfolk. The intermediate trusses are the same, excei)t
that instead of the long wall- piece and brace, the wall-piece is stopped at the crown of the
arch of the clearstory window, and a very depressed brace connects it with the hammer-
beam. The spandrils are filled in with perforated tracery. The span is 19 feet. Tiie prin-
cipal rafter is 10 inches by 9 inches; common rafter, 6 inches by 4 inches; hammer-beam,
10 inclies by 10 inches; purline, 8 inches by 5 inches; ridge piece, 10 inches by 10 inches.
The trusses are 5 feet 6 inches apart. The third sort is shown in fig. 701s., frorn the nave of
Wymondliam Church, Norfolk. The hammer-beams project rather more than a quarter
the width of the nave, and are carved into figures; the intermediate trusses have also
similar figures, but made subordinate to those of the main trusses. At the intersections of
the purlines and ridge braces arc large carved flowers standing out in bold relief. Of the

Fig. '0\q. CAPEL ST. MAIIY, SUFFOLIC
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roiirtli sort, the most r.rti-J exainplt-s are tliose of Wi'stminster Hall, CS foet span (/y.
196.); Hampton Court, 40 feet span ; Eltl ain

I'alace, 36 feet 3 inches; Beddington Hall;

IC.NAl'TOX, NOKtOLU

19.0

Fig. 701r. THi'Ncii, NonFor.K. Fig. 701» wvmondham, noi;foi,k.

Soi!tli Wraxliall, 19 feet 9 inclies; Croydon, 37 feet 9 inches, &c. It will be well to

notice, what is not lisually known, or shown, in the sections of tlie Westminster roof, that

the inain purlines over the strut, are upheld with the collar-beam by an intermediate rafter

of gieat strengtli. INIr. S. Smirke has observed

(Aichaologia, xxvi. page 417-18), that "this roof is

the common collar-beam roof and of extremely simple

construction ; the wliole ))ressure is carried by the

straight lines of the (jrincipal rafter, and (curved) brace,

al)ove alluded to, directly into tlie solid wall, where

it ought to be." The examples of lesser importance,

as regards span, are not all of the same elegance as

that of Westminster, which, at the same time that

it is the lirgest and best, is also the earliest (1397)
of the series. Some examples ))resent double hammer-
beams, forming a sort of corbelling over up to the

ridge or to the collar- beam. Fig. 701/., from Knap-
ton Church, Norfolk, is 32 feet span, and is a fair

specimen of sucli roofs. The wall is 2 feet 10 inches

in tiiickness. For all these exam])Ks, we are indebted

to the excellent publication by Brandon; Mediavdl
Roofs, to which work we must refer the reader for de-

t.iils of decoration and painting, as the above figures are only here introduced to show
llie principles of construction displayed in such roofs.

'-052m. \\\ Jig. 701«, we give the modern roof, of 31 feet 2 inclies span, over the nave of

BickerstafFe Cburcli, Yorkshire, designed by Sydney Smirke, R. A., as a good specimen of

the adaptation of modern science to mediaeval structures. Tlie collar-beam is double, each

9 in. by 3 in., through which the king-post is tenoned and strapped. The purlines are 7 in.

by 4 in.; the l)race, 9 in. by 7 in. ; and the corbels are 11 in. wide, being also tailed in 11 in.

2052y. V. Aisle, or Lean-to, roofs, may be described as

usually consisting of strong timbers, answering tlie pur-

jiose of principal rafters, laid at each end on plates, the

lower plate resting on the external wall, the upper one

either supported on corbels projecting from tlie nave

wall, or inserted therein. Wall-pieces are tenoned into

the upper and lower extremities of the principals, and

curved braces springing from the feet of th.ese meet in

the centre of the principal, farming a perfect arch, having

tlie spandrils generally filled in with tracery. A purline

is usually framed into the princijial, and on this and the

l-Iates the common rafters are supported (see aho fig.

701o.). In aislj roofs the whole of the timbers, even to

the common rafters, were frequently found more richly

moulded than tho.se of ihe nave, possibly from being

nearer the eye of the spectator.

£053, The following instructions relati\e to the lines necessary to be found in the framing

jf roofs are from Price's British Carpenter; and although published neaily 100 years, fe»v

UltlCEKSTAl FK. VOliKSIlUa;.
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be a plan to be inclosod with

a bi))i)ed roof, whose height

or slope is Cb. Divide the

plan lengthwise into two
iTjiial parts by the line ef,

which jjroduce iiuletiiiitely

at both ends. ]\Iake ag

eciual en, and dh equal to

(Ifi and through h and g,

jiarallel to al> or cd, draw

lines indefinitely mo, Ip.

With the distance dc or Cc,

either of which is equal to

tlie length of the common
rafters, set off (/e, as also from

h t'> /), from i to o, and froin

fto n ; from k to in, and from

g to /. Make ts equal to Cb, i.-,^. 702.

and ab equal to fa, which

points join ; then either aC or as represents the length of the hip rafter, and joining the

several lines lujli, bpnc, end, and dmln, they will Ite the skirts of the roof.

20.H. To find the back of the hip. Join t/e, and from r as a centre describe an ;iic

touching tlie hip as. and cutting at in u. Then join gu and ue, and gue is the back of the

hi]) rafter re(]uired.

12055. Fig. 703. represents, in abed, the plan of a building whose sides are bevel to eac)«

other. Having drawn the

central line ef indefinitely,

l)isect the angle rug by the

line ae, meeting ef in e.

From e make eg equal to re,

and rg perpendicular to ea ;

then, if e a be made eipial

to ta, ra or atj, it will be tiie

length of the hip rafter from

the angle a. 'J'hroiigh e

and f, perpendicular to the

sides db, ca, draw the lines

vp, mq indefinitely ; and from

a, as a centre with the radius

aq, describe an arc of a cir-

cle, cutting tiiq in q, and cr

(])erpendicular to /«() pro-

duced in /. By the same
kind of operation oc will be

found, as also the other parts of the skirts of the roof. The lines nt, tfv, and vp are intro-

duced merely to show the trouble that occurs when the beams are laid bevel. 'J"he angle of

the back of the hip rafter, rwg, is found as before, by means of w as a centre, and an arc of a

circle touching aq. The backs of the other hips may be found in the same manner.

2056. Fig. 704., from Price's Ca'7)e;(<ry, is the i)lan of a house with the method of placing

the timbers for the roof with the upper part of the elevation above, which, after a jjorusal of

the preceding jiages, cannot fail of being understood. The i)lan V is to be jjrepared for a

roof, either with hijjs and vallics, or with hips only. The o])en spaces at G and II are

over the staircases : in case they cannot be lighted from the sides, they may be left to i)e

finished at discretion. The chimney flues are shown at IKLMNO. Then, having laid

down the jilaces of the openings, place the timbers so as to lie on the i)lers, and as far as

possible from the flues ; and let tliem be so connected together as to emiiiace every part of

the jjlan, and not liable to be separated by the weight and thrust of tiie roof. 1' is a

trussed timber partition, to discharge the weight of the roof over a salon below.

2057. Q. is the upjier part of the front, and 11 a ])edinunt, over the small break, whose

height gives that of the blank pedestal or parapet S. Sujjpose T to represent one half of

tiie roof coming to a point or ridge, so as to si)an the whole at once, " which," as Price

truly observes, "was tlie good old way, as we are shown by Serlio, Palladio," &c., or

suppose the ro.)f to be as the other side U shows it, so as to have a flat or sky-light over the

lobby F, its balustrade being W; or we may suppose X to represent the roof as spanning the

whole at three times. If X be used, the valley and hip should be framed as at Y ; if as T,

the principal rafters must be framed as at Z, in order to bring part of the weight of the roof

and covering on the partition walls. The remainder needs not further explanation.
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R:HS FOll GROINS, ETC.

53058. We shall now proceed to the method of forming the rihs for grohied
niches, &c. Tlie method of finding the shape of these is the same,
whetlier for sustaining plastering or supporting the hoarding of
centres for brick or stone work, except that, for plaster, the inner

edge of the rib is cut to the form, and, in centering, the outer

edge. Groins, as we have already seen, may be of equal or im-
equal height, and in either case the angle rib may be straight

or curved ; and these conditions produce the varieties we are

about to consider.

'2059. To describe the parts of a groin jv/icre the arches are cir-

ciihir and of unequal height, commonlg called Welsh (froins. We
liere supjiose the groin to be right-angled. Let AB (fg. 705.)
be the width of tlie greater arch. Draw 1?D at right angles to

A 15, and in the straiglit line BD make CI) equal to the width
of the lesser arch. Draw DF and CE perpendicular to BD and
EF parallel to BD. On AB describe the semicircle BghiA, and
on EF describe tlie semicircle E^roF'. Produce AB to p, and
FE to m, cutting Ap in y. Through the centre x of the semi-

atclii
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circle EqruV draw ts perpendicular to BD, cutting the circumference of the semicircle in s.

Draw if parallel to B D. From the centre y, with the distance yp, describe the (juadrant

pm. Draw mi parallel to AB, cutting the semicircle described upon AB in the point i.

In the arc Bi take any number of intermediate points (/, h, and through the points (//li

iraw it,hu,gv, parallel to BC. Also through the points yhi draw gk. Id, im parallel to

AB, cutting FE jiroduced in h and /. From the centre y describe the arcs kn, lo, cut-

ting AB produced in wo. Draw nq, or, parallel to BD, cutting the lesser semicircular

arc in the points (/, r. Through the points q, r, s draw qv, rti, it jjarallel to AB; then

through the points tiiv draw the curve fuvc, which will be the plan of the intersection

of ths two cylinders. The other end of the figure exhibits the construction of the framing

of carpentry, and the method in which the ribs are disposed.

2060. To describe the sides of a groin when the arches are of equal height and designed

to meet in the plane of the diagonals. Let a/ and al {fig. 706.)

be the axes of the two vaults, meeting each other in a, perpen-

dicular to af. Draw AB cutting af in w, and perpendicular to

il, ':3raw BG cutting ul in h. INIake w .\ and wB each equal to

half the width of the greatest vault, and make /'B and hG each

equal to half the width of the lesser vault. Draw AH and BE
parallel to af, and draw BH and DF parallel to al, forming the

parallelogram DEHF. Draw the diagonals HD, FE. On the

base AB describe the curve Bcr/e/'A, according to the given height

w/'of the required form, which must serve to regulate the form
of tlie other ribs. Tiirough any points cde in the arc \icdef.\.

draw the straight lines <</, dr, es cutting the diagonal HD at q,r, s.

Draw qh, ri, sk parallel to al cutting the chord BG at the points

X, y, z, b. Make x/i, yi, zk, bl each respectively equal to tc, ud,

ve, icf, and through the points Ghihl to B, draw the curve

G/ii/ilB. Draw qm, rn, so, ap perpendicular to HD. Make
qm, rii, no, ap respectively equal to tc, ud, ve, wf, and through tiie

points D, III, n, o, p, H draw a curve, which will be the angle rib

of the groin to stand over HD ; and if the groined vault be right-

angled, all the diagonals will be equal, and consequently all the Fig. 7uri.

diiigonal ribs may be made by a single mould.

'i06 1 . The upper part of the above figure shows the method of placing the ribs in the con.

struction of a groined ceiling for plaster.

Every pair of opposite jiiers is spanned

by a principal rib to fix the joists of the

ceiling to.

2062. The preceding method is not

always adopted, and another is sometimes
employed in which the diagonal ribs are

filled in with short ribs of the same curva-

ture (see fig. 707.) as those of the arches

over the piers.

206.3. The manner of finding the sec-

tion of an aperture of a given height cut-

ting a given arch at right angles of a

greater height than the aperture is repre-

sented in fig. 708.

2064. When the angle ribs for a square

dome are to be found, the process is the

same as for a groin formed by equal arches

crossing each other at right angles, the

joints for the laths being inserted as in

fig.
707. ; but the general construction for

the angle ribs of a polygonal dome of any nimiber of

sides is the same as to determine the angle ril) for a

cove, which will afterwards be given.

20S.5. When a circular-headed window is above the

level of a plane gallery ceiling, in a church for example,

the cylindrical form of the window is continued till it

intersects the plane of the ceiling. To find the form
of the curb or pieces of wood employed for completing
the arris, let dp {fig. 709.) be the breadth of the window
in the plane of the ceiling. Bisect dp in h, and draw /j4

perpendicular to dp. Make ^4 equal to the distance the

curb extends from the wall. Produce 4/* to B. Make

TT Fig. 709.
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f:k.7h.

Fig. 710.

AI5 equal to the height of the window above the ceiling, and through the three points

<J, B, H describe the semicircle ABC for the head of the window. Divide /tB into any

number of equal parts, as 4 at the points /i. I, v ; and h4 into the same number of e(iua

parts at the points 1 , 2, 3. Through the points klu draw the lines et, fu, gw paralk-1 to dp, and

through the points 1, 2, 3 draw the lines mg, nr, os. Make Im, 2k, 3o respectively equal

to ke. If, vg ; as also 1 q, 2r, 3s equal to kt,

hi, vw ; that is, equal to ke. If, vg. Then
through the points dmnoh, and also

through pqrs4, draw a curve which will

form the curb required. In the section X
of the figure, AC shows the ceiling line,

whereof the length is equal to h4, and

AB is the perpendicular height of tlie

window; hence BC is the slope.

2066. The construction of a niche,

which is a portion of a spherical surface,

and stands on a plan formed by the seg-

ment of a circle, is simple enough ; for

the ribs of a niche are all of the same

curvature as the plan, and fixed {fig.

710. ) in planes passing through an axis

corresponding to the centre of the sphere

and perpendicular to the plane of the

wall. If the i)lan of the niche be a

semicircle {Jig. 711.) the ribs may be disposed in vertical planes.

2067. In the construction of a niche where the ribs are disposed in planes perpendicular

to the horizon or plan, and perpendicular to the face of the wall, if the niches be spherical

all their ribs are sections of the sphere, and are portions of the circumferences of different

circles. If we complete the whole

circle of the plan {,fjg.7 1 2. ), and pro-

duce the plan ofany rib to the opposite

side of tlie circumference, we shall

have the diameter of the circle for

that rib, and, consequently, the radius

to describe it.

20G8. Of forming the boards to

cover domes, groins, Sfc. The prin-

ciples of determining the develope-

ment of the surface of any regular

solid liave already been given in

considerable detail. In this place we
have to apply them practically to

carpentry. The boards may be ap-
plied either in the form of gores or in

portions of conic surfaces ; the latter Fig. 7i2.

is generally the more economical method.
2069. To describe a gore that shall be tlie form of a hoard fo^ a dome circular on the plan.

Draw the plan of the dome ABD (Jig. 713.), aiid its diameter BD and Ae a radius per-

pendicular thereto. If the sections of the dome about to be described be semicircular,

then the curve of tlie vertical section will coincide with that of the plan. Let us suppose

the quadrant A B to be half of the vertical section, which may
be conceived to be raised on the line Ae as its base, so as to be
in a vertical plane, then the arc AB will come into the sur-

face of the dome. Make Ai equal to half the width of a board
and join ei. Divide the arc AB into any number of ecjual parts,

and tlirough the jioints of division draw the lines li, i>j, 3/c, 41,

cutting Ae in the ])oints efgh and ei in the points ij/d. Produce
the line eA to s, and apply the arcs Al, 12, 23, 34 to Am, mo, oq
in the straight line As. Through the points mnoq draw the
straight lines tn, up, vr, and make mn, op, qr, as also mt, ou, qv,

respectively ecjiial to ei,fj, gk; then through the points iiipr to

s, and also througli the points xtuv to s, draw two curves from
the points x and / so as to meet each other in s; and the curves

thus drawn will include one of the gores of the dome, which will

be a mould for drawing tlie boards for covering the surface.

2070. In polygonal domes the curves of the gore will bound
the ends of the boards ; as, for example, in the octagonal dome
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{fig. 714.), the plan being ABCDEFGII. Let i be tlie centre of the circle in wliicli the

octagon may be inscribed. Draw the half diagonal jA, (B, i'C perpendicular to any side

AH of the plan. Draw the straight line ih, cutting AB in h. Let lilmZ be the outline of

one of the ribs of the dome, which is here supposed to be the quadrant of a circle. Divide

the arc hZ into any number of equal parts from k at the points hnn, and through these

points draw l.v, my, nz, cutting Bj at the points xyz, and ih at the points 1, 2, 3. Extend
the arcs hi, hi, mn, on the line hn, from

/( to o, from c to p, from p to g, and

through the points opq draw the straight

lines tu, sv, tw perpendicular iohn. ]\Iake

OH, pv, qw, as also or, ps, qt, respectively

ecjual to \x, '2y, 3z ; then through th.e

points Arst draw a curve, and through

tlie jjoints mw draw another curve,

meeting the former one in the point n.

Thils will be formed the gore or cover-

ing of one side of the octagonal dome.

2071. When the plan of the base is

a rectangle, as fiy. 715., draw tlie plan

A BCD and the diagonals AC and BD,
cutting each other in E. Through E
draw EI perpendicular to AB cutting

A B in F, and through E draw EJ per- Fig. 713.

pcndicular to BC, cutting BC in G. Let the height of the dome be equal to half its

breadth, and the section over the straight line EF a quadrant of a circle; then from the

centre E describe the arc FH, its base being EF, and with the straight line EG as half

the major axis ofan ellipsis, and EFthe minor axis, describe the quadrant GFofan ellipsis.

I'roduce EF to I, and EG to J. Divide the arc of a quadrant FII from F into any

number of equal parts, and extend the parts on the line FI to kim, througli which draw
the lines liq, Ir, 7tis, &c. perpendicular to FI. Through the points 1, 2, :3, &c. draw wt, .lu,

yr, c*vc., cutting AE at w,x,y, and FE at t,2i,v. Make k'n, I'o', m'p, also Lq, Ir, ms, respec-

tively equal to tiv, ux, vy, and through the points nop draw a curve, also through tiie

points qrs draw another curve meeting the former in I ; then these two curves with the

line AB will form the gore

or boundary of the build-

ing of two sides of the

dome. Also in the ellip-

tical arc GF, take any

number of points 1, 2, 3,

and draw the lines \w', 2x',

3y', parallel to BC, cutting

EC in the points w'x'y',

and GE) in the points t', u,

v'. Extend the arcs Gl,

12, 23 from Gk', kl, I'm',

upon the straight line GJ,
and through the points

k'im' draw the lines n'q',

or', p's'. Make k'71', lo, f'fi- ''^

)«'//, also AYt /V, ms' respectively equal to t'to', u'x',v'y', and through the points Bw'o'p'

draw the curve BJ, and through tlie points Cq'r's' draw the curve CJ ; then BJC will be

the gore required, to which the boards for the other two sides of

the dome must be formed.

2072. A general method of describing the board or half gore

cf any polygonal or circular dome is shown in fiy. 716. Ix't

DE be half either of the breadth of a board or of one of the

sides of a polygon, EF the perpendicular drawn from the centre.

Draw the straight line AB parallel to EF, and draw EA and
FB perpendicular to EF; then u])on the base AB describe the

rib .YC of the vertical section of the dome. Divide the curve

AC into the e(piidistant arcs Al, 12, 23, and through the points

of division draw the lines ](/, 2h, 3i perpendicular to AB cutting

Fi F at t/hi and DF at k/m. Produce FE to V and extend the arcs

Al, 12, 23 upon the straight line EV from E successively to

the points opq. Through the points opq draw the lines or, jis,

qt parallel to ED. Make or, ps, qt respectively equal to r/k,

hi, iiii ; then through the points r st draw a curve, and DEV will

be the half arc or half mould of the boarding.

TT 2

I

I ii
U^'

Fig. 717.
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Let iihc,

2073. To cover a liemispherlcal dome h;/ hoorth jiwulikil to portions of conic surfaces. Draw

a \"ertical section of the dome ABC (/</. 717.) and divide the ciiciiinference into ciiual arcs

C(/, de, ef. Tlirough the centre E draw EB perpendicular to AC. Draw the chords Cd,

de,'cf, and produce all these chords till they meet the line EB, which they will produced in a

convenient space; but those chords that are next to the bottom AC will require a distance

too remote from AC ; and for the present confining our attention to those cliords whi^'h, when

produced, would meet the line EB at a convenient distance from AC, let ef meet the axis

EB produced in (/, and from the point
ff
as a centre with the distances ^e and uf describe the

arcs eh and fi. Then efih is the form of the board, so that its breadth is

everywhere comprehended between the two concentric circles eh and //, and

when the boards are bent their edges fall on horizontal planes. c

2074. We will here shortly repeat a method which has previously been

given of describing an arc of a circle Independent of its centre, as connected

with this part of the subject, and useful in cutting out the boards of a dome

where the centre is inaccessible or loo distant for convenience. Let AB
{fig. 718.) be the chord of the arc and CD its height in the middle. In this

case AB will be bisected at C by the peri^endicular CD. Draw the half chord

AD, and i)erpendicular thereto draw AE, and through the point D draw r

EF parallel to AB; also draw AG and BH perpendicular to the chord AB
cutting EF in the points G and H. Divide AC and ED each into the same

number of equal parts, and draw lines through the corresponding points of

division; these lines will converge, and if produced with the lines E.V and

FB, would all meet in one point. Divide AG into the same number of

e(iual parts as the lines AC, ED, and from the points of division draw lines

to the point D to intersect the former. A curve drawn through the iJoints i

of intersection will form the arc of a circle. The other part DB is found in

the same manner ; and this is a convenient metliod, because any portion of a

circle may be described within the width of a board.

2075. To find the relation between the height and the chord of the arc

&c. (fiff. 719.) be the middle points of the boards

in the arc, and from a draw a line ])arallel to the

base to meet the opposite curve ; also from these

points draw lines to the opposite extremity of the

base ; then each parallel is the base, as fa, and the

distances ee; intersected between it, and the point

where the oblique line from its extremity cuts the

middle vertical is the height of the segment.

2076. Tt is, however, more convenient to describe

the curvature of the board by a continued motion,

which may be done as follows. Let AB (fc/. 720.)

be the chord of the arc. Bisect AB at C by the

perpendicular CD, and make CD equal to the height

of the segment. Dniw DE parallel to AB, and make DE a little larger than

AD; then form an instrument ADE with laths or slips of wood, and make it

fast by a cross slip of wood GH. By moving the whole instrument, so that the

two edges DA and DE may slide on two pins A and D, the angular i)oint 1) of

the instrument will describe the segment of a circle, and if the pin be taken out

of A and put in the point B, the other portion DB of the segment ADB will be

described in the same manner.

2077. The covering of an elliptical

dome is formed by considering each

part a portion of the surface of a cone.

ABC (fit;. 721.) is a vertical section

tlirough the greater axis of the base

;

the otlier vertical section through the

axis at right angles being a semicircle ;

tlie joints of the boards therefore fall in

the circumference of vertical circles.

2078. In the same manner the cover- tiy. 7.ii.

ing of an annular vault whose section is semicircular is found, being on the same principles

as now shown for a horizontal dome, which will be evident from an inspection of Ji</. 722.

v\

BRACKETING.

2079. The pieces of wood which sustain the laths of cornices, coves, and the like, are

called brackets, and they take in form the general outlines as nearly as possible of the forms

to which they are to be finished
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2080. A cornice Irncht nfa'ii/ form being given, to make another similar one, or one that

ihall have the same proportions in all its parts. Let ^ in
.^BCDEF (Jig. 723.) be the given bracket. Draw

lines from the angular points CDE, and let Ab be the

projection of the required bracket. The lines AC, AD,

AE, being drawn, draw be parallel to the edge BC, cut-

ting AC in c; draw cd parallel to CD, cutting AD
in d. Draw de parallel to DE, cutting AE in e, and

draw ef parallel to EF, cutting AF in /. Then AbcJef

is the bracket required.

2081. To form an angle bracket to support the plastering

of a moidded'cornice. Let fg. 724. X be the plan of the

bracket. Draw the straight line AE equal to the pro-

jection ab of the bracket on the plan X, and Act per-

penf.'icular to AE, to which make it equal. Join Ea,

and on AE describe the given form AFGHIKLE of the

bracket which stands perpendicular to the line of con-

course of tlie wall and the ceiling. From the angular

points FGIIIKL, draw the lines F«, Gb, \c, lie, Kd,

Ld, cutting AE in the points BCD, and aE in the points

a, b, c, d. Draw af, bg, ci, dit, perpendicular to wE. Make

af. hg. cJi, ci, dh, dl, each respectively equal to AF, BG,

CII, CI, DL, DK. 3om fg, gh, hi, ik, kl, IE. Then

af/liiME is the angle bracket

re(|uired.

2082. An angle bracket

for a cove (///. 725.) may be

described in exactly the same

manner.
2083. When cove brackets ^'R- '>"'•

have different projections, the

method of describing the angle one is shown in fg. 726. Let

AB, BC be the wall lines. Draw any line GD perpen-

dicular to AB and II F perpendicular to BC. Rlake GD
efjual to the projection of the bracket from the wall repre-

sented by the line AB, and make II F equal to the pro-

jection of the bracket from the wail represented by BC.
Then, as one of the brackets must be given, we shall sup-

pose the bracket GAD descrii)cd upon GD. Draw DE
parallel to AB, and FE parallel to BC, and join BE. In

the curve A D take any number of points Q, S, and draw QP,
SR cutting GD in P, II and BE \n p, r. From the points

p, r draw the lines pq, rs parallel to BC, cutting HF in

the points;), r. Draw pij, rs perpendicular to BE. Make

pq, rs also pq, rs respectively equal to PQ, RS, &c. Ba
and HC ecjual to GA, then through the points aqs, &c.

draw a curve which forms the bracket for the angle. Also

through the points C, q, s draw another curve, am^ this

will form the cove bracket.

2084. The angle bracket of a cornice or cove m.'iy be

formed by the method shown in X and Y (fg. 727.),

whether the angle of the room or apartment be acute or

obtuse, external or internal. Let ABC be the angle.

Bisect it by the line BE. Draw GF perpendicular to

BC, and make GF equal to the projection of the bracket,

GC equal to its height, and FC the curve of the given

bracket or rib. In the curve FC, take any number of

points PQ, and parallel to BC draw the lines Vr, Qs, cut-

ting BE in the points r, s, and GF in the points R, S.

Draw rp, sq perpendicular to BE, and make the ordinates

rp, sq respectively equal to RP, SQ. and through all tlie

points pq, draw a curve, which will be tlie bracket as

required.

2085. When the angle is a right angle, it way be drawn

as atfg. 728., which is an ornamental bracket for the string

of a stnir, and traced in the same manner as tliat on a right-

angled triangle.

Fig. 726.

Fig 7«7
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'208'). In coved ceilings, tlie coves meeting at an angle are of differeiit brcadtlis, and the

j)l,in of the nngle is a curve to construct the l)rackets. Let
A BC {fill. 729. ) represent the angle formed by the walls of the

room, and let Hclcfff be the plan of the bracket in the angle

of a curvilinear form. Draw HM, and thereon describe the

bracket HOPQ intended for that side, and in the curve HOQ
take any number of points NOP, and draw the lines NR, OS,
PT perjjcndicular to AB, cutting it in the points R, S, T.

lA't ]\IQ he the height of the bracket, and draw QA perpendi-

cular to BA, and through the points NOPQ. draw the straight

lines N</, Oe, Vf, cutting HM at IKLIM. Draw /im perpendi-

cular to BC. Make hr, hs, ht, ha respectively equal to Hll,
IIS, HT, HA, and draw rn, so, tp, aq perpendicular to BC ;

also from the points defy draw the lines dn, eo, fp, gq, and
through the points hnnpq draw a curve, which will form the

other bracket re<juired.

2087. Whether brnckets occur in external or internal angles,

tlie method of describing them is the same, and when the

brackets from the two adjacent walls have the same ])rojection,

one of them inust be given to find the angle bracket. When
the brackets from these walls have unequal but given projections,

then the form of one of the brackets must be given in form to

find tlie angle bracket.

20S8. To form a bracket for a moulded cornice. On the draw-
ing of such cornice, draw straight lines, so as to leave sufficient

thickness for the lath and plaster, which should in no case be
less than three-fourths of an inch. Thus the general form of
the bracketing will be obtained.

'iOS9. We have, in a foregone page, mentioned a method of constructing

rii)s in thicknesses. We here present to

the reader two designs for dome-framing,
wherein there is a cavity of framed work
i)et\veen the inner and outer domes ; with

moderate spans, however, simple framing
is all that is re(]uired. Fig. 730. A is a

design for a domical roof. B exhibits the

method of framing the curb for it to

stand upon, the section of the curb being
shown upon fig. A. The design here

given is nearly the same as that used for

the dome of the Pantheon in Oxford
Street, which was destroyed by fire. C is

another design for a domical roof, which is

narrow at the bottom part of the framing,

for the purpose of gaining room within
the dome.

PENDENTIVES.

2090. If a hemisphere, or other portion

of a sphere, be intersected {fig. 731.) by

domes with

F-g. 7.11.

cylindriMl or cylindroidal arches, vaults
(1(1 are formed, which are called pendentives.

The termination of these at top will be
a circle, whereon may be placed a dome,
or an upright drum story, which, if ne-
cessary, may be terminated by a dome.

Pie. 730
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The reader will immediately perceive that many varieties may be formed. Our object

liere is merely to show how the carpenter is to proceed in making his cradling, as it is

called, when penJentives are to be formed in wood.

2091. 7o cove the ceiling of a square room with conical pendentives. Let ABC (Jip- 732.)

be half the plan of the room, and DFE the half plan of the curb, at whose top the ribs

are all fixed. The hyperbolical arclies ayb, Lhc on each of the four sides are of ecjual

height. The straight ribs bf, ik, hn, &c. are shown on the plan by F15, IK, LJNI, &c.

The method of finding the hyperbolical curves agb, bhc will be explained in the following

figure.

Fig. 732.

2002. To find the springing lines of the preceding pendentives, the section in one of the verti-

cal diagonal planes being given. Bisect the diagonal LK (fig. 733.) at the point N by tlie

perpendicular NW, which make equal to the height of the cone, and draw the sides LW
and K\V. Bisect the side MK of the square at a, and on N, with the radius Na, describe

an arc aA, cutting the diagonal LK at A. Then take any points B, C, D, between A and

K, and with the several radii NB, NC, ND, describe the arcs Bb, Cc, and Dd, cutting

KM at the points d, c, and b. From the points A, B, C, and D, draw AE, BF, CG, and

DH perpendicular to the diagonal KL, cutting the side WK of the section of the cone at

E, F, G, H. At the points abed erect perpendiculars ae, bf eg, and dh to the side IML,

making each equal to their corresponding distances AE, BF, CG, and DH, which will be

one half of the curve for that side from which the other may be traced. The dark parts show

the feet of the ribs.

2093. Fig. 734. shows the method of

coving a S(|uare room with spherical penden-

tives, which a few words will sufficiently

describe. CD, DE are two sides of the plan;

A FB is half the plan of the curb. In the

elevation above is shown the method of fixing

the ribs (which, in projection, are portions of

ellipses) on two sides of the plan, ab is the

elevation of the curb AFB; cfd and dge are

ribs on each side of the plan supporting the

vertical ribs that form the spherical surface,

which vertical ribs support the curb nfb. On
afb may, if necessary, be placed a lantern or

skylight; or, if light be not wanted, a flat

ceiling or a dome may be placed. This pen-

dentive is to be finished with plaster ; hence

the ribs must not be farther apart than about

] 2 inches.

2094. For finding (fig. 735.) the intersec-

tion of the ribs of a spandrel dome, whose
section is the segment of a circle, and whose
plan is a square ABCD. Let DEFB be the Fig. 734.

section on the plane of the diagonal. I<"irst plan one quarter of the rtlis, as at UC, TN,
SL, III, and QG, this last being parallel to DC or AB, the sides of the square; on V,

with the radii VG, VI, VL, VN, and VC, describe the arcs GVg, Iti, Lul, Nun, &c. cut-
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ting the base DB of the angular rib

in g, i, I, and ji. Draw gh, ik, Im, and
no, each perpendicular to DB, cutting
the diagonal rib at /(, h, m, and o. Then
making the distances GH, IK, liM,
and NO equal to the corresponding
distances gfi, ik, Im, and no, through
the jjoints H, K, M, O draw a curve
wliich will be the under edge of tliat

for the bottom of the ribs QG, III,

SL, TN, and UC, shown complete on
each side of the square plan. If eacli

of the circular segments on each side

of the square plan be turned up at

right angles to the plan A BCD, the

ribs will then stand in their true
position.

2095. We shall in this work confine
ourselves to the simplest forms of tim-
ber l)ridges, which, as well as those of P'-t^- ""5-

Btone, will be found fully treated of in the Encyclopfcclia of Engineeiing, by Mr. Cres}',

which foniis one of the series. As they mostly depend on the pruiciple of the truss, wliera

the span is large, and this combination of timbers we have already exphiined ; so in stonfl

bridges the principle of construction of the arch is the chief matter for consideration, and
to that a large portion of this work has been devoted ; hence, on the part of the architect,

we do not resign his jiretension to employment in such works, for which, indeed, as respects

design, his general education fits liim better than tliat of the engineer.

2096. The bridge over the Brenta, near Bassano, by Palladio, is an example of a wooden
bridge {fig. 73G.), which is not only elegant as a composition, but one which is economical

nnd might be employed with advantage where it is desirable that the piers should occupy
a small s])ace, and the river is not subject to great floods. The same great architect, in his

celebrated Treatise on Architecture, has given several designs for timber bridges, the princi-

ples of whose construction have only iietn carried out further in many modern instances

He was the earliest to adopt a species

of construction by which numerous piers

were rendered unnecessary, and thus to

avoid the consequences of the shock of

heavy bodies against the piers in the

time of floods. Of this sort was the

bridge he threw over the rapid torrent

of the Cismone {Jig. 737.) whose span
was 108 feet.

2097. Palladio has given a design

for a timber bridge {fig. 738.) which is

remarkable as having been the earliest

that has come to our knowledge, wherein
the arrangement is in what may be
called framed voussoirs, like the arch

stones of a bridge, a principle in later

days carried out to a great extent, and
with success, in iron as well as timber
bridges.
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209S. We shall conclude oiir section on practical carpentry with a method of con-

structing timber bridges proposed by Price in his Treatise on Carpeiitri/, and one not

dissimilar in prmciple to the method of Pliilibert de Lorme, before mentioned. The
bridge {fig. 739.) is sup-

posed to consist of two
principal ribs ik. The
width of the place is

s)5anned at once by an

arch rising one sixth part

of its extent. Its curve

is divided into five parts.

" which," says Price, " I

purjicse to be of good sea-

soned English oak plank,

of 3 inches thick and 12

broad. Their joint or

meeting tends to the centre

of the arch. Within this

rib is another, cut out of

plank as before, of 3

inches thick and 9 broad,

in such sort as to break
the joints of the other.

In each of these ribs are

.made four mortices, of 4
inches broad and 3 high,

and in the middle of the

said 9-inch plank. These
mortices are best set out with a templet, on which the said mortNres have been truly

divided and adjusted. Lastly, put each principal rib up in its place, driving loose keys

into some of the mortices to hold the said two thicknesses together ; while other hel|) is

ready to drive in the joists, which should have a shoulder inward, and a mortice in them
outward ; through which keys being drove keep the whole together. On the^e joists lay

your planks, gravel, &c. ; so is your bridge compleat, and suitable to a river, &c. of 36 feet

wide."
•J099. " In case the river, &c. be 40 or 50 feet wide, the stuff should be larger and more

particularly framed, as is shown in part of the plan enlarged, as I. These planks ought to

be 4 inches thick and 16 wide; and the inner ones, that break the joints, 4 inches thick

and I 2 broad ; in each of these are six mortices, four of which are 4 inches wide and 2

high ; through these are drove keys which keep the ribs the better together; tlie other two
mortices are 6 inches wide and 4 high ; into these are framed the joists of 6 inches by 1 2 ;

the tenons of these joists are morticed to receive the posts, which serve as keys, as shown
in the section K, and the small keys as in L ; all which inspection will explain. That of

]\I is a method whereby to make a good butment in case the ground be not solid, and is

by driving two piles perpendicularly and two sloping, the heads of both being cut off' so

as to be embraced by the sill or resting plate, which will appear by the pricked lines

drawn from the plan I and the letters of reference." Price concludes: " All that I con-

ceive necessary to be said further is, that the whole being performed without iron, it is

therefore capable of being painted on every part, by which means the timber may be pre-

served ; for though in some respects iron is indispensably necessary, yet, if in such cases

where things are or may be often moved, the iron will rust and scale, so as that the parts

will become loose in process of time, which, as I said before, if made of sound timber, will

always keep tight and firm together. It may not be amiss to observe, that whereas some

may imagine this arch of timber is liable to give way, when a weight comes on any par-

ticular part, and rise where there is no weight, such objectors may be satisfied that no |)art

can yield or give way till the said six keys are broke short off at once, which no weight

can possibly do."

Sect. V.

JOINERY.

2100. Joinery is that part of the science of architectuie which consists in framing or

joining together wood for the external and internal finishings of houses, such as the lining.*

of walls and rough timbers, the putting together of doors, windows, stairs, and the liko.



650 THEORY OF ARCHITECTURE. Book II.

It requires, therefore, more accurate and nicer workmanship than carpentry, being of

a decorative nature and near the eye. Hence the surfaces must be smooth and nicely

wrought, and the joints must be made with great precision. The smootliing of the wood
is called planing, and the wood used is called stvff, which consists of rectangular prisms

roughly brought into shape by the saw, such prisms being called battens, boards, and planks,

according to their breadth and thickness.

2101. We shall give but a succinct account of the joiner's tools ; an acquaintance with

their forms and uses being sooner learnt by mere inspection over a joiner's bench than

by the most elaborate description.

TOOLS.

2102. The first is the bench, whose medium height is about 2 feet 8 inches, its length

about 10 or 12 feet, and its width about 2 feet 6 inches. One side is provided with a

vertical board, called the side hoard, pierced with holes ranged at different heights in

diagonal directions, which admit of pins for holding up the object to be planed, which is

su])ported at the other end of it by a screw and screw check, together called the hench screw,

afting like a vice. The planes used by the joiner are the jack plane, which is used for

taking oft"the roughest and most prominent parts of the stuff, and reducing it nearly to its

intended form. Its stoch, that is, the wooden part, is about 17 inches long, 3 inclies high,

and 3\ inches broad. The trying plane, whose use is nearly the same as that last descril)ed,

but used after it, the operation being performed with it by taking the shaving the whole
length of the stuff, which is called trying up, whereas with the jack plane the workman
stops at every arm's length. The long plane, which is used when a piece of stuff is to he

tried up very straight. It is longer and broader than the trying plane, its length being

2G inches, its breadth 3| inches, and depth 3J inches. The jointer, which is still longer,

being 2 feet 6 inches long, and is principally used for obtaining very straight edges, an

ojjcration commonly called shooting. With this the shaving is taken the whole length in

finishing the joint or edge. The smoothing plane, which, as its name imports, is the last

em]iloyed for giving the utmost degree of smoothness to the surface of the wood, and is

cliiefly used for cleaning off finished work. It is only 7.i inches long, 3 inches broad, and

2^ inches in depth. The foregoing are technically called hench planes.

2103. The compass plane which in size and shape is similar to the smoothing plane,

except that its under surface or sole is convex, its use being to form a concave cylindrical

surface. Compass planes are therefore of various sizes as occasion may require. The
forkstaffplane resembles the smoothing plane in size and shape, except that the sole is part

of a concave cylindric surface, whose axis is parallel to the length of the plane. The form
is obviously connected with its application, and, like the last named, it is of course of

various sizes. The straiyht hlock is employed for shooting short joints and mitres, instead

of the jointer, which would be unwieldy : its length is 1 2 inches, its breadth 3J inches,

and depth 2^ inches.

2104. There is a species of planes called rehate planes, the first whereof is simply called

the rehate plane, being, as its name imports, chiefly used for making rebates, which are

receding ))lanes formed for the reception of some other board or body, so that its edge may
coincide with that side of the rebate next to the edge of the rebated piece. The length of

the rehate plane is about 9^ inches, its depth about 3| inches, and its thickness varies ac-

cording to the width of the rebate to be made, say from I| to 1 inch. Rebate planes vary

from bench ))laiies in having no tote or handle rising out of the stock, and from their

having no orifice for the discharge of the shavings, which are discharged on one side or

other according to the use of the plane. Of the sinking rebating planes there are two
sorts, the moving JilUster and the sash fillister, whereof, referring the reader to the tool

itself, a sight of which he can have no difficulty in procuring, the first is for sinking the

edge of the stuff next to the workman, and the other for sinking the opposite edge, whence
it is manifest that these planes have their cutting edges on the under side. Without
enumerating many other sorts which are in use, we shall mention merely the plough, a
plane used for sinking a cavity in a surface not close to the edge of it, so as to leave an

excavation or hollow, consisting of three straight surfaces forming two internal riglit

angles with each other, and the two vertical sides two external right angles with theu])i)er

Biu'face of the stuff. The channel thus cut is called a groove, and tlie operation is called

grooving or plowing. This sjjecies will vary according to the width from the edge ; but it

is generally about 7g inches long, S| inches deep.

2105. Moulding planes are for forming mouldings, which, of course, will vary according

to the designs of the architect. They are generally about 9| inches long, and 3^ inches

deep. When mouldings are very complex, they are generally wrought by hand ; but when
a plane is formed for them they are said to be stuck, and the operation is called sticking.

2106. The head plane is used very frequently in joinery, its use being for sticking

mouldings whose section is semicircular; when the bead is stuck on the edge of a piece

of sturt" to form a semi-cylindric surface to the whole thickness, the edge is said to be
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beaded or rounded. When a bead is stuck so that it does not on the section merely fall in

with its square returns, but leaves a space ^^. thus, between the junctions at the

sides, it is said to be qvirhed. Tlie beads or planes vary from very small sizes up to the

3 inch and l bead. They may however be larger, and are sometimes stuck double and

triple. The snipebill plane is one for forming the quirk, whereof we have spoken ; but we

do not think a detailed description of it necessary, more than we do of those which are

made for striking hollows and rormds.

2107. The stock and hit is the next tool to be mentioned. Its use is for boring wood,

and the iron, which varies as the size of the bore required, is made in a curve on its edge of

contrary flexure so as to discharge the wood taken out. It fits into what is called the stock,

which has a double curved arm working on spindles, the end opposite to the bit being

pressed bv the body, whose weight against the whole instrument is the power whereby

the operation is performed. The hit is also called a pin, or gouge bit. It is an important

tool, and much used. (See Auger in Glossary.)

2108. Countersinks are bits for widening the upper part of a hole in wood or iron for

the head of a screw or pin, and are formed with a conical head. Iliniers are bits for widen-

ino- holes, and are of pyramidal form whose vertical angle is about ;ii degrees. The hoh;

is first pierced by means of a drill or punch, and the rimer then cuts or scrapes off the in-

terior surface of the hole, as it sinks downwards, by pressing on the head of the stock.

According to the metal on which they are to be used they are differently formed.

2109. The taper shell bit is conical both within and without. Its horizontal section is a

crescent, the cutting edge being the meeting of the interior and exterior conic surfaces. Its

use is for widening holes in wood. Besides the above bits, there are some which are pro-

vided with a screw-driver for sinking small screws into wood with more rapidity than the

unassisted hand will accomplish.

2110. Tlie brad aid, the smallest boring tool, the gimlet, and the screw driver, &te so well

known, that it would be waste of space to do more than mention them, the commones: of

instruments in (he science of construction.

2111. The variety of chisels is great. They are well known to be edge tools for cutting

wood by pressure on it, or by percussion with a mallet on its handle. 'V\\2 firmer chisel is

a tool used by the carpenter as well as the joiner for cutting away superfluous wood by

thin chips. Those are best which are made of cast steel. If much suiierfluous wood is to

be cut away, a strong chisel, with an iron back and steel face, is first used with the aid of

the mallet, and then a slighter one with a very fine edge. The first is the firmer first

mentioned, and the last is called a paring cliisel, in the use whereof the force employed

is from the shoulder or hand.

2112. The mor^/ce c/((seZ, whose use is for cutting out rectangular prismatic cavities in

stuff is made of considerable strength. The cavity it so cuts out is called a mortice, and

the piece which fits into it a tenon, whence the name of the tool. This chisel is one acted

on only by the percussion of the mallet.

2113. The gouge is used for cutting concave forms in stuff. It is, in fact, a chisel

whose iron is convex.

2114. The drawinq knife is an oblique-ended chisel, or old knife, for drawing in the

ends of tenons by making a deep incision with the sharp edge, guided by that of the tongue

of a square, for which purpose a small part is cut out in the form of a triangular prism.

The use of this excavation is to enter the saw and keep it close to the shoulder, and thus

make the end of the rail quite smooth, for by this means the saw will not get out of its

course.

2115. There are many species of the saw, which is a thin plate of steel, whose edge is in-

dented with teeth for cutting by reciprocally changing the direction of its motion. The
varieties are— the ripping saw, which is used for dividing or splitting wood in the direction

of the fibres ; its teeth are large, the measure being usually to the number of eight in

3 inches, such teeth standing perpendicularly to the line which ranges with the jioints :

the length of the plate or blade of this saw is about 28 inches. The half ripper is used

also for dividing wood in the direction of the fibres : the plate of this saw is as long as of

that last described, but it has only three teeth in an inch. The hand saw, whose plate is

26 inches long, contains fifteen teeth in 4 inches ; it is used for cross cutting, as in the direc-

tion of the fibres ; for which purposes the teeth recline more than in the two former saws.

The panel saw has about six teeth in an inch, the length of its plate being the same as the

last ; but in this and the hand saw thinner than in the ripping saw : it is used for cutting

very thin wood, either with or across the fibres. The tenon saw is most used for cutting

wood transverse to the fibres, as the shoulders of tenons. The plate of a tenon saw is from

14 to 19 inches long, having eight to ten teeth in an inch. This saw not being intended to

cut through the whole breadth of the wood, and the plate being too thin to make a

straight kerf, or to keej) it from buckling, it has a thick piece of iron fixed on the edge

opjiosite to the teeth, called the back. From the opening for the fingers through the
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Iianclle of this and the foregoing saws being enclosed all round, it is called a double handln.

The sash saw is used for forming the tenons of sashes ; its plate is 1 1 inches in length, having
about thirteen teeth to the inch. It is sometimes backed with iron, but more frequently

with brass. The dovetail saw is used for cutting the dovetails of drawers and the like ; its

plate is backed with brass, it contains fifteen teeth in about one inch, and is about 9 inches

long. The handles of this and the last saw are only single. The conipass saw, for cutting

wood into curved surfaces, is narrow, thicker on the cutting edge as the teeth have no set,

and is without a back ; the plate, near the handle, is about an inch broad, and about a
quarter of an inch at the other extremity, having about five teeth to the inch ; the handle
is single. The kei/holc, or turninr/ saw, in its plate resembles the compass .saw, but the

handle is long, and perforated from end to end for inserting the plate at any distance with-

in the handle ; there is a pad in the lower part of the handle, through which is inserted

a screw for fastening the plate therein. As its name implies, it is used for turning oaf
quick curves, as keyholes, and is therefore frequently called a keyhole saw.

2116. The teeth of all saw.s, except turning and keyhole saws, are bent alternately on
the contrary sides of the plate, so that all the teeth on the same side are alike bent through-
out the length of the plate, for the purposes of clearing the sides of the cut made in tht

wood by it. The saw is a tool of great importance in every case where wood is to be
divided, for by its means it can be divided into slips or scantlings with no more waste than
a small slice of the wood, whose breadth is equal to the depth of the piece to be cut
through, and the thickness of it equal to no more than the distance of the teeth between
their extreme points on the alternate sides of the saw measured ou a line perpendicular to

them ; whereas, by any other means, such as the axe for instance, large pieces of timber
could only be reduced in size by cutting away the superfluous stuff, which would be no less

a waste of labour than of the material used ; and even then it would have to be reduced
to a plane surface.

2117. Joiners use the hatchet, which is a small axe, for cutting away the superfluous
wood from the edge of a piece of stuff when the part to be cut away is too small to be
sawed.

21 1 8. The square consists of two rectangular prismatic pieces of wood, or one of wood,
and the other, which is the thinnest, of metal, fixed together, each at one of their extremi-

ties, so as to form a right angle both internally and externally ; the interior right angle is

therefore called the inner square, and the exterior one the outer square. Squares are, for

different applications, made of different dimensions. Some are employed in trying up
wood, and some for setting out work ; the former is called a trying square, and the latter a

setting out square. To prove a s(iuare it is only necessary to reverse the blade after having
drawn a line on the surface to which it is applied : if the line of the blade on reversal

do not coincide with that first drawn, the square is incorrect.

2119. The bfvel consists, like the square, of a blade and handle; but the tongue is

moveable on a joint, so that it may be set to any angle. When it is required to try up
many pieces of stuff to a particular angle, an immoveable bevel ought to be made for the

purpose ; for unless very great care be taken in laying down the moveable bevel, it will be
likely to shift.

2120. The ffour/e is an instrument used for drawing or marking a line on a piece of stuff

to a width parallel to the edge. It consists generally of a square piece with a mortice in it,

through which runs a sliding bar at right angles, called the stem, furnished with a sharp

point or tooth at one extremity, projecting ? little from the surface ; so that when the side

of the gauge next to the end whicli has the point is ajjplied upon the vertical surface of

the wood, with the toothed side of the stem upon the horizontal surface, and pushed and
drawn alternately by the workman from and towards him, the tooth makes an incision from
the surface into the wood at a parallel distance from the upper edge of the vertical side on
the right hand. This line marks precisely the intersection of the plane which divides the

superfluous stuff from that which is to be used. When it is required to cut a mortice in a
piece of wood, the gauge has two teeth in it, and is called a mortice gauge, one tooth being

stationary at the end of the stem, and the other moveable in a mortice between the fixed

tooth and the head ; so that the distances of the teeth from each other, and of each from the

head, may be set at pleasure, as the thickness of the tenon may require.

2121. The side hook is a rectangular prismatic piece of wood, with a projecting knob
at the ends of its opposite sides. The use of the side hook is to hold a board fast, its fibres

being in the direction of the length of the bench, while the workman is cutting across the

fibres with a saw or grooving plane, or in traversing the wood, which is planing it in a

direction perpendicular to the fibres.

^122. The mitre btx consists of three boards, two, called the sides, being fixed at right

angles to a third, called the bottom. The bottom and top of the sides are all parallel ; the

sides of equal height, and cut with a saw in two directions of straight surfaces at right

angles to each other and to the bottom. fn»-ming an angle of 45 degrees with the sides.

The mitre box is used for cutting a piece of tried up stuff to an angle of 45 degrees with two
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of its siufaci's ; or at least to one of the anisses, and perpendicular to the otlier two sides,

oi at least to one of them, ohlicjuely to the fihres.

21 '23. The sfrai(j/it edge is a slip of wood made perfectly straight on the edge, in order to

make other edges straight, or to plane the face of a board straight. It is made of ditlerent

lengths, according to the required magnitude of the work. Its use is obvious, as its ap])li-

aation will show whether there is a coincidence betv/een the straight edge and the surface

vo which it is applied. AMien joiners wish to ascertain whether the whole surface of a
piece of wood lies in the same plane, they use two slips, each straightened on one edge, with
the opposite edge parallel, and both pieces of the same breadth between the ])arallel edges;
whence each piece has two straight edges or two ])arallel planes. To 11 nd, therefore,

whether a board is twisted, one of the slips is placed across one end and the other across

the other end of the board, with one of the straight edges of each upon the surface. The
joiner then looks in a longitudinal direction over the upper edges of tlie two slips, until his

eye and the said two edges are in one plane ; or otherwise the intersection of the plane
passing througli the eye and the upper edge of the nearest slip will intersect the upper edge
of the farthest slip. If it happen as in the former case, tlie ends of tlie wood under the
slips are in the same plane ; but should it happen as in the latter, they are not. In the
last case, the surface is said to wind ; and when the surface is so reduced as for every two
lines to be in one plane, it is said to be out of windittg, wliich is the same as to say it is a
perfect plane. From the use of these slips, they are denominated winding sticks.

2124. The mitre square, an instrument so called because it bisects the right angle or
mitres the square, is an immoveable bevel, for the pur])ose of striking an angle of 4,5 degrees
with one side or edge of a piece of stuff' upon the adjoining side or edge of the said piece

of stuff. It consists of a broad thin board, let or tongued into a piece on the edge called

the fence or handle, which projects equally on each side of the blade, whereof one of the
edges is made to contain an angle of 45 degrees with the nearest edge of the handle, or of

that in which the blade is inserted. The inside of the handle is called the guide. The
handle may i)e about an inch thick, 2 inches broad ; the blade about ^K to \ of an inch thick,

and about 7 or eight inches broad. The arris of a piece of stufT is the edge formed by

two planes.

MACniSERT.

2124a. In many of the operations of the joiner, where numerous copies of the same
thing have to be produced, accuracy is ensured by introducing the jirinciple of the guide,

either to diroct the tool over the work, or the work over the tool. The milre box,

slmot blocks, and the various kinds of fences and stops, are examples. 'Ihe principle of the

guide is also applied to simple sawing and planing, and to grooving, tonguing, morticing,

tenoning, and sliaping. The circular saw was introduced about the end of the last century

into England, and attempts to construct a planing machine were made about 1776 and 1791

(G. L. Molesworth, On Ihe CoHversion of IFood by Machinery, read at the Institute of Civil

Engineers, November 17, 1857). When Sir S. Bentham was in Russia previous to 1790,

he had made considerable progress in contriving machinery for shaping wood, such as all

the parts of a highly finished sash window ; another for preparing all tlie parts of a wheel,

so that the joiner or wheelwright in tiiat case had only to put the several pieces together.

In 1802 Bramah patented machinery for producing straight, parallel, and curvilinear sur-

faces on wood. In 1807 Bruntl's famous hlock machinery was set in motion in Ports-

mouth dockyard. Tiiomson's machinery for sawing, gauging, grooving, and tonguing

floor boards was in operation in 1826 ; and, in 1827, Muir of Glasgow patented a machine

for working floor boards, which has since served as a model for others. This machine has

approaclied perfection in that of MacDowall of Johnstone. A rack circular saw bench,

for round or square timber, quickly converts a log or balk into square timijer.

21246. For the ordinal y workshop, where the trade is limited and much varied, the

simpler American machines are more suitable. The satv bench occupies little space and

can be applied in plain and bevel sawing, and ripjiing, mitring, tcno.iing. rebating, &c. It

is only 3 feet 2 inches long. 2 feet 2 inches wide, and 3 feet 6^ Inches high ; the saw is

8 inches in diameter and makes 15^ revolutions for each turn of the handle. A crank

may be acted on by a treadle when the stuff is thin, but in ordinary cases tlie machii.e

requires two operators. We cannot satisfactorily describe the details, without illustrations,

of tlie many opt rations which this handy bench aids in performing with accuracy and

dispatch. In Furness's patent wood working machine for planing, moulding, morticing,

sawing, squaring, tenoning, boring, rebating, and grooving, the stuff is opeiated up n liy

cutters, held by horizontal arms lixed to a vertical shaft, in which it resembles the Bramah's

machine of 1802, but it is much simpler and less expensive. Worssam's " general joiner"

for tile same purposes will, it is said, with a 2 horse power, do the work of at least fifteen

skilled joiners. Perin's patent French band saw blades are made from ^'gth of an inch to

8 inches in width and up to 50 feet in length.

2124c. In macliines with revolving cutters the general opinion is, that the greater the

ipeed of the cutting tool the better will be the quality of ti;e work. The practical limit,
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however, appears to be between 2,500 and 3, .'500 revolutions per minute. A higher

vulocity beats tlie bearinj^s, dtstroys tlie balance, and causes injurious vibrations. To pro-

duce a good result the travel of the work should be very slow relatively to the travel of the

cutters. In some of the planing machines the cutters revolve with a velocity of 7,000

feet per minute, while the work advances at the rate of only 30 feet, but as a general rule

tlie work travels about Ti^th of an inch for each stroke of the cutters. To withstand

this high velocity the framing of the machine requires to be perfectly constructed,

the bearings made of a hard alloy, and precautions taken for obviating the wear of them,

Ni'wlands' work gives illustrations and detailed descriptions of some of the machinery.
2l'2i(l. Mention must be made of Jordan's patent wood and stone carving machine, invented about

3843, and worked by Pratt iu 1845 to 18.50 on a large scale. It roughed out the material actording to
the design, leaving but little lahour to be received from the hands of the carrer. Moulded work has also

been obtained by applying red-bot irou moulds to the wood, and so charring off the superfluous wood.
Tiiis system is probably cheap, but the work is flat and spiritless. Carved panels for doors, consisting of

a thin veneer of wood on a layer of pulp, the whole pressed iu moulds, is put forward by the Decorative
Wood Company, and has a good appearance.

2124e. The introduction from New York, Sweden, and other places, of prepared flooring, readj'-made
doors and machine worked mouldings, out of well seasoned pine, is of great ad\antaj,e for cheap houses
in the neighbourhood of large centres of population.

2125. In joiners' worK executed during the 13th, 14th, and 15th centuries, the wood has

neither warped, split, nor shrunk in the tenons and at other join;s. Tins excellence is

ascribed to the practice of seasoning the wood for at least six years after it was sawn, by
first leaving it in datnp places or even in water, and then stacking it in open piles under
cover, when it was often turned and sometimes smoked; after such treatment the wood,
when worked, has a tendency to acquire the appearance of Florentine bronze.

2 1
'25a. .A.S very old timber is likely to show shakes ana to be worm-eaten, the mediaeval

joiners felled oak from two to three hundred years old; i.e , timber which, at a yard from
the ground, measured from 66 or 72 to I'JO or 126
inches in girt without the albumen, and commenced
its conversion by marking it with one diameter cross-

ing another at right angles. The cuts on these lines

having been made, the quarters were sawn in vari-

ous ways, regard being bad, as much as possible,

to the texture of the wood. An unseasoned log of
oak splits as shown at A, Jig. 739a. because the inner

concentric circles are harder and more compact than
the outer ones ; therefore the latter, being the most
extensive in surface as well as the most porous, con-

tain a greater quantity of moisture, and shrink more
than tlie inner ones in drying, thus causing splits or

shakes leading to the centre. If timber be converted

without regard to this result of dryness, the stuff will

not only split, but will be so affected by changes of
"'*'"'""

weather as to twist. If the cuts be made in lines

converging, or even tending to the centre, the stuff may shrink in width but will neither

split nor warp. Although oak is formed like other exogenous trees by a succession of

layers, these are united and solidified in this particular wood by the medullary rays which

form a sort of natural dowel.

2I25t. The best method ofconverting oak for the use of the joiner is shown at ^,fg. 739a.,

in which there is no waste, as the triangular portions form featiier-edged laths for tiling

and otlier purposes. The next best method is that at C; that at D is inferior; but the

most economical method, where thickness is required, as for |)lanks or for moulded work,

is that marked E. Tlie resemblance to a watered silk, which is sometimes called the

feather, or flower, or curl, or pattern, of wainscot, is due to the medullary rays, which

show most vviien the saw follows the chink-grain as in B ; in C and D the silky appear-

ance does not exist, as most of the rays are cut across ; very slight examination will show
which course lias been followed, especially in the case of the quarter-grain stuff produced

by the method E. It is probable that the cross-cuts will follow the line of a layer, called

the felt-grain, in the plan marked B, which is that adopted in Holland on timber furnished

in great part from Champagne (whe.ce, simply, the superiority of Dutch wainscot), and

in ail cases of split oak for lathing and for park paling. ( Viollet-le-Duc).

2I25e- The wood principally used for joinery is of tinee sorts, pine, and white and

yellow deal ; the two first for panelling, and the last for framing. Of late years much
American wood has been used, both for panels and frames. It works easily, is soft, free

from knots, but more liable to warp than white deal. But joinery is not of course limited

to the use of a particular sort of wood. Wiien the exporter cuts a log, the first thing done is

to get one good deal or more for the London market ; the residue is then converted to

supply other maikets. Many deals 3 inches thick are sent to France, perhaps as large a

pro{)ortion as those of 2 inch and 1;| inch, but they are not of so good a description as

those sent to Loudon, France is the great mart for all deals that will not suit tlic London
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Fig. 73

market. The following are tlie modes which have been and are at present practised to

obtain deals for both n.arkets. In 739b. (the mode practised until the French market

improved), are obtained an Eng-
lish deal, A, 9 in. by 3 in , and
two battens, B, 7 in. by 2i in.,

making 6'J feet superficial. In

739c., tlie old mtide of cutting,

gave two English deals, C, 9 in.

by 2^ in., and two English bat-

tens, D, 7 in. by 2^ in., making
80 feet superficial. In 739^/., the

present mode of cutting, gives two
English dials, E, 9 in. by 3 in., and two French deals, F, 9 in. by 1} in., making 7G|-

feet superficial. This communication has been obligingly furnished by Mr. T. A. Britton,

as obtained at the Docks.

2125d. Glue is a material extensively used in joinery ; see Glossary.

MOULDINGS.

2126. When the edge of a piece of wood is reduced to a cylindrical form, it is said to be
rounded, which is the simplest kind of moulded work. (Fiff. 740.) When a portion of the

arris is made seraicylindrical, so that the surface of the cylindrical part is flush both with

the face and the edge of the wood, with a groove or sinking made in the face only, the

cylindrical part is called a bead, and the sinking a quirk; the whole combina'.ion (Jig. 741.)

being c;illed a quirked lead.

21 27. If a quirk is also formed on the other or returning face, so as to make the rounded
part at the angle three fourths of a cylinder, the moulding (see Jiff. 742.) is called a bead

and double qrdrk.

Fig. liO. Fig. 745.

2128. If two semicylindrical mouldings both rise from a plane parallel to the face, and
one comes close to the edge of the piece and the other has a quirk on the further side, and

its surface flush with the face of the wood, as m Jig. 743., the cumbir.ation is called a double

bead or dotd>le bead and quirk, wherein the bead next to the edge of the stuff' is much smaller

than the other.

2129. IMouldings are usually separated from one another, and often terminated by two

narrow planes at right angles (Jig. 744.) to each other : these are called fillets, and show

two sides of a rectangular prism. The different pieces of the combination of mouldings

are called members. A semicylindrical moulding, rising from a plane parallel to the face,

and terminated on the edge by a fillot (fig. 745.), is called a torus. In the figure there are

two semicylindrical mouldings, whence that is called a double torus. The reader must
observe that the distinction between torus mouldings and beads in joinery is, that the outer

edge of the former always terminates with a fillet, whether the torus be single or double;

whereas a bead never has a fillet on the outer edge. A repetition of equal semicylir.diieal

mouldings, springing from a plane or cylindrical surface, is called reeds. In joinery,

cima recta, and >r, cima reversa, are called respectively the ogee and ogeethe

;.reverse. The ovolo V , so named from its egg-like form, and the quarter round, the

fourth part of a cylindrical surface, are the remaining of the principal mouldings used in

joinery. When the margin of any framing terminates on the edges next to the panel, with

one or more mouldings, which both advance before and retire from tlie face of the framing

to the panelling, the mouldings thus introduced are called bo'ection mouldings. Their

comi)ination is shown further on. (See fig. 759.) Greek, Roman, and Italian moiddings

are also shown in 2531. and 2532.; and mediaeval mouldings are treated in Practice of

ARrHITECTtTRE.
DOORS.

2130. We shall now more particularly address ourselves to the subject of doors and the'.r

mouldings. The mo^t inferior sort of door used in building is the common ledge.d door, in

which five or six cr seven vertical boards are held together usually by three horizontal

pieces called ledges, to which the vertical ones are nailed. Sometimes there is an outer

framing, consisting of the top rail and the two outside stiles, but still having ledges as
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Itetoie; tlicsc are c.ilKd framed tuul hdr/ed doors. A door, properly made, is formed t)y

framing and fitting pieces of stuff together .if tlie same thickness; those wliich ar«
horizontal (_/?</. 746".) AAAA heing called rail and those which are vertical I3BBB bein"
called stiles. These form a skeleton into which pamh, usually of a less thickness, are
fitted. And this, indeed, is tlie general practice in all systems of framed joinery. In

doors, tlie upper rails are called top rails; the next in descending, frieze rails;
the next, wliich are usually wider than the two first, are called the lock or
miihi/e rads ; and the lowest, from their situation, are called huttom rails. The
stiles on the flanks are culled outsile stile.'i, and those in the middle are called
middle stiles. The piinels are also named from their situations on the door;
thus CC, being the uppermost, are called ///e^p panels; tlie next DD are
called middle panels, anA EE bottom panels. The rails and stiles are wedded
together, being previously morticed and tenoned into each other. The student
should, however, to obtain a clear comprehension of the method adopted, see
a door put together at the bench. The varieties and forms of doors are

dependent upon the will of the architect, from whom the design of the whole emanates;
it will be, therefore, here suflicient to mention the three sorts, viz. the common door, just
described ; tlie jib door, wliich is m:ide with the same finishings and appearance as the
room in which it is placed, so as not to have the appearance of a door; and, lastly, folding
doors, which open from the centre of the doorway, and are used for making a wider com-
miii;ication between two apartments than a common door will permit, or, in other words,
to lay two rooms into one.

2130a. A patent safety and escape door, applicable for all position?, has been produced to

supply the demand of the authorities that all doors in public buiklings be made to open
outwards. This invention consists of a door within a door, one opening inward, the other
outward; the inner door being so constructed that on a rush it yields to the pressure.

Sufficient fittings are provided to afford security as well. Messrs. Cliuhh have pioduced a

door, having a superimposed spring panel on the inside of the door, in which the lock is

en)bedded. While a smart knock, or even a slight pressure, on this panel causes the double
doors to fly open outward, it is impossible to open the door from the outside without a key.

2)31. Though the panelling of framed work is generally sunk witnin the face of the
framing, it is for outside work sometimes made flush. In the best flush woik, the panels
are surrounded with a bead formed on the edge of the framing, and the work is called

bead and flush. In the commoner kind of flush framing, the bead is run only on the two
ed;i;es of the panel in the direction of the fibres, and is called bead and butt.

2132. The diflEerent denominations of framed doors, according to tlieir mouldings and
panels and framed work in general, are shown in section of panel iind frame. Fig. 747.
represents the commonest door ; it is technically described, first mentioning the nunil er

The number of panels

(See Specifications.)

of panels intended in it, as a door square and fiat panel both sides.

will not be repeated in the following explanations of the figures.

2134. Fig. 748. represents the rail and panel of a door, with a quirked ovoio and a
fillet on one side, but having no mouldings on the other. The panel flat on both sides, it

is described as a door with quirked ovolo, fillet and flat with sqnare back.

21.S5. Fig. 749. only differs from the last in having a bead instead of a fillet, and is

described as quirked ovolo, bead and fat panel with square back.

2135. Fig. 750., with an additional fillet on the framing, is described as ^j^/V/^e^ oroZo,

head Jillet and fiat panel with square buck. The back, in the foregoing and following cases,
is described as square, because of its having no mouldings on the framing, and of the panel
being a straight surface on one side of the door.

21,')7. \nfig. 751. the framing is formed with a quirked ogee, and a quirked bead on one
side and square on the other, the surface of the panel being straight on both sides, and the
door is described as quirked ogee, quirked bead and flat panel with square back.

2138. Fig. 7.52. only differs from the last in the bead being raised above the lower part
of the ogee and a fillet It is described as quirked ogee, cocked bead and flat panel with
(quare buck.
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2139. Fig. 753. is described as a door with cove, cocked bead, flat panel and square back.

2140 Fiff. 754. is a combination by which much strength is imparted to the door, and

it is tlierelbre much used for external doors. It is, however, often used in the interior of

houses, and is described, quirked ovolo, head fillet and raised panel on front and square buck.

It is from the raising of the panel that the additional strength is acquired.

2141. Fig. 755. resembles the last in general appearance, the difference being in the

ovolo on the raised panel. It is described, quirked ovnlo, head and raised panel, with, ovn'o oit

the raised panel and square hack. When an external door has raised panels, they are always

placed towards the exterior.

Fig. ;oS. Fig. 7 J9.

2142. In fig. 756. there are more mouldings than in the last on the raised panel. It is

described, quirked ogee, raised panel with ovolo and fillet on the rising and astragal on the fiat

of panel in front and square hack.

2143. Fig. 757. is described, quirked ovolo, head fillet and fiat panel on both sides. This

description of doors is used where a handsome appearance is to be equally preserved

on both sides of the door, as between rooms, or between halls or principal passages and
rooms.

2144. Fig. 758. is a combination used, as all bead butt and bead flush work is, where
strength is required. The form here given is described, head and fiush front and quirked

ogee, raised panel with ovolo on the rising, grooved on fiat panel on back.

2145. 'I'he series of mouldings are, as we have before mentioned, called holection mould-
in.?'' i.fifl- 759.), and are laid in after the door is framed square and put together. They
project beyond the framing on each side. When bradded on through the sides of tlie

qidiks, the heads of the

brads will be entirely con-

cealed ; but it is to be ob-

served that, in driving the

brails, they must not be

directed towards the panels,

but into the solid of the

framing. The form of these

bolection mouldings is of

course varied according to

the pleasure of the architect.

'_'I45a. Mcdiceval Doors, of
I 1 r 1 FiR- 759(1.

a suTiple sort, were lormeu *

of planks plated upriglit, grooved or fcathcr-tongnod at the edges, and generally secured
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together by plain band-hinges, or more or less oriiamentcd, or with scroll work. These

planks are'fiirther naikd to a skeleton framing. Fi'ff. 759a. gives a sketch of tlie back

of the door at Bidhorough Church, Kent, with its planking at A ; and B is a section of

the same at Staplehurst Church, Kent ; the i)l:ue for the nails is only indicated. These

examples were supplied to the Diciiunnry of Architecture by Professor Lewis. Larger

doors were made up of frames and rails, strutted or braced, on the same principle as

the modern ledged doors and coacli-house gates. VioUet le Due's Diciiunnaire has m.iny

examples of this mode of framing, all the timbers being stop-chamfered, and the planks

bolted through the braces.

0145i. Tiie head of a door enriched with panelling; the door, with the planks carved

with panelling, running ornament, and niches with figures ; an early English door, with

two foliated band hinges; of the

same period with three iiinges;

i of the decorated period, the

panelled and enriclied headed
door at Holbeach Church, Lin-

colnshire, of which the con-
Fig. 7595. sti uction (a framing of square

panels, AA) is .shown in fig. 159b., rising from a plain plank 14^ inches high; with otlier

examples, are all given in Brandon, ^Ha/y»is, etc. together with one of the perpendicular

period, wherein the face has panelled planks, and square panel framing at back.

'.n45c. The framework is someiimes placed externally and ornamented, as in fig. 759c.,

from tlie west door of tlie Church of San Pietro ; and fig.
759d., from a door in a courtyard

opposite that of Sta. IMarla Antica, both at Verona. The sizes are 9i inches and ] 2

inches respectively, from centre to centre of panels. These

cuts are taken iVoin the iilates of the Dicttoii'iry.
^ The

very elaborate moulded and
carved door from the Norman
portion (12th century) of the

Palazzo Reale, at Palermo, is

given in the illustrations of the

Dictionary of Architecture, from

carefid measurements by the

lateJ. INI. Lockyer. Inthedoors

p of cedar or deal, but covered

g_^ ^ .

:

,
with paint, at the chapels of St.

Fig lo'jc
' jNIartin and St. Giles at Notre

Dame le Puy (cir. 1043-53.),
*is^i>«a.

the subjects, inscription?, and borders are all obtained simply by sinking the ground
8-16ths of an inch. Gates of the same description are said to exist in the churches of

Chamalieies and Lavoute-Chilhac in the same dis-

tiict. Tlie wood doors, having iron plates beaten up
into a pattern secured with large brass nails, ;it

Hiiesca Cathedral, date about 1400-1405, the

eia ot'the erection of the west entrance. (^Street.)

SHUTTEUS.

2146. Shutters, which are the doors of window
0])eniiigs, are framed upon the same prineiides as

doors themselves ; but their hacks are very often flush.

In the better sort of buildings they are folded into

recesses called boxings, whereof we sliall give a tigine

below as an example of the ordinary method ; but as

the extent and different forms of windows vary, the

ingenuity of the architect will be often required to

contrive his shutters within a very small space. Into

minutic-e we caimot enter in a work of this nature
;

however, in all their shapes, they are dependent on
the leading principles given.

2147. Fig. 760. is a ])lan of the shtitters, architrave,

sasii-frame, and part of the sash of connnon shutters.

The cavity which forms the boxing into which the

sashes fold is formed by the ground B (upon whieli

tlie architrave A is nailed), the hack lining F of the

boxing, and the inside lining G of the sash-frame,

whereof H is the inside bead. L is the outside lining

of the sash-frame, M the hack lining of it, and K the
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lower sasli. The vacant space J, between tlie pulley piece I and IVT, is a cavity which coa-
tui:i3 tde weij^hts for balancing the sashes ; N siiows the plan of one of them. The shutttiTS,

w!ien stretched out in their dlHerent folds, are supposed to cover one half of the window,
another series being supposed to l)e placed on the other side of it. 'lUe fiont shutler CCC
is hung by hinges at a to the inside lining G of the siish-franie. Tlie inner shutters DDD
nnd EE are called the buck flaps, tlie former of which is hinged on to tlie front shutter at b,

and the latter is hinged on to DDD at c. It will be immediately seen that these thiee
will thus altogether turn upon the hinges at a. and cover, in one straight line, from In.tii

sides, the whole of the light of the «iiulow. When the boxes are scantv, the hinge, called

a back flap liinc/e, may be placed as shown in X attached to the figure.

2148. In ordinary cases, this example will sufficiently exhibit the method to be adopted.
When it is not ap))licable, the architect must ap])ly himself to the work pro re iiaUl, ia

which, with very little attention, he will not find insurmountable difficulty.

i!I48a. The boxincjs of a window are further described in the Glossary and Addenduni.
Besides the lifLing shutters commonly used in houses of a lower rate, which in their con-

struction is simply a repetition of the sash-frame, we must notice

brieHy the many revolving shultcis for inside and outside |)ur-

poses, whether of iron, steel, or wood, laths. The latter were
first made at Ipswich, some twenty j'ears since,and were wound
up and down by a winch and upright rod working a toothed
wheel. Tiiey were soon afterwards made of iron, also worked
by machinery. Within the last i\:\v years, ilieir great conve-
nience has led to many improvements, and the greater use of
wood; instead of machinery. Counterbalance weights were in-

troduced. I>ater, they were "constructed of laths of «ood
rebated togetiier, having numerous morticis, through which
pass a series of temjjered steel bands, causing the shutter to be

sclf'-coiliiiff." Iron laths "ere also usL'd. Lately,

they " are nia'le of steel, in one sheet, without
either chains, links or rivets, or pins ; the steel

being corrugated transveisely gives them the ap-

pearance of laths, and enaliles them to be coiled

into a small sjiace." We avail ourselves of some
r.g. luvi/.

illustrations issued by Clark and Co., showing
the adaptability of this siiutter to various ))laces, as wii'-

dows, shops, doors, fireplaces, &c. Fiff. 760a. shows the head

and foot of an ordinary Inurse window. At A. it is fitted with

the shuttir inside, and to ])ull down. At B, it is fitted also

inside, and to lilt up, the coil being placed in a boxing forming

a step on the floor. When I lie jjosition of the joists admit of

so doing, the coil may be placed in the flooring, as at C ; and
occasionally it may lie more convenient to place it even mnhr
the ceiling, at D. Fly. 760b. is the plan of a window frame,

showing tlie groove, a, for the shutter, which is 1 inch deep by

7ths wide.

21486. A great improvement in securing the common shop

shutters without a shutter-bar is one of the early inventions

introduced by Jennings; these shutter shoes are so much advertised with illustrations that

further notice of them herein is needless.

2149. A very essential consideration in the neatness and beauty of joiners' work, is the

formation of the joints on which are placed the hinges of doors and shutters. They ought
to be so continued as to preserve the uniformity of the door or shutter on both sides, and
as much as (lossible to be close enough to exclude a rush of air between the edges of the

bodies to be hinged together, which, in this cold climate, is essential. In these joints, both

angles of one of the bodies is usually beaded, to conceal the open space, which woidd
otherwise be seen ; and for preserving the appearance of the work, the hinges are made of

such a curvature towards the eye, as to seem, when ])ainted, a ])art ot the bead itself on
that side where the knuckle is placed, so tlmt when bung the whole may appear to be one

bead.

2150. The section of a door style, and part of the Juinrjirig T",

sti/le at the joint, are reiiresented in A and IJ (fl;/. 76"!.),

wherein the centre of the bead on each side is in the line of fl

the straight part of the joint from the opjiosite side. In this ('; -;^
" "

'

j
figure, C is the centre of the bead, AG part of the joint in

a line with its edge. Joining AC, draw AB periiendiciilar

thereto. The other part UIJ is perjjendicular to El'', which
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ii, t!;c face of the door or hanging style. This is a joint suitable for many purposes aud
may be made with common hinges. If crooked, it will assist in excluding the ciirreai of
air, a point of no mean importance.

2151. In /iff. IG'-J. A and 13 exhibit a plane joint, beaded similarly on both sides. In
this case, the plane of the joint is a tangent to the cylindrical surfaces of the two beads

;

and as the margin on each side is alike, no check to the rusli of cold air is afforded. The
hinge, moreover, is such that it cannot be made in the usual manner, but must be formed
as at C.

21 /;2. Fiff. 763. A and B represent a hinging wherein the plane of the joint from one
side is directed to the axis of the bead on the other. The principle in it is the same as

that in Jiff. 76'!., and it may therefore be hinged witli common hinges, as shown in C, in

which the two parts are conjoined. The methods shown in this andyz'^. 761. are useful in

cases wherein a part of the margin is concealed on one side of tlie door.

2153. Fiff. 764. A and B exhibit the beads of similar size on each side, and exactly

opposite to each other, the joint being broken by indenting a part terminated by a plane

directed to the axis of the two opposite beads. The hinges are reiiuired merely of the

common form, the arrangement is strong, and the apartment rendered comfortable by their

use. In C the parts are shown as hinged together.

2154. In jiff. 765. the beads are on both sides, but not on the same piece, as in the last

figure. The appearance is uniform, but the bead, which projects the whole of its thickness,

Ls weakened. The junction is seen in the representation at C.

FiK. 705. Fig. 76G. Fig. ;ii7.

2155. Fiff. 766. is a method that has been adopted for concealing the hinges of shutters.

A is the inner bead of the sash-frame, B tlie inside lining, C the style of the shutter. For

the form of the joint, let af be the face of the shutter, perpendicular to ar the face of the

inside lining. Let the angle/ a r be bisected by the straight line aa, and in the centre

take c. Draw dJ perpendicular to aa, cutting it in c, which is the centre of tlie hinge.

From c, as a centre, describe the arc am, wliich must be hollowed out from the inside

lining of the sash through the height of the shutter. In order to make room for the open-

ing and shutting of the hinge, the internal right angle of the shutter must be cut out of its

edge to the breadth of the hinges. The toils of the hinge are here for the purpose of

strengthening them, represented of different lengths.

2156. In Jiff. 767. the hinges, which are for a door, are concealed, as the door allows it

in the thickness of the wood, the ends of the hinges being of equal lengths.

2i57. Fiff. 768. shows the common method
of hingeing shutters, a mode M-herein the wliole

thickness of the hinge is let into the thickness

of the shutter, the inside lining being assumed

as too thin to afford sufficient hold for the „
',»„,;^yrvf^

screws employed to fasten them. t
\ \

~ 1
2158. Fiff. 769. exhibits the hanging of a j

I
^

'

1

door with the centres concealed. Let ad be """"
L J L_^ -J

the side of the jamb in contact with the edge of ri;;. 70s. Fig. 70'j.

the door ; bisect it in h, and draw he perpendicular to ad, make he equal to ha or hd, and
join ac and cd ; from c, as a centre, describe the arc aed, which will show the portion to

be hollowed out of the jamb. Tlie centres are fixed to the upper and under parts of the

door, and the former is to be so coiistructed as to allow its being taken out of the socket

to unhang the door when required.

i.'i59. Shutters are usually hung in the way represented in Jiff. 770., wherein the centre
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n

of the knuckle of the hiiifce

is exactly opposite to the

perpendicular part of the

rebate. The dotted lines ex-

hibit the flap when folded

back.

2160. When the axis of p. ..^

the knuckle cannot be dis-

posi'd so as to fall opposite to the joint, the hinge is to bo placed as shown in Jig.

Thus, ah being the distance of the edge of the flap from that

of the shutter, bisect it in c, which will be the point opposite

whereto the centre of the hinge is to be placed. This ar-

rangement is necessary, both when the shutters are not

square at the ends, and when the boxing is restricted in

space ; the principle being to place the centre of the knuckle

of the hinge at half the distance of the edge of the flap from

the rebate on the edge of the shutter. In fig. 772. the

two parts are shown hinged together.

2161. When a door has attached to it any projection, and,

when open, it is requisite to bring it parallel to its place

when shut, the knuckle of the hinge {fig. ll?!.) must project

at least as far as the projection in <|uestion. An inspection

of the diagram, wherein the dotted lines show the situation

of the door when folded back, will sufficiently convey the

mode of conducting this expedient.

21 62. Fig. 774. is the representation of what is called a (

rule joint, which is used when the piece to be hung is not

required to open to more than a right angle. In this case,

the centre of the hinge is necessarily in the centre of the arc.

In fig. 115. the expedient shows the method turned to a

right angle.

2 1 6S. The various methods

of hingeing to suit every pos-

sible case would occupy a very

lartre siiace, were we to enter ^—- ^~ — _i-^i-—

i

into them ; and even atter

exhausting all the cases that we may have imagined, others would
arise to wliich no example given might be applicable ; we there-

fore leave this portion of the subject of joinery, under an impres-

sion that the principles have been sufficiently developed to enable

the student to pursue from them the application to any case that

he may be called upon to put in practice.

Fig. 773.

SASH-FKAMES AND SASHES.

2164. In fig.
760. the connection between the shutters and sasli-frame has been fully

explained ; we may now, therefore, proceed to the detail of a common sash-frame with

its sashes, supposing them to be hung so as to be balanced by weights, suspended by sash-

lines running over pulleys, capable of balancing those of the sashes themselves. On the

case of French sashes, which open like doors, we do not think it necessary to dilate.

Theg are, in fact, nothing more than glazed doors; and the principal object for attainment

in their construction, is to prevent the rain from penetrating into the apartments tiiey

serve, as well where tliey meet in the middle as at their sills, which is a subject requiring

much care and attention.

2165. In fig. 776. is shown the construction of a sash-frame, and the method of putting

together the several parts, wherein II is the elevation of the frame, of which A BCD is the

outer edge. The thinner lines at EF, GH, FG, are grooves whose distances from the edges

of the sash-frame LIM and KI are equal to the depth of the boxing, together with three-

eighths of an inch more that is allowed for margin between the face of the shutter, when, in

the boxing, and the edges iML and KI of the sash-frame next to the bead. S is a horizon-

tal section of the sides, whereon is shown also the plan of the sill. T is a vertical section of

the sill and top, in which is shown the elevation of the pully style m and n, and the pullies let

into the pully piece. U is the horizontal section of the sides, showing also a plan of the

\iead of the sash-frame. V the elevation of the outer side of the sash-frame ; the outside

lining being removed for the purpose of showing the work within the sash-frame. In this

fg is the parting strip fastened by a pin ; ed one of the weights connected to the sash by
means of a line going over the pulley c, the other end being fixed to the edge of the sash.
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The weight ch is made equal to

one h.-ilf the weight of the sash.

W is the head of the sash-frame

before put together, and X shows

the edge of W. Y is the edge

of tlu- hottom, exliihiting the

manner of putting the styles in

It, and Z is the plan of Y. Fie;.

777., Nos. 1. and 2., are sections

of the sills of sash-frames, with

sections of the under rail of the

sash, showing the best method of

constructing tlicm, in order to

prevent rain from driving under

the sash-rail. In each of these,

A is the section of the bottom

rail, B a section of the bead

tongued into the sill, C a section

of the sill. Fie/. 778. exhibits sec-

tions of the meeting rails of the

upper and lower sashes, with side

elevations of the upright bars ;

C is the rebate for the glass, D
a square, E and F an astragal

and hollow moulding, G a fillet.

The smaller letters mark the

game parts of the under sash.

Fif/. 779. is the section of an

iijjright bar with the plans of two
horizontal bars, showing tiie

franking or manner in which
they are put together to keep the

upright bars as strong as possible.

The thickness of the tenon in

tefcs

:.'jif

7. Fij!. 778.

general is about one sixteenth of an inch to the

edge of the hollow of the astragal, and close to

the rebate on the other side, hh is a dowel to

keep the horizontal bars still firmer together.

In this diagram the letters refer to the same parts

as in the preceding figm-e ; and it is also to

be observed, that no rebate is made for the glass

on the inside meeting rail, a groove being made
to answer that purpose. Fiff. 780. exhibits four

sections of sash bars. But their forms, as in the

case of mouldings, generally depends on the taste

of the architect.

2165a. Several patents have 1)een taken out, of
late years, for hanging sashes so that they may
be removed from the frames for clejjiiitig or re-

pairing without taking down the inside heads,
an operation which always results in at least Fig. rro. r,i;.-sn.

dati:aglng them in a few years. They are not always satisfactory. Gurman's sash pocket eivel

jfittine/s, and Gribhons' sash moiiritinps, were introduced about 18.58. Other inventions
liave been made for hanging them so that the upper and lower .sashes shall open with the
same action. Williairi MAdim's " Imperisljaljlo material applied to sash and other
pulleys, economical sash weights, and unproved methods of hanging windows," comprises
a material for pulleys of vitrified stoneware, proof against the action of the weather.

fei^i^

U..^..^^
D
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For window weights he substitutes a cheap material manufactured oi.t of various kinds of

refuse ; and suggests an improvement in the mode of hanging windows wliereby one weight

can be made to answer tlie same purposes as two applied in the usual way. R. Adams
has a patent anti- accident revers-ible and sliding window, for cleaning, ventilation, &c

,

whereby the outside of the sashes can be safely revolved, or reclined into the room for

cltaning, &c., thus removing all danger to tlie cleaner. Mealun has a new patent standard

sliding sash, for cleaning. For sash lines, see par. 2260,

21656. The French casement window, or sdsfi door as it is called when it opens down
to the ground, is a feature commonly introduced even in English town houses. Its most
ordinary form for small apertures is that of two leaves opening inwards or outwards, ineeting

in the centre of the opening; one leaf being sccnred to tlie frame by a bolt at top and bottom,

and the other, when closed, is fasteni'd to the first by a handle, fixed on the second

leaf and turning over a staple fixed on the first. Whc^n the casement is high; this

second leaf may require a bolt also at top and bottom to pre-

vent the wind bending it (when inwards), and so admitting
cold air and wet. When placed towards an exposed quarter

and subject to driving rains, it becomes necessary to take extra precautions to prevent the

wet being blown through the joints at the bottom and the sides. To effect this object, the

stiles, rails, and frames are beaded and siuik in various tnanners ; some are shown in

/iys. 7S0rt. and 7806., sills and bottom rails. For the latter, a water bar\s now much used.

2165c. The next improvement is perhaps that of affixing to the leaf which is first opened
an ujjright bar, wliich turns, and on being closed, fits against the other leaf, and by a hook

at top and bottom effectually fastens both

leaves. A similar method is shown in

Jig. 780c., adopted at Pisa, as given in the

Papers of the Royal Engineers, x. 187.

The upright square reeded bar D, is

moved to or from the sash, as the win-

dow is required to be opened or shut
;

the top and bottom of tlie bar being

rounded, as shown at E, so as to slide
^^"''

^

—

i

\ into two segmental plates F, secured

iVX

Fig 750i

to the sill and lintel. 1 is a plan of the two case-

ments, and 2 a plan of the head and sill.

2165</. The best arrangement is that of the

Espagnolette bolt, which is made of brass, and acts

in the same manner as that of the bar above men-
tioned. 1 here are several other contrivances of

a similar kind to effect the object, but the ahove
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iire those in most gciicral use. There is also a late invention for ibiming tlie l)olt into a

plate, and setting it in a groove in tlie edye of" tlie meeting stile, a corresponding groove

l)uing formed in the other stile to receive its half of the phite wlien moved forward by

tlie handle in closing the casement. This, at the san»e time, forms a weather bar. (See

jiar. '_"2.59. )

^IG.le. 'Yhefig. 780a. is a section of an ordinary arrangement in France for a casement.

A is the lilan, taken across the middle of the height, near the handle ; and B the plan of

the hooks at top and bottom of the rod. working into a staple fixed in the iiead and in the

bill, witii the movement of the rod by its handle, 'i'he round and hollow joint in theiniddle

of the casement necessitates the two leaves being closed together and pressed into the frame
when shutting; the kaves. thus securing all the joints from admitting air or water.

9.\ii5f. Fi(/. 780d. is a plan of the elaborate but usual French casement, as lately put up
to the stone-fronted houses in the Rue de la Victoire, at Paris. It is given by Daly, in

the Recue Gc'erale de V Architecture of 1858. A shows the casements when shut ; B the

shutters closed in the boxings ; and b b the shutters when opened out. C the persiennes or

outside blinds shut against the stone reveals ; the ordinary mode is for them to shut on
tiie face of the wall, wliicli spoils the architecture of the facade ; cc the same when closed;

13 the espagnoktte bolt ; E the outside architrave ; and F the inside architrave.

2166. Grounds are formed of pieces of wood forming skeleton frames, and attached

to walls, around windows, doors, or other openings, for the facility of fixing archi-

traves or other inouldings upon them. For doorways the I'lont and back grounds
vere connected by a third, specified as dovetailed backing. They are disused in

common work, the grounds being the wrought woodwork carrying the mouldings,
forming a single or double faced architrave, and havin:^ the jamb space filled by a
single or a double rebated and beaded jamb lining. The grounds served as screeds for the
)ihistering, for which purpose the edge was chamfered, rebated, or grooved. Grounds or

narrow grauiids were tliose to which the bases and surbases of rooms were fastened; slips

of wood now receive the skirtings of rooms. All these appliances were secured to wood
Ir'cks, which them-elves have given way to plugs or wedges. V\"right and Co's patent im-
pn>vea fixiiici bloclts for linings to walls, and floors, are substitutes for wood as a fixing.

They take and retain nails equal to wood ; ihey do not shrink, split, or decay, or be-

come loose; whilst the crushing weight is fully equal to good average brick or stone.

Thev are built into reveals as liricks, without de.-,troying the bund. When required for

skirtings, for boarding, and such like, the brick is made | inch wider, offtjring for

the plastering a better key than that obtained when using the wood ground. Tliey are

useful also in other cases. In all cases xhe groundx ought to be fixed vertical on the face

and edge, and he fixed firm and solid in every part; for otherwise the inside work cannot
be well finished, as in plastered rooms the plaster is worked to them.

216". In fixing window grounds, the sash-frame must be first carefully placed so as to

stand perfectly vertical ; and then the face of the ground must stand quite jiarallel to ths

face of the sash-frame, and project about three quarters of an inch from the face of the

naked brickwork, so as to leave a sufficient sjiace for the thickness of the plaster. The edge

of the ground should be in the same plane with the edge of the sash-frame, or, as the work-

men term it, "out of winding." The edge of the architiave, when finished, in ordinary

cases, will stand about three-eighths of an inch within the inner edge of the sash-frame, so

that a perpendicular line down to the middle of the grounds would stand exactly opposite

to a perpendicular line down to th-^ middle of the sash-frame.

FLOORS Oa ILOOR BOARDS.

2168. In the laying of floor.s, the first care to be taken is that they be perfectly level,

which, owing to the nature of the materials whereof they are constructed, is a difficult task.

The chief sorts of floors may.be divided into those which are fo/iled, that is, when the lioards

are laid in divisions, whose side vertical joints are not continuous, but in bays of three, four,

five, or more boards in a bay or fold ; and those which are straight joint, in which the s.le

joints of the boards are continuous throughout their direction.

As soon as the windows are fixed, the floors of a building may be laid. The boards

are to be placed on their best face, and put to season till the sap is quite exhausted, when
they may be planed smooth, and their edges shot and squared. The opposite edges are

brought to a breadth by drawing a line on the face parallel to the other edge with a

flooring guage, after which the common guage is used to bring them to a thickness, and

they are rebated down on the back to the lines drawn by the guage.

2169. The next operation is, to try the joints, which, if not level, must be brought so,

cither hy furring up if they be hollow, or by adzing down if they are convex, the former

being more ccnerally the case.
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2170. The boards used for flooring are battens, or deals of greater breadth, whose quali-

ties are of three sorts. The best is that free from knots, shakes, sapwood, or cross-grained

stuff, selected so as to match well with one another. The second best is free of shakes and

sapwood, and in it only small sound knots are permitted. The third, or most common
sort, are such as are left after taking away the best and second best.

2171. The joints of flooring-boards are either quite square, ploughed and tongued, re-

bated, or dowelled ; and in fixing them they are n.iiled on one or both edges, when the

joints are plain and square without dowels. When they are dowelled, they may be

nailed on one or both sides; but in the best dowelled work the outer edge only is nulled,

by driving the brad through the edge of the board obliquely, without piercing its surface,

which, when the work is cleaned off, appears without blemish.

2172. In laying the floor-boards, they are sometimes laid one after the other, or one is

first laid, then the fourth, at an interval of something less than the united breadth of the

second and third together. The two intermediate boards are ihen laid in their places with

one edge on the edge of the first board and the other upon that of the fourth board, the

two middle edges resting against each other, rising to a ridge at the joint. In order to

force tiiese boards into their places, two or three workmen jump upon the ridge till they

have brought the under sides of the boards close to the joints ; they are then fixed in their

places with brads. This method is that first mentioned under this head, and in it the

boards are said to be folded. We have here mentioned only two boards, but four boards

are most commonly folded at a time, and the mode is always resorted to when a suspicion

exists that the boards are not sufficiently seasoned, or they are known not to be so. The
headings of these folds are either square, splayed, orploughed and tongued. If a heading

occurs in the length of the floor, it should be invariably made to fall over a joist, and one

heading should not meet another.

2173. In dowelled floors, the dowels should be placed over the middle of the interjoisfc

rather than over the joists, so that the edge of one board may be prevented from passing

that of the other. "When the boards are only bradded upon one edge, the brads are con-

cealed by driving them in a slanting direction through the outer edge of every successive

board, without piercing the upper surface. In adzing the under sides of floor-boards over

. each joist, great care should be taken to chip away the stuff straight, and also to avoid

taking away more of the stuff than is necessary, in which case the soundness of the floor

will not be compromised.

2173a. The practice of joining the edges oi boards by means of rebates, or of tongued

grooves, does not appear to have existed before the 15th century. Previously to that

period, the use of ledges dovetuled to the whole or part of their depth into chases, of

dovetailed wooden cramps, or of wood or iron pins or dowels, was general. In the cathe-

dral at Messina the ,

boarding imder the

tiling is in two
thii'knesses that cross

each other; and, in

tlie cradle roofs, it

r:

Fig. 780e. 7S0/.

was usual to groove and tongue the wainscoting, and also to cover those joints with

moulded fillets, as shown in the examples in^^. 780e. The thickness of this wainscoting,

which was oak split, not sawn, was only three-eighths of an inch (barely more or less),

and it was frequently put together in the manner shown va.fig. 780/'.

21736. The nailing of floors is not satisfactory in appearance. S. Putney has designed

the Pavodilos solid wood flooring to remedy the disadvantages of an ordinary nailed floor,

and to obviate the necessity for a parquet floor over it. By a mode of interlocking

throughout the sides of each board, a perfectly smooth, air-tight, and dust-proof surface

is obtained, free from nail holes and indentations {fig. 780^). This floor is laid upon
the joists direct, and edgo-nailed to it in the shoulder. Another method is adopted by

rig. 1%'^g.

S. Jennings, the boards being solid, rabbeted, and tongued, and edge-nailed, forming

dust-proof joints, with a fair surface {fig. 7S0h).

21730. Woodblock floor i)7g. A warm, solid, durable, non-slippery floor, fre* from foul

aT. vermin, and damp, being laid on a concrete bed, is that invented about 1856 by Mr.
^V. AVhite, F.R.I B.A., and called woodblock flooring. It consists of oblong blocks, placed
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diagonally on conrrete, teing pi-cparod from first or second yellow deals, which are

Buroctized and seasoned. This invention has produced other systems. W. Duffy's

patent immoveable acme, being picned at the end and sides. Lowe's improved system,

the blocks being secured to the bed of concrete by a composition. S. Jennings's prepared

paraffined flooring, which has been laid in several large hospitals and infirmaries, for

wliich places it appears well suited, as also in houses. Geary's patent premier system,

wherein the blocks are keyed down and cannot get loose. In Giary and Walkers im-

y)roved patent Invincible system, each block forming the flooring is firmly keyed to the sub-

structure by means of metal keys dovetailed into the under side of the blocks; the other

end of the keys being embedded in a matrix, acting not only as a damp-proof course and
agdinst dry rot, but also as a floating to the concrete foundation in place of the usual

ctment surface. Another is Nighiivgale and Co.'s bevelled principle of woodblock floor-

ing. Ehner's patent hydrofiige floor is formed of, fir^t, a cement bed in wliich are set

small iron channels ; second, a bed of mastic which runs into the channels and into

grooves formed in the bottom of the wood bl.cks or parquet ; it is considered to be

a fireproof, damp-proof, noiseless, and warm floor.

2nZd. It is stated that in Western Australia both the woods called Jarrah and Karri
are used for paving, and from exhaustive tests it is considered that Karri is the superior

wood for most purposes, and paving in particular. This refers to paving for roadways,
a subject of high importance, and upon which opinions are much divided. It, however,
does not come within the province of the joiner, and scarcely within the scope of this

work. The engineer to the Corporation of the City of London reported (1888) that about
forty years since many of the principal thoroughfares of the City were paved with wood,
. . . most of which proved unsatisfactory; in 1853 only eight streets remained so paved.
Since 1873 (December) the granite in nearly the whole of the main thoroughfares in the
City has been replaced by either asphalte or wood, but mainly asphalto. Of the latter

there are now 23,579 lineal yards, or about 13 miles; and of the former, 10,898 lineal

yards, or about 6 miles. The parishes in the metropolis diiSir in their opinions, some
entirely condemning wood for asphalte, others using wood only, and one, at least,

keeping to granite as cheapest in all ways.

2l73e. Parquetry, ^-c. Floors of principal rooms of the better class of houses are
now being finished with parquetry. It is composed of different pieces of some four or
five coloured and hard woods, arranged in regular geometrical figures, for the whole of a
room, corridor, or gallery ; or applied as borders round carpets, lo treads and risers of
stairs and landings ; and even as dadoes, panellings, friezes, &c. Parquetry is kept clean

by sweeping and periodical waxing. It is itsually made solid, one inch thick, grooved,
tongued, and keyed at the back and corners. When the woods are applied only as a
veneer, they are liable to warp and separate by heat. Turpin's thin parquet floor is

•^ in. thick, prepared on deal back laminations to wear equal to inch solid parquet; it

can be used for veneering an old existing deal floor, and is susceptible of removal at

pleasure.

2173/. Wood carpet parquetry is three-eighths of an inch thick, firmly nailed down with
email barbed M'ire brads onto the top of the old floor; it is stated to be of a durable
uattire and texture, bearing constant traffic. It may likewise be used for wainscotings,

and walls and ceilings. Ebner's parquetry is attached firmly to basement floors without
any under flooring, as above explained. " Wood tapestry (Howard's patent) for cover-

ing walls, ceilings, and other surfaces with real wood at a less ccst than painting and
graining," dates from about 1865.

2173/7. Marquetry, or the inlaying of coloured woods, became very general at the latt'r

end of the ICth century. Oak was inlaid with ebony ornaments in the panels and stiles

of wainscoting; and the framing of doors, windows, and shutters was sometimes m;ide of

dark-coloured woods, the panels being of light colours, inlaid with ornaments, profiles of
Leads, &c. This process is applied greatly to furniture, where it is imitated by paint. A
new method has been introduced, of applying a printed pattern to the prepared wood, as

in the Tunbridge ware, and then varnishing it as usual. " Ornamental pyrographic wood-
work," for panels and in cabinet work, being a process for burning-in ornament upon
wood, is now in operation.

FKAMING.

2174. In/^. 781. are shown several methods for framing angles in dadoes, skirtings,

troughs, and other objects, whereof A exhibits the method of mitring a dado on exterior

angles in an apartment. In fixing this together, brads may be driven from each side. B
is a method of framing used for troughs or other rectangular wooden vessels. C is a
method of putting a dado or skirting together at any interior angle of a room. This mode
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is also ern ployed for water- trunks, or troughs. In D is

shown the manner of fixing and finishing two pieces of

framing together, with a bead at their meeting, by which

the joint is concealed. It is used only in common finish-

ings. In those of a better sort the angle is kept entire,

and only a three-eigiith bead used at the joint. It is of \/^^
great importance in all joiner's work to preserve the

sliarpness of the angles of the work, and many prefer

to employ the method shown in F, without any bead at

the joint. In this the joint is maile as close as j^ossible,

and is well glmd together. If additional strength be re-

quired, blockings may 1)8 glued in the interior angle,

which will make it quite firm. The method, by a simple

mitre at E, is not so good as at A, because it has no abut-

ment.

2175. When it is required to glue up large work, those

edges which are to receive t!ie glue sliuuld be well warmed
at a fire, and then, while warm, and the glue as hot as

possible, they should be unittd, inasmuch as glue never

holds well wlien it is chdled or cold.

2175a. In studying medieval /ra»ieH_9, much attention Fig. 781.

should be given to the modes in which the junction of ineces was effected ; tliere are two
wiiich are chiefly important. Tiie first is a characteristic in the work of the carpenter as well

as of the joiner, viz., the shoulder, either solid or applied (^^s. 701A. and 701/.). In the

first case, it is not economical of material, which was a great point of consideration ; and
therefore it is rarely seen except on short pieces, siicli as the posts of doorways : but as an

applied means of strength it is almost as common in good work as a corl)el in masonry. The
second is the use of the mortice and tenon with trenails ; and the extreme care wliicli was
given to this part of the work is scarcely to he expected in these days of speed and cheap-

ness. It may be predicted that no truly medieval work will now he ever reproduced except

in the fancy-work of the c:ibinet-maker and the smith.

2175&. Anotlier peculiarity is the use of stops to all chamfers and moiddings at points

of junction of framing: it is not until the last phase of pointed art, th;it the stop of the

moulding of a stile is worked in the rail, or that the corner of a panel is rounded : it is only

in the dawn of the renaissance that the foti7'-pai. el quirk ogeefrant and square hack can be

portion of a specification for a door; for a mitre-joint is eminently not a feature of me-
di;cval joinery. The juxtaposition, even accidentally, of two stop-cliamfered edges, suggests

a mtans of enriching work, whether in open or close panels. The avoidance of work
against the grain, and of large hollows, is also mentioned as a characteristic of joiner's

work in pointed art; but this disappears in the course of the 15th century. The
mediieval joiner, depending sometimes upon halving his work together, more frequently

thought time less valual)le than material, and did not repent a profusion of morticing and
tenoning, to which he added the trouble of fastening wiih wooden trenails or iron pins.

As large an amount of lebating and of grooving, however, was done in framing by the joiner

as could be expected by those who were accustomed to the back-jointed and the grooved
work of the mason.

2175r. Perhaps tlie most defective part of the joinery of the middle ages is that which

consisted in planting one thickness upon another. The contrivances in glueing and dove-

tailing were not of themselves sufficient ; and recourse « as obliged to be had to nails.

The aljsence of screws and naiks, except where nail heads could be made decoration, is

another characteristic of medi:eval joinery. It was not until tiie beginning of the Hth
century that the transition from planttd work to panel work can be said to have appeared

in any strength. At the end of that century, an architect might have specified a door as

nine panelled, headed three ed(jes, chamfered bottom, and raised panel both sides ; but his l)eads

would have l)een stuck in the solid, and not apjilied: during the whole of the 14th century

planted work was commonly introduced, as in screens, closets, and shutters, where perhaps

a sham buttress serves to conceal the wide joint made by the work in consequence of the

inaccurate finish of the hingeing. A curious method, which must have been laborious

before the introduction of the plane, of attaching the planted work, consisted in ruiming in

the groimd a chase wide enougli to take the whole breadtli of the planted stuff, and then

to run a couple of grooves in that chase ; of course the back of tiie planted stuH'had to be
worked to match, witli two tongues to enter the grooves.

21~5d. The size of the materials was restricted. Three inch stuff for the thickness of

rails and stiles, with a not much wider face ; inch and a half stuff for mouldings to be

planted; panels not more tlian eight inches wide, and three-quarters of an inch thick;

may be quoted as usual dimensions for joiner's work. The observance of this restrictiun

constitutes an essential characteristic of medifeval work.



668 THEORY OF ARCHITECTURE. Book 1 1.

Treads. Risffrs.

inches. inches.

5 9

6 8.^

7 8

8 H
9 7

10 6^
11 6

12 H
13 5

14 4h

STAIRS.

2176. {>la!rs and tlieir handrails arc among the most iinpnrtant objects of tlie joiner's

skill. Tlie choice of situation, sufficiency of light, and easy ascent, are matters for the

exercise of the arcliiteci's best talent.

2177. There are some leading principles which are common to all staircases, of what-
soever materials they may be constructed. Thus it is a maxim that a broad step should
be of less height than one whicli is narrower ; and the reason is sufficiently obvious, becausf

in striding, what a man loses in breadth he can more easily apply in raising himself by his

feet. Now, as in common priictice it is found that the convenient rise of a step I'J inches

in widtli is 5^ inches, it may be assumed as some guide for the regulation of other dimen-
sions. Thus 1 2 X 5j = 66, which would be a constant numerator for the proportion. Suppose,
for instance, a .step Id inches in breadth, then 7^ = 6? inches would be the height ; and this

agrees very nearly with the common practice. The breadth of steps in the eoinmonest stair-

case may be taken at 10 inches at a medium. In the best staircases tiie breadth of tlie step

should not be less than 12 inches, neither should it be more than 18 inches. (See 2814.)
21 78. Having adjusted the proportions of the steps, the next consideration is to ascertain

the number of risers which will be necessary to pass from one floor to another. If the
height divided by the rise of each step should not give an exact number of risers, it is better

to add one rather than diminish the number.
2178a. An easy mode of proportioning steps and risers may be obtained by the annexed

method. Set down two sets of numbers, each in arithmetical progression ; the first set

showing the width of the steps, ascending by inches, the other showing
the height of the riser, descending by halt-inclies. It will readily be seen
that each of these steps and risers are such as may suitably pair together.

(Newland, Carpenter's and Joiner s Assistant, I860, p. 197.) It is seldom,
liowever, that the proportion of the step and riser is exactly a matter of
choice—the space allotted to the stairs usually determines this proportion ;

but the above will be found a useful standard. In tirst-class buildings
the number of steps is considered in the plan, which it is the business

of the architect to arrange in accordance with the style of the edifice.

2179. The width of the better sorts of staircases should not be less than
4 feet, to allow of two persons freely passing each other ; but the want of
space in town houses often obliges the architect to submit to less in what
is called the goitig of the stair.

2180. The parts of every step in a staircase are one parallel to the horizon, which is

called the /read of the 'tep, terminated on the edge by a moulded or rounded nosing, and
the other perpendicular to the horizon, which is called the riser of the step. Where great
traffic exists, the treads of stairs wear down at the nosing. This is often protected by a
brass edging, and by lining it with lead. Hawksley's patent /reads have come largely mto
use, not only at railway stations, but in warehouses and other buildings where there is

much traffic on the stairs and landings.

2180a. A ci.irious instance of economy of

material is given in Jig. 781a., which shows the

mode of getting six steps out of round timber

.SO inches in diameter, being a saving of about
ten per cent, upon the attempt to cut up sijuare

timber. Such solid ste])s were housed into the

carriage; A showing the under side of it in re-

lation to the step B. In straight flights the

system of carrying solid newels from bottom to

top of the staircase is one which has since been

repeated successfully in iron construction. The
ingenuity of the mediaval joiner in this subject

is seen best treated in Viollet le Due's dic-

tionary. (See par. 2185.)

2181. Stairs have many varieties of struc-

ture, dependent on the character, situation,

and destination of the building. We shall now,

therefore, describe the method of carrying up
dog-kgged, bracket, and geometrical stairs.

2182. A DoG-LEGGED Staircase Is One whlch has no opening or well-hole, and in which
the rail and balusters of the progressive and returning flights fall in the same vertical

planes. The steps in it are fixed to strings, newel, and carriages, the ends of the steps of

the inferior kind terminating only upon the side of the string without any housing. Y and
Z in Jig. 782, are the plan and elevation of a staircase of this kind; AB is the lower newel
whereof the part BC is turned. On the plan, a is the seat of this newel. DE and FG in

Y are the lower and upper string boards framed into newels, KL is a joist framed into the

trimmer I. 'I'lie lines on the plan represent the faces of the steps in the elevation without

Fig. 781a.
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which is as follows : — In the upper ramp, for cx-

Hinple, produce the top of the rail HM to V ; draw

MN vertical, and produce the straight part ON of

the pitch of the rail to meet it in N, making NO
equal to NM. Draw OP at a right angle to ON.
From P, as a centre, descrihe the arc MO, and then

the other contrary curve, which will complete the

ramp required. 'Y\\>i. story rod US is in the fixing of

all staircases a necessary instrument ; for in fixing

the steps and other work, by a common measuring

rule, bit by bit, the chances are that an excess or

defect will occur, to make the staircase faulty ;

which cannot be the case if the story rod is applied

to every riser, and such riser be regulated thereby.

2183. A Bracket Staircase is one which has

an opening or well, with strings and newels, and is

supported by landings and carriages. The brackets

are mitred to the end of each riser, and fixed to

the string board, which is usually moulded like an

architrave. In this sort of staircase the same me-

thods are to be observed in respect of dimensions

and laying off the plan and section as in a dog-

legged staircase. Nothing is to be done without

the story rod just described, which must be con-

stantly applied in making and setting up the stairs.

The method of forming the ramps and knees has

been touched upon in the preceding article, and the

few particulars we intend to give respecting scrolls

and handraillng will be reserved for a subsequent

page. In bracket stairs the internal angle of the Fib'. 7S2.

steps is open to the end, and not closed by the string, as in common dog-legged stairs

;

the neatness also of the workmanship is as much attended to as in geometrical stairs.

The balusters should be nicely dovetailed into the ends of the steps by twos, and the

face of each front baluster is to be in a plane with the front face of the riser, and all the

balusters being equally divided, the face of the middle one must of course stand in the

middle of the face of the riser of the preceding step. The treads and risers are previously

all glued up and blocked together, and when put in their places the under side of the

step is nailed or screwed into the under edge of the riser, and then rough bracketed to the

strings, as in a dog-legged staircase, in which the pitching pieces and rough strings are

similar.

2184. A Geometrical Staircase is one whose opening is down its centre, or, as it

is called, an open newel, in which each step is supported by one end being fixed in the wall

or part'tion, the other end of every step in the ascent having an auxiliary support froua

that immediately below it, beginning from the lowest one, which, of course, rests on the floor.

The steps of a geometrical staircase should, when fixed, have a light and clean appearance,

and, for strength's sake, the treads and risers, when placed in position, should not be less

than li inch thick, supposing the going of the stair or length of the step to be 4 feet. For

every 6 inches in length of the step an eighth of an inch should be added. The risers

should be dovetailed into the cover, and in putting up the steps, the treads are screwed up

from below to the under edges of the risers. The holes for sinking the heads of the screws

ou'^ht to be bored with a centre bit and fitted closely in with wood well matched, so that

the screws may be entirely concealed, and appear as a uniform surface without blemish.

Brackets are mitred to the risers and the nosings are continued round ; but this practice

induces an apparent defect, from the brackets, instead of giving support, being them-

selves unsupported, and actually depending on the steps, being indeed of no other use

than merely tying together the risers and treads of the internal angles of the steps; and

from the internal angles being hollow, excejjt at the ends, which terminate by the wall at

one extremity, and by the bracket at the otlier, there is an appearance of incom])lete finish.

The cavetto or hollow is carried all round the front of the slip, returned at the end, and

again at the end of the bracket, thence along the inside of it, and then along the internal

angle at the back of the riser.

2185. The ancient mode, however, was the best, in which the wooden was an imitation

of the method of constructing geo;netrical stairs in stone, which will be found under

Masonry, in the previous Section III.; that is to say, the making of the stejjs themselves solid,

and in section of the form of a bracket throughout their length. 'J'his is a more expen-

sive method, but it is a solid and good one, and is still practised on the Continent, espe-

cially in France. (,See also par. 'J180«.)
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218(). I117?;/. 7S3. X is the plan and Y the elevation, or rather section, of a geoinetrica)

staircase. AB in X is wliat is called the cur-tail step (cnrved like the tail of a cur dog^

which must be the first step fixed. CCC are

the ,fli/crs supjjorted from below by rough

carriages, and partly from the string board

DIIEF in Y. The ends next the wall are

sometimes housed into a notch board, and the

stejjs then are made of thick wood and no

cariiages used. GGG are winders fixed to

bearers and pitching piece.s, when carriages

are used to support the flyers. The winders

are sometimes made of strong stuff firndy

wedged into the wall,

the steps screwed to-

gether, and the other

ends of the steps fixed

to the string DEHF.
In all cases of wooden
geometrical stairs their

strength may be greatly

augmented by a flat bar

of wrought iron coin-

ciding with the under
, side and screwed to the

\

string immediately be-

low the steps. HIK
in Y is the «all line of

the sofite of the winding part of the stairs, and LININ part of the
rail supjJorted by two balusters upon every step. Where tlie space

Fig. 784. of the going of the stairs is confined, the French have long since

introduced, as in fy. 784., the practice of placing the balusters outside the steps, which
allijrds more room for persons ascending and descending.

t'\\
~n B

c c c

> "k^

HANDRAILS AND CUK-TAIL STEP.

2187. The upper part of the fence formed by capping the balusters of stairs is called the
handrail, whose use, as its name imports, is for a support to the hand in the ascent and
descent of stairs. Tiie hand, for support to the body, should glide easily over it without
any strain, whence it is evident, that to be pro])erly formed, it must necessarily follow the

general line of the steps, and be quite smooth and free from inequalities. It must be ob-

vious to the reader who has thus far followed us throughout the different previous portions

of our labours, that the chief principle of handrailing will be dependent on the methods of

finding sections of cylinders, cylindroids, or prisms, according to three given points in

or out of the surface, or, in other words, the section made by a plane througli three given

points in space. The cylinder, cylindroid, and prism are hollow, and of the same thick-

ness as the breadth of the rail, or the horizontal dimension of its section ; and their bases,

their jdanes or projections on the floor. Thus is formed the handrail of a staircase of a ])or-

tion of a cylinder, cylindroid, or prism whose base is the plane of the stair, for over this the

handrail must stand, and is therefore contained between the vertical surface of the cylinder,

cylindroid, or prism. As the handrail is prepared in portions each whereof stands over a qua-
drant of the circle, ellipse, or prism of the base which forms the plane, such a jjortion may l)e

supposed to be contained between two parallel planes, so that the portion of the handrail may
be thus supposed to be contained between the cylindrical, cylindroidal, or prismatic surfaces

and the two parallel planes. The parts to be joined together for forming the rail must
be so prepared that in their place all the sections made by a vertical plane passing through
the imaginary solid may be rectangular : this is denominated squaring tlie rail, and is

all that can be done by geometrical rules. But handrails not being usually made of

these portions of hollow cylinders or cylindroids, but of plank or thicknesses of wood, our
attention is naturally drawn to the consideration of the mode in which jiortions of them
may be formed from planks of sufficient thickness. The faces of the planks being planes,

they may be sujjposed to be contained hetv.een two ])arallel planes, that is, the two faces

of the plank. Such figures, therefore, are to be drawn on the sides of the plank as to leave

the surfaces formed between the opposite figures, portions of the cylindrical, cylindroiilal,

or other surfaces required, when the superfluous parts are cut away. A mould made in the

form of these figures, which is no more than a section of them, is called the face mould.

'2188. The vertical, cylindrical, or cylindroidal surfaces being adjusted, the upper and
lower surfaces must be next for:i:ed : and iiiis is accomp'is'.ied by b.nding another mould
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round the cylindrical or cylindroidal surfaces, generally to the convex side, and drawing

lines on tiie surface round the edge of such mould. The superfluous wood is then cut

awMy from top to bottom, so that if the piece were set in its place, and a stiaight-edge

applied on the surfaces so formed, and parallel to the horizon directed to the axis of tlie

well-hole, it would coincide with the surfice. The mould so applied on the convex side

for foriniiig the top and bottom of the piece, is called ihn falimg movld. For the purpose

of liuding these moulds it is necessary to lay down the plan of the steps and rail ; next, tlie

falling mould, which is regulated by tl]e heigiits of the steps ; and lastly, the face mould,

S'hich is regulated by the falling mould, and furnishes the three heights alluded to.

2189. Fi(j. 785. exhibits two of the most usual forms of handrails. Hie upper part,

A and B of the figure, are sections of the rail and mitre cap of a dog legged staircase.

Vertical lines are let fall from the section of the rail A, to the mitre in B ; from thence,

in arcs of circles, to the straight line passing through the centre of the cap at right

angles to the former straight lines ; then perpendiculars are set off and made equal In

length to those in A.

A curve being traced

through tiie points

gives the form of the

cap. C is calleda foaii's

hack rail, and is used

for a superior descrip-

tion of staircases.

2190. F/;9.786. shows

the method of drawing
the SCI oil for terminat-

ing tlie handrail at the

bottom of a geometrical

staircase. Let A B be

the given breadth ;

draw AE perpendicu-

lar to AB, and divide it

into eleven equal jjarts,

and make A E equal to

one of them. Join BE,
bisect A B in Cand BE
in F. Make CD equal

to CF and draw DG
perpendicular to A B.

From F, with the radius

FE or FB, describe an Fig. 7S5. F.^. 7S6.

arc cutting; DGatG. Draw GH perpendicular to BE cutting BE at O. Draw the diagonals

DOK and lOL perpendicular to UOK. Draw IK parallel to BA ; KL parallel to 1 O,

and so on to meet the diagonals. From D as a centre, witli the distance DB, describe the

arc BG. From I as a centre, witli the distance IG, describe the arc GE. From K as a

oontre, with the distance KE, descrilie the are EH. From I^ as a centre, with tlie distance

lAi, describe the arc HP. Proceed in the same manner and complete the rem;<.ining

three quarters, which will finish the outside of the scroll. IMake BR equal to the breadth
of the rail J namely, about two inches and a quarter. Then with the centre D and distance
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DR describe tbo arc RS, with the centre I and distance IS doscrllie the arc ST, and
witli tlie centie K and distance Kl' desciihc the arc lU, and tlie scroll will be completed.

2191. ivV/. 787. gives the construction of the cur-tail step, or tliat which lies under tlie

ticroll, abed is the veneer that covers the riser ; ej'c/h, the nosing of the cover or horizontal
part of the step ; i/il the face of tlie strin;^ board, and 711110 the projection of the nosinc,

2192. \nfig. 788 is shown tlie cover board for the cur-tail step, abed and efyli in dotted
lines represent tlie jjlan of the scroll ; npqns, the nosing of the cur-tail step ; t, u, v, s, the
nosings and ends of the risers. The circle 1, 2, 3, &c is described from the centre of the
scroll, and divided into equal paits equal to the distances of the balusters from centre to
centre, and lines are drawn to the centre of the scroll in order to ascertain the middle of
the lialusters, by giving a regular gradation to tlie spaces. The wiiole of the spiral lines

In this and the previous figure are drawn from the same centres as the scroll.

BENCHES.

2192a. " It must be confessed," says Denison, in his Lectures on Church Building, 1856,
page 242, " that our ancestors did not oH'er much temptation to people to uome to cliurch

by the comforts they provided for them when they got there. Nothing, indeed, can be
better for sitting in than some of the old stalls, such as those in King's College Chapel,
where the back has a slope of one to four ; but most of the common old church seats are
frightfully uncomfortable—the back of the seat ought to be inclined, especially when it

rises as high as the shoulders. It is not of so much consequence when the seat backs are
low, but even in them it is better to have a little inclination, about one in eight ; and abo\o
all things, the top rail ought not to ]iroject. The seats ought never to be less than 13
inches wide with a sloping back, or 14 inches with an upright one, and they will he all the
better if they are an inch or two more. Nothing under 2 feet 10 inches at the very least

'^ill allow proper room for sitting, standing, and kneeling, especially if there are any
divisions under the seats to (jrevent people from kicking their neighbours' hats, or appro-
priating their hassocks. Where it is necessary to save room in every possible way, it is

not a bad plan to make the division under the seat only come down to 3 or 4 inches from
the fljor; and never in any case ought there to be (what there often is) a thick rail or bar
of wood lying along the floor and taking ofl'an inch or more from the space for the feet.

The book boards are best not sloping, which is of no use, but flat and narrow, just wide
enough to lay a book upon shut, and to put the arms upon iii knetling. As regards the

difficulty of tinding a good ])lace and proper height for the puljiit and reading desk, I

know of no better advice to give upon the subject than to try various places before you
finally fix upon any one, unless the construction of the church is such that there is one
jilace marked out by nature (as we may say) as the proper one."

21926. Examples of benches and bench ends are represented in so many publications

that it is deemed unnecessary to give any illustration. Some cajjpings to benches, and
edges to divisions, are shown in the section Wood Mouldings in Book HI, Those shown
in Brandon's Analysin, and Bury's Woodwork, give the following dimensions:—

Name of Church.

Comberton, Cambridge -

Bentley, Suffolk -

Great Waltham, Essex, 14-0 -

Bishops Lydeard, Somerset

Westonzoyland, Somerset

AtheriuL^ton, Devon
lekleton, Cambridge

Stalls, Bridgewater, Somerset -

„ Wantage, Berks -

2. 9

2. 5

3. 1

2. 10;

3. 3

3. 9

2. 4 5

/2.
12.

4

10

6

^\
-|J
9i

3. 5

s. at.

1.

0.

1.

11

1

0. 11

0. lU
0. m
0. Wh
-

Opening

fi-

1. 7

centre to

centre

1. 4A

fend
"11. 4

1. 10
1 sitting

/ 2. 3

1. 10

The rules of the Incorporated Society for Promoting the Building of Churofies state,

that " the distance from the back of one seat to that of the next must depend in great

measure on the height of the backs. Where the funds and space will admit, convenience

will be best consulted by adopting a clear width of .3 feet ; hut a width of not less than

2 feet 8 inches from centre to centre will be allowed if the back of the seat is not more
than 2 feet 8 inches in height. If a greater height be adopted, the distance from back to

back must he increased one inch at least for every additional inch in height ; but under

no circumstances must it exceed 3 feet. There must not be any projecting capping on the

top of the hacks. Facilities for kneeling in all cases to be provided. The width of the

seat boards for adults to be not less than 13 inches. 2() inches in length must be allowed

for each adult, and 1 J inches for a child. Children's seats must be at least 20' inches from
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back to front, and must have backs." Her ]\Iajesty's Commissioners for building new
clmrclies allcjw 20 inches l)y 34 inclies for eacli sitting; free seats 20 inches by 27 inches,

and 14 inches for children. Benches for fjee sittings are to he 3 feet, 4 'eet 6 inches, or

G feet long. The allowance made for each sitting in St. Paul's Cathedral is, as nearly as

possible, 20 inches bv 33 inches. From 4 to .5 square feet of floor is not too much space to

be calculated for each person, allowing for gangways, commimion table, &c.

2192c. Cloisters, porches, canopies, over- doors, stall-work, lych-gates, windows, staircases,

bell-wheels and carriages, luflFer or louvre boards, fencing, screens, pulpits, di'sks. lecterns,

chests, tables, cum multis aliis, are amongst the many other productions of the joiner, being
far too numerous to be described in detail herein.

FORMATION OF BODIES BV JOINING THEM WITH GLUE.

2193. The way in which bodies are glued up together for different purposes will l)€

given below, and with them will close this section.

2194. Fig. 789. shows at A a section of two boards glued up edge to edge. At B the

face of the same is seen. C shows the section of two boards glued edge to edge, each

piece being grooved, and a tongue inserted at their junction. By similar means a board may

be increased to any width, be the pieces whereof it is composed ever so narrow. D shows

two boards fixed at right angles, the edge of one being glued on the side of the other. A
block for the purpose of strengthening the joint is fitted and glued to the interior side.

afflii^m

J
r>-:a-

Fig. 789 F'S- "yo-

2195. Fig. 790. A is a section of two boards to be joined at an oblique angle. They

are mitred and glued together with a block at the angle. B shows the inner sides of

the boards so fixed. It is by repeating this operation that columns are glued up.

2196, Fig. 791. A is the section of an architrave. The moulding is usually, if not

alwavs, glued to the board ; the vertical line therefore, showing the extreme boundary u(

the moulded part, is the sec-
^ u < n

tion of the piece to be glued, ^j^ ^„^,— -^
:

-^^-^

B is the face of the archi-

trave, C and D a section

and front of it before it is

moidded, E a section of it

with the button and nail to

show the way in which the

two parts are glued together,

and F shows the back of the

architrave with the buttons

which are used for the pur-

pose of bringing the two sur-

faces to be o-lued together in contact, till after they are set and fully held together, being

knocked off when the glue has become hard, and then the moulding shown at A and B is

stuck. 1

2197. Fig. 792. ex-

hibits the method of

gluing up a solid niche

in wood where A is

the elevation. The
work is performed in

the same way as if it

were stone or brick,

except that the joints

are all parallel to the

plane of the base, be-

cause of the difficulty

of making a joint with

curved surfaces, which
would necessarily be
the ease if they all

tended to the centre of

the sphere. B and C
are the two bottom

Fie. 794.Fig. 70^

courses, where the vertical joints are maae to break, as seen in the elevation A.

2198. In fig. 793. is exhibited the mode in which veneers are glued together for the

niirnr;u .-.F r\rrr,;,-,rr i^yV,r,Ari<^;} c,irfn..r.u HMplpts with their faCCS Ul)Ward.i arC Huiled tO
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a board. Tlieir ends are perpendicular, and a cavity is left between them sufficient to
u-ccive the veneers and wedges. In A the thin part in tlie form of an arc shows the
veneers as in the state of ghieing, the wedges being on the convex side, li is a section of the
board and l>racket. Tlie work when putting together should be dry and warm, and the
glue should l)e hot. When this last has set hard, the wedges must be slackened, and the
veneers, wliich now form a solid, taken out.

2199. Fig. 194. is a strong method of forming a concave surface by layin"' the veneer
upon a cylinder, and backing it with blocks in the form of bricks, which are "lued to the
convex side of the veneers and to each other. The fibres of the blocks are to be as nearly
as possible parallel to the fibres of the veneers. A is the section of the cylinder veneer
and blocks, and E shows the convex side of the blocks.

2200. Fiff. 795. is another mode of glueing veneers together with cross pieces screwed
to a cylinder, the veneers being placed between the former and the latter.

FiR. 7'J4. FiB. 796. Fig. 797.

2201. In _fiff. 796. is shown the method of glueing up columns in pieces, which here are

eight in number, each being glued to the other after the manner of Jig. 790. The work-
man should be careful to keep the joints out of the flutes, wlien the columns are to be
fluted, by which the substance will be more likely to prevent the joints giving way. A is

a section of the column at top, and 15 at the bottom. After glueing together, the octagons
and mitres should be correctly laid down for the true formation of the joints. In B are

shown two bevels, one
for trying the mitres,

and the other for try-

ing the work when put
together.

2202. Fip. 797. is

the mode ofglueing up
the base of a column.
It is formed in three

courses, the pieces in

each of which are made
V>) break joint over

one another. The
horizontal joints of the

courses must be so

adjusted as to fall at

the junction of two
mouldings, forming a

re-entering angle. After the glue is set quite hard,
the rough base is sent to the turner, by whom it is

reduced into the required profile. The fil)res of the
wood should lie horizontally, in which direction the work
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will stand much better than wlien they are vertical. A is the plan of the base inverted,

and B is the elevation.

2203. The formation of a modern Ionic capital is given in Jig. 798., wherein A is the

plan inverted, showing the method of placing the blocks ; and li is the elevation.

2204. Fig. 799. is the method of glueing up for the leaves of the Corinthian capital, A i.«

tlie plan inverted, and B is the elevation. The abacus is glued up in the same mannei
as in the preceding example.

2205. Fig. 800. exhibits the mode of forming a cylindrical surface without veneers, by
means of equidistant parallel grooves, A is the elevation, and B the plan.

2206. Fig. 801. exhibits the method of covering a conic body. It is, in fact, no more
than covering the frustum of a cone, and is accomplished by two concentric arcs terminated
at the ends by the radii. Tlie radius of the one arc
is the whole slant side of the cone, that of the other
is the slant side of tlie part cut off. In this case,

the grooves are directed to the centre, and filled in

with slips of wood glued as before. The plan is

shown by the circle ABC. The arc HI must be
equal to the circumference ABC.

2207. Fig. 802. shows the same thing for a
smaller segment.

2208. Fig. SO.S. shows the manner of glueing up
a globe or sphere by the same method. A is the
face of the piece ; B the edge showing the depth
of the grooves; C shows the mould for forming
the piece to the true curvature ; and D the faces

of two pieces put together.

X X 2
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Sect. VI.

SLATING.

2200. An account of tlio miterials used bj the slater lias been detailed in Chap. II.

Sect. IX. The tools used by this artificer are the scantlc, which is a gauge by which
.slates are regulated to their proper length ; the trowel; the hammer ; the zax, an instru-

ment for cutting the slates ; a small kandpick; and a hod and a hoard for mortar. The
cax is an instrument made of tempere I iron, about 16 indies long and 2 inches wile,

like a large knife bent a little at one end, with a wooden handle at the otiier, and
having a projecting piece of iron on its back, drawn to a sharp point, to make holes in

the slates for the nai's, the other side being used to chip and cut the slates to their re-

quired size, aswlien ln')Ught from the quarry they are not sufficiently square and cleaned

for the slater's use. The places for the nail holes are marked usually on the slate where
they have to be punched, with a gaugp, and then the iron of the zax is struck through the

slate. Each slate has two holes ; large slates require three. A better mode of obtaining

the place for the holes is to mark a plank with two small pieces of wood across it, at the

distance required ; the position is thus shown at once.

2210. Slating is laid in inclined courses, beginning from the eaves and working upwards,
the courses nearest the ridge of the roof being less in width than those below. The lap

of one slate over another is called its bo7td, and it is the distance between the nail of the
under slate and the lower end of the uppfr slate. The bed of a slate is its under side,

and the upper side is called its hack. The part of each cour-e which is exposed to the

weather is called its gauge, bare, or margin. The slates are nailed to close or open board-

ing, lying on the back of the rafters, with nails, whi^h sbouhl be of copper or zinc If

iron nails are used they should be we'l painted. The operation of cutting or paring the

side and bottom edges of the slates is called trimming them ; but the head of the slate is

never cut. In that part the holes were formerly pierced by which the nails pass to the

boarding. This boariling ^or sarkiitg, as it is cnlled in tlio north of Great Britain) is

usually ^ inch to Ij- inches thick, r-ugh, of equal thickness, and well secured to the

common rafters. A good practice obtains of bedding slates in mortar, on boarding, which
gives them a sound bearing, especi.illy if tlie roof will have to stand much wear from
persons passing along the gutters, or over the ridge, for repairs or other purposes.

2210«. Another method of forming a roof, as lately employed by some architects, con-

f-ists in blating on boards fixed to purlin-rafters, without any common rafters, as shown
in fgs. 6J5a. and 697. The purlins are plac?d somewhat closer than when rafters are

used; the boards are 1:^^ inches thick, usually placed diagonally. It makes very sound
work, rind ^aves height, where that may be an object. Another method, as noticed in

par. 2285cr., is to mil the boarding on to common rafters laid as purlins, as shown in

figs. 695 and 696.

2210/). The common method of slating is to nail the slatfs to laths or battens, as in

tiling, but a house so done is more liable to be afFt-cted with the various changes from
heat to cold than by the other system. These laths are cut to boards of 20, 25, 30 or 36.

Thus a board 12x9 « 3, cut 3 deep and 4 flat, equals 1 board 20. If cut 4 deep and
4 flat, equals 1 board 25. If cut 4 deep and 5 flat, equals 1 board 30. If cut 5 deep

and 5 flat, equals 1 board 36. Slating laid on battens, at places on the sea coast, and as

usual in work in Irehind, is either wlioUy " rendered " with lime and hair on the uniler

i^ide, or only the under edges and laths are thus secured. AVithout this precaution the

slates rattle, and the driving winds get under them, tending to strip the roofs. Eender-
ing properly done, lasts as long as the slates exist in a perfect state.

22i0c. 0["en or ventilated slating, which is nearly equally as waterproof as the usual

method of slating, will save one third of the quantity per square.

22\Qd. Felt. Slate is also laid on felt, on |-inch boarding. Croggon's patent asphalte

roofing felt is impervious to rain, snow, and frost, and is a non-conductor. From its anti-

corrosive properties, it is of sei-A-ice when placed between iron and wood and betwi'en

metals. It is manufactured of any required Ungtli, by 32 inches wide. There is some
risk ot dry rot occurring, however, by using it thus ; the better plan is to lay the fell on
boards, and then to batten for the slates over the felt, so as to leave an air space between
the felt and the slates. Its general weight is about 42 lbs. per square. Patent asphaltic

roofing felt is about f^ in. thi?k ; slaters' or sarking fe't is about ^i'l. thick, as is also

inodorous felt. Fibrous asphalle or foundation felt is suggested for preventing damp
rising when placed above the footings of a wall; but it has some disadvantages. Non-
conducting dry hair felt, in sheets 34 ii.chcs by 20 inches, is also obtainable in long lengths.
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Eoofing felt is specially prepared for hot climates. Non-conducting felt is formed
entirely of hair, and is uspd for covering boilers, steam pipes, &c., for the purpose of pre-
venting the radiation of heat. When applied to boilers, a cement of 2 parts of white
lead, 1^ parts of red lead, 4 parts of whiting, is mixed with boiled linseed oil ; after
being spread over the felt, the whole is patted down on the boiler, and in a short time
the felt firmly adheres. No cement is needed for steam-pipes, the felt being wrapped
round and secured by twine. Sheets of this felt are made 32 inches by 20 itiches ; and
of the followirg weights:— No. 1, 16 oz.; No. 2, 24 oz. ; No 3, 32 oz. ; No 4, 40 oz.

;

No. 5, 48 oz. This dry hair or inodorous felt is also useful for deadening sound, by
cutting it into 2 or 2i inch strips, and laying it on the joists under the floor boards ; also

as lining to walls and floors; and for lining iron houses to equalise the temperature.
22lOe. Felt is also applied for forming roofs of temporary buildings. It has been

suggested for permanent buildings, but to that employment of it we must withhold our
approval. The rafters may be about 2 inches by Ij inches, placed 20 to 24 inches apart,

laid at a pitch of 2 or 3 inches to the foot, and covered with ^-inch boarding. The tVlt

is to be stretched tight, overlapping 1 inch at the joints, nailed with two-penny fine

clout nails, fir.>-t heated and cooled in grease, about 1^ inches apart ; copper nails are
preferable. The whole roof is then to have a good coating of hot coal tar and lime, in tiie

proportion of 2 gallons of the former to 6 pounds of the latter, well boiled together,
put on with a common tar mop, and while it is soft some coarse sharp sand sifted over
it. The gutters are made of tv\o folds, cemei.ted together with the boiling mixture.
The coating to the roof must be renewed every fourth or fifth year, according to the
climate. The felt is found to last better, if it be not made to adhere by any mixture to

the boarding.

221(|/". Felt for sheds, or occasional purposes, n;ay be put up without boarding ; the
rafters in this case would non exceed 3 inches by Ij inches, placed at a distance of

30 inches apart. To prevent the felt bagging, battens, or slighter rafters, of about 2 inches
by 1 inch, are placed between the others. To such roofs the felt must be laid from eaves
to eaves, nailing through the overlap into the main rafter. The pitch of this roof should
be about 6 inches to the foot. The " ventilated " slating will bear an economical contrast,

provided the smaller size of slates be used, and is more durable.

2'210§r. Another modern material for roofing is Willcsden paper and canvas. Two-ply
paper is used for underlining slates, tiles, leaky roofs ; for interior lining; fixing against
damp walls, under floors, and for interior decorations. It is waterproof, and does not
smell. 100 square feet of it equals 16j lbs. The 1-ply paper is used for underlining, fixing

against damp walls, waterproof wrapping, packing, stencil paper, &c. The canvas is

water-repellant and rot-proof. The scrim is waterproof, and useful for shading green-
houses, ferneries, &c., and for fixing to damp walls to protect ornamental wall-papers.

2210^. Slating is sometimes laid lozengewise, but it is much less durable than when
laid in the usual method. It is introduced for the sake of ornamental efiTect. The ends
of the slates wre als > rounded, or cut angleways to a. point, or the angles only cut off; oi,

if the slates be of a small size, they are set angleways over courses with square ends.

These are all shown in an excellent article in Viollet-le-Duc's Bictionnaire, s.v. Ardoise.
Slating is also made to have a decorative effect by forming zigzag patterns with red
coloured slates among blue slates ; or a few courses of the one above a larger number of

the other.

2210?. James Wyatt, R A., arranged a system for forming roofs with slate slabs

without boarding or battens. In this the slates were all reduced to widths equal to the
distance between centre and centre of the rafters. On the backs of these last they are

screwed by two or three strong inch-and-half screws at each of their ends. Over tho
junctions of the slates, on the backs of the rafters, fillets of slates about two and a half
or three inches wide, bedded in putty, are screwed down, to prevent the entrance of rain.

The handsome regular appe-arance of this sort of slating gained it at first much Celebrity;

but it was soon abandoned, on account of the disorder it is liable to sustain from tho
slightest partial settlement of the building, as well as from the constant dislodgment of

the putty, upon which greatly depended its being impervious to rain.

2211. Subjoined is a succinct account of the different sorts of slates brought to the
London market, and enumerated in the order of their goodness and value.

221 1«. Westmoreland slates. These are from 3 feet 6 inches to 1 foot in length, and
from 2 feet 6 inches to 1 foot in breadth. They should be nailed with not less than six-

penny and eight-penny copper or zinc nails (iron nails should never be used); and a ton

in weight of sized slates will usually cover al out two squarts and a quarter. The weight
of the coarsest Westmoreland is to that of common tiling as 36 to 54.

22116. Welsh rays arc next in goodness, and are nearly of the same sizes as those last
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mentioned
; but a ton of these will cover only from one square and <i quarter to one

square and three-quarters. Permanent green, Eureka unfading green, Whitland Abbey
green, Westmoreland green, best blue Bangor, best red Bangor, Eureka red, Old vein

Portmadoc, are among those now supplied.

2211c. Tablk of the Names and usual Sizes of Slates,

with the squares a thousand (1200) will cover according to their size, and the gauge at

which they are laid, as stated in various works.

Name. Size,

laches. -

Cover
about
Squares.

Cover
about

Squares.

Wijight per
1200,

Weight per
1200.

t wts. Cwts.
1st quality. 2nd quality.

Queens r 32, .'54, .36

X 16, 17, 18 }
Princesses - 30 X 15 16J

- 115
Ditto - - 28 X 14 14* . 97
Ditto - - •24x14 12f 121- 70 90

Empress - - 26 X 16 95
Ditto, smal - - 26 X 14 - _ 90

Duchesses - - *21x 12 11 10 60 80
Ditto,small- - *22x 12 . . 55

Marchionesses - - 22x12 9.^ 9 65 70

Ditto - - *22xll 9 8
;5o \
U7ii

6;l

Countesses

-

- *20x 10 n 7 40 51

Ditto - - 20 X 12 . 50
Ditto, sniMJl - *l8x 10 . _ 36

Viscountesses - ISx 10 n H 36 47

Ditto - _ *18x 9 6 '^1 33 or 31 40
Ladies, wide . *16x 10 _ 3(t 42

Ditto - . 16x o\ . ?8

Ditto - . J *l6x 8 ^ A\ 25 33

I 14 X 12 . - 33 44

Small Ladies *14x 8 n 3.^ 22 26
Ditto - - 14 X 7 3.V H 19 or 20 22

Doubles - 13x 10 _ 4 25 ol

Ditto - - *13x 7 . 2i 16 LS 21

Ditto, small - *12x 6 n . i;;-ii It

Ditto - r 12x 8 - - 22

I 11 x 5^ - n 18 12

Singles - - 1

H eaders - *12x 6 _ . 14
J)itto - - *14x 12 . - 33
Ditto - - *13x 10 - 26

* Denotes best Welsh roofhig t>izes.

During last century, when building works were executed with more regard to durability,

a thousand duchesses were said to cover 9 squares ; countesses, 6 squares ; ladies, 3

squares ; arid doubles, 2 to 2\ squares.

2211c?. Slates are now split so thin, that in specifications it is desirable to state the

weight per square of the slating required. The scientific journals noticed (1865) that at

the Rhiwboyfdir Slate Company's quarries, sheets of slate 8 feet long and ;^nd part of

an inch were obtained, the width being generally 16 inches. The grain must, of course,

be very fine to permit of so thin a cleavage.

221 le. The strength of slate 1 inch thick is considered equal to that of Portland stone

6 inches thick. A foot superficial weighs from 1 15- to 14 lbs. Slates of the usual thick-

ness will not bear much heat before cracking: the thicker the slate the more readily do>s

it crack with heat ; and they will fly at once if cold water be poured suddenly upon them
when in a heated state.

2211/. The Tavistock slates -were sold by the thousand of ten hundred, which quantity
covered al)Out three f^quares and forty feet.

221 ly, Horsham slate, obtaintd in Sussex, is a limestone, and is found to have no limit
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to its durability ; but being very heavy, proper preparation is needed for it, as timbers of
much greater scantling than usual are required.

2211 A. French slates, formerly used in London to some extent, are very light, and
must therefore only be used on boards; otherwise the wind would act upon them. In
France they are bedded in plaster on the boarding.

221 Ij. The ridge, hips, and valleys of a slated roof were formerly alwaj'S covered with
lead. The valleys are still usually so formed, but slate has been introduced for the two
former. The pieces require to bo cut truly

square, screwed to the boarding, and the i"/io:im r
joints and heads secured with putty or white Visk'^

lead. For hips and ridges, slate roll ribbing

is often employed {fig. 803«.). Shorter slates,

A, are first nailed to each side of the ridge-

piece, C, or of the hip rafter, to form the
saddle, and then the slate roll B is put on
and secured by screws through the top. This
roll is made also with rebated joints, but it

is obviated by the roll b eaking joint with the •

saddle. The roll, as shown in the figure, is

sometimes attached to one side of the saddle,

which must be made according to the pitch

of the roof. The 3-inch diameter roll hns
Fig.sosa.

a 7-inch width of saddle, or wing, on each side; the 2^-inch a 6-inch; and the 2-iuch a

S.v-inch saddle. There are 175, 225, and 320 feet in a ton of the ribbing ; and 400, 560,
and 70') feet of the ribbing.

221 \k. The edges of the slates next a wall, either at the head or sides of a roof, have to

be protected. This, in the best work, is effected by lead flishings {par. 2214.). In the

former case, it is laid on the head of the slate for about 5 to 7 inches, and then turned up
Hgaint^t the wall for about the same height, and secured by holdfasts ; it may also be either

turned over into a course of liricks. and the brickwork continued up, or the turned up edge

is protected by a lapping of lead inserted in the brickwork. This lapping, in commoner
work, is replaced by cement. At the edge of the roof against a w^ll, lead is likewise

placed in a similar manner ; but as the lapping cannot be laid in a straight joint, it is cut in

a zigzag form, called "stepping," to each course of bricks. Of late years this lead flashing is

entirely replaced by filleiing of lime and hair plaster ; of gaviged stuff, being lime and
cement mixed; or of cement and sand. But as these materials crack and fall away in a
few ye<irs, the filleting has to be looked to periodically or whenever damp makes its ap-

pearance. Zinc also takes its place, but is not so effective, as it is more difi&cult to dress

it to the surface of the slates.

221 U. In exposed situations, where filleting cannot be trusted, and lead is too expensive,

various contrivances have been made for preventing the entrance of wet. One of these

consists in forming a small gutter between two rafters, lining it with lead, tnrning one
side of the lead under the slates, and turning up the other side against the wail, and
cementing over it. Another good method is to cement a row of tiles against the wall above

the slates, and when dry to cover the tiles and wall with cement, tucking it well into all

the crevices.

2211w. The mediaeval method of easing the line of tiling at the foot of the framing
deserves some notice ; thus, as shown in fig. 701e., it appears that the use of chantlates. A,

frees the tie-beams, tassels, and other timber, except plates, from all contact with the

masonry; and. as a matter of course, from any consequent tendency to rot. This method
seems more advantageous than that of beam-filling, which is altogether prevalent at the

present time, in order to keep out draughts, but it requires care in closing the work.

Tiling has been already described in the section Bricklaying.
2211«. In many churches with open roofs, the solid rafters, without any under panelling

or boarding, mny be seen covered with rough slabs of boarding, having large fissures

through which the lead is visible. Great inconvenience is often felt in roofs so constructed,

during the autumn and winter months, when, upon sudden alteration of temperature ,

condensation takes place under the lead, and the drops of water fall in almost a shower.

This defect h;is been the cause for ceiling many open roofs. A space of two inches left

between the inner boarding and the outer covering has been found to be sufficient to

obviate this discomfort. Felt (par. 2210£Z.)is also sometimes used, to assist iu remedying
the evil,

2211o, In Pembrokeshire, slate is used for everything. For posts and rails of the same
scantling as if for wood. The walls of buildings are of square blocks, rough casted. A
range of stabling might be erected of rough blocks, with the do ir and window-frames of

worked slate. A prejudice exists against the use of squnred blocks without plastering

them, on the ground that they admit damp. It was found that if there was the smallest
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perforation in the .slMte, or if, as was often the case from the want of absorption, the

joints were not perfectly dose, the damp is driven through. The defect, might, perhaps,

be obviated by laying every block with the b d slightly inclining outwards.

221lj:>. Slaf/S of slate, sdvfn, self-faced, and planed are now extensively manufactured at

all the large quarries. They are usually in ^. f, 1, 1^, 1 ^, 1 1, 2, 2i and 3 inch thicknesses.

A quarter of an inch is required for each face planed from the rough, and they are sanded

in addition afterwards. The best quality Bangor slabs can be obtained in sizes varying

from 4 to 6 feet long, or from 2 to 3 feet wide ; and trom 6 to 8 feet long, or from 3 to

3 feet 6 inches wide. The second quality slabs, quarry planed, are under 6 feet long or

3 feet wide.

2211g'. The purposes for which slate slabs are now used are multifarious. Amongst
them are: cisterns (Plumbery) from | inch to 2 inches thick; sinks of inch slate, 4

inches deep inside, either bolted together as cisterns, or with flush ends, planed both sides,

and screwed ; troughs ; filters
;
baths, 2 feet wide, 2 feet high, 4 feet 9 inches at bottom and

5 feet 9 inches at top, all outside dimensions, of plain slate, sanded inside, or enamelled

self-colour inside, or enamelled Siena marble inside, and so on ; urinal back and division?,

plain or enamelltd, fitted with angular earthenware basins, flat back basin, hollow back

cradle basin, square basin, or with slate apron only ; linings to damp walls
;
panels of doors

;

table tops; billiard tables ; shelving to dairies and pantries ; fitiings for wine bins, with

permanent or with movable shelves and ledges ; sieps; and landings.

2211r. Enamelled slate.—Slate, as just shown, has a surface of paint put upon it, for

utility as well as appearance. This can be either plain, or marbles and granites can be
represented to great perfection. Several coats of paint are applied, and polish'id, and
dried in a kiln at a great heat. The Kingston Enamelled Slate Company base their

reputation on all their enamel work being imperishable. First, the slate has to be finely

surfaced to receive the body colour, after which it is placed in a proper .^tove and burnt

or baked in three times, the process being repeated each time, and rubbed down with
pumice between each, then a coat of enamel is placed thereon ; finally, it is subjected to

a high polish obtained by hand friction. It is claimed that by this process a near

resemblance to marble and granite is gained; that the depth of body of enamel
procured renders it imperishable ; and that it has an extremely high polish of the surface

when finished. Cheap work is not lasting.

2211.S. Thatching is an admirable covering for securing warmth in winter, and coolness

in summer; but it is subject to injury by birds, and to ri-^k from fire. It was much used
ior churches in Norfolk and Suffolk {fig. 701«.). The thateher requires a common
stable fork, to toss up the straw together before being made into bundles ; a thatchrsfork,
to carry the straw from the heap up to the roof ; a thatcher's rake, to comb down the straw
straight and smooth ; a knife, or eaves' knife, to cut and trim the straw to a straight line

;

a kuife to point the twigs ; a h&H glove of leather, to protect the hand when driving in the

smaller twigs or spars ; a long flat needle ; a pair of leathern gaiters to come up above the

knees, used when kneeling on the rafters ; and n gritstone to sharpen the knives. Wheat
straw lasts from 15 to 20 years ; and oat straw about 8 years. Reed thatching, as done
in the West of England, is the truss after the ears have been cut off, leaving the clean,

sound pipe straw, of which a thickness of 3 inches is laid on the common thatching with
spars only. The materials required are straw or reeds, laths, nails, withes and rods. A
load of straw, laid on about 12 to 16 inches in thickness, will do a square and a half;

a bundle of oak laths, 1^ inches wide, and from \ to |ths thick, nailed about 8 inches

apart, 1 square; a hundred of withes, 3 squares ; a pound of rope yarn, 1 square ; 100
of rods. 3 squares ; and 2| hundred of nails, 1 square. The fish-house at Meare, Somer-
setshire, of about the middle of the 14th century, still retains its thatched roof. Probably
thatched roofs were ornamented by a species of cresting, for in some parts of the country
the withes or willow twigs that bind the thatch are .'ometimes arranged on the tops of

ricks and cottages in an interlacing manner, terminating with a spike with a rudely
formed cock. ^'iollet-le-Duc alludes to the custom of forming the ridge in mnd, in

which plants and grasses were inserted to pi-event the earth being dissolved and washed
away by the rain.
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Sect. VII.

PLUMBERY.

'J^212. The |)Iuinl)er has but few working took-, for the fuciliiy with wlilch the met;il in

which Le works is wrought does not render a variety necessary. Tlie princi])al are—a hea^y

iron hammer, with a short but thick handle. Two or three different sized wooden mahets,

and a dressing and flatting tool, wliich is made of beech wood, usually about 18 inches long

and 2| inches squ.ire, planed smooth on one side, and rounded on tlie other or upper side.

It is tapered and rounded at one of its ends for convenient grasping by the workman. Its

use is to stretch and flaiten the sheet Lad, and dress it into the shape recjuired for the

various purposes whereto it is to be applied, by the use of its flat and round sides as

wanted. The jack and trying planes similar to those used by carpenters, for planing

straight the edges of their sheet lead when a regular and correct line is re(|uisite. Tliey

also use a line and roller called a chalk line, for lining out the lead into different widths.

Their cutting tools are chiseh and gourdes, of different sizes, and cutting knives. The latter

are for cutting the sheet kad into stiijjs and pieces to the division marked by the chalk

line. They use a\so flies of different s zes for making cistern heads to pijies, for pimipwork,
&c. For the purposes of soldering, they have a variety of different sized grazing irons,

which are commonly about J 2 inches long, tapered at botli ends, the handle end being
turned quite round to allow of its being held (irmly in tlie hand whilst in use. The
opposite end is spherical, or more usually spindle-shaped, and proportioned to the dilFerint

situations for whicli they are required. The grazing iron is heated to redness when in use.

The iron ladles are of tliree or four sizes, and used for the jnirpose of melting lead or solder.

The plumber's measuring rule is 2 feet long, in three parts, each of 8 inches. Two of the

l.gs are of box wood, and tlie third of sttel, whicli is attached to one of the box legs by a

(livot whereon it turns, and shuts into the other legs in a groi.ve. Tlie steel leg is useful

for passing into places which the plumber has to examine, into which anythiiig thicker

would not easily enter, and it is often used also for removing oxide or other extraneous
matter from the surface of the heated metal. The plumber moreover is provided witii

centre bits of all sizes, and a stock to work them in, for perforating lead or wood where pipi s

are to be inserted, as well as with compasses, for striking out circular portions of leatl

.Scales and weights are also in constant requisition, as nothing done by the plumber i.'

chargeable till the lead is weighed.

2213. The method most commonly adojited in laying sheet lead for terraces or flats, is

to place it on a surface as even as possible, either of boarding or plastering. If boardsare
employed, tliey should be sufficiently thick to jjrevent warping or twisting, which, if it

occur soon, causes the lead to crack or to become tnisightly. As sheets of lead are not more
tlian about 6 feet in width, when the area to be covered witli thein is large, joints become
necessary, which are contrived in various ways to jirevent the wet from penetrating. To
do this, the best method is that of forming rolls, which are jdeees of wood about 2 inclies

square extending in the direction of the joint, planed and rounded on their upper side.

These being fastened under the joints of the lead between the edges of the two sheets

which meet together, one is dressed up over the roll on the inside, and the other over both
of them on the outside, whereby all entry of the water is prevented. No fastening is re-

quired other than the adherence of the lead by close hammering together and down on the
flat : indeed, any fastening would be injurious, as by it the lead would not have free play
in its expansion and contraction from heat and cold. When roils are used, the rule shoidd
be specially enforced of turning the open sides or laps from the south-west, west, or south,
wherever practicable, so as to ensure the lap from being forced up l>y the wind, and thereby
the water consequently blown in. If rolls are not employed, which from their projection
are in some cases found inconvenient, seams are substituted for them ; but they are by no
means ecjual to the roll either for neatness or security. They are formed by merely
bending up the two edges of the lead, and then over one another, and then dressing them
down close to the flat throughout tlieir lengtli. Though some solder the joints, it is a bad
practice, and no good plumber will do it, for the same reason as that just gi\en in respect
of fastenings in flats. A kad^a^, as well as a gutter, should be laid witli a fall to keep it

dry. A quarter of an incii in a foot is sufficient inclination for lead, if the sheets be 20 feet

long, so that in this case tluy will be 5 inches at one end higher than at tlie other. This
giving a current, as it is called, is usually provided for by the carpenter previous to laying
the lead.

2214. Round the extreme edges of fiats and gutters where lead is used, are fixed pieces
of milled lead which are called yfasAmy*-. When the lead work is bounded by a wall of
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brick or stone work, the flashings are passed on one edge into and between a joint of the

Work, and tlie edges of the flat or gutter heing bent up, the other edge of tlie flasliing is

dressed over it. If there be no joint into which the flashing can be inserted, it is fastened

on that side with wall hooks (par. 2211/t.}. Drips in flats and guiters are used when the

leiigtli of the gutter or flat is greater than the length of the slieet of lead, or sometimes for

convenience, or to avoid joining lead by soldering it. Some arcliitects place them e^ery

6 iir 8 feet, which however good in a box or parallel gutter, it raises an ordinary gutter

too much, and causes great width of lead at the head. They are formed by raising one part

above another, and dressing the lead round, as has been described for rolls. No sheet

slioiild be laid in greater length than 10 or 12 feet without a ilrip, to allow of exjjansion

and contraction. Small cisttrns are often sunk in gutters to collect the water before passing

ott'into the head of the down pipe. The cistern lias usually over it a perforated lead rose,

to prevent dirt, leaves, &c. passing down with the water.

2215. Tlie work of the plumber is estimated by its weight and the time employed in

fixing it.

2215a. The thickness of sheet lead varies from 5 to 12 lbs. in weight to the superficial

foot, and is used in covering large buildings, in flats or slopes, for gutters, the hips, ridges,

and valleys of roofs, the lining of cisterns, &c. 'J'hus Tib. lead is commonly used for

roi)fs, flats, and gutters ; it is the least thickness in which hossing can be properly done.

8lb lead is a better (|uality for all these purposes. 6lb. lead is used fur hips and ridges ;

tliis is the thinnest quality for such purposes. 511). lead is used for flashings. It is said

that 16ll). lead was used on the earlier mediaeval churches. The following thicknesses,

oblained from Hurst, Surreyors H indbuok, may be compared with the Birmingham Wire
Gauge given in p(tr. 2254, Sect. x.

Table I. of the Thickness and Weight or Lead, per Superficial Foot.

Thickness . - -

or Decimal of an Inch -

1

IS
•0625

I
•125

3
T5

-1875
i

•25 •3125

.•)

8

•375 -4375 -5

Pounds - - - - 5-708 7-417 11-125 I4^833 18-542 22-250

I

•875

25 958

Ti3

-9375

29 667

Tiiickiuss ...
or l)ec"nai of an Inch - 56-25

1
•625 •6875

a
4

•75 •8125
Inch.

1-0

Pounds - - . - .'5.3 -.375 .37 •083 40 792
1

44-500 48 208 51-917 55 625 59-333

'I'abi.e II. OF the Weight and Thickness or Lead, per Foot Superficial.

Wri^'ht ill

P.HlllllS.

1

2

3

4

5
1

Tliickness
in inches.

Weight ill

Fouiids.
ThickiiHss
ill inclies.

W-i-ht in

PoUlMS.
Thiclii ess
in iuiiKf.

0017
0-034

0-0 n
068

0-0 5

6

7

8

9

10

101

O-llH
0-135
0-1.-, 2

169

11

12

01 86
li03

22156. Lead is generally cast about 7 feet wide and about 33 feet in length, but its

width and length depend upon the margin which is cut oflf after casting, as the scum, &c.,

is driven to those parts. This may reduce it about 6 inches in width and 18 to 24 inches

in length. Lead is now cast to the above-named weights, and also '- bare," according to

the directions of the contractor. The architect, to do justice to liis employer, should care-

fully ascertain for himself the weight and size of the sheet of lead from wliich the piece is

cut. It is usually marked or painted upon it. A small piece is not a true test either for

weight or gang •, and the edge is sometimes cut on a bias. The best direction is that it

should weigh over the weiglit specified.

2'.^ 16. A liuiulred weight of .sheet lead will usually cover on a platform, roof, gutter, &c,
at 4 lb.s. =28 ft. ; 5 lbs. =22 ft. 5 in.s. ; 6 lbs =18 ft. 8 ins. ; 7 lbs = 16 ft. ; 8 lbs. = 14 ft.

;

9 lbs = 12 ft. 6 ins. ; and 12 lb.s. =9 ft. Old lead weighed for recasting has generally a

deduction made of 6 lbs. per cwt. for waste, &c.

2217. Lead is used to fasten iron cramps, posts, and bars into masonry by filling up the

cavities between them. Sheets of thin lead are sometiiues placed between the drums of

c.;luiiins (par. 1925a.), as well as in the bed joints of wrought stone arches, to distribute
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the pressure between the stones. Lead work treated ornamentally for ridges, and hips

of roofs, knobs, vanes, &c., as during the mediaeval period, is superseded in the present

day by cast and wrought iron, and by zine work. {Builder, 1856, p. 4lO.) The skill of

the plumber is brought to action in, among other things, eaves and other gutters, flash-

ings and valleys, hips to flats or platforms, hatches, windows, and domes; also rain-

water pipes, waste and soil pipes, water-closets, baths, cisterns for hot and cold wnter,

basins or lavatories, cabinet stands, sinks, urinals, pumps, the hydraulic r^m, siphon

and other traps, &c. Many of these will be f -uud treated herein, and more in detail in

Euchan, Plumh'mg, 8vo., 1876. This section includes many articles which should per-

haps have come under Bhicklayeb and Founder, but would have caused repetition.

WATER SUPPLY.

2218. Water is obtained by various means. The aqueducts of the Romans have been

previously described. In England, the chief means of supply, according to locality, is (1)

by pumps from springs and wells
; (2) by water companies ; and (3) by the hydraulic ram.

2218«. Modern sanitation has put down surface wells in towns and cities. It has

been found that the quantity of saline and organic matter in two gallons of water from

certain wells in London ranged from 26 63 grains to 129-73; while that of the New
Eiver water had but 1716 grains. Solid matter in these wells ranged from 50 to

100 grains, and some to 130. As most of these waters were bright and sparkling, and

had a cool and agreeable taste, they were much sought after for drinking purposes
;
but

the coolness and briskness are dangerous, for they are both derived from organic dec^y.

According to Dr. Letheby, the dead and decomposing matters accumulated in the soil are

partially changed by a wonderful power of oxidation, and thus converted into carbonic

acid and nitre. This, although frequently drunk without any apparent injury to health,

yet the products of such corruption admitted into the human body must cause insidious

mischief, while, if the impurities of the 4ioil pass unchanged into the water, quick and

certain injury must result.

22186. As the plumber finds and fixes \\\e, f^imi^s for the supply of water to a dwell-

ing in some localities, a description of the three sorts commonly used, namely, the

lifting, the co?iimon, and the force j^ump, will be here given.

2218c. Fig. 80i. is a diagram of a lifting pump. ABCD is a short cylinder sub-

merged in the well or other reservoir, whence the water is to be raised. In this

cylinder a valve is placed at x, above which the pipe or tube CE
is carried upwards as high as is requisite for the delivery of the

water. In the cylinder AD a water-tight piston, cd, moves
vertically, being worked by rod or framework, 7}i, n ; to this

piston is fixed a valve at v, opening upwards. On the descent of

the piston the pressure against the water opens the valve v, and
the cylinder between the two valves is filed with the water. When
the piston is then raised, the water between the valves being

pressed upwards against the valve .r, opens it, and is driven into

the tube (JE, from which, on the renewed descent of the piston, its

return is intercepted by the valve .v. The water follows the

piston in its ascent by the hydrostatic pressure of the water on the

reservoir outside the cylinder ; and on the next descent of the

piston the water will again pa's through the valve v, and will be

driven through the valve x on its next ascent. In raising the

piston a force is required sufficient to support the entire column
of water from the valve v to the surface of the water in the tube

CK. To estimate this, the weight of a column of water is taken,

whose base is equal to the area of a section of the piston, .md
whose height is equal to that of the surface of the water above

the valve v in the tube CE. Hence, after each stroke of the pump,
the pressure on the piston and the force necessary to raise it will

be increased by the weight of a column of water whose base is the horizontal section of

the piston, and its height equal to the increase which the elevation of the column in CE
receives from the water driven through the valve x, WW is the level of the water in

the well.

22\8d. The common household pump, or, as it is usually called, siujtion pump
(fg. 805.), is nothing more than a large syringe connected with a tube whose lower

extremity is plunged in the well from which the water is to be raised into the cistern

MN, and delivered by its gravity at the nozzle e. The tube SO is called a suction pipe
;

its end in the well is at O, which, for the purpose of preventing the ascent of solid

impurities, that might choke the pipe and impede its action, is pierced with holes like a

strainer. At the upper end of this suction pipe is placed the valve x in the flange

CD, opening upwards. At this place the tube is connected with another, BC, which
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acts as a great syringe, and in which works a piston ci, worked by the piston rod ab,

having a valve at v, also opening upwards. The piston is worked alternately upwards
and downwards in common pumps by a lever called the brake,

but it may be worked in many ways. In the figure, W is

the level of the water. At the commencement of pumping,
as soon as the syringe ABCD exhausts the air by the upward
and downward action of the piston c d, Vhe pressure of the

air in SO being diminished and rendered less than that on the

surface, the water in the well will rise in SO by the atmof^pheric

pressure. The valve x should on no account be more than 28 feet

above the level of the water in the well. The cistern MN at the

top is placed for the purpose of affording an unintermittent dis-

charge of the water by holding more than the whole accumu-
lation of water, which is contrived to be greater than the spout or

nozzle will discharge.

2218e. The forcing pump {figi. 80oa.) is a combination of the

common suction and lifting pumps. CKFD is a suction pipe de-

scending into the well, and at its top is the valve V, opening
upwards. The pump barrel, ABCD, has a solid piston cd, whose
rod is ab, without any valve. From the side of the barrel, just

above the suction valve V, a curved pipe proceeds, communicating
witli Hu upright cylinder or force pipe, GrH, carried to such
height as the water is intended to be raised. At th& bottom of

this cylinder is placed the A'alve V, opening upwards. At the

commencement of working, the suction pipe CDEF and the

chamber between the piston and valves are tilled with air. When
the piston descends to the valve V, the air enclosed in the latter

chamber becomes condensed, and opening, therefore, the valve V,
-^ ' " —--^^ a part of it escapes through it. On raising the piston the air below

^'='*''*"
it becomes partially exhausted, and that in the suction pipe,

opening the valve V by its greater pressure, expands into the upper chamber. A part

of this is expelled when the piston next descends, by means of the valve V. Tliis

action is similar to that of an air pump rr exhausting syringe.

When by the repetition of this action the air is sufficiently

exhausted, the atmospheric pressure upon the water in the well

causes the water to ri.se there'rom through the suction pipe

and the valve V, into the chamber between the piston and the

valves. When the piston next descends it presses on the sur-

face of the water, and the valve V closing prevents the return

of the water into the suction pipe, while the pressure of the

nmf^^^--rL^ piston, being transmitted by the water to the valve V, ojens
'^?Spg"^-^ it, and as the piston descends, the water passes into the force

"^
pipe GH, and so on. By repeating the action the quantity of

water in the force pipe increases, receiving equal additions at

each descent of the piston. This force pipe may be perpen-

dicular, oblique, or horizontal ; for in each case the water will

be propelled through it. A column of water suspended 34 feet

in height in the force pipe will press on the base of the piston

with a force of about 15 lbs. fur each square inch; and the

pressure at other heights will be proportional to this. Thus the
Fig. si5rt.

force necessary to urge the piston downwards may always be

calculated. The valve V is clo.sed in drawing up the piston, and it then relieves the piston

from the weight of the incumbent column. If the valve V is opened, tiie piston is subject

to the same pressure as in the suction pump(/^. 805.), and this is equal to the weight of a

column of water raised above the level of the water in the well. When the he ght of the

force pipe is equal to the length of the suction pipe, the piston will be pressed upwards

and downwards with equal forces ; but when the heiglit of the force pipe is greater or

less than the length of the suction pipe, the downward pressure must be greater or less,

in the same proportion, than the force whicli draws the piston up.

2218/. The supply of water by the force pipe through the valve V is evidently inter-

mittent, being suspended during the ascent of the piston , hence the flow from the point

of discharge will be subject to the same intermission if menns be not taken to counteract

such effect. A cistern at the top of the force pipe as already shown for the suction

pump, would answer the purpose; but it is found more convenient to use an app;iratus

ciUed An air vcsael {fig. 8056.), in wiiieh immediately above the valve V a short tube

communicates with a strong close vessel MN, of sufficient capacity, through the top

whereof the force pipe GH passes, and descends to near the bottom. When the pump
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is in aclion the water is forced into this air vessel MN, and wlien its surface, as nt ww,
rises above the mouth H of tlie force pipe, the air in I'he vessel MN is confined above the
water; and as the water is gradually forced in, the air, being compressed, acts with
increased elastic force on the surface of the water. This pressure

forces a column of water up the pipe HG, and maintains it at an
elevation proportional to the elastic force of the condensed air.

When the air in the vessel MN is reduced to half its original

bulk, it will act on the surface of the water ww with double the
ai^mospheric pressure ; meanwhile, the water in the force pipe

beii g subject to merely once the atmospheric pressure, there is

an unresisted f rce upwards equal to the atmospheric pressure
wh'ch sustains the column of water in the tube, and a column
31 feet high will thus be sustained. It the air is reduced to

one-third of its original bulk, the height of the column sus-

taine 1 will be 68 feet, and so on. If the force pipe G were made
to terminate in a ball pierced with small holes, so as to form
a jet d'cau, the elastic pressure of the air on the surface would
cause the water to spout from the hobs. Fig. saift.

22189. I" l^h^ formation of all p mps the parts should be nicely fitted, and as air-tight

as possible, otherwise, in using them, mu':h of the po-wer employed will be lost. All ex-

piedients wiiich tend to tliis great de^ideratum are of value. The joint CD, fffs. SOo and
806a, is especially liable to leak if not well fitted. The variety of pumps now maiie is

very great, although they are all formed on the principles first explained. The architect

had best select the manufacturer, and learn of him the make and powers of the article

required for the proposed purpose. Nearly one hundred varieties are shown in Messrs,

Tylor and Sons' illustrated Catalogue for 1885, 14th e'iition. They consist of a pumping
apparatus for public thoroughfares, with cast iron cased well-engine frames, with fly

wheel and with one or two handles
;

pillar well-engine frame and single or double
cranks; the same with wheel and pinion to decrease labour; rotary action, fixed on
pl.mk ; horse wheel frame, for horse power, and others applied to steam power

;
pumps

for artesian wells ; lift-pump; vibrating standard lift-pump; and rotary action lift-pump,

all on planks, &c.

2218A, The Pulsomefer is a patent pump, of great service for foundation and sinking

work of all kinds, and for general pumping work ; skilled attention is stated not to be
required, and it will pump thick gritty water. Norton's Abyssinian and artesian tube
wells and pumps are of much service for large and pure water supplies from shallow or

deep sources ; they are also called driven tube wells.

2218/. The Aqueous AVorks and Diamond Hock Boring Company, Limited, by their

method of using black diamonds (cr carbonate), are able to bore through hard strata, such
•Ai granite ; they drive a tube for a well say 25 feet deep ; or to a depth say of 1144 feet,

having a bore hole 9j inch diameter; or in the case of minerals even to a depth of 1906
feet, as at Battle in Sussex.

2218/t. As to water supplied by a company, it will only be needful to refer to the

quantity, and to tlie two systems : I. the ordinary pressure ; and II. the non-intermittent

or constant supply. A Parliamentary return issued about Midsummer, 1866, states that

the New Eiver Company supply was equal to 209o gallons per house per day; or,

taking each tenement to hold live persons, it was equal to 41-9 gallons per individual per
day. The daily supply of water to the metropolis in 1865 by all the companies was
nearly 93 millions of gallons, or at the rate of rather more than 2U0 gallons per house, or

over 30 gallons per head. In 1887 the metropolis was supplied by eight companies.
The East London supplies a population of 1,180,000 persons; the New Biver Company,
1,125,000; the Southwark and Vauxhall, 800,000; the Lambeth, West Middlesex,
Grand Junction, and Kent, 500,000 each; and the Ciielsea, 260,000. The daily lotal

supplied is 179,600,000 gallons, for a population of 5,3^0,000, being an average of rather

over 33 gallons per head, and ranging over 725,912 houses.

22181. It may be useful to note th.it the non-intermittent system, or constant supply,

has been adopted at Manchester, Nottingham, Derby, Durham, Leeds, Dundee, Glasgow,
Ipswich, Chatham near Rochester, Wolverhampton, Bristol, &c. ; the two last are de-

scribed in Cresy's Encyclopcedia of Civil Engineering. At all tliese places the result

appears to be satisfactory in every way, both to the water companies and to the con-

sumers. At Hitchin the average daily consumption was 235 gallons per house ; at

Croydon, at one time 500 ; Whitehaven, 250, or 50 per person ; York about 200 ; Exeter,

120 ; while at Bristol, Eugby, Sandgate, and Barnard Castle, the waste was so great

the supply became inadequate. Nottingham had only 20 gallons per pf-rson, and
Durham 20 to 25. In America, New York has 90 gallons per person; Boston not less

than 55. In 1884 it was stated that, taking the daily consumption of water in London
at 29 gallons per head, in Paris it was less, while at Berlin it was but 20. At Detroit,
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Michigan, it was 100; while at Cliicago and Washington it was 119 and 155 gallons

respectively.

2219. The tliird mode of obtaining a supply of water is by the hydraulic ram. It is

more availalile in the country on account of the noise caused by the continual clicking of

the valve. It is a simple self-acting machine for raising water into a cistern or tank,

where a fdU of water can be secured from a stream, or other source. Once set in motion,

it will continue to work as long as it is supplied with water, or until the wearing of the

iron valve disables it. A fall of only 5 feet to the ram will enable it to supply a tank

60 feet higher than the source and 2,000 yards distant. Much of our present information

on the subject of supply of water was known to the Romans, and is carefully described

by Vitruvius in Book VJII. of his work.

Wafer Closets.

2220. It is unnecessary to describe at length the machinery of a water closet. The
principle on which the usual apparatus is formed is that of a head of water in a cistern

placecl above it, which by means of a lever attached to a valve in the cistern allows a

body of water to rush down and wash the basin, whose valve, or pan, is opened for the

discharge of the soil at the same moment that the
water is let down from the cistern (par. 2223a. de-

scribes the cistern). Bramah's patent was among the

first ; Underliay's among the latest, which does away
with wires and cranks, the supply pipe being con-

stantly filled with water. The student will obtain by
the inspection of a closet a far better notion than words
or diagrams will convey. The apparatus of a water
closet has also been made self-acting, either by opening
the door of the closet, or by lifting or depressing the

seat of the apparatus. For the more modern fltish

closets it is generally necessary to pull a chain, which
allows a certain quantity of water to flow from the

cistern by a valve, or from a water-waste preventer

(par. 2223/.), into the pan, and so wash out the foul water.

2220«. Notwithstanding the many forms of water closet apparatus, nearly all of them
may be classed under four heads. I. The old pan apparatus (Fig. 806.), where the water

is retained in a pan, which is dis-

charged on drawing up a handle, into

and through a " container," and thence

by a short pipe into a trap, called from
its shape a D trap. This form was
considered to be so objectionable from
the occasional deposit in the container,

that under par. 69 of the Bye-laws

as to New Streets and Buildings,

issued by the Local Government
Board, " he shall not construct or fix.

under such pan, basin, or receptacle,

any container or any other similar

fitting; " and " he shall not construct

or fix in or in connection with the

water closet apparatus any trap of the

kind known as a D trap." The
" Banner system " has introduced an

ordinary pan closet improved, and also

a patent closet with a pan, both with-

out traps.

2220^. II. The valve apparatus

{fig. fs06a.), Is now generally fixed in

the houses of the better classes. On lifting the handle a valve or flap is let down into

the pipe, when the soil descends through it at once into a syphon trap. The water

is, however, only kept in the basin by the closeress of the fit of the valve and its

seating, or bottom of the basin. Any slight corrosion, grit, hair, soapy slops, or paper,

not washed through, causes the valve to fail to close properly ; the water then escapes,

the basin is left in a state unfit for use, and smells arise which the valve is intended to

prevent. Hayward Tyler and Co. make valve closets with copper bellows or brass

regulators. Adams's improved elastic valve closet, with brass or bellows regulator.

Warner's patent valve closets. Stiddcr's improved valve closet, with patent overflow trap
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and ventilating junction combined; also his patent Siamese trapless closet; and his

patent London side outlet vnlve closet. Banner's Acstor, Elastic, Simplex, Safety, aiid

Twin basin valve closets. Buchan's (Edinburgh) patent sanitary coset, "whereby
no sewer smell can pass into the room, even when the handle is pulled up. When the
closet valve is lifted, the water falls in full volume direct into the soil pipe, pressing all

the gas before it, and causing a syphonage that sends the whole contents in one body to

the drain. There being no trap under the valve, tlie soil pipes are scoured and kept clean."

2220<?. III. This class comprises the ^o/^^jfr water closet, or flushing k —r»^
basin [^fiff. 8066 ), which is simply a basin or pan finished with a syphon
trap at the bottom, without any further apparatus than that which admits

the water to flush or wash it out. These pans require the addition

of a pail or two of water poured down occasionally to help the clearing

of dirt and paper. They are popular for servants' closets and for cot-

tage and common use, but require occasiimal cleaning out. One of

the most simple pans is that called by Messrs. Doulton the enamelled ^"'- ^"*''-

stoneware closet pan, figtore d, which, with pan and syphon trap completp, is sold at

3s. 9d each. This class includes Adams's hopper pattern closet, with flushing appa-

ratus ; Warner's patent cottage basin and trap ; Stidder's household closet ; and others.

2220d. IV. includes a series of more modern contri-

vances, invented for the purpose of obviating certain defects

in the others. They are called the wash-out basiii or •—I-*

closet {fig. 806c.) ; but many still retain the chief defect j^
in the carrying down of the discharge into another recep-

tacle, or trap, below, or at the side, only partially out of

sight, and not always with a suflfieient flushing power each
time it is used, especially where only a small "preventer" T" ~\ \ ^
is allowed. Among the many patents of these closet pans, \---_^^^^,Ai-/:-3::^^=A \
are Bostell's Excelsior; Woodward's Excelsior; Winn's ^^£!^^7£?£t£?£3£J\ \
complete sanitary closet ; Twyford's National ; Sharpe's ^'^?££Z£z^Fp££^

\ \
jiatent pan basin; Winn's free flushing basin and trap;

Woodwaid and Eowley's wash-out closet ; Adams's wash-
^ ^ ^^^^,

out pattern closet, with flushing apparatus ; Stidder's Tor-
rent water closet ; Banner's patent wash-out closet {fig. 806c.), &c.

2220c. The Merits ani Demerits of Various Kinds of Water Closets in General Use, by
D. Emptage, is printed in the Sanita7-y Record of October 15, 1883, p. 187. The figures

above of these closets are obtained from Dr. Corfield's Laxes of Health. Svo., 1887.

2220/'. A protest has been often made against the continuation of the general mode of

fitting up a water closet with a seat, lid. and riser, cr enclosure, which too often proves

to be all fair without but faul within. Probably not one of them when t^keu'down but

would disclose a state of things, as regards cleanliness, as foul as any drain; espe-

cially so, when the closet has been used ibr disposing of bedroom slops in contravention of

all orders. The lead safe gathers the overflow which will occur, as the servant cannot

hold up the handle at the same time as she empties the pail ; and unless it has a fall to

the waste pipe (if there be one), it lies there to dry up and annoy the house with the foul

smell. Otten this waste pipe passes into the trap or into the soil pipe, making matters

worse. Hence the admirable arrangement put forward by Doulton and Co., in the Lam-
beth Comhinatlon closet, which has the basin and trap made in one piece of stoneware

decorated, so that the customary riser is unnecessary ; it stands on a finished wood or

tiled floor; the seat being made to lift up, it forms a slop sink. The Desideratum closet
;

Gildea's closet, are others. Twyford's special water closet basins, which comprise the

Unitas, Xhe, National ^aiant side outlet closet and trap; while the ^^//rt«ce /row^ outlet

closet and trap is a variation of the former one. The Crown, sanitary closet basin and
trap is a cheap and simple apparatus. The Farnley sanitary closets comprise the Trinal,

Universal, National, and Simjdex, each in one piece, with or without trap and ventilator.

Warner's improved London open water closets, combining in an elegant form a water

closet, slop sink, and urinal, well trapped above the floor line. Shanks's patent Tahaln.r\<\

Citizen water closet with hinged seat, &c. Shanks and Co.'s patent system of combined

closets and cisterns, where the closet is in one piece of enamelled stoneware, having a

very large inlet horn made with the closet. On it is seated a single or double valve

cistern, having a correspondingly large outlet valve, A\hich from its size gives a flush

compensating for the lack of the usual height, and washes out and replenishes the basin

fully. Banner's Holhorn combination water closet. All these require an inch-and-a-

quarter pipe from the cistern, or two gallon syphon cistern or water-waste preventer, for

flushing purposes.
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2220^. Traps to water closet pans consist of the old-fashioned and now condemned

O trap {fig. 806tZ.), with its dip pipe near one side of it; the -q trap; and the (0 or

syphon trap. These two last are now generally used. Hellyer
makes a patent cast lead V tlip trap, or " anti-Q " trap as it

was termed, of about 8 lb. sheet lead. It is as self-cleansing

as all syphons, and leaves no corners for lodgment of dirt.

This has an air pipe on the top of the "out-go" portion of

the trap, which may be a useful addition.

2220A. The traps themselves must be ventilated to prevent
syphonage ;

they may be unsealed by the momentum of any
Fig. 806(J. discharge passing through tiie trap itself, and by the pas-

sage of a considerable quantity of water through a pipe with which the trap is connected.

The passage of this water causes a momentary vacuum, by means of which the water is

sucked out of the trap.

2220/. The question has been raised, why should the water closet be trapped if the soil

pipe be kept ventilated and trapped? There must always be some portion of the refuse

matter adhermg to the inside of the pipe, even if there be good and constant flushing
;

hence the advisability of trapping it.

2220;'. The importance of good stench traps to drains is not to be overrated. The usual

iron hdl trap, as supplied to a sink, or let into a pavement, is sufficient as long as the bell

remains perfect. Tye and Andrews manufacture a good new patent sink trap ; Cottiun

has also a cast iron trap or " effluvium interc ptor." Ecard and Dtnt have patented a

cast lead j)ife trap of 2 and -i inclies diameter, and claim for it that it is of pure and solid

lead, without solder or seam of any kind ; as clear inside and out as any pipe made by
hydraulic pressure ; of a perfectly regular substance throughout ; and that, being com-
posed of one metal, it is not subject to expansion, nor liabbi to be affected by the gases,

wliich tend to destroy the ordinary trap. Jennings's "Du Bois" drawn lead traps and
bends are made by hydraulic pressure, in the same manner as ordinary lead pipes, from

1
J to 4i inches diameter; the inside becomes accessible for cleaning by a screw tap at

the bottom of the bend. AU these traps only continue effective as long as water re-

mains either in the cup or at the syphon bend, a fact which is either not known to, or

forgotten by, very many housekeepers, who complain of the bad smells from the drains in

summer time, or after some days of dry weather. JVlany of such syphons are now manu-
factured for various purposes in glazed stoneware, which are readily cleaned. Stiff has

several " sewer air excluding traps," as the Interceptor trap, and the Weaver ventilating

trap. Bucliar.'s patent stoneware drain trap is one of the most useful of the sort. He
adopted first a trap with a slope down into the syphon,

but found that a fall was better; hence the fig. 806e.,

having a fall of 2 inches for a 4 inch trap, 2g inches

for 6 inches ful'y, and 4 inches for 9 inches fully.

Doulton and Co.'s safety sanitary trap (Henman's
patent, 18b5) is for connecting a water closet pan
with the soil pipe ; no untrapped joint within a build-

ing. Adams's special disconnecting traps. Smeaton,
Son and Co.'s interceptor trap. Banner's main drain

traps, as the I'xccllo, and the Ccrus. Bolding's air

shaft or disconnecting trap, with inlet at top and
inlet for easy access to drain for clearing stoppages

;

his soil pipe intercepting trap ; and his "disconnector" for 6-inch and 4-inch stoneware

drains. Davies's disconnecting receiver and trap for house drains is stated to give: l.

Thorough disconnection from the sewer. 2. Thorough ventilation f drains. 3. Simplicity

in planning house drains. 4. Easy access to drains and traps in case of stoppage. 5.

Convenience of fixing in any position, irres], ective of sewer. 6. A barrier against rats

coming up from the sewer. It is made by J. C. Edwards, of Ruabon.
2220A'. Gully traps, for taking off water from yards and from rain-w^ter pip°s, are

p-ovided of si:oneware as well as of iron. Such as Bolding and Son's simplex gully trap,

for various purposes; salt glazed and galvanized iron grates, square and round, some with

raking inlets. Bellman's patent gully receives and disconnects one rain-water pipe and
three waste pipes; it avoids splashing, ventilates the pipes and drain, forms a gully or

drain from a yard or pith, and is easy of access for cleaning out; the ordinary "O or (/)

trap can be used with it, and placed at any angle to meet the drain. Adams's patent

street gully and yard traps. Banner's gully trap.

2220^. A scouring trap is a late invention ; it appears to possess some advantages in

affording a good scouring wash-out and dip to the drain. Davies's I'eceiver, &c., above

described, is for a somewhat similar purpose.
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2220w. When drain traps are left for some time they should be flushed out and left

full of fresh water, into which should be placed some ordinary calcium chloriile, a by-

product of a chemical process, and very cheap. This is exceedingly liydro.scopic,

havint^ a great affinity for water. Tiius the traps would remain full of water for any

length of tinae. (Prof. Babcock of Cornell University, U.S.A.)

2220??. K grea!'e trap to catch the melted fat, &c., from the kitchen sinks, is considered

a desirable addition, as it tends to prevent the grease from pnssing into and stopping tlio

drain. There are several varieties, chiefly of stoneware. Those readily cleaned out l)y

hrtud are perhaps the best ; buckets, used in some, can scarcely be considered satisfactory.

Emptying the usual grease trap is one of those many works in C''nneetion with a Ixuise-

hol(l that almost amounts to emptying a cesspool, as it is usually left and becomes foul;

this trap is to be avoided if possible. It is recommended to be ventilated {fig. 807c.).

The best of the number is the patent of Mr. Farrow, the first one introduced as a special

fi.Kture. Ilellyer's, Buchan's, Stiff's, Doulton's, with others, are to be procured. One
has been devised by Mr. J. Honeyman, architect, consisting of a shallow box encased

with cold water, and covered with a movable grating resting about half an inch or more
below the level to which the water would rise. The cold water would bo frequent ly

replaced from the service to the sink. Tlie greasy water would adhere to the sides, and

be forced up through the grating for removal, and the box, being in sight, w.aild be

cleaned out as required. Smeaton, Son & Co.'s grease trap ; Adams's grease trap only
;

and his combination grease trap and flush tank; Durrans' patent glazed stoneware gully

and fat trap, by J. C. Edwards of Ruabon, is a cast iron box dropping into the water,

and removable for cleansing purposes, giving free access to the drain pipe.

2220o. The self-cleaning Trough closet, as Adams's patent, is largely used in schools,

factories, barracks, workhouses, and other such institutions where a number of persons

are collected or employed. It is automatic, having a Field's self-acting flushing cistern.

About five or more closets, or stalls, are formed over the stoneware trough that com-

municates with the drain. The trough is also made of iron, and is also arranged to be

discharged on liud and disposed of by irrigation. These troughs require occasional

inspection and good water supply.

2220^?. Reference has been made (pars. 1887^?. and 1888/*.) to flushing requirements.

To these may be added, Adams's patent automatic flush tank, "giving an instant start

with drop by drop supply" ; his patent improved automatic flushing syphon ; his syphon

cistern for closet, urinal, &c. ; his flushing valves and penstocks for drains and sewers

;

Stidder's patent syphon water flusher ; Doulton and Co.'s automatic flush tank ; and
others by Jennings and Co.

2221. Urinals are made of slate for public use, of various forms and arrangement."!. A
water supply from a self-acting flusliing cistern, holding from 10 to 20 gallons, arranged

for a discharge according to use ; about every quarter of an hour is considered suflScient

to free a much frequented urinal frotn all nuisance. Sometimes water is turned on for a

time at several hours of the day. White pottery urinals for private use are of all varieties

and shapes. The overflow pipe supplied to some is not always a desirable addition.

Doulton and Co.'s improved urinal and lavatory; Adams's patent lavatory ranges for

schools, &c. ; and urinal and closet erections. Jenning's urinal erections for two or more
persons. JStidder's school lavatory and slop sink, as used in the London and other

Board schools. Mounted lavatories for domestic use, by Warner and other .manufac-

turers above mentioned.
2222. The use of Earth closets as one of the safeguards against smells from sewers has

made no headway for large populations, and is beset with practical difficulties. In the

Midland and Lancashire towns the pail or tub system has been much more largely intro-

duced as a substitute for the water closet, and it has, from a landlord's point of view,

many attractions. The first cost, as coniparcd with that of a water closet, is small, and
the landlord is, in most towns, relieved afterwards of all future cost and maintenance.

Whereas in the case of water closets in cottage property there is undoubtedly great diffi-

culty in keeping them in good working order, especially during frosts. There are, how-
ever, many objections to the pail system, especially that it appears to be a costly appendage
to the water-carriage S3'stem, inasmuch as the remaining liquid refuse has still to be

dealt with by the modern systems of precipitation or irrigation, at practically the same
cost as would have been the case if the water-carriage system had been adopted in its

entirety by the municipal authorities.

2222«. The deposits are at once deodorised by a small quantity of coal ashes or earth,

which absorbs the ammonia and other fertilising properties, lor removal to the garden
or field. It may be considered more serviceable where there is a deficient water supply

or a want of proper drainage, and in country', rather than in town, localities. Motdes
patent was the first invented. Morrell's patent cinder sifting ash closet, and Heap's

patent dry closet, are other inventions. The earth may, with pi'oper drying, be used

Y Y
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over and over ugaiu for years. Ashes, fine and dry, may be used, to oLtain -which tlipre

is the modern automatic cinder sifter. They are not eousidered preferable to llie water-

carriage system, wliere obtainable.

Tanks and Filters.

22225. Having obtained the source of a water-supply, a tank for a collection for a farm,

or a cistern for the supply of a house, are requisite. The former may also be required to

retain the rain water from the wood, lead, or zinc gutters of the buildings; water from

copper gutters is poisonous. The tank is usually formed of brick or stone built in

cement, and cemented inside, and when of a small size it is domed over, with a man-hole

for access. If of large size, iron girders supporting slate or stone slabs wdl form a fiat

covering to it. These should be well jointed to prevent dirt falling in. Pain ing the

cement with a solution of silicate of potash is said to prevent the soft rain Wdtt-r

becoming hard in a new tank. Such a svstem as the following would be lound very

serviceable on many farms having c.'ay lands.

2222c. In Venice, the rain water is collected from the roofs and led into the court-

yard, where it undergoes a regular system of filtration before it reaches the tank, whence

it is raised by buckets. The constiuction to effect this consists of —I. A water-tight

enclosure. II. A well of dry brickwork in the centre of, III. A wall of s\nd, ill ing up
the remainder of the enclosure round the well, and serving partially as a reservoir, and.

partially as a filter; care being taken that no water enters the well but what pas-es

through the sand. The system is shoMn iti the Allaemeive Bauzeitung for 1836, pi. oSfi;

and in the Transactions of the Institute of British Architects, 1842, p. 187.

222'2d. Another and more simple method is described in the Building News, 1862,

p. 127. A large hole is dug about 9 feet deep; the sides are supported by »n oaken

framework of a square truncated pyramid, the wide base being turned upward. A
coating of compact clay, 1 foot thick, is applied on the frame with great care, to stop the

progress of the roots of plants, as also to prevent the pressure of the water. A large

circular stone, partly hollowed out like the bottom of a kettle, is placed therein with the

cavity upwards, and on this as a foundation a cylinder of well baked bricks is constructed,

having no insterstices except a number of holes in the bottom row. The large vacant

space left between the sides of the pyramid and the cylinder is filled with well scouied

sea sand. At the four corners of the pyramid a stone trough is placed, covered wiih a

stone lid pierced with holes; they communicate with each other by means of a small

channel made of bricks resting on the sand, and the whole is then paved over. The rain

water is led from the roof to these four sink stones, and, penetrttting into the sand through

the channels, filters down and passes into the filter itself by the small holes left in tho

bottom row of bricks. These cisterns get filled about five times a year, and the distribu-

tion of water is at the rate of about 312 gallons per head.

2222e. The average annual rainfall is 31 inches. Where rain water has to be depended

upon, a. separator has been invented by Roberts, which " prevents the first portion of the

rainfall passing into the storage tank. It cants and stores the water when the roof has

been w..shed by the first rain."

2222/. Tho Rivers Pollution C"niniissioners put the several waters derived from various

sources in the following order, having icgard to their hardness :—I. Eain water (softest).

II. I'pLmd surface water. 111. Suiface vater from cultivated land. IV. PoiluU-d river

water. V. Spring water. VI. Deep well water. VI f. Shallow well water (hardc.-t).

They consider water at or below six degrees of hardness to be soft, and above that

number of degrees to bo hard.

2222(7. Filters are used for purifying water for towns, or purposes for which large

quantities are required. They are itsually formed in England of several layers of sand

and eravel, gradually increasing in the volume of its particles in descending ; and in the

lowesfcourse of gravel perforated tiles are laid, through which the water tiows into the

reservoirs. The water is supplied on the top, so as to stand at a depth of from 4 to 6 feet

over the sand and other filtering media. At the Lambeth Water Works these media

c insist of: I. A layer of sand 3 feet thick. II. A layer of clean sea-shells 6 inclies thick.

III. Fine gravel 6 inches thick. IV. Coarser gravel 6 inches thick. V. Very coarse

screened and washed ballast 6 inches thick ; and \'I. Pierced tiles covering the drains.

At the Southwark Waterworks the filtering media are rather thicl^er. At Hull tho sand

is 2 feet thick, and the gravel 16 inches ttiick. At York the sand is 4 feet thick, and

the gravel 4 feet thick. At Paisley the sand is 2 feet thick, and the gravel only 6 inches
;

but the upper part of the sand is mixed with animal charcoal. Local conditions must
regulate the proportion of these materials, fir the thickness of the sand must be mcrci'sed

according to the impurity of the water. When the water is at all turbid, it is atlvi.-able

to make settling reservoirs by the side of the filtering basins, to collect the impurities
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ill the fust instance. Tiie usual yield of filtered water from a basin establisbed under
the precedmg conditions, is about 80 to 100 gallons per foot superficial per day.

222'lh. Dr. Clarke's approved process for softening water is stated to be by adding an
equ^l quantity of lime in solution to the pure lime of the bicarbonate contained in fha
water. The solution of lime combines with one-half of the carbonic acid and forms clialk,

at the same time reducing the bicarbonate to chalk also. Chalk being insolul)le, stttifs

to the bottom. The Consumers' Economic Water Softening and Purifying Company
(Limited) has been formed for tlie use of Atkins's patents, to adopt the recommendations
of the Eoyal Commission on the Pollution of Eivers ; and though several towns of small

or moderate size had carried out those recommendations by adopting one or other of tlie

systems then available, it was considered impracticable for any large town to do so. At
the Soutlmmpton Water Works, the largest works of this sort are now (1888) completed-

and many other towns are contemplating the introduction of the system.

2222i. In some places both the chemical and mechanical impurities maybe eliminated

from water by dividing the tank by a cross wall of a filteiing stone. Such a t^tone will

filter about 60 gallons per foot superficial per day. Chemically, this could be effected by
causing the water to pass through a diaphragm or cross wall, composed of two slabs of

filtering stone, placed at a small distance from one another, and filled in with animal
cliarcoal or with njagnetic oxide of iron. The latter material appears to be the best for

such water as is collected from roofs, because it parts with its oxygen with great rapidity

to the rain water, and is susceptible of rapid revivification ; it is also cheaper than char-

coal. A double wall thus formed ought to pass 100 gallons per foot superficial per day.

A few drops of permanganate of potash, put into water tasting and smelling of decaying

organic matter, will render it in a few minutes clear and sweet. A small quantity of

alum tends to render w-ater very pure, by freeing it from matters held in suspension.

Eansome's patent siliceous stone is the best material of the kind ordinarily obtainable in

Eng'ard. Filters of porous sandstone, as made at Halifax, are recommended as effective

and durable. A piaper on the subj^ct of filtration, read at tiio Institute of British

Architects, ISoO-ol, by Mr. Gr. K. Burnell, and given in the Builder, ix. 404, deserves

attention. Household filters, whether for occasional use or for a system of domestic

filtration of water as it fiows from the cistern, is now often a subject of consideration for

a tenant and landlord. Among these are Lipscombe's; Maignen's patent Filtrc Bapidc,

with his patent process for softening water by rceans of the patent Aiiti-calcaire ; the

patent Porous Carbon Company's material ; HiUiday's patent high-pressure self-cleansing

filter, which can be attached to the main or supply pipe ; the Chamberland-Pasteur filter;

Compound charcoal filter; Atkins's patent cistern filter, a pure charcoal block filter;

the Queen, whiL-h can be fixed to any tap; the patent Moulded carbon block and
loose- charcoal thorough self-cleansing rapid water filter ; the Grant revolving ball water

filter, also attached to the tap on a main or service pipe, and is rapid and self-cleaning
;

and others.

Cistern and Supply for daily use.

2223. The amount of water used varies very much in different communities, but where

the allowance is scanty disease of various kinds is encouraged by the absence of attention

to the cleanliness of persons and of things, the want of sufficient water to flush the

drains, &c. About 10 gallons a head per day are required for domestic purposes, includ-

ing bathing, and about as much more for flushing purposes ; the average amount required

for trade purposes is generally roughly put down at an average of 20 to 30 gallons a head

per day. Many towns have a less supply. Where there are large public baths, or manu-
factories requiring much water, or even a large number of animals, 30 gallons or more
are required. Rjme had probably from about 170 gallons to 300 gallons per head per day,

but authorities vary. An imperial gallon per man per day appears to be the allowance

on bowd a vessel. In stables, each horse should bo provided with 16 ga'lons, four of

which is consumed with his food. Each four-wheeled carriage takes about 16 gallons.

Each two-wheeled carriaire about 9 gallons. To wash a paved court or passage, a gallon

of water may be provided for each superficial yard. The available rainfall from roofs in

England is estimated at 18 inches per annum ; and if the source of supply be only lain-

fall, a tank capable of holding 4 months' collection should be provided. (Hurst, Surveyor-''

liandhook.) One cube foot of cistern will bold nearly 6f gallons of water ; and a cube foot of

water weighs 62-321 lbs.; a gallon weighs 10 lbs. ; a cylinder inch, '02842 lbs. ;
and a

cylinder foot, 49-1 lbs. ; 35 cubic feet of water equal 1 ton. The supply for each man, woman,
and child in a house is reckoned at 15 gallons per day, though it is considered no one

really uses much more than 6 gallons; or about 12 gallons, as calculated by Sir W.
Clay, by a family in London.

2223'-?. The cistern, for a house was originally placed outside, and made entirely of lead,

the front of it being frequently decorated with devices, either cast with it, or secured by

Y Y 2
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paleing, i.e., the soldering on of embossed figures. Lead cisterns arc still in use, Lnt tlvy
are cased with -wood, and placed were most wanted for the supply. No cistern should be
put where the sun can act upon it, as vegetation in the water sometimes ensues. (1785a).

2223^1. A cistern is usually made of \\ or 2 inch memel fir, lined with 6 lb. lead. A
cover should always be provided. Tliis metal lining is now much superseded by one of
zinc, on account of the deleterious effects arising by the action of pure water on the lead

;

but zinc can only be trusted as a temporary resource. Slate is a better material for all
collections of water or other liquids in general use. Care must be taken that a porous
quality be not supplied

; and it should not be placed where mild damp air will meet it
and condense_ on irs_ cold surface, and so run down in drops. As it is very unyielding
to the expansion of ice, its position in the house in that respect is an important consider-
ation,_ and in case the joints become leaky from that or any other cause. Cisterns are
supplied with water by a main service or feed pipe sufficiently large to allow of its filling
during the time the water is turned on. The flow of water is regulated by a hull cock.
The water supply to each bath, water closet, &c., is suggested to be controlled by a stop-
cock of a bore equal to the pipe. Ball cocks to be supplied with a stop cock to each, m
case of repair. The cistern to have a proper standing waste for cleansing purposes onlv,
as well as the ordinary half or three-quarter warning pipe, which must be provided,
according to some water companies' rules. The, Jig. Qlbk. shows a system of water supply,
where c is the cistern in the roof Z, which is often placed over, but quite separated
from, the water closet A. m, water pipe, cased

; y, slop sink, having a tap from the main n.
X, flushing tank; the cistern c, in B, also supplies the syphon flushing cistern in the
servants' water closet d. The dotted line o shows the line of water pipe from the cistern
c in the garden, supplying the kitchen boiler.

2223c. The cistern to supply a water closet should properly be distirct from that for
domestic purposes; and when the former is placed in a confined spot, necessitating small-

uess of dimensions, one of an upright form is essential

to provide the head of water for flushing the b^sin,

Fig. 80"/. shows an apparatus fitted to a load cistern

for supplying water
to the pan. A, the

Fig. see/.

ball valve pulled down by the wire B, and thus lifting, by the wire C. the valve D,

which admits the water into the lead service-box E, soldered into the bottom, F,

of the cistern. The air-pipe G lets out the air from the box forced into it by the

pressure of the water rushing through the down pipe 11. A waste pipe for emptying

the cistern, or for carrying off the surplus water when being over filled, must always

be provided. When a cistern supplies tlie house, a service pipe is required fiom

it, the outlet having a rose. For a slate cittern, a brass flange {_fig. 807-). fitted with

screws and nuts, is soldered to the lead service-box, and then secured to tlie slate.

A " round closet valve with union, fly-nut," and air-pipe (fig. 807«.) is occasionally used in

lieu of the above contrivances ; or a spindle valve with union, fly-nut and air-pipe.

2223('/. Iron tanks and cisterns made of plate iron riveted, plain or galvanized, are

formed to any shape or size ; as also of a small size in stoneware. A question lias

arisen as to zinc and zinc-coated iron fur cisterns. Soft water, such as rain water, dis-

solves zinc more easily than hard water. Water containing carbonic acid is specially able

to dissolve it. The French Government have prohibited the use of galvanized iron tanks

on board men-of-war. Professor Ileaton analysed spring water, with a further analysis

after it had passed through half a mile of galvanized iron pipe, and found it had taken up
6 41 grains of zine carbonate per gallon. Br. Venable states that where spring water

passed through 200 yards of such pipes it took up 4-29 grains of zinc carbonate per gallon

(John Smeaton). To stop leaks in iron cisterus, mix litharge and red lead; if to dry

quickly, gold size mixed with boiled linseed oil. Extra hard carriage varnish is useful

for inside purposes only, well rubbed into the crack.

2223e. With the constant supply system, now being generally introduced, service cis-

terns are said to be unnecessiry ; but it will be advisable to have one, and especially near
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any office requiring a gocJ supply of water, as the service is occasionally cut off for two
or three days during repnirs or cleaning of the mains. Some lower-class houses are

taiJ to have a 6-inch ziuc-lined trough instead of the usual cistern ;
hence frequent

stoppage of drains occur from want of flashing power, as depth of water is essential for it.

Water-waste Preventer.

2223/. In some towns the water company insists upon a small cistern being placed in

the water closet, or to a iirinal, to prevent waste of water, as it is stated. There are

various patents, worked by a syphon or other action. They are each regulated for a sup-

ply or flush of about a couple of gallons of water at a time. Such are Purnell's syphon
;

Winn's Acme; the Ptckham (No. 2) improved pneumatic syphon cistern for fixing in a

cistern, h>is no valves, rubbers, washers, &e., the action is noiseless, and the connection

is by an air pipe oi ^a ii^ch bore, worlced by a push knob ; the Tnvicta; the Peerless; the

SifpJion; the Double valve; the York; Trott's patent; Crapper's syphon ; Boldingand Son's

syphon, their Si/iiplex after-flush, which is not syphon action, is a simple apparatus;

the registered double si/plion ; Tylor and Sons' improved patent model waste-not cistern

valve, for fixing in a cistern under water; Snieaton's new water-waste preventing valve;

Humpherson's s^'phon cistern ; Bean's direct-acting valveless cistern; Bostell's cistern.

Most of the patents are noisy in action, and all are of questionable utility fur the purpose,

often getting out of order and wasting water rather than preserving it, besides preventing

that useful flush of water wl;ich aids in keeping the drains clear.

Pipes.

.22235'. The pipes used for the purposes of building are proportioned to their uses.

Those, for instance, called soil pipes, for carrying away the soil from a water closet, or

those for cuuveyiug water from roofs, called rain-water pipes, and those occasionally

from sinks, are, of course, of larger diameter than those called service jnpcs, which
are merely, as their name implies, for laying on water to a house, those of somewhat
larger diameter being called inain service or siipply pipes: the service pass from the

mains to the cistern.

2223/2. From the cisterns p)ip<!S are required to convey the water to the several places it

is des'iued to supply. Those of lead are either cast round or soldered. In casting, a

mould is made of brass, wherein down the middle a core of iron is loosely supported, at

Bueh a distance from the mould all round as is equal to the contemplated thickness of the

pipe. When this is set the core is removed, and the cylinder opened so as to withdraw
the pipe, which is much thicker than is needed, and must be lengthened, while its

substance is reduced, by drawing it through a succession of holes in steel plates, diminish-

ing gradually in diameter, similar'y to the method employed in drawing iron rods. This

machinery became gradually improved in its construction, so that it was of rare occur-

rence to meet with an imperfect pipe. Lately the manufacture of lead pipes has been
furtlier improved by casting them under hydraulic power. A quantity of lead is placed

in a box, and forced through the mould at a certain rate, 'which gives the metal time to

cool, so that it is pressed out gradually in a complete state, and woimd round a wheel
ready for use, its length being made within the limits of carriage. When pipes are made
by soldering, a core of wood is provided, round which the sheet lead is rolled, and the

edges are brought together and joined with solder. A solid drawn lead pipe wilh a
distinct inside lining of block tin ^^ih. of an iucii thick was made, but it was found

expensive, and the labour involved in fixing it prevented its ready adoption ; also a solid

drawn square or rectangular fall pipe; both by Hanson, Dale & Co., of IIudd(!rsneld.

Ilellyer has made a square drawn lead pipe for outside of houses. Glass lined pipes are

later. Gla-s pipes for conveying distilled water are used in laboratories.

2223i. Concussion in water pipes is caused by the weight of water being shut off

and stopped in its flow while turning off the end tup suddenly. If it be turned slowly

this does not take place. The noise may be obviated by continuing the pipe (or a

smaller one) over the tap, and inserting the cud into the pipe. Either the water re-

bounds into the supply or the curved piece of pipe contains air, which serves as a buffer.

The same arrangement answers for gas pipes where the last jet sometimes has a quivering

fiame; or the pipe (in either case) can be carried into another pipe near to it, so as

to obtain a circuit.

Soil Pipes.

2223,^-. The most important point in connection with the water closet is

the soil pipe. Great care is necessary in fixing it. It shcild be hung on tacJcx of

lead at least one pound heavier than that from which the pipe is made, at least nine

inches long, to take thi'ee courses of bricks, and three tacks to each ten feet length of soil
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pipe. Often in the course of three or four yea's the soil pipes start crawling down,
owing to the fixings being scamped. It should not be nailed too ch sily. Pipes Ironi slop

siiik-i are often branched into the soil pipe, and require the

same treatment, also care to prevent syphonage. Its trap

should be as close to the fixture as possible, so as to avoid
a length of pipe, which might become ful on the DPar side

of the trap, and so become a nuisance of itself. Banner's
soil pips trap-i are either for the soil pipe at the end, or the

soil pipe in the centre, each trap having a fresh

air or rain--water pipe inlet, and an inspection
hole. Doulton and Co. manuficture vertical

soil pipes, or patent safety house drainage pipes,

CnOUNO LIME

Fig. 8076.

being incorrodible, -with junction pieces, fastened to the walls by ornamental

iron bands, readily adapting themselves to any settlement of the brick-

work ; and are made in lengths of 3 feet, and of 4 in. and 6 in. diameter.

2223Z. The wastes from a bath, a lavatoi-y, a pantry, or a wash-up sink

(ms partly shown in p'g. SOJh.), require special treatment. The discharge

from a sink should be under the grating of an intercepting trr^p, not

upon it, as is sometimes done. Under the fixture, and as near to it as

possible, should be a syphon trap of good construction, soldered, if to a

sink, with only a taper piece to take its grating or w.isher. Tlie waste

from a bath, &c., is sometimes carried through the wall into the open hea'I

of a rain-viater pipe, or other contrivance, and so to a grating the end

being left open; a syfhon trap under the fixture is useful,

though not often put A 2 or 2^ inch lead pipe may not be

found too large. Safes are provided under the old water

closet apparatus, and under a bath, for which 4 lb. lead is

enough. The waste pipes from these should also be carried

outside, the end provided with a mica or brass flap valve to

prevent an in- draught.

2223;«. The fresh air inlet pipe is considerel by many as

preferable if kept smaller than the ventilating pipe. The soil pipe, if it h^ve

considerable fall, muat have a provision made for the partial vacuum which
the column of water in descending tends to create, causing syphonage of the

traps. This pipe being open at the top is not sufficient to remedy the evil : a

separate vertical ventilating pipe is the only effectual remedy, into which,

from all the horizontal branches, are secured ventilating branches. This vertical pipe

may be about 3 inches in diameter, with 2 inch or 2^ inch branches at least, carried from
the soil pipe into the other vertical pipe. The fig. 807o. shows how the trap under

a water closet may be ventilated, where closets are placed one above another to prevent

syphon Hge. A is the soil pipe ; B the ventilating pipe, or ventilating pipe from the

gre-ise or other trap; and P, ventilating pipe from branch pipe to soil pipe. The
separate air shaft to the "D trap might perhaps be better dispensed with by carrying

the small pipe through the wall to the open air, and using a mica valve; thus fresh

air would be constantly brought in. Mica valves are considered by some to decay.

(E. T. Hall.)

2223re. Solder is a mixture of two parts of lead with one part of tin. In soldering, por-

tions of the lead must first be scraped, and when finished they are then done over with a

black paint. This solder is used also for tin plates and zinc work. There is a new
process for connecting lead pipes without solder, called a cold metal double cone mechani-
cal lead pipe joint. By means of a small piece of a double coned full-bore tube, assisted

by a tubular hexagonal-headed screw and nut, the joint is firmly and securely made, and
easily taken apart when required. A new S3'stem of jointing, which is readily applicable

to every kind of joint required for lead pipes, is adopted at Manchester, whereby the

joints are not merely soldered, but welded. A lining pipe is used somewhat similar to the

above mentioned process. A clean bore is obtained, no lodgment of solder inside, and a

sightly external finish instead of the ugly bulb by the common method, Stidder patents

a closet arm joint with india-rubber cones.

rig. 807c.
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2'223o. Tablk I. of the Weight of Lkad Pipes peb Foot Lineal, as now
USUALLY Made.

Bore in Tnches.

Thickness of metal in parts of an inch. [Hurst.
1

1
16 i

3
1 1

1
4

5
Ti?

3
8

f, ll^s. •243 •607 1 -092 1 699 2-427 3277
i 303 •728 1-273 1 942 2-730 3-641

_5_ 364 •850 1 4.56 2 184 3 034 4 004
3

4L>.i •971 1 638 2 427 3-337 4 309
_?, 485 1-092 1-820 2 670 3-640 4733

i 546 1-214 2013 2 913 3 944 6-(i97

JJ^'' 607 1-335 2184 3 155 4-248 5 460

667 1 520 2-366 3 398 4-551 6-825
11 728 1-578 2-548 3 641 4-853 6-189

3 789 1-699 2 731 3 873 5 157 6-553
13. 851 r820 2913 4 126 5-461 6917

'7. 910 1-942 3 095 4 368 5 764 7281
11 971 2 063 3-276 4 611 6-067 7-e'i6

1 1 032 2-184 3-457 4 854 6-371 8009

U n 1 274 2-670 4-186 5 825 7^585 9-466

U „ 1 517 3-155 4-915 6 796 8-796 10-923

If „ 1 760 3641 6-642 7 768 10013 12-375

2 „ 2 001 4-127 6-372 8 734 11-223 13-833

21 2 245 4-607 7 096 9 707 12-436 15 290

U „ 2 4P9 5-100 7-829 10 683 1 3 63

1

16-762

2f .. 2 729 5-583 8-551 11 650 14 869 18-204

3 „ 2-971 6-066 9-286 12-492 16-080 19 660

Table II. of the Weight of Lead Pipes in their Length3, as v.^riously Cast.

Bore in Inches. Length in feet.

Weight of length in pounds of various makers.

.,

Common. Middling. Strong.
Per foot. Per foot. Per foot.

i 15 15 17

.

22 2616 107 22

1 15 17 - - 20 - . 24
3 15 24 24 1-6 28 27 28 1-8 32 36 30 20

1 15 30 30 2-0 42 40 26 50 46 42 2-8

H 12 36 36 3-0 42 44 3-7 52 53 4-4

Ik 12 48 48 4^0 56 56 4-7 64 70 66 5-6

If 12 76 - - 84 . - 96

2 10 50 56 5-0 70 6-0 83 7-0

2^ 10 - 70 7-0 86 8-6 100 100

2223/). Earthenware pipes, like iron mains, are employed underground. At the begin-

ning of this century, machinery -was invented for forming si!owf pipes, which -were used for

some time, but did not supersede those in use formed of timber. Near Lincoln have been

found circular earthei ware tiles, 6 inches diameter and 22 inches long, set in a thick casing

of cement, so as to exclude air entirely, and to strengthen and protect the piping, -which

conveyed the water for about a mile and a half. It is iilways necessary to have some
outlets for letting oif the air which accumulates in any length of such tubing. When
water is first allowed to enter a long length of new piping, a quantity of very fine sand or

dust should be put into it to fill up any cracks or spaces left in the joints. This is also

recommended to be done for new iron boilers, iron water tanks, &c., as it tends to make
the joints watertight. A -well-made stoneware pipe of 4 inches diameter will bear a pres-

sure of from 75 to 100 lbs. per square inch.

2223g'. Iron water pipes for the service of a house are objectionable in case of their

bursting in winter, but this is remedied by placing a stop-cock at the entrance of the pipe
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into a house, to shut oft' tlic supply for repair.s, or in anticipation of a frost. Some wrought
iron pijjes are lined and coatnl with hydravilie mortar ; others are P««»(e/^e(^ in the interior.

These latter have been found, both for gas and water purposes, absolutely incorrodible;

in the former case preventing thegreat loss from leakage, and in the latter ease convening
tlie water in perfect purity. For a high service hot water supply, a galvanized wrought
iron hot water cistern, with man hole screwed down, is supplied. It is usually 2 feet

6 inches long, 2 fett wide, and 18 inches deep. Cast iron pipes are naturally very porous
;

so much so, that water when very forcibly compressed, as by an hydraulic machine, will

make its way through the thick cast iron cyliiider in a sort of perspiration on the exter :al

surface. Oxidation, to a certain extent, .will close the pores of the metal, and prevent this

escape of water or of gas ; and it is recommended that all new gas pipes be pi'ove i with a

solution of sal ammoniac, which being forced into the body of the metal effectually

oxidises it, and to a great extent cures the evil. Patent welded wrought iron tubes and
fittings, and malleable ii'on fittings, are made for gas, or low pressure steam, and c;ist iruii

pipes for water, of from ^ to 4 inch bores : such pipes are also made for high pressure steam
or water, and proved to a pressure of 200 lbs. per square inch. The ordinary gas pipa

is proved to 7o lbs. on the s-juare inch.

2223r. Gufta Percha. On account of the injurious effects of water on lead cisterns and
piping, this material has been recommended as a substitute for it in both cases, since its

general introduction about 1849. But it is uncertain whether the material can be guaran-
teed as a lining; and some soils appear to affect it when buried underground. It is als3

attacked by a fungus. Experiments made at the Birmingham Water Works, on the

strength of gutta percha, showed, that tubes made f inch diameter and ^ inch thick,

attached to the iron main, and subjected for tAvo months to a pressure of 200 feet head of
water, were not in the slightest degree deteriorated. They were afterwards subjected to a
proof of 337 lbs. per square inch. The material being slightly elastic, the tubes expanded,
but recovered their former size on the pressure being withdrawn. At Stirling, H inch
tubing bore a pressure of about 450 feet, without the slightest injury, whilst the same pres-

sure ujjon strong leather' hose scattered the rivets in all directions. A vulcanised fibre is

a new substitute for leather, rubber, gutta percha, &c., for packing hot or cold water
taps, valves, washers, &c.

2223s. Pipes to cisterns are supplied with ball cocks and valves, both round way and
square way, of various forms and sizes, too numerous to be here described. The ' Brock-
ley " patent ball valve, of Wood Brothers of Brockley, is an improvement consisting of

the usual ball turning on a pivot fixed to the fccrew. "The spherical form of the seating,

and the cup into which it works, have been designed to prevent the collection of grit.

The rubber envelope at the end of the seating fitting into the opening through which tho
water flows is specially made, and is durable as there is no cutting edge to destioy it;

they only require to be stretched on." For sinks, or the usual supply taps, bib-cocks

having a " X key," or a ' spanner" or other key, are required ; these are of different

makes, and often produce a recoil. " Screw-downs " or " valves " are used where the high
pressure system is adopted, the " T key " then screws down the valve. A " stop-cock "

or "valve " is used to shut off the water in a length of pipe, as the service from the main
pipe, as above noticed, and likewise for reducing the pressure of the water on the " screw-
down " valves in a constant service. This system is described in Cresy, Encyclopcc'dia,

pages 1655-57. Stidder's patent hydraulic ball valve is intended to resist the highest
possible pressure ; the greater the pressure the more secure from leakage.

2223f. Lavatories are fitted up with an apparatus for supplying the basin with hot and
cold water, and for taking off the waste. Baths are supplied from a boiler either placed

at the back of a kitchen range, or set in the fireplace of the bath room, or of an adjoining

chamber. They are also heated by a gas boiler called " Geiser," or other name, fixed'

close to or on the bath, having a flow and return pipe; or by ranges of lights under the

bath itself. A five-feet bath is said to be heated to lOO'' in half an hour by gas, at a
small cost. A bath generally contains about 60 gallons of water, and requires about 20
gallons of boiling water to heat it. Ewart's lightning geyser gives a hot bath in five

minutes. Shanks's new instantaneous gas water heater. Doultou and Co.'s Lambeth
patent water heater.

2223«<. The bath itself is sometimes formed of marble, cast iron enamelled, opalized

glass, glazfid earthenware, and glazed po colain tiles (Rufford's), the weight of which is

7 cwt. The Farnley porcelain bath, of fireclay and enamelled, is reduced in weight to

4.J cwt. ; they are made of four shapes, from 60 inches to 74 inches in length. Zinc, lead,-

copper, galvanized iron, and slate all require a coating of light-coloured paint, so as to

render easily apparent any want of purity of the water. A patent stamped tinned steel

bath is designed to obviate the disadvantages of cast iron; it does not chill tho water,
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aud is light and durable. If not painted, all metal baths require considerable friction

to appear clean. The difficulty of making a bath with joints that sliall not leak is

self-evident. Trior's pattern-book gives several descriptions of their baths (par. 2228«.).

Shanks and Co. have approved baths and fittings.

2223y. With water raised to a high level geat power is gained for various purposes,

domestic and otherwise. The hydruidic lift, lately introduced into banks and hotels, is

the i-aving of much trouble and time. The general details for hotels were described by

J. Wliichcord, in a paper read at the Institute of British Architects, in 186-1. Waygood

aud Co. are manufacturers of the more modern lifts, cranes, and hoisting machinery of

all descriptions by hydraulic and hand power. The American Elevator Company are

makers of the " St^indard" hydraulic elevators fixed in various public edifices, hotels, &c.

A small lift, to be worked by hand, is readily arranged fur raising a scutde of coals, or

other pai.'kage, from the bottom to the top of a building. Other manufacturers are Clark,

Bunnett and Co. ; the Hydraidic Engineering Company, Limited (of Chester); Goddavd

and Stewart; S. Chatwood, 1878, balanced hydraulic lifts; and Attwood and Co.'s

lifts and hoists for goods and passengers, worked by gas, steam, hydraulic, or hand :

makers of the ABC self-sustaining life for houses, clubs, &c. Water applied to a

turbine is capable of producing a small motive power, useful for organ blowing, turn-

ing a fan to eflfect ventilation, and other such purposes, without wasting the water so

employed.

222320. It will be useful to note the non-cominessihi\ity of water. It is often necessary,

before re-melting cast iron, to reduce the large masses into smaller pieces. This by the

ordinary method is both troublesome and difficult. A simple and ingenious mode of pro-

ducing the required fracture has been recently employed in France. It consists in drilling

a hole in the mass of cast iron for about one-third of its thickness, and filling the hole with

water, then closing it with a steel plug, fitting very accurately, and letting the ram of a

pile-driver fall on the plug. The first blow separates the cast iron into two pieces.

COPPER

222-1. Many of the'uses to which copper is put have already been noticed in the para-

graphs 1787 to 1791. The nave of Chartres Cathedral was roofed in 183(3-41 with iron

ribs covered with copper plates ; in 1853 the latter had so much oxidised as to require

removal. It is said that if strips of the best zinc, about 8 inches by 2 inches, be screwed

on each course of copper, galvanic action would prevent the oxidation of the latter material.

Iron cramps encased and brazed in copper, or gun-metal cramps, in lieu of iron merely,

the exfoliation of which bursts and demolishes stonework, is a precaution now generally

adopted in good work. In the Indies, copper gutters decay after twenty years' use, not

lasting longer than shingles, the heat and moisture of the climate converting the metal

into red oxide of copper ; iron nails decay there very fast from the same cause.

222iff. Table I. of Thickness of Copper Sheets

Number of wire gauge
Weight of one foot 1

super, in pounds - /

1

lf-5

2

139

3 4

1275 IIG

5

10-1

6

94

7

8-7

8

79

9

7-2

10

05

Number of wire gauge
Weight of one fuot^

super, in pounds -/

11

5-8

12

5-08

13

4-34

14

3-6

15 16

3-27 2-9

17

2-52

18

2-15

19

1 97

20

1-78

Number of wire gauge
Weight of one foot

)

super, in pounds -/

21

1-62

22

145

23

1-3

24

1-16

25

1-04

26

0-02

27

83

28

0-74

29

64
Moles

30

0-58

worth.

No. 1 is equal to /^ths of an inch thick; No. 4 = 5-; No. 7 = xlj;
^o- 1^ = 8"; '^"- ^^ = 1^;

and No. 22 = ^5. Nos. 22 to 28, or 18 to 12 ounces per foot superficial, were used furnifrly

for gutters. As the plates of copper are made of a uniform size, 4 feet long by 2 feet

wide, the weight det ermines the thickness : thus, 70 lb. plates are ^'-.ths thick ; 46^ lbs. =

^ ; 23 lbs. =i ; 1U lbs. = g^ ; 6 lbs. = ^=^5 of an inch.
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22241/. Table II. of the Weight of a lineal Foot oi- Round and Square Copper,
IN I'oUKDS.

Inches -

Square '-

Round -

i
3
s i

5
a i I 1 n H n n n

•24 •54 •96 1^50 2-16 2-94 3-84 4-8C 6 -co 7-27 8-G5 10-15

•188 •424 •753 1-17 1-69 2-31 3-02 3-82 4-71 5-71 6-79 7-94

Inches -

Squa;e -

Round -

1|

11-77

^l 2 -1 2^ n ^5 2J 21 3

l:i-5J 15 -SS 17 36 19-47 21-69 24-03 26-5:) 29-08!3l-79 34-61

9-21 10-61 12 08 1:3-64 15-29 17-0:^ 18-87 20-81 22-84 24-9i 27-18

The table given in Hunt's HanMnok, page 82, is a slight increase on the above; from
that work, page 85, the following table has been derived.

2224c. Table III. or the Weight of Copper, per superficial Foot, in Pounds.

TliicknLSS - . -
15 s

3
i5 3 .% 1 7s i

Weight ... - 2-891 5-781 8-672 1 1^563 14-453 17-344 20^234 23-125

Thickness . - -
T*^

s
8 \k ^ \l I

1.3

Is 1

Weight - - - . 26-016 28-906 31-797 34-688 37-578 40-469 43 359 46-250

2224^. SoldiT for copper, iron, and brass, is composed of an alloy of zinc and copper;
for pewter an alloy of tin, lead, and bismuth. Copper is a metal too soft to use very
much in decoration, but it goes well with brass, in inlay, incrustation, or bands. A
tinned copper bowl where the ground is cut away and the pattern left is a good example
of work.

2224e. JJ'eftersfedt's patent wetal should be laid by a good plumber. The flats are formed
with rolls and drips similar in every respect to lead, but the latter should l)e formed witii
a gradual descent. The rolls need not i'e more than 1 to \\ inch diameter, tapered at the
ends, and brought close up to the edge of the drip. Circular and sio|)ing roofs may be
laid either with rolls or welts, the ends of the sheets being joined by a welt or overlap of
C inches. Tiie metal should be laid free, and nails avoided as much as possible, but if

used they should be of wrought copper. Soldering is to be avoided, but to secure the
metal as against an uprigiit face, a solder dot over a screw is the best means to adopt.

2224/'. 3Iuntz's metal is used as a coating for iron vessels under w-ater ; to prevent "-al-

vanic action a band of vitreous sheatliing is attached for some distance below a;id above
the water line. This sheathing consists of small plates of iron covered with a preparation
of glass, and is intended to be an anti-fouling as well as a protective agent.

ZINC.

2224(7. The common sheets in general use are 12, 14, 16, 18, and 20 ounces to the foot
superficial; and as 18 thicknesses of 16 ounces to the foot are half an incii thick the
following show the thicknesses of the different weights:—

Plates or sheets of 10 ounces to the foot are 001736 inch thiek.

12 — 0-02083 „
14 — 002430 „
16 — 0-02777 „ =3'gofaninch.
18 — 003125 „

20 — 0-0:;472 „

It is employed for water-cisterns and baths, rain-water pipes— in short, for almost all
purposes where lead has been hitherto employed. Latterly it has been formed into sash-
bars for skylights and ornamental sashes ; for which purposes, .strength excepted, it is

superior to iron, as not being liable to rust, and loosen the putty and glass. It is, in every
respect, equal to copper, and not more than one-third the cost of it. Tlie discoverv of the
electro process was said to have introduced the application of zinc to cast and wrought
iron, so as to prevent its oxidation or rust, but such lias not been the case (see galvanized
and zinked Iron),
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2224/1. Al)Out 1861, the Vieille Alontagne Zinc Mining Company touk steps to improve
ttie mode of laying zinc roofs, and to prevent the use of tliin gauges of siitet zinc, which
are unfit for the pur|)ose. Tliis Company recommend tiiat for roufs ar.d Hats on hoards

no gauge thinner tlian No. 1:5 be used: a medium tiiickness, No. 14, for roofs, flats, and
gutters: for hest woik and for roofs without boards, Nos 15 or 16. The Company is

) ripaiing thicker zinc, Nos. 17 and 18, principally for gutters. Steel cut gauges notched
for roofnig numbers only, are supplied whereby to test the thickness- Tlie weight of

No. 13 gauge is 1 9 oz. lOdrs. ; No. 14 is 21 oz. ISdrs; No. 15 is 24 oz. ; and No. 16 is

26 oz 3 drs., iier square foot.

2'J'i4/. Good zinc, properly laid, has been proved by long experience in France, Felgiuin,

Germany, and Italy, to be a secure, durable, and economical covering. No detrimental

ertects from a.,y particular climate are to be feared, so that care be taken to adoj)t the

prop/er mode of laying, and to select the proper gauges, of the best quality of zinc. Even
good zinc badly laid will prove af.iilure. Screws or embossed holes on the surface of good
zinc work are not retjuired. As the prescribed mode for laying zinc, illustrated by dia-

grams, can be obtained on application to the agents of Devaux's Vieille jMontagne Zinc
Company, and to the agents for tlie supply of the Improved rooting zinc, we do not

consider it necessary to describe it here in detail.

2224k. Slumped ornamental zinc, for dormers. Mansard roofs, vanes, finials, moulding,
and enriciiments, has been used on the Continent for many years with good effect. In

London it is hardly known, but has been employed lately at the Charing Cross Hotel ; at

the Langham Hotel; and at No. 1 14 Piccadilly. The steeple of Rijiple Church, Kent;
the Victoria Railway Station, Pimlico ; and many other public and private buildings

throughout the kingdom, now show the employment of this useful material.

2224/. Perfoiated zinc for various sizes of perforations or in patterns, is extensively em-
ployed in filling up squares in sashes, or panels in partitions, to assist ventilation by breaking
the force of the current of air.

Zinc has been noticed in paragraphs 1792 to 1797.

BRASS.

2224m, Brass is a metal which has been adopted very widely in the last thirty years, in

art progress, for the decoration of public buildings, churches, and houses. The feeling of

softness, which the special smootlmcss and polish of brass calls for in design, requires

much study ; the rounded contours with great delicacy in the cu?ves, and fine detail, some

of it almost imperceptible, is what the skilled turner knows how to give to the work.

Candlesticks, chanileliers, dishes, fire-irons, fenders, dc'.s, balustrades in screens to choirs

and chapels, as in Belgium and Holland (the last having a very rich and beautiful eflecl) ;

fonts, desk rails, lecttms sepulchral brasses, arrangeirents for lighting, are among the

many purposes for which this material is employed. Inferior brass turns nearly black by

the smoke of towns and chemical vapours, but good brass only requires moderate care to

keep it looking well.

Table of the Weight of a superficial Foot of a Plate of Brass, in Pounds.

(Molesworth, Formula:.)

Thickness, parts'!

of an inch J

1

16 i
3
16

1
4

5
IB

3
8

7
16

1
2

1

21-9

i

9
16

s
8

27-4

11
16

30-1

3
4

32-9

13
IJ

35-6

7
8

38 3

if 1

41-2 43-&
1
Weight in pounds 2-7 5-5 8-2 11 13-7 16-4 19-2 24-6

This material has been described in paragraph 1790.
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Sect. VHI.

GLAZING.

2225. Glazing, or the business of the glazier, consists in fitting glass in sashes, frames,

and casements, either in putty or lead. It may be classed under the heads of sasiiwokk,

LEADWORK, and FRETwoiiK. Glass, as a material, has been already described in Chap. II.

Sect. XII. of this book.

2226. The tools necessary for sashwoek are—a diamond, polished to a cutting point, and
set in brass in an iron socket, to receive a wooden handle, by which it is held in a cutting

direction. The top of the jiandle goes between the root of the forefinger and middle finger,

and the under part between the point of the forefinger and thumb. In general, there is a

notch on the side of the socket, which should be held next the lath. Some diamonds have

more cuts than one. Plough diamonds have a square nut on the end of the socket next

the glass, which, on running the nut square on the side of the lath, keeps it in the cutting

direction. Glas^s benders have their plough diamonds without long handles, as they cannot

make use of a lath in cutting, but direct them by the point of their middle finger.

The ranging lath should be long enough to extend beyond the boundary of the table

of glass. Banging of glass is the cutting it in breadths, and is best done by one unin-

terrupted cut from one end to llie other. A short lath is used for stripping the square to

suit the rebate of the sash, as in ranging they are generally cut full. A square, for the

more accurate cutting at the right angles from the range. The carpenter's chiacl is used

in paring aAvay some of the rebate of the sash when the glass does not lie so flat as to allow

a proper breadth for front putty. Ihe glazing knife is used for laying iu the putty on iha

rebates, for bedding in the glass, and finishing the front putty. A hradding hammer is made
with a head in the form of a small parallelopiped, with a soiket for the handle, using it at

an obtuse angle from the middle of one of its sides. The square edges of the iiead drive

the brads in a horizontal direction, and with this tool there is less liability to accident than
with any other. Some use the basil of the chisel for the purpose. Brass j^oints are con-

sidered the best for bradding; small cut brads are also used. All new works should be

bradded, to prevent the glass being moved out of its bed. The dusttr is a large bruish for

brushing the putties, and taking tlie oil from the glass. The sash tool is used wet, for

taking the oil from the inside atter the back putties are cleared off. The hacking knife is

for cleaning out the old putty from the rebates where squares are to be stopped in. The
use of the glazier's rule ueeds no explanation : it is 2 feet long, doubling in four diiferect

pieces.

2226(Z. The putty in which the glazier beds the glass is of four sorts. Soft 'puUy, which
is composed of flour, whiting, and raw linseed oil ; hardjnitty, composed of whiting and
boiled linseed oil; harder putty, the same ingredients as the last, with'the addition of a

small quantity of turjjentine for n:ore quickly drying it; hardest jputty, composed of oil,

red or white lead, and sand. The first of these putties is the most durable, because it

forms an oleaginous coat on the surface, but it requires a long time for drying. The hard
sorts are apt to crack if not soon well painted, and the hardest of them renders it difficult

to replace a pane when broken ; hence it is altogether unfit for hothouse and greenhouse
work. Probably the best manner of fixing glass and glazed frames in stone muUious
is with a mixture of Bath stone dust and linseed oil, made up similarly to putty.

Its elasticity allows of any slight settlement if the work be new, and it is more of a

waterproof cement than Portland, as it is not nearly so liable to crack: that cement,

without a large proportion of sand, will almost invariably burst glass or stone after a

,

few months; and it also stains freestones, Corsham Down stone especially, giving it the|

appearance of having been burnt. {Builder, 1864, p. 796.)

22266. To remove glass from old sashes, a mixture of 3 parts of American potash with

1 part of unslaked lime, laid on both sides with a stick, and allowed to remain for twenty-

four hours, will soften the putty enough to cut out easily. This mixture will also take off

paint, and even tar.

2226c. Many systems of glazing large roofs have been introduced of late years, each

supposed to be an improvement upon the other, and recommended Ly the designers for

billiard-rooms, picture-galleries, dining-rooms, concert-halls, yards, large span roofs, &c.

Eraby's fa-ient glazing
;
glass set free, allowing expansion and contraction, and precluding

breakage.

Brown's /la/eH-^ s?/sfe»e of glass and iron roofing. No putty, zinc, galvanised iron, ciist-

iron, india-rubber, felt, asbestos, or other perishable material.

Causley's system of glazing without piitly, 1881.
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('t-ewo's dry glazing; simple and clicap.

J)nunmoncl's patent rnof-gla.ring ; sash-bars in iron, steel, zinc, or wood.

U rover & Co.'s simplex glazing. No iron, zinc, or putty. Lead strips on wood-bars, &c.

Helliwell's yAtent perfection system of imperishable glass roofing. No putty used,

Jfffrey's patent system of glasing, guaranteed air and water tight.

Johnson Brothers & Co.'s patent im^nrishable glazing.

Mackenzie's patents, by the British Patent Glazing Company (Limited). No zinc used;

a lead cushion over an iron bar.

Mellowes and Darby's eclipse glazing ; tin-lead bar, V section.

Bendle's Acme glazing.

Eendle & Burrow's indestructible glazing. Wood sash-bar, the glass covered on it by a

wood capping.

Shelley's patent stajidard system of glazing, using glass up to 10 feet in length, with his

patent bars placed two feet apart.

The Pcnnycook patent universal system of glazing without putty.

Each system must be examined for its peculiarity.

2226<^. The Transparent Wire Wove Hoofing Company (Limited) has manufactured a
substitute for glass, made in sheets 10 ft. by 4 ft., at ii^d. per foot. Much is said ia

favour of it, and for many purposes it may work in usefully as a temporary material.

2226c. The diminutioa of light by passing tlirough various sorts of glass has been

given thus: British polished plate, 13 per cent. ; rough cast plate, 30 ; rolkd iluted plate,

4 flutes to the inch, 53; 32 oz. sheet, 22; common window glass, about LO
;
ground

glass, irom 30 to 60 ; opal globes, from 50 to 60; green, purple, and ruby glass, 82 to 89
;

and porcelain transparency, over 97^. I-ight decreases in the ratio of the square of its

distance from its sources.

2227. Lkadavork for fixed lights is used in efclesiastical buildings, often in inferior

offices, and frequently in country buildings. Frames made with crossbars receive thes-o

lights, which are fastened to saddle bars. Where openings are wanted, a casement is

introduced of wood or iron. Sometimes a sliding frame is used, particularly for honso
windows. Plain, painted, and stained lead lights have of late years been largely intro-

duced in the so-called " Queen Anne " designs, and adapted for blind or transom, fanlight,

door panel, or window.
2228. The glaziers vice is for preparing the leaden slips called cames with grooves, &c.,

to fit them for the re^'eption of glass. The German vices are the best, and turn out a
variety of lead in different sizes. There are moulds belonging to these vices in which bars

of lead are cast; in this form the mill receives them, and turns them out with two sides

parallel to each other, and about | of an inch broad, and a partition connecting the two
sides together, about | of an inch wide, forming on each side a groove near A by ^ of au
inch, and 6 feet long. The setting board is that on which the ridge of the light is worked,
and divided into squares, and struck out with a chalk line, or drawn with a lath, which
serve to guide tjie workman. One side and end is squared with a projecting bead or

fillet. The latterkin is a piece of hard wood pointed, and so formed as to clear the groove
of the lead, and widen it, for the more readily receiving the glass. The setting knife is a
blade with a round end, loaded with lead at the bottom of the blade, and having a long

square handle. The sqiuire end of the handle serves to force the squares home tight in

the lead ; being loaded with lead, it is of greater weight, and also cuts off the ends of the

lead with greater ease, as in the course of working these lights the lead is always longer

than is necessary till trimmed.
2229. The resin box contains powdered resin, which is put on all the joints previous to

soldering. Clips are for holding the irons. All the intersections are soldered ou both
sides except the outside joints of the outer side, that is, where they come to the outer edge.

These lights should be cemented, which is done liy thin paint being run along the leul

bars, and the chasm filled with dry whiting. After it has stood a short time, a small
quantity of dry red or white lead is dusted over it, which will enable it to resist the
weather well.

2229a. Feetwoek is the ornamental pait of lead-

light work, and consists in working ground or stained C
glass into different patterns and devices, as may be seen (^^
ill the old stained glass windows. The leids used until i

(

tiie middle of the seventeenth century are nearly of one J \
uniform width, and are much narrower in the fet/ than —

^

the common modern leads. That this was the case, can
be proved not only by the existence of the original leads

themselves, but more satisfictorily perhaps by the black
linos drawn upon the glass, withwhich the glass painters ^'' ^'=- °""- '

wer.e accustomed sometimes to produce the effect of leads without unnecessarily cutting
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the glass. A in f.^. 8C"J. represents an ancient lead of tlie usual wkhli ; B its section,

consistini;; of the Itaf, a and b. and tlie cort; c. C is the section of a German lead of tli»

early ))art of tlie Htli century. 1) is a jiiece of modern //e< lead of the ordinary width, and
wiiicii is now considered (lM-i7) as being very narrow; and E its section, 'i'he process of

compressing the lead between rollers to the proper dimension'makes them more rigid than

the old leads. It is tlie practice at tlie present day to surround each ylaziiig panel with a brtnid

had, that is, a lead three-quartirs of an inch broad in the leaf, to strengthen the work (page

27.). Leads somewhat narrower than iliese were very extensively employed. An en'ire

window at Stowting Church, Kent, probably of the early part of the reign of Edvvard IV.,

Wis leaded with leads as F. The other lead, G, is of the e^irly |)art of the reign of Iler.ry

VI., and is from Mells Church, Somersetshire, where similar lead is commonly used.

This mode of strengthening the lead without increasing its width was not confiiud to the

d corated period. Both these specimens had all the a|ipearance of being cast in a mould.
One of tlie faces in each is narrower than the others; these were placed outside, and the

diflcren e probably arose from decomposition of the metal. A still narrower lead may he

cccasionally met with in heraldry and other minute mosaic work of the 15th and 16th

centuries. It is hardly necessary to observe that the greater llie niimher of leads eni-

))loyed, the weaker individually may they be made (I'age 2,59-Cl.). The width of the

leads must be proportionate to that of the lines usually painted on the glass, for the leaden

outlines will easily be detected if they are much stronger than the painted ones. The effect

of the increased width of modern leads, E, although so trifling, is very perceptible.

22296. Saddle bars in ancient windows will be found to be usually pbiced tVoni 8 to 9

inches apart, which seems to be the most agreeable distance, though one of 6 inches does

not appear too little in some cases. The great object is to avoid, as much as possible,

causing the light to appear as if it were divided into a number of square compartments, ijy

making the height too nearly the width of the glass. Amongst the advantages resulting

from the use of saddle bars at short intervals, is the oi)portunity it affords the glazier of

carrying a horizontal lead across the light immediately in front of each saddle bar, the

opacity of wliicb hides the lead. This method of concealing lead work was carried to

such perfection during the first half of the 16th century, that a i)erson ignorant of it

would find it difficult to conceive how some of the works of tiiat period were eonstriicted.

2229c. Ifon standaids or staiicheoiis, in ancient windows put through the saddle l)ars,

should be retained in pattern windows, which they improve, and do not appear to be out

of place in picture windows whenever they do not hapi)en to jiass immediately behind the

head of the principal figure. They seem also on the u hole to improve the effect of the

architecture from without. (Winston, Iiujuirij into St//le in Glass Paintiiuj, 8vo. 1847.)

2229rf. It is stated that at Cologne Catiiedral the glass is strong; the different pieces

are joined together with lead, and soldered with tin, both inside and outside, wliich gives

the whole great strength. The panes are fastened upon iron fran-.es, which are again

fastened upon rods. In the interior the ))anes are sciewed upon iron bars, half an inch

thick, which are let into the masonry.

22:50. In Londoii a large portion of the glazier's business consi.sts in cleaning windows.

2231. Glazed partitions formed of wood, or of iron frames with the lower ) auv'ls filled

in with slate, are now very usual in warehouses, banks, and counting-houses. If sound be

desired not to pass through such fittings, they must be glazed with extra tliick glass ; but

double sheets or squares, placed about half an inch or more apart, and carefully puttied, is

best. This method will also conduce to the warmth of the room. Double windows to

the fronts of houses are common fittings to effect both the above purposes.

2231a. Glass has been introduced for a variety of building putposes. Thus, Eloyd and
Summerfield's patent crystal ivindow bars, for windows, shop fronts, and cases, are not

uncommon. They arc fitted with arched he.ids and spandrils of glass, having patterns,

silvered or gilt, on a coloured ground. Glass tiks and tlates are a useful auxiliary to a

roof where a small modicum of light is required. Lockhead's perforated glass ventilator m
can either be set in the sash, or fixed outside of it in a frame for the whole width of the ^
oi)ening, air being admitted by moving the sash. For the like purpose are such inventions

as IMoore"s louvre ventilators in a sash i)ane; Beyle's draughtless window ventilators, being

a fine gauze of wire set in a pane of glass, and used with or without a glass cover ; and the

circular glass "revolving" ventilator. Glass buludtrs and handrails; pilasters for

cbiumey|iieces ; door handles, knobs, and plates ; mirror frames; trays for dairies; cut
crystal and ojial letters ; Pratt's patent proc( ss of gilding by precipitation ( 1 886), are among
otiier useful inventions in this material. See Paveinent Light---, par 2225/.

22316. Coloured or stained glass. We can on)y here name the varieties There are three

modes of colouring glass: I. Pot metal glass, in which the colour is mixed up with the

iiii'lien mass. II Flavhed, covered, or coated gla s, formed by uniting a thin layer of
coloured ^lass with another layer, either of a difU'rent col, ur or colourless. III. Painted
gl.tss, the u hite substance being painted on, and then tlie colour or pigment bunt in.

'i'he colouring iraierials are in all cases metallic substances. Such are the methods by
which all coloured glass windows are produced.
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'22310. For ornamental purposes, besides coloured glass, glass may have a ground surface,

vhich is obtained by grinding it with a stone, or by tlie use of fluoric acid. Embossed

(/liiss, wliieli jierinits the ap])lii.'ation of devices, according to the fancy of the designer or

intention of the manu'acturer, is effected by covering the square of glass with a varnish,

except wliere the device is intended. An acid is tlien poured on which eats away the

uncovered glass for a small depth. Tlie varnisli is then cleaned off, and the general surface

ij ground as usual. Its imitation is obtained by covering the plate with a varnish, a lace

or stencil pattern placed on it, tlien dusted over with a colouring matter in the state of line

jiowder, and the (date tiius treated sufficiently heated to vitrify and fix the dusted varnish

to the glass. INIes^rs. ( hance, and other manufacturers, sell various cnamilUd stencilled

patterns, as white eiiatuell d, e)iamille{ a'ld floched, endiossed repeated j alteni. stciimd eitamtlled,

and double etched i/ltss, telf shadowed glass, j ateiit p(di/r.hroniatic gloss, print: d gloss, stomped

ill colon 'S, and n;any other kinds, all which are better seen at tlie factories than described.

9'2'Md. The compressive strength of glass, that is, its resistance to a force tending to

crush it, is about 12^ tons per square inch. This is nearly ecjual to one quarter the

stre gth of cast iron. Glass has three times the specific gravity of iron. In the form of

bars, a favourable shape for develojiing a highly tensile strength, one ton per square inch

of area is the bigliest amoinit to be assumed for it.

2JSle. J\Ios.\ic woKK. This durable manner of decoration in glass, requires a short

no: ice. The Roman mosaic is composed of pieces of enamelled glass, thus rendered opaque,
sometimes called smiZ/o and sometlines paste, made of all kinds of colours and of every dif-

ferent hue For large i)ietures they take the form of small cakes. For small works tliey

are produced as threads, varying in thickness from that of a piece of string to the finest

cotton thread. The Fenetian mosaic pictures are formed of pieces of very irregular shapes

and sizes, of all colours and tones of colours ; tlie groimd tint ahnost invariably prevail-

ing is gold. The manner of execution is always larae and coarse, and rarely approaclies

any neatness of joint or regularity of bedding. Opus Grccanicnm consists in the insertion,

into grooves cut in white marble to a depth of about halt' an inch, of small cubes of these

Coloured and gilded smidto, and in the arrangement of these forms in such geome'ricul

comhiiiotion as to compose the most elaborate patterns. It was customary to combine the

bands of tills mosaic work witli large slahs of Serpentine, Porphyry, Pavona/zetto. and
other valuable marbles and to use it in the decoration of ambones, caneelli. &e. ; its use

externally was comparatively rare. The hexagon, triangle, sciuare, and octagon, form the

usual bases of most of the specimens of this ingenious art to l)e tbund in Italy. Patterns

of accunudating intricacy are sien at Palermo, and at INIonreale. Illustra'-ious in colour
are given in the usetul work on Mosaics, by M. D. Wyatt.

22S1/'. Coloured enamels are made of a vitreous /)a»7e (or glass), to this are added other

mineral substances, which, when properly prejiared and lused together, im; art to tiie jiaste

its density and extreme hardness, and also its colour; the better tiie manufacture, the more
satisfactory the appearance and the greater the durability of the mosaic work. In an
imperfect manufacture, the mosaic is liable to be injured by damp, smoke, and all atmo-
spheric charges ; when well produced, they can be made to give precisely the same ed'ect

as the ])aintirig.

2231^. Gol/ and silcer enamels were introduced : these are made of the precious metals,

b'lt in such thin sheets that their use is comparatively inexiJcnsive. The ))rocess is a
difficult one, for, to produce true gold and silver enamels, great knowledge and experience

aie necessary. On a ground of thick glass or enamel, according as it is desired to render
the gold enamel transparent or o|]a(iue, or to impart to it a waim or variegated colour,

there is laid a leaf of gold or silver, which is attached princijjally by the action of fire;

tlien a film of the purest glass is spread over it, and this may either he perfectly colourless

or of any tint that may be required. When well manufactured, these thin layers, alter

being fused, become perfectly united with each other, and form a homogeneous bodv, and
the metal is for ever protected against all possibility ot injury fruni any cause except actual

violence.

2231/'. Stevens has produced a new kind of glass mosaic, executed at about one third the
price of the ancient manufacture of this kind. The glass is stained or gilt, and the method
is adapted for many purijoses. Messrs. Rust are working in gold, silver, and enamel
mosaics of their own invention ; and Dr. Salviati employs his "indestructible system of

\'enetian enauiel-mosaic, in works, in a comparatively inexpensive and expeditious

manner." At the Wolsey tomb-house, at Windsor, the entire ceiling, consisting of 2,100
feet, was decorated in the space of ten months, including the tiii-e of tlie transit of the
mosaics from Venice ; and was executed, with the sc.iHolding, at the price of 4,72.51. It was
also employed at St. Paul's Cathedral, for the figure of the pro|iliet haiah, covering 250
feet, wliieh was executed and fixed in two months, at the jrrice of 600/. (Lecture read at

Leeds, by .\. Salviati, 186\3.)

223 li. The cements used are of three sorts. The first, for large tesscrre in forming
floors, is composed of pitch, mixed with a black eartit. The r,ecuna, for stor.es of a mid-
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clliiiir (liiiionsion, is m:i(lL' of tufa and oil. T1il> third, for the more dtlicate mosaics of
jiieccs of glass, is made of wliite of lime, pounded bricks, gum andragan, and the white
of eggs. The ancients are said to have used I part of slaked lime and 3 parts of poiindud
marble, made lip with water and white of egg. But as this is considered to harden too
quickly, a mixture of 1 part of slaked lime, and 3 parts of jiowdered travertine stone, mixed
lip with linseed oil, and kept stirred every day, is used, adding oil as it dries. The mass
is ready sooner in warm weather than in cold, varying from 20 to 30 days, when it is

like a smooth ointment. For the lai£;er works, Keene's, Portland, or other similar cements
might be used.

Sect. I X.

PLASTERING.

2232. In the finishing of our dwellings, the decoration owes much of its effect to tbu
labours of the plasterer : it is in bis department to lay the ceilir.gs, and to give, by means
of plaster, a smooth coat to the walls, so as to hide the irregularities left by the br"icklayer
and mason, and make them sightly and agreeable. He also, in the better sort of huildin'Ts,
furnishes plain and decorated mouldings for the cornices and ceilings ; and in the external
parts, where stone is expensive or not to be procured, covers the exterior walls with stucco
or other composition imitative of stone.

2233. The plasterer's tools are—a spade or shovel oHhe usual description ; a rahe with two
or three prongs bent downwards from the line of the handle, for mixing the hair and mortar
together

;
stojipinp and jdcking outtDoh ; rules called straly/itedi^es ; wood iiiodth

, and trowels
of two sorts and various sizes, namely, the Injini) and smoothing tools, consistin"- of flat
jiieces of hardened iron, about 10 inches long, and 2| inches wide, very thin, and o-round
to a semicircular shape at one end, but square at the other. Near the square end on
tlie back of the i)late a small iron rod is rivetted, with two legs, whereof one is fixed to
the plate, and a round wooden handle is adapted to the other. All the first coats of plas-
tering are laid on with this tool, as is also the last, or sitling, as it is technically called.
The other sorts of trowels are of tliree or more sizes, and are used for qnuqinq tbe/z/e stuff
and i)laster for cornices, mouldings, &c. The length of these trowels is, the largest about
7 inches in length on the plate, and the smallest 2 or 3 inches : they are of ])olished
steel, converging gradually to a point, with handles ofmahogany adapted to the heel or broad
end with a deep brass ferrule.

2234. The stopping and picking out tools arc of polished steel, of various sizes, about 7
or 8 inches long and half an inch broad, flattened at both ends, and somewhat rounded.
'Jhey are used for modelling and finishing mitres and returns to cornices, as also for fill-

ing up and finishing ornaments at their joinings. There is also used a small instrument,
which is a piece of thin fir 6 or 7 inches square, called a hawk, with a handle vertical to it,

for holding small quantities of plaster.

2235. The composition used by the plasterer is a groundwork of lime and hair, on
which, for the finish, a coating of finer material is laid. The sorts of it are various ; as,

for instance, white lime and hair mortar on bare walls ; the same on laths as for jjartitions

and plain ceilings ; for renewing the insides of walls; roughcasting on laths
; plasteriii"- on

brickwork with finishing mortar, in imitation of stone work, and the like upon laths. For
cornices and the decorations of mouldings, the material is plaster of Paris, one w liich faci-

litates the giving by casts the required form and finish to the sujierior parts of his work.
The plasterer uses it also for mixing with lime and hair, where the work is required to
dry and set hard in a short time. For inside work, the lime and hair, or coarse stvff, is

prepared, like common mortar, with sand ; but in the mixing, hair of the bullock, obtained
from the tanners' yards, is added to it, and worked in with the rake, so as to distribute it

over the mass as equally as possible.

2236. What is called Jine stuff is made of pure lime, slaked with a small quantity of
water, and afterwards, without the addition of any other material, saturated with water,
and in a semi-fluid state placed in a tub to remain until the water has evaporated. In
some cases, for better binding the work, a small quantity of hair is worked into the com-
position. For interior work, the fine stuflf is mixed with one part of very fine washed
sand to three parts of fine stuff, and is then used for trowet/cd or bastard stucco, which makes
a proper surface for receiving painting.

2.:!37. What is called gauge stuff is composed of fine stuff and plaster of Paris, in pro-
portions according to the rapidity with which the work is wanted to be finished. About
four-fifths of line stufll'to one of tiie last is sufficient, if time can be allowed for the settini;.

'J'bis composition is chiefly used for cornices and mouldings, run with a wooden mould.
We may here mention that it is of the utmost importance, in plasterers" work, that the
lime should be most thoroughly slaked, or the consetpience will be blisters thrown out
njion the work after it is finished. Many plasterers keep their stuffs a considerable
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period before they are wanted to be used in the building, by which the chance of biistcring

is nuich lessened.

2238. When a wall is to be plastered, it is called rendering ; in other cases the first

operation, as in ceilings, partitions, &c., is lathing, nailing the laths to the joists, quarters,

or battens. If the laths are oaken, wrought iron nails must be used for nailing them, but

cast iron nails may be employed if the laths are of fir. 'I he lath is made in three and four

foot lengths, and, according to its thickness, is called single, something less than a quar-

ter of an inch thick, lath and half, or double. The first is the thinnest and cheapest, the

second is about one-third thicker than the single lath, and the double lath is twice the

thickness. When the plasterer laths ceilings, both lengths of laths should be used, by which,

in nailing, he will have the opportunity of breaking the joints, which will not only help in

improving the general keg, (or plastering insinuated behind the lath, which spreads there

beyond the distance that the laths are apart,) but will strengthen the ceiling generally. The
thinnest laths may he used in partitions, because in a vertical position the strain of the

plaster upon them is not so great ; but for ceilings the strongest laths should be employed.

In lathing, the ends of the laths should not be lapped upon each other where they termi-

nate upon a quarter or batten, which is often done to save a row of nails and the trouble

of cutting them, for such a practice leaves only a quarter of an inch for the thickness ot

the plaster ; and if the laths are very crooked, which is frequently the case, sufficient

space will not be left to straighten the plaster. (2246i^.

)

2239. After lathing, the next operation is laying, more commonly called plastering. It

Is the first coat on laths, when the plaster has two coats or set work, and is not scratched

with the scratcher, but the surface is roughed by sweeping it with a broom. On brick-

work it is also the first coat, and is called rendering. The mere laying or rendering is

the most economical sort of plastering, and does for inferior rooms or cottages.

2240. What is called pricking up is the first coat of three-coat work upon laths. The
material used for it is coarse stuff, being only the preparation for a more perfect kind of

work. After the coat is laid on, it is scored in diagonal directions with a scratcher (the

end of a lath), to give it a key or tie for the coat that is to follow it.

2241. Lath layed or plastered and set is only two-coat work, as mentioned under laying,

the setting being the guage or mixture of putty and plaster, or, in common work, of fine

stuff, with which, when very dry, a little sand is used ; and here it may be as well to men-
tion, that setting may be either a second coat upon laying or rendering, or a third coat

upon Jloating, which will be hereafter described. The term finishing is applied to the third

coat when of stucco, but setting for pa])er. The setting is spread with the smoothing
trowel, which the workman uses with his right hand, while in his left he uses a large

flat-formed brush of hog's bristles. As he lays on the putty or set with the trowel, he
draws the brush, full of water, backwards and forwards over its surface, thus producing a

tolerably fair face for the work.

2242. Work which consists of three coats is called floated : it takes its name from an

iiistrument called a. float, which is an implement or rule moved in every direction on the

plaster while it is soft, for giving a perfectly plane surface to the second coat of work.
Floats are of three sorts : the hand flout, which is a short rule, that a man by himself may
use; the quirk float, which is used on or in angles; and the Derby, which is of such a

length as to require two men to use it. Previous to floating, which is, in fact, the

operation of making the surface of the work a perfect plane, such surface is subdivided
in several bays, which are formed by vertical styles of plastering, (three, four, five, or even
ten feet apart,) formed with great accuracy by means of the plumb rule, all in the same
plane. These styles are called screeds, and being carefully set out to the coat that is applied

between them, the plaster or floating laid on between them is brought to the proper sur-

face by working the float up and down on the screeds, so as to bring the surface all to the

same plane, which operation is termed fllling out, and is applicable as well to ceilings as to

walls. This branch of plastering requires the best sort of workmen, and great care in the

execution.

2243. Bastard stucco is of three coats, the first whereof is roughing in or rendering, the

second is floating, as in trowelled stucco, which will be next descrilied ; but the finishing

coat contains a small quantity of hair or white sand. This work is not hand-floattd, and
the trowelling is done witii less labour than what is denominated trowelled stucco.

5?244. Trowelled stucco^ which is the best sort of plastering for the reception of paint, is

formed on a floated coat of work, and such floating should bo as dry as possible before the

stucco is applied. In the last process, the plasterer uses the hand float, which is made of a

piece of half-inch deal, about nine incites long and three inches wide, i)laned smooth, witii

its lower edges a little rounded off, and having a handle on the upper surface. The ground
to be stuccoed being made as smooth as possible, the stucco is si>read upon it to the extent

of four or five feet square, and, moistening it continually with a brush as he proceeds, the
workman trowels its suiface with the float, alternately sprinkling and rubbing the face of

tiie stucco, till the whole is reduced to a fine even surface. Thus, by small portions at a

Z Z
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time, he proceeds till the whole is completed. The water applied to it has the effect ot

hardening tlie face of the stucco, wliicli, wlien finished, becomes as smooth as glass.

2245. From what has been said, the reader will perceive that mere laying or plastering

on laths, or rendering on walls, is the most common kind of work, and consists of one coat

only ; that adding to this a setting coat, it is brought to a better surface, and is two-coat

woik ; and that three-coat work undergoes the intermediate process of floating, between

the rendering or pricking up and the setting.

2?45a. This plain plastered surface has received an improvement in a method of

stamping or incising it, while wet, the invention, in 1857, of Mr. Benj. Ferrey, architect.

'' It is well known that the external rough-casting on old timber houses was stamped or

wroiight in small devices, known l)y the term pargettiny ; but it never assumed the import-

ance of extensive wall decorations. The plan now proposed is to impress the common stucco

with geometrical or other forins, and applied according to taste, either under string courses,

around arches, in spandrils, sofhtes, or in large masses of diapering ; and texts may be im-

printed on tlie plaster instead of I.eing simply painted on the walls. If colour be desired,

it can be ell'ected by mixing the desired colour with the coat forming the groundwork, tliea

by laying the stencilled pattern against it, and filhng in the solid portions of tlie device

with the ordinary stucco or ))laster." The process does not pretend to do more than

enliven wall surfaces, but for this purpose it is very eflfective. Whippingham Church, in

the Isle of Wight, is decorated in this manner, with devices in different colours.

2246. Ceilings are stt in two different ways; the best work is where the setting coat is

composed of plaster and lime putty, commonly called gauge atuff {2237 }, Common ceilings

are formed with plaster without hair, as in the finishing coat lor walls set for paper. The
deflection of^'jth of an inch for each foot in length is not injurious to ciilings; indeed, the

usual allowance for settlement is about twice that (juantity. Ceilings have been found to

settle about four times as much without causing cracks, and have been raised back again

without injury. (Barlow, p. 179.)

2246a. In Dulilin, the designations in plasterers' work are different to those we have
named above. Work to ceilings is described as " Lath scratched, floated, and coated ,

while to walls it is described as " scr.itclied, floated, and coated " S/iiiiunlng, to plasterers

woik, is a very thin coat of white (i.e. lime) put on float work to snioothe.i it, and to leave

a clean face ; coated is the term (or jjetler work of the same character.

22466. Hitcliin's fireproof plaster appeared about 1877 ; it is valued for its simplicity,

economy, and facility in working. The fihrous slab plastering is always dry and ready
for fixing. The slabs on a wire base protect ceilings, walls, and woodwork from lire.

Casings on wire base protect iron aa.J wood girder-, columns and such like. I'ugging

slabs are used for prevention of sound. Wilkinson and Co's fibrous pkuter slab-' are

intended for lining walls and ceilings, and for fixing under slating; also to partitions and
under floor-boards for deadening si.und.

2246c. Johnson's patent rolled fireproof wire lathing is now occasionally used as a substi-

tute for wood laths. It is a foundation for fire-resisting planter. His woven wire n ml iron

fireproof partition wait is intended to supersede the ordinary stud and brick partitions, and
is applicable to roofs. Mttal laths, of tli'n sheet iron, by E<lwards's patent, are for use in

fire-resisting ceilings, partitions, and doors. Wirework, in ])lace of luthhig, for foriuing

ceilings and other plaster surfaces, jjatenied in 1841 by I^. Leconte, had been previously

adopted in the building of the Pantechnicon, near Bel;;rave Sijuare.

2246d. Nickson and Waddingliam have patented a slate ground fur plaster, by using, in-

stead of laths, those slates which do nut turn out in the quarries sufficiently wide for sized

roofing slates ; an immense number of them being necessarily thrown aside daily, although

of the best quality. The slates are fixed j in. apart ; the piaster to be ^ in. thick, of well

haired stuff, which keys itself between the slates; they run from 12 to 7 in. long and
upwards. The system was worked about 1 862 at Manchester

2247. Pugging is plaster laid on boards, fitted in between the joists of a floor to prevent

the passage of sound between two stories, and is executed with a coarse stuff made of lime

and hay chopped into lengths of about 2 inches. Silicate cotton or slag wool, nailed in slabs

to the underside of the joists of a floor, or against the studs of a partition, acts as a non-

conductor of heat or cold ; it is also fireproof, sound-proof, vermin-proof, and frost-prootl

One ton of it, one inch thick, covers 1,800 square feet. This material is now greatly

used; also for protecting exposed iron work. Asbestos millboard is another material

greatly employed for lining partitions, to deaden sound passing through ; as well as for

iireproof purposes.

2248. The following materials are required for 100 yards of render set; viz. 1^ hun-
dred of lime, 1 double load of river sand, and 4 bushels of hair ; for the labour, 1 plasterer

3 days, 1 labourer 3 days, 1 boy 3 days ; and upon this, 20 per cent, profit is usually

allowed. For ISO yards of lath plaster and set— 1 load of laths, 10,000 nails, 2^ hundred
of lime, 1^ double load of river sand, 7 bushels of liair; for the labour, 1 plasterer



inch 7
5 fm. s i'"

H 1| ii 2V '^i

n 2f 3 4 H
H 4^ 4i^2 6 6|
^ 5| 6

1|

8 9

2^

CiiAr HI. PLASTERING. 707

6 (lays, I lal'ourcr 6 days, 1 boy 6 days; and upon this, as before, 20 per cent, is usually

allowed.

1 bushel of Portland or Roman cement will cover, yards super.

1 ditto, and 1 of sand . - . _

1 ditto, and 2 ditto • - - - -

1 ditto, and .'J ditto ......
I cwt. of ma:,tic and 1 gallon of oil - - -

] cubic yard of chnlk lime, 2 yards of sand, and 3 I)ushels of hair, will cover 75 yards
of render set on brickwork ; 70 yards on lath ; or 65 yards plaster ; or render two coats
and set on brick; and 60 yards on laih. Fioated work ruqiiirt'S about the same as two
coiits and set. A bundle of laths and 500 nails will cover about 4^ yards supi-rficial.

Two hundnd laths, 4 feet long, are required for a square. A bundle of laths contains 500
feet nominally.

224^). In the country, for the exterior coating of dwellings and outbuildings, a species

of plastering is used called ruiiylicast It is cheaper than stucco or Iloman cement, and
therefore suitable to such purposes. In the process of executing it, the Widl is first

pricked up witli a coat of lime and hair, on which, when tolerably well set, a second coat

is laid on of the same materials as the first, but as smooth as possible. As fast as the
workman finisIiLS this surfice, another follows him with a pailful of the roughc^ist, with
width he bespatters the new plastering, so that the whole dries together. The roughcast
is a composition of siuall gravel, finely washed, to free it from all earthy

) articles, and
mixed with pure lime and water in a state of semi-Huid consistency. It is thrown from
the ])ail upon the wall, witli a wooden float, about 5 or 6 inches long, and as u any wide,

formed of half-inch deal, and fitted with a round deal handle. With this tool, while the

i)lasterer throws on the roughcast with his right hand, in his left he holds a common
wliiiewasher's brush dipped in the roughcast, with which he brushes and colours the

mortar and the roughcast already spread, to give them, when finished, an uniform colour
and appearance.

22-l9a. Gypnum or piaster of Paris is largely used In France for the construction of walls,

both internally and externally, as well as for rendering them afterwards. We adojit

the following method of working it, as explained by G. II. Eurnell :
•' Tlie coarser kiiuls

of plaster are used for rendering ; the finer qualities for ceilings, cornices, and decora-
tive works. For walls, the plaster must be gauged stiH" for the first coats, and more fluid

for the setting coat. For cornices woiked out in the solid, the core is made of stifliiy

gauged plaster, which is floated with finer material, and lastly finished off with plaster laid

on by hand, about the consistence of cream. Practice only can ascertain the precise degree
of stiffness to he given, as every burning yields a diflerent quality of ])laster. W^hen w^lls

are to be rendered, they require to be first jointed, and then wetted with a broom. Tlie

surface is then covered with a coat of thinly gauged stuff, laid on with a broom, or at least

worked with a trowel in such a manner as to leave sufficient hold for the next coat. This
is gauged stiff, and is laid on with a trowel ; it is floated with a rule, but the face \s

finished with a hand trowel ; the surfaces, however, are never so even, or the angles so
square and true, as in the usual plasterers' work adopted in England. The ceilings are
lathed about 3 to 3^ inches from centre to centre, and the plaster poured in from above on
to a sort of flat centering, leaving about an inch for the thickness of plaster; the ceiling

coat is added after the centering is removed. The better descriptions are made with
laths 4 inches from centre to centre, the space between ceiling and floor filled up with
light work, and the under and upper surfaces rendered to receive the ceiling and tiles."

22^96. With gypsum, only about ^tiis of the evaporation arises as from ordinary plaster-

ing. A series of experiments made in 1850, proved that the cost of ordinary works need
not exceed in any sensible proportion, if at all, those usually called '' render set ; " and
that they are strictly the same as " render float and set." A room was begun and finished

in thirty hours, whilst a common lime and hair rendering coat would have required, pro-
perly speaking, about a month. French plaster must never be used in any position where
moisture is likely to affect it for any length of time. It is very hygrometric, and soon
decays if kept moist. If it be used as mortar, as in brick-nogged partitions, to be covered
over immediately, a space for its expansion must be allowed. In France, a small space is

left between the wall and partitions; this is filled in liy the plastering coat. The
same observation applies to floors with jdaster pugging, and even to cornices with a large

body of that material, the mitres and returns being executed some time after the straight

mouldings.

2250. In forming the coves and cornices which are applied below the ceilings of rooius.

it is of the greatest importance to make them as light as possible, for the plaster whereof
they are formed is heavy, and onglit not to depend merely on its adhesion to the vertical

and horizontal surfaces to which it is attached. Ilence, when cornices run oC large dimeu-

z z 2
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sions, Lr.ickof ing, as has alrendy been described in the section Joinery (2079, et srq.), must
be provided, of the penoral form of the cornice or cove, or other work, and on tliis the

})lastering is to be forme;!. On this, when roughed out, the work is run with wooden
nioukls, luiving zinc or co[iper edges, so as to give the general outline of the cornice. If

enrichments are used in it, they are cast in plaster of Paris, and afterwards fixed with that

material in the spaces left for them to occupy. These enrichments are previously modelled,

and from the model a matrix is formed, as for all other plaster casting. Great nicety is

required in ail the operations relative to the moulding and fixing of cornicps. and most
especially that the ornaments be firmly fixed by screws or other means, that they may not

be detached from their places by partial settlements of the building, and cause accidents

to the occupiers of the rooms where they are used.

22o0a. IScltnitic lime was the invention, about 18-56, of General Scott, R.E., who
observed that limestone capable of conversion by burning into a liydraulic lime, might
be able to furnish a good cement by simply allowing a small portion of sulphuric acid gas
to pass into the kiln during the turning of the lime. The process, since about 1870, is

explained as consisting of carefully mixing with the water used in the preparati(m of the

mortar a small quantity' of plaster of Paris or gypsum, or green vitriol. The lime may
then be ground in an ordinary mortar-mill with the mixture into a creamy paste for three

or four minutes ; the sand, burnt clay, or other ingredients may then be added, and the

•whole thoroughly ground for ten minutes or more. The lime is a good buff in colour.

With double the usual quantity of sand the tensile strength of the mortar is increased

fourfold. It sets rapidly and well, and as " stuff" in plastering it effects a considerable

saving in time over that usually made from lime. " Selenitic mortar saves half the lime,

is four times as strong, and sets in a quarter of the time of common mortar."

2250/a a rcnderivg plaster, for superseding the use of lime and hair mortar in the

plastering of walls and ceilings, has been brought forward by A. G. Barham, of Eridg-
water. It is stated to be very tough and strong, not liable to crack or swell, and is applied

without hair, direct to brick walls or lathwork. The surface dries and hardens rapidly,

and it chd be painted or papered at once, as there is nothing in the plaster to injure

either of tiie processes. When dry it is of itself a good grey in colour. For outside

stucco it is also stated to be a safe material, and is likewise free fiom vegetation and
colouring.

22o0t'. Adamant cement has last year (1887) been introduced into this country, at

Birmingham, from Syracuse, New York, by a company. It is a wall plaster and cement-,

and is manufactured in three qualities. No. 1, 2, and Chromolith. The two first are used
as for ordinary plastering, and the third in p'ace of the superior Parian cement, at a less

cost. As all the bright mineral and vegetable pigments can be used with it, floorings,

mosaics, and mantels are produced; also tiles, marble slabs, terra-cotta, and other articles

of a similar character. It is very hard; costs but little more than lime plaster; the

room plastered one day can be used the next ; is easily applied, even to iron lath or wire

work ; is impervious to wind or weather; smooth to wurk over for painting, absorbs but
I'ttle oil, the colours do not change, requires no sizing, and from a sanitary point of

view is of great value. It is also considered to have fireproof qualities.

2250(?. Stucco is a species of plastering which is sometimes subsequently worked to

resemble marble. There are two sorts of stucco, those made of limes, and those made of
plaster. The former are often classed under the name of cements, but their disagreeable

colour prevents their being used for ornamental decoration. They serve, however, to form
the foundations for the better class whenever humidity is to be feared. The latter are
generally made of lime, mixed with calcareous powder, chalk, plaster, and oth^r substances,

iu such a manner as to obtain in a short time a solid surface, which may be coloured,

painted, and polished with such perfection as to allow of its being used instead of more
expensive materials.

22o0e.';The Italians usually execute their stuccoes in three coats. The first is very coarse,

to form the renderirg. The second is much finer, and contains a larger proportion of
lime, bringing the work up to a very even close grain. The last is made of rich lime, which
has been slaked and run through a very fine sieve ; it is allowed to stand from four to five

months, in order that every particle may be reduced to a hydrate. If the lime cannot be
kept for so great a length of time, the slaking may be assisted by beating it up very fre-

quently. "When great perfection is required, pounded white Carrara marble is mingled with
it

;
gypsum and alabaster are used for enclosed situations. Colours are obtained by mixing

with the lime such metallic oxides, &c., as the case may require. The excellence of the
work consists in the care with which the effects of the natural marbles are imitated.

22o()/'. When plaster is used inst ead of lime, it is gauged with lukewarm water, in which
size or gum has been dissolved, so as to fill up the pores, to give more consistency, and to

render it susceptible of receiving a better polish. Any colours used should be previously

dissolved in the size water. When the Tiholc of the stucco is perfectly dry, the surface is
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then rubbed with grit stone and polished up with rubbers, much in the same way as real

m.irble. The thickness of a coat of stucco varies from one-sixth to one-eighth of an
inch.

2250^. Stiwco work, as it is called, and as executed daily in Ireland for outside

work, consists of their roche lime, slaked for three or four months previously, as above

described, mixed with sand, and worked up with the trowel. It stands the weather

as perfectly as Eoman cement. The term is also given to the interior moulded and
cast work.

22.50^. There are practically five mortars now in use. 1. Ordinary grey stone lime

mortar; 2. The same selenised ; 3. Lias lime mortar; 4. The same selenised; and
5. Portland cement mortar. The four last take a rapid set. If after a few days set they

become expanded and disintegrated by frost, it is doubtful if, when thawed, they will

reassume a pasty condition and set again. The first develops heat in slaking, and can

be used hot, and will therefore take longer to freeze,' but then as it sets slower it remains
longer open to the attack of frost. Tiie building journals in the first month of 1888
printed a communication from Norway explaining liow bricklaying was done tliere in

frosty weather. It has been suggested by Mr J. Woodley that, after all, the secret lies

in 'dry shiking' the lime, and following it up in small quantities at a time, thus keeping
up a continuous supply of mortar in a hot state. This method is to lay out a portion of

unslaked lime, and to sprinkle upon it just so much, and no m re, water as is sufficient

to set the action called 'slaking' in motion: it is not to be run; then to add the

stipulated proportion of sand, which should be spread over the lime in such a manner as

to effectually prevent the escape of the generated heat and steam. Ordinarily, this should
be repeated again and again until the whole consignment of lime is absorbed in one heap,

which should be sheltered from the weather, and when required for use passed through the
usual ' sand-screen ' or sieve to remove the core. . But if desired to bo used warm, it can
be slaked and made up in small quantities as required; hence hot mortar. In winter
time the bricks should be protected from excessive saturation by rain or snow ; in sum-
mer time it is difficult to get them wetted at all by the builder.

22o0j. The plastering of a house has occasionally to be dried artificially. Ligny's
-patent drying process is used : 1. For damp walls and plaster in new houses, so that they
may bo papered, painted, and occupied as quickly as possible without risk to health, and
that at a cost of from thirty shillings a room, according to degree of dampnes-s: 2. For
old buildings and basements where the damp arises from contact with wet soil ; also for

drying thia walls much exposed to the weather and through which wet penetrates.

22.50/i. Scagliola work is an imitation of real marble. Its manufacture has generally

been assumed as a mystery. It is a species of plaster or stucco invented at Carpi, in

thestiiteof Modena. by Guide Sassi, between 1600 and 1649. It is sometimes called

mischia, from the mixture of colours introduced in it. It was not, hon-ever, till the
middle of the eighteenth century that the art of making scagbola was brought to per-
fection. The following is the method of making columns and pilasters:—A wooden
cradle, composed of thin strips of deal or otber wood, is made to represent the column
designed, but about 2\ inches less in diameter than the shaft is intended to be when
finished. This cradle is lathed round, as for common plastering, and then covered with
'a pricking-up coat of lime and hair. When this is quite dry, the scaglio!a artist; com-
mences his operations, and, by imitating the rarest and most precious marbles, produces
a work which cannot be, except by fracture or sound, discovered to be counterfeit. The
purest gypsum wtiich can be oljtained is broken into small pieces, and calcined. As soon
as the largest fragments lose their brilliancy, the fire is withdrawn ; the calcined powder
is passed through a very fine sieve, and mixed up with a solution of Flanders glue,

isinglass, etc. In this solution the colours are diffused that are required to be imitated
in the marble ; but if the work is to be of various colours, each colour is separately pre-
pared, and they are afterwards mingled and combined nearly in the same manner that a
painter mixes the primitive colours on his palette to compose his different tints. When
the powdered gypsum is prepared and mingled for the work, it is laid on the shaft of the
column or other surface over the pricked-up coat of lime and hair, and it is then Jloated

with proper moulds of wood, the artist during the floating using the colours necessary for

the imitation, by whicli means they become mingled and incorporated with the surface.

The process of polishing follows; and this is done by rubbing the surface with pumice-
stone in one of his hands, while with the other he cleans it with a wet stone. It is

then polished wiih tripoli and charcoal and fine and soft linen ; and after going over it

with a piece of felt dipped in a mixture of oil and tripoli, he finishes with application of
pure oil. Scagliola work is so easily put up in a building, and requires so small an
amount of time and expense for renovation and repair, compared M'ith repainting and
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varnishing, that tliosc wlio are induced to go to the expense of plastering the walls with
mastic, to be ready for immediate painting, marlding, and high polishing, might be justi-

tied in expending a f'urtlier sum and ado[>t scagliola at once. For tiie walls of tlie stair-

case in tlie building formerly calk'd Crockford's Club House, St. James's Street, tlie

scagliola was prepared upon slabs of slate half an inch thick, sawn on the surface with cuts

about one-eighth of an inch deej), to form a key for tlie plaster groundwork. Wlun the

slabs were fit for polishing they were secured with battens fixed to the wall The scagliola

to the staircases at the Reform Club House is worked upon tiie walls; they are richly

l)anelied, moulded and inlaid. The tinted columns, in the same buiUling, to the gallery

a d skylight of the saloon are done upon stone. Tlie three-(juarter columns in the drawing
and coifee rooms were cast in three lenglhs, and each backed with tiles bedded in coarse

jilaster. Some black and gold columns, worked in Keene's cement on stone, and two
twis ed columns in plaster, are placed in Wilton Ciiurch, Wiltshire. When Parian cement
is used, the groundwork is formed of wet cement of the coarse quality, t^e veneer being of

the same thickness as common scagliola ; but one half of the quantity of colours will pro-

duce the same depth of colouring as in the common scagliola. For polishing, the same
process is t) be followed as for walls, as described in par. 225 Iz.

2-2501. Scagliola ^o')/-s exist at Sioii House, Islewortii; at the entrance liall at the
Athenaeum Club House, London; and at Crewe Hall, Ciieshire. Many other examples
of the employment of scagliola work will be found named in an excellent article in the

Builder for 1863, p. 840, one of the best on the subject; and another in F'ebruary 1845.
A very inferior i.nitation of scagliola is too often to be seen.

223i m. A material has been lately prepared at the Patent Marlile Works, for similar

purposes. It is manufictured in slabs from J to I inch thick, of any size, for linii-g, and
for moulded work. The prices are stated to be under those of enamelled slate. M'lrezzo

marble, made of cement, has been introduced since 1868. The entrance hall at the Society

of Arts, London, has been lined with it.

2251. In the present time, the use of ornaments made of carton pierre, a species o( papiet
viache, has been reintroduced for cornices, flowers, and other decorations. The basis of it

is paper reduced to a pulp, which, having other ingredients mixed with it, is pressed into

nioulds, and tiius ornaments are foimed of it. They have not a'l tlie delic:icy of the plaster

cast, and there is the want of that nicety which a good cornice workman in plaster ex-

hibits; but their lightness, and the security with which they can be fixed with screws,

render them often preferable to plaster ornaments. The '-Critic" newspaper in 1863
b ated that in Bergen, in Prussia, there is a church capable of holding 1,000 persons, con-
.structed entirely, statues and all, of jiapier mache. Probably, however, the material is

tliat used to a very great extent in Norway and Sweden for forming the roofs of houses,
and said to be incombustible. Jt appears to be in many respects similar to the FiOnnis
s!ah. the manulacture of which, by Bielefeld, was discontinued a few years since, after

much succe.s; though the dust jienetrated through it, showing the marks of the joists, as in

J
laster work. The ceiling of the reading room at the British Museum was lined with it.

Another material, supersedinj,' carton-pier re and uapier mache, is Uesachy's Fibrous plaster,

wliich is formed of a thia coat of plaster of Paris, run upon a backing of loarse canvas. It

is of great lightness, not inflammable, and is ready to be painted iminediately after it is

made. It is adapted for the speedy and economical production of any coHered or circular

work; and for wagon-headed ceilings, as but little liracketing is necessary, it being fixed to

tlie joists direct; for fluted or ornamented columns, panelled dadoes, &c., for the lining of
walls and ceilings, and for all purposes of ornamental jilaster work. Mr. Owen Jones has

extensively used this material for his interior decorations. (22466.)

CEMENTS.
2251a. We have already adverted to the cements used in plastering. Roman, Blue Lias,

•and Portland cements are the principal ones for the outside coating of buildings, and tlie

process of laying them on is so similar to that of other plasterers' work, that it will not be
necessary to say much respecting ihem. The best mode, perhaps, of using these natural
cements is to employ them purely in works under water, or where a great crushing weight
is to be brought upon them at once. For foundations in damp situations, where rapidity
of execution is desired, the mixture may he 2 parts nf sand to 3 of cement; and also for
cornices or coatings exposed to the weather. F'or upright faces, the proportion is of
3 parts of sand to 1 of cement. Care must be taken that no fisuires are formed such as
will admit water, as the action of frost will destroy it. Tlie brickwork in mortar, to be
co/ered, should be thoroughly dry, or the expansion of the water will throw oflfthe cement;
the brickwork itself must, however, be welted before a coat is applied, to prevent the
absorption of the moisture before the coat sets, or it wiil not liarden. With slow setting
cements, it it too often the custom to allow the fllling out, and even plain faces, to become
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jinrtially set, \\hen tlie adlusion of tli« next quantity «ill be found imperfect ana unsound.
All work requires to be finished off at once for a good result. Dirtv sand causes the
cement to be crumbly. CVment once set, or even partially so, should not be worked up
in a fresh mixture, or it will form rotten work. Like lime in the setting coat in plastering,
cement fa in^s and mouldinj^s are not so liable to show fire-cracks on the face if a small
quantity of sand be mixed up with it.

2-'516. In using PurtUud cemntt, plasterers should use thicker screeds, and finish their
work in one coat with the scn-ed-rule, instead of working all the water used in gauoipo-
to tiie surface with the iiaiid-float and trowel, spoiling the thinner coat whilst they lay it

on. Tliis cement has an advantage ov<.r others, that it can. with good management, be
woiked in winter, while othr cements cannot be so used without great risk of tlie frost
i.juring them bef)ie they are diy. Moie cement added to make a coat set quicker, causes
it to crack and burst. This cement i, bL-st when used of a uniform tliickness of |ths of an
inch, any dubbing out being done with pieces of brick and Roman cement. A propor-
tion of i'ortland cement mixed in tlie usual ))lastering coat affords a quicker drying mate-
rial for finishing with Portland or with Mariins cement. The coarse quality of Martin's
teinent may take the place of plaster, a. id all the delays consequent on its use.

ii251c. Lime putty should never be put in the finishing coat of Portland cement ; it is

done to make the ce.nent fat, and to save labour in trowelli ig the face up to a smooth sur-
face ; the lime takes weeks to get hard, the cement takes days only, hence the two cannot
agree. Labour to the cement and clean washed sand is all that is required.

225ld. For i/i/er/or embellishments, the cements known as Martin's, Keene's, ana Parian,

are largely adopted. Martin's cement is manufactured in three qualities, coarse fine, and
sujjerfine. The coarse quality presents a whitish speckled surface, and is supplied in red,

light red, and grey, colours. 'J'he fine is whiter; the superfine is a cream colour. It is

said to cover 20 jer cent more surface, at half an inch in thickness, at a less cost than an
equal quantity cf any other cement for internal use, and to be ,35 per cent. chea])er than such
cements. For walls, 1 part of coarse cement is used with 1^ of clean dry sharp sand, for

the under coat of lialf an inch thick, finished with
J
inch thick of pure cement. It is

of a firei)roof character, and presL-'rves to somL' extent liie building from damp : the cement
is supi)osed to continue to indurate with age, and therefore to be very durable. When
ado|)ted for floors, skirtings, and other finishings, whether plain or ornamental, in lieu

of wood, the cost is stated to be less than similar work executed in that material, while

in appearance it is very much superior, as it takes a fine polish. It can be painted upon
within twenty hours after having been worked on old brickwork, and in twelve hours
when on lathed work ; but all three qualities are as well without paint. Plaster of Paris

must not be mixed with it, or Roman or Portland cement used as an undercoat.

225 le. Keene's cement iS said to show on its face the lines of any woodwork which it

may be carried across. If required, it can be painted upon in twenty-four hours after the

coat on old brickwork is completed. Skirtings, Hooring, and interna) stucco are worked in

this material, on account of its superior hardness. This cement will mix with any of the
metallic oxides, &c., to produce a coloured cement.

225 ly. Parian cement (Keating's patent), for internal stucco, has been used throughout
tlie Westminster jialace. It does not effloresce, takes paint or paper in forty-eiglit hours,

and makes a very liard and beautiful scagliola. It sets in four or five hours. It must not

be treated as common plastering, by being hand- floated up with water, as for all purposes
as little water as possible is to be used with it. This material must not come in contact
with green lime, or with limewater in any of the operations. On brickwork, it is first

floated about ^ in. thick, with equal jiarts of clean washed sharp sand, and the surface

slightly dragged. The next day a setting coat, -pg in. thick, of net cement, may be worked,
laid down with a beech float and slightly trowelled. If intended to be painted or papered,

the first coat of paint should be applied from twenty to twenty-four liours after. The
paint is to be mixed, for the first coat, only one-fourth oil and three-fourths turpentine,

and with a very small portion of red lead and gold size, 'I'he succeeding coats of paint are

to be mixed in the usual manner. On lathing, the laths may be closer than usual ; the first

coat of equal parts of clean washed sharp sand and cement, broomed while soft, and floated

the next day with cement as before ; the setting coat to be followed up next day, and
finished as described for brickwork. The three coats will be ^ in. in thickness.

2-25lg. Damp walls require a first coat of Portland cement ^ in. thick ; when dry, a coat of

\
pait of Parian cement mixed with \ part of washed sand, gauged very stiff, rulibed in hard,

and dragged before it sets. Wlien hard, a floating coat without sand is to be applied ; to be

set as before on the following day, and painted on the succeeding morning, without fail.

2251A. ¥or fliiors, the cement mixed with
J
part of Bath stone dust,

f
in. thick, is to be

laid on a solid bottom of Portland concrete, in one body | in. thick. On common jilasterini/,

where the ordinary time is allowed fur finishing the works, the plaster is to be laid fair,

and dragged and left to dry; the cement to be mixed with an equal part of washed sharp

sand and floated ^ in. thick. The next day a thin coat of cement having ^ ofsand is laid

down and trowelled as before. If required to be pupered, it must first have two coats of
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paiut. In pa'ching, when required to be painted or distempered on immediately, the edge

of the old plastering is to lia\e first a coat of paint.

2251 1. For polinhed work on walls, the floatinj^ coat is mixed with equal parts of sharp

s.-ind and cement. The setting coat is \ in. in thickness, of fine net cement, rubbed down with

gi it stones and water ; the grit is to be then well washed oft', and wlien tlie water is

gjne, a stopping of fine cement mixed up stiff" in a pan is to be applied a;;d well rubbed in.

This is then to l)e scraped otf with a wood scraper, and the stopping repeated until a

proper face is obtained, having a scum on the face to be taken off by the next grir.ding,

which should be done with finer grit stones. Tlie stopping is to be repeated and finally

finished witli snake stone, putty powder, and clean cloths. Three or four weeks' time is

required before a good polish can be obtained, it being essential that each successive stop-

ping of fine cement should be allowed several days to harden before the surface is again

scraped,

2251 k. For casting work, the cement is to be mixed stiff and dubbed in the moulds with

a brush, and tlien left until tlioroughly set. Such are the instructions for all these several

processes i.ssued l)y Messrs. Francs, tlie manufacturers of this cement, which was apjilied

to the walls of the wards, corridors, and staircases of Middlcicx Hospital, ia 1849, from its

non-absorbing qualities.

2251/. A very good specimen of plain decorative work is to be seen in the booking-

office of the London, Chatham, and Dover Railway Company, at the Victoria Station.

The walls, piers, &c., were executed in this cement, then painted in flat tints, and var

nished and polished several times.

22.Tlnj. Cement .//oors may be made in an economical manner, by first forming a bed of

concrete to prevent damp rising, then placing on it a coat |i in. thick of Atkinson's cement,

mixed with three of clean fine sand; or in Roman cement; or in Portland cement, with

four of sand, floated in by a rule on screeds, care being taken to prevent the joints setting.

If the cement set slow, it may be trowelled down while soft, but not wlien it is setting, or

the face will be injured. If the cement sets very quick, a rough key is to be formed, and
then covered with fine mortar ^ in. thick, trowelling it gently before it begins to set. If

rising damps be not anticipated, the floor may be lirst paved with clean hard brickbats in

lieu of concrete, and covered an inch thick wiih goial cement.
22"il«. Portland cement floors have answered perfectly in several instances, but it is

ati uncertain material; therefore, where the floors were not to be cohered, or where a

slight defect was of consequence, it has been considered better to use other cements, such as

Keene's, as employed at the Metropolitan Convalescent .Asylum, Walton-on-Thaines. A
good floor for common purposes is made of a concrete formed of ^" jjarts of clean gravel to

1 of groimd lias lime: this is generally impervious to damp and vermin.

225 lo. The bituniiiwus cements are used for paving, and for covering the extrados of

arches to prevent the percolation of water through them. In all new constructions, there are

always movements which crack the coatings executed in limes and r.atural cements, which

are also subject to uneijual .shrinkage, jjruducing crevices ; and from these united causes, it

is very rare to find such coatings impermeable. The bituminous cements are more elastic

;

it may hajipen that small crevices, so to speak, solder themselves, and if any serious repairs

are re<juired they are much easier to be executed than in those works executed with limes.

When asphalte is to be ustd, it^is placed in a quantity of nearly Ijoiling in'uieial jiiUh to

secure its melting. Colonel Emy found the following pro|)ortions as the best tor the

asphalte of Gaugeac, and it may lie taken for the others of this class of cements., when used

as a coaling for arches: —
2^ pints (wine measure) of pure mineral pitch.

1 1 lbs. avoirdupois of bitumen or asphalte.

17 ])ints of powdered stone dust, wood ashes, or minion.

It is advisable to lay this mixture upon abed of concrete or mortar , and as much as possible

ill slabs of 2 feet 6 inches to S feet in width. It should be evenly spread and compressed with

a trowel, well rubbed, and reduced to a uniform close surface. When all the bubbles have
been expelled, a line sand is sprinkled over the surface, and worked in with the trowel,

observing never to fill the crevices formed by tlie air-bubbles with sand, but only with

as])lialte. The thickness for coating any arches is not more than from three filths to lialf-

an-inch. The quantit)' of cement thus employed to cover a yard s(]nare is about 4^ lbs.

,2252. It is scarcely within the branch of the plasterer's practice, but as we shall have

no other place for adverting to it, we may as well here mention what are called " compo-
sition " ornaments, seldom used in cornices, but principally for the decoration of chimney-
glasses, frames, and to woodwork generally. The composition is very strong when dry, of

a brownish colour, consisting of about 2 pounds of powdered wliiiing, 1 pound of glue
in solution, aind half a ])ouiid of linseed oil mixed togctner in a eopper, heated and stirred

with a spatula till the whole is incorporated, .\fter heating it is laid upon a stone covered

with powdered whiting, and beaten to a tough and firm consistence, when it is laid by for

use, covered with wet cloths to keep it fresh. This composition is then put into moulds
and pressed. Later inventions have nearly caused its disuse in architectural decoration.
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Sect. X.

SMITHERY AND IRONMONGERY.
22.'3. Smitliery is the art of uniting several lumps of iron into one lump or mass, and

forming tliem into any desired shape. The operations necessary for this are primarily

performed in the forge, and on the anvil with the hammer ; but for finishing, many otlier

imi)lements and tools are necessary. These, however, we do not think useful to par-

ticularise, a course we have pursued in the other trades, because the expedients introduced

by the engineer and machinist have of late years, except in rough work, superseded many
of tiiem. It is now, for instance, easier to pli le iron to a perfect surface than it was a few

years ago to file or hammer to what was then always an imperfect one. Formerly a man
would be occupied as many minutes in drilling a hole as by n;achines it now takes seconds

to perform.

V'J54. We have, in a previous section, given all the ])articulars relating to the produce

of the metal from the ore ; in this section we propose little more than to enumerate the

different objects wliich the smith and ironmongei furnish in the construction of buildings ;

and introductory to that it will be convenient to subjoin tables of the weights of round and

bar iron, and also of the weights of 1 foot of close hamn;ered bar iron of diH'erent thick-

nesses ; remembering tint a cube foot of close hammered iron weighs about 495 lbs., of

common wrought iron about 480 lbs., and of cast iron 450 lbs., whence may be derived the

weiijht of otlier solids whose cubic contents are known.

Taki.e showing the Weight of one

Foot in length of a square Ikon
Bar.

Takle showing the Weight of onk
Foot in length of a round Ikon
Bar.

Side of Side of

Square Weight in lbs. Square Weight in lbs.

in avoirdupois. 1 in avoirdupois.
iiR-lics. inches.

1

1 0-1875 2J 15-0625

'i
0-4687 2J 16-8740

1

1
0-81 '25 -s J8-8I25

s
3

1-2812 n 20-8125
3
1 1 -8740 n 22-9687
7
3

2-5625 <;3
-1 25-1875

.3 •.'3125 n 27-7500

U 4-2187 3 .30-0000

IJ 5-1875 Si 32 -53 1 2

'i
6 -.'5125 SI 35-1875

1

1

7 -5000 ••''', 37 -.9687

1 5 8-8125 '^''2 40-7812

1? 10-1875 ^^ 43-7*^'12

n 11-7167 33 46-8740

2 13-3125 n 50-(i520

4 53-3125

Diame-
ter in

Indies.

Weight in lbs.

avoirduj)ois.

1

Diame-
ter in

indies.

Weiglit in lbs.

avoirdupois.

\
0-1.'562 2^ 11-8125

i
0-3750

t

25 13-2500
J 0-6562 2^ 14-75r0

1 1 -0000 ':

'2k 16-3437
3
i

1-4687 23 18-0000

I
2-0000

j

23 19-7812
2-59:57 n 2 1 -6250

1 1

' 8
3 -.'i 1 '25 3 '23-5625

1 1 4-0937 sA 25-56 25

'^ 4-9375 H 27-6562

14 5-937i s^ '29-8125

1 ^ 6 -9052 3i 32 -0625
1 3
'l 8 -0000 n 34-4062

H 9-1875 3^ 36-8125

2 10-4607 3? 39-3116

' 41-8740

Thesi.' tables give a little less weight than some others now in use. To convert into w-eight

oF other metals, multiply the nuinl)ers, for cast iron Ijy -93 ; for steel by TOI j for copper
by 1-15 ; for brass by 1-09 ; for lead by 1-48 ; and for zinc by -92.

Table T. of the Weight of Hoop Iron, according to the customary width and

tliickness, by the Birmingham Wire Gauge, per 100 feet lengths (Hurst).

1 Mark. Width Weight M.irk. Width W.ight
No. in Indies. in Pounds. N... in Indies. ill I'uunds.

11 2f 115-78 15 u 36-.37

II (j) 3 126-30 15

If

33-34

12 2| 91-78 l«
(t's)

26-52

12 73-42 17 H 20-84

l-* n 71-23 18 1 16-17

H 2 63-32 19 7 12-38

14 J; 47-15 20 8-84

'^ '"? 40-41 21
8

6-95
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Table II. of the Weight and Thickness of a superficial Foot of Sheet 1ro«,

bv the Biriningliam Wire Gauge :

—

1

M.rk.
N.I.

D.'cimals
of ail lich

Tiiick.

Pounds
Weiglit.

Mark.
No.

Oeciin.ils

of an Inch
Tnkk.

Pour.ds
Weiglit.

Mark.
Nu.

Derimals
of an Inch
Thick.

Pound!
Weight

00000 (^)
0000

•500 20- 10 •137 5T.2 24 •022 1-00
•450 18- 11 (1) •125 500 25 •(^20 90

000(^5) •4375 17-50 12 •109 4 38 '-^fi
(s'l)

•018 0-80

00 (i)
•375 15^ 13 •094 3-75 27 -OlfJ 0-72

Q •340 13^60 14 •080 3-12 28 •014 0-f;4

1 (is)
•3125 12-50 15 •072 2-82 29 013 0-56

2 •284 12 00 16 (I's)
-06.'5 2-50 30 -012 0-50

3 "ifil iroo 17 •0)5 2-18
•^KtIs) -010 0-40

3-^ (i) •250 1000 18 •048 l-G ! 32 •009 0-3f)

5 •222 8-74 19 -012 1-70 33 •008 32
6 •20.S 8-12 20 035 1-54 34 -0O7 0-28

7 (^%)
•1875 7-50 21 a) •0312 1--50 35 •005 '.iO

H •lf>6 6-86 22 029 )
-.;.-: 36 •001 16

y 15S 6-24 23 •025 112

Table III. of the \Veight of a Sli'Ekficial Foot of Plate Ikon i.v Pounds.

Tliickness, parts of an Incli 1

IS
1

8 :%
1

7 ^^
3
S 1^6 i

Weight in pounds - 2-526 5 052 1-518 10-104 1 2-630
J15-156

17-682 20208

Thickness, parts of an Inch ^ s
8 16

3
4

LI
16

7 15
8

I

16 I 1

1

Weight in pounds - - |22-734 '25-260 '27-786 |30-312 '32-839 '35-365 |37 891 '40-4 17

Table IV. of the Wkight of OaniNAKY .-Vngle Iiio.v in Pounds per Lineal Foot.

Breadth in inches - - - ly
|

li Ij 2 \H n 2J "
1 H H

Weight per pound - - - 1
1 -8 1 2-7i 3-3'l 3-9!| 5-0

1 II 1
1

6-5| 8-3 ||10 4 11-7 140

Table V. of Weight of Ikon Bolts and Nuts. (Mulholland, in Builder, iv. 22. _;

Diameter of Bolt, inch. i
4

3
8 h

5
8

3
4

7
8 1 n 4 15

5-0

•416

2-86

6

•500

3-75

If

7

•5S3

4-74

Weight per foot of
|

round Iron, pounds/
•2 •4 •7 10 1-5 2-0 2-7 3-4

•283

4-2

-350
Weight per inch of)

round Iron / 016 -033 058 •083 •125 •166 -225

W'eight either ofl

Head or Nut j
021 -062 •145 •260 -468 •729 1-125 1-77 2-187

2254a. Bolts are now often made with square heads, so that these being let into the

timber, the stem cannot turn while the nut is being screwed up. Machinery has been

brought to b.ar for the manufacture of bolts, rivets, spikes, and otlier like articles ; "the
m<.'tious are so arranged that no attention is required beyond entering the bars into tiiC

Ittci rolls and cleaning the pieces of the ends of tlie iron out of the dies."
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Ta'i.e showing thk Weight of chse-lammend vlat Bar Iron, fkom One Inch wide
AND AN EjGHTH OF AN IncH THICK TO TwELVK InCHES "WIDE AND UnE InCH THICK.

Inches, Thickness iu Parts of an Ii.ch, and Weiglit in Pounds avoirdupois.
iiid their

I'arts ill

breadth.
J i 5 i S I i 1

1 0-4'9 0-859 1-289 1-718 2 148 2 578 3-O117 3 437

1* 0-484 0-.68 1 503 1-937 2 -422 2-005 3 383 3 8n8

li 539 1-078 1-639 2-148 2-682 3-226 0-758 '•-305

1^ Oo93 1-187 1-773 2-368 2 953 3 547 4-133 4 720

n 0-648 1-289 1-937 2-579 3218 3-867 4-508 5-156

n 0-fi9o 1-308 2093 2-789 3 4Q2 4-187 4 890 5-5''5

11

(i-7.')(» 1-500 2 25it 3008 3-758 4-508 5266 6 0]r,

Sill 1-609 2-414 3-218 4 281 4 835 5641 6-445

2 859 1-699 2-578 3 437 4-297 5-15ri 6 016 6-874

H 0-913 1-828 2-742 3-356 4-562 5-476 6 391 7-305

•^k
0-948 1 937 2-897 3867 4-835 5-805 6 766 7-734

1 023 2 039 3 0rt2 4-148 5101 6-125 7-148 8-161

2i 1-069 2148 3 218 4-297 5 375 6445 7-547 8-594

2| 1-125 2-250 3 383 4-516 5 641 6-766 7-897 9-023

%
1-179 2-366 3-500 4726 6-905 7-093 8273 9-443

1 234 2-468 3-721 4-937 6 180 7-414 8-648 9-882

3 1-289 2-578 3-867 5-1.6 6-445 7-734 9-023 10-312

H 1-344 2-(;87 4-031 5-375 6-734 8-055 9-398 11-742

H 1-398 2-789 4-187 5 609 6-V84 8 375 9-773 11-172

H 1-443 2-905 4-335 5-805 7-250 8-703 10-156 11-601

H 1-500 3-007 4-508 6-016 7-516 9-039 10 503 12-031

H 1 -562 3-1 17 4672 6-226 7-789 9-344 109115 12-461

sf 1-609 3-218 4-860 6-445 8062 9664 11-281 12-890

H 1-630 3--2S 5-000 6-656 8-328 9-992 11-656 13 320
4 1 718 3--!37 5-156 6-874 8-593 10 312 12 031 13-750

8 3-436 6-874 10-312 13-748 17-186 20-624 24-062 27-400

12 5 156 10312 15-469 20-625 25-781 30-937 36 094 41 250

If of Cast Iron.

12 4-835 9-664 14-500 19-3C6 24-172 29000 33-S36 38 672

2255. For the carcase of a building the articles furnislied by the smith are, wrought
iron columns with caps and hai^es for the support of great suj.eiiiicumbent weights.
Wrought iron columns -were used in EnglinJ as early as 1860 by Sir W. Fairbairn,

together with wrought iron girders, and brick arches for fireproof work. When columns
are beyond a certain length in proportion to their diameter they fail by bending, and not
by crushing; also wrought iron is much stronger to resist tension than cast iron;

and as it is an undoubted fact that connections can be made to wrought iron much better
tliati to cast, we have here a combination of advantages where long columns have to be
used which cannot but be appreciated. The use of steel for constructional purposes is

increasing rapidly, as it is so much more reliable than iron. Messrs. Lindsay roll many
s'^ctions of ^teel which can very easily be formed into columns by riveting. A column
made of a series of steel troughs, 16 inches diameter externally, would bear a safe load
of 115 tons if 30 feet long, and the weight would be 74 lbs. per foot only. A cast iro7i

column 16 inches iu diameter, 30 feet long, with H inches of metal, would (roughly) in

weight be 220 lbs. per foot run, and safe load 100 tons (J. Slater). Combination columns
of steel can be made to 6 feet diameter ; these, having a central concrete filling and outer
ring of bricks in cement, can be designed to sustain a load up to 2,000 tons. The3' jire

made from 13 inches to 48 inches in diameter, and are stated to be not more expensive
than cast iron columns, and far superior. Cast iron columns and stanchions were pre-
ferred both for economy and stiffness, as -was also that material for c/irders, beams, joists,

and bressum)n£rs, until the introduction ol plate iron and rolled iron (all which have been
treated in previous sections). Iron columns can be rcadn-ed Jire]>roof by encasing them
witli fireclay blocks, grooved and secured by iron plates with claws, which fit on the rivet

heads. For round columns a metal band is brought round the column, hooked tojether,

and dropped into the groove of the blocks. In tither case a heaA-y bed of mortar is next
appl cd, and theu another course of bkcks is bedded over the band or plate. Then it is
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our province, except to notice them. With this subject is connected the varieties of

revolving nkiitters in iron, wood, or steel, and with or without machinery; and made to

lift up, or down, or to move sideways. A revolving safety shutter in one sheet of steel

is probably the last invention ; it requires no machinery. Where the old method of

putting up shutters exists, Jennings's shop-shutter shots secure them as they are each put

up, without the necessity of any i^huttc^ bar.

22b'^q. Wrought iron u-ive bins, and new registered iron bins, adapted for small quan-

tities of wine, placed in a closet in a sitting or other room, and with or without doors,

will be found a useful addition in small houses.

ORNAMENTAL METAL WORK.

22bbh. The ornamental portion of smith's work has been largely introduced, of late

years especially, in wrought iron shaped by hand into various devices and patterns, more
especially according to the several periods of mediaeval architecture. The taite is chiefly

developed in gates, railings, altar and staircase standards, screens, grilles and gratings,

tombs, hinge fronts, the band finishing either in a flf'ur de lis or trident, reaching to

about three-fourths of the width of the door, and of gths iron ; or in some scrollwork,

which curls and scrolls over the entire face of the dour; shutter hinges, common door

hinges; gable crosses, terminals, vanes, and hipknobs ; ridge crestings; drop handles

with plates, closing rings and plates ; lock plates and escutcheons, knockers, keys, latches

and bolts, bell pulls, levers and plate pulls ; umbrella stands ; scrapers ; fenders and
fire-irons; dog-grates; lecterns and book rests; candlesticks, gas, lamp, and candle

pendants and brackets, desk lights, and standards; coronse lucis, lanterns, and pillars.

It is almost unnecessary to add that many of these articles are to be had in polished

brass, and that many of them are imitated in cast iron. Wrought and cast iron, as in

panelled work to gates, are sometimes employed together, the wrought parts enclosing

the panels.

2255/. As iron has now neither the tenacity nor the ductility whii-h it gained by the

old process of being repeatedly forged, the modern smith can scarcely hope to emulate

the tine works which were produced in mediaeval times, unless the iron be made for the

purpose. It is not easy to repeat the mediaeval operations of slotting a bar, so as to get the

eyes at equal distances, without a machine ; or of fastening hot (or, as in later times,

cold) clips ; or of cutting slits into a bar from the edge, and then curling the splintered

parts; yet these were common work for the smith in the 12th century. It is equally

difficult to produce the twisted work which was easy to the mediaeval smith, whoso chief

care in the 13th and 14th centuries was bestowed in welding, stamping, and chiselling
;

the file was scarcely ever used. In welding he was careful to fire the two parts separately,

getting the upper one to a white heat, the lower part to a red heat, and hammering the

joint lightly at first, but harder as the iron grew colder. He disguised the uneven state

of the upper part by punching on it separate dots, or else close ones, forming a sort of

incised line.

2255J. In very large specimens of ancient work, some parts are additions entirely

Welded, others are additions confined at the ends by bands, which are welded across the

groundwork. To imitate work of the 13th century, such as a grille, requires a drawing: at

full size, and a matrix for each leaf or bud. with an anvil cut to eacdi section which a bar

or a band is to assume ; this last se(-ms, with regard to the bar, to have been overlooked

by M. VioUet-le-Duc. Then, when a bar has been rounded (if needtul), and the end

stamped, the curl is given, and the smith Iws a stalk with a foot. Two of these must be

applied to the drawing to have the point of junction marked, and the feet are to be welded

together. If the sprigs then made are to be combined into br.inches, the larger stem is to

be prepared ; and, if moulded on the face, this was passed between the hammer and the

cut anvil by a process equivalent to rolling the bar. After the sprigs are welded with the

branch, the poverty of the joint is perhaps to be masked ; usually the mask was a moulded
band, to which an ornament, e.g. a cup of foliage, was sometimes added ; but frequently

the band was superseded by a stamped button. After the feet of the branches are welded
to the trunk or main stem, bands are laid over the junction, are welded, and are finished

with the chisel. The whole has to be riveted to the framework. The size and weight
of the pieces at the last times of welding were difficulties that were partly obviated after

1250 by omitting the welded bands.
2255^'. These operations were superseded by the introduction of sheet iron, in England

before 1300, in Germany before 1400, and in France soon afterwards, which was cut

and bossed to a remarkable extput, sometimes stamped, and frequently welded, but
later was riveted. In work of the 15th century the bars are neither stamped nor

cha::ed, and the sheets are riveted rnstead of being welded ; but later they are cither

planted or housed. Finally, the mediaeval smith re'urned to the slots, mortises, and
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short bars of the earlier periods, and used clips which were closed cold with rivets of

soft iron.

2255^. Tlie use of metal work in decoration, hoth as fixed in buildings, and in useful

movable articles, is most ancient ; the use of hrnme is recorded extensively in Greece

and Rome. 1 he metal so used has been mostly lost to us. Except gold, this is the most
enduring metal, and is suscpptible of the finest work which the modeller can bestow upon
it, and the chaser can enlarge on it. Its tenacity, too, enables cast work to have thick

and thin places, such as cast iron, and to some extent cast brass, will not allow without

cracking. The statue of Colleoni at Venice, Ijy Verocehio, is a fine example, together

with its band of bronze ornament round the pedestal. The gates and enclosure of the

tomb of Henry VII. 's chapel in Westminster Abbey should be studied for the art as well

as for their curious construction. Bronze is a metal which is beautiful if left in its own
golden tone, and in changing from this tone it never becomes ugly. It can be gilt, an I

will take various patinas, the green, brown, and black ; and when used with marble of

contrasting colours, produces eflftcts which cannot be had so well in any other way. J. S.

Gardner, Monumental Use of Bronze, in Journals of February and March, 1888, which
describes the cire perdue process of casting.

2265»i. Wrought iron has special qualities of strength, tenacity, durability, and relative

cheapness. It has lately come more and more into use. Hinges, screens, railings, grilles,

knockers, door handles, dogs, fenders, fittings for lights, fire irons.

Tlhbn. Polished iron is to be seen, but is not generally suitable for use in this

damp climate, but the fine grey polish it takes is very harmonious with rooms richly

furnished.

2255o. Steel was much used in the latter part of the 18th century; it has rather

a 'cold and severe tone, but where it can be kept clean it may bo used with excellent

eflfect.

22oo/>. For external work, black or painted wroi'ght iron must be used. The present
manufacture of iron is not favourable to durability ; the old mode of smelting by charcoal

made a finer, close and ductile iron, and less liable to rust ; and perhaps the atmosphere
in the great cities and towns is not favourable to the duration of wrought iron work.
For fine work the best iron should be used, especially when the work is intricate and needs
many welds. The French work of Louis XIV.'s time is very stately, rich, and well

balanced in design, with firm leading lines and graceful foliage and garlands. In Louis
XV.'s time the curves became bolder and looser, as in all art of that time, as in the eight

screens in the Grand Place at Nancy. In Louis XVI.'s time the work became elegant

and rather stiff. Soon after, fine ironwork died out. The German work is comparatively
clumsy, and the endless scrolls with sprays going out at strange tangents, and passing
through the scrolls in gratuitously difficult ways, the scrolls ending in flowers of the
shape of cocoons, and with antenn.-e springing from them, so as to remind one of great

insects, are not very beautiful, if clever from the ironworker's point of view. In later

times ironwork throughout Europe seems to have been greatly affected by the French
taste of the time. In England, the very noble work of Huntington Shaw, now at the
South Kensington Museum, having been removed from Hampton Court Palace, is different

from any other work, though it has its points of resemblance with French ironwork.

This and the gates and grilles in St. Paul's Cathedral are some of the best ironwork in

England. The construction is good, and the ornament is so applied as to enrich the
construction without hiding it, and to make a good composition of open and solid work,,

well contrasted and varied in the screens almost infinitely. There is a largeness of

style in these screens and in the St. Paul's ^^•ork, probably impressed upon it by Sir

C. Wren. The later work at the Adelphi has a very good contrast of free and rigid

lines.

2255}. There is no reason why the men now living should not do work as good as the
old men did. 'I here is still skill, patience, and dexterity in the country, and English
work from the 12th to the 18th century can be well compared with work of other
countries, so we need not be ashamed to compare that of the 19th century. The design
must be suitable to tne material. (H. Longden.)

2255r. The chief articles furnished by the ironmongeb are for tlie joiner's use,

and, except in particular cases, are kept in store by that tradesman for immediate
supply.

2257. They consist in screws made in brass, copper and iron, whose common sizes are
from three-quarters of an inch up to 4 inches in length. They are sold by the dozen.
Self boring tvood screws, the thread being made at a particular angle, are supplied in lengths
of i,

^. f, 1. \\, \\, If, 2, 2i 3, 3i, and 4 inches.

22o7<i'. Nails are now both wrought, cut, and cast, and made of iron, copper, and zinc.

They are called by a variety of names, according to their special uses. The principal are
here enumerated, Back nai's, whose shanks are flat so as to hold fast but not open the
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woofl. Clamp naih are for fastening clamps. Clasp tiails, or hrnds, are those -with

flatted heads, so that they may clasp the -wood. Tho^ also render the wood smooth, so

as to admit of a plane going over it. The sorts of most common use in building are

known by the names of tcn-pcnny, twcniy-pennij, and two-shilling nails. Clench nails are

such as are used by boat and barge builders, sometimes with boves or nuts, but often

without. They are made with clasp heads for fine work, or with the head beat flat on
two sides. ClotU vails, used for nailing clouts on axle-trees, are flat-headed, and iron-

work is usually nailed on with them. Dfck nails, for fastening decks in ships and floors

nailed with planks. Bog or jobent nails, fur fastening the hinges of doors, &c. Flat

points iiTe oi Wo sorts, long a.x\({ short; the former much used in shipping, and useful

where it is necessary to hold fast and draw without requiring to be clen<-hed; the latter

are furnished with points to drive into hard wood. L'ad nails, used for nailing lead,

leather, and canvas to hard wood, are the .'ame as clout nails dipped in lead or solder.

Port nails, for nailing hinges to the ports of ships. Bibbing nails, used for fastening the

ribbing to keep the ribs of ships in their place while the ship is building. Bose nails are

drawn square in the shank. Bother Jiails, chiefly used for fastening rother irons to ships.

Scupper nails, much in use for fastening leather and canvas to wood. Sharp nails, much
used in the West Indies, and made with sharp points and fiat shanks. Sheathing nails,

for fastening sheathing boards to ships ; their length is usually three times the thickness

of the board. Square 7iails are of the same shape as sharp nails; chiefly used for hard
wood. Brads are long and slender nails without heads, used for thin deal work to avoid
splitting. To these may be added tacks, the smallest sort of which serve to fasten paper
to wood ; the middling for medium work ; and the larger size, which are much used by
upholsterers. These are known by the name of white tacks, two-pen7iy , three-penny, and
fotir-pen.Qiy tacks. Cut nails are now much used.

2257*^. Nails of Crown quality comprise " cut clasp of inch, 1^, 2, 2|, and 3 to 6 inches
long. Floor brads of 2^ and 2| inches long. Cut lath of | and 1 inch. Joiners' brads
of 1, 1^, U, If, and 2 inches. Steel flat point rose for clenching, 1|, If, 2, 2^, 2^, 2f,
and 3 to 4 inches long. Cordes' patent rose, flat points, If, 1|, If, 2, 2|, and 3 to 6

inches long. Slate nails, 1|- or 1^ inches, of zinc, wire, malleable, galvanized." Spikes of

6, 6, and 7 inch lengths. See Glossahy, adhesion.

22o7c. "Weight of Flooring Beads tek 1,000 (rakely exceeding 900 Nails).

Wrought. Patent Cut. Thickness of

Length. Weight. Length. Weight. floors.

2 inch. 8 1b. 2 inch. Sib. 1 inch.

2i „ 10 „ 2i „ 10 „ Inch.

2i „ 12 „ n , 12 „ Inch.

^ n 16 „ 2f ..
15 „ l:t inch.

20 „ 3 „ 18 „ n „

22.t7<?. Tacks are tinned over; and all nails can be galvanized to prevent their

rusting. Nails for ornamental purposes, and likewise screws, are made with brass heads,

and the latter also with gilt heads.

2258. Butt hinges, whose name is probably derived from butting close surface to sur-
face when closed, are used for hanging doors and shutters, and made of wrought and cast

iron and brass, the former varying in size from 1^^ to 4 inches in length ; the latter from
1 inch to 4 inches. These, as well as all other hinges, are in size necessarily proportioned
to the magnitude and consequent weight of the shutters or doors they are to carry ; and
it is to be observed that, for the well-hanging of a door or shutter, the size of the hinge
should be rather on the outside of enough than under the mark. There is a species of

hinge used for doors called the rising joint hinge, a contrivance in which the pivot, having
on it a short portion of a spiral thread, and the part to which the door is flxed having a
correspondent mass, the door in opening rises, and clears the carpet or other impediment
visually placed on the flour. The projecting bracts butt is used when the shutter or door
is required to clear some projection, and thus, when opened, to lie completely back in a
plane parallel to its direction when shut. All hinges are sold by the pair, including the
necessary screws.

2258a. Besides these hinges there are cross garnets, whose form is like the letter ^—
sidewise. These are only used on the commonest external doors, and are made from
10 to 12 inches, varying in their dimensions by differences of two inches. H hinges are
of the shape of the letter H> showing their form as well as the origin of their name; and
in their sizes range from 4 to 12 inches by differences of an inch. |-L hinges (H and [_

conjoined), whose form is implied by their name, and whose sizes ai-e from 4 to 14 inches.
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proceed by inehrs. rarliamcnt hinges are to allow a shutter to open bnek upon a wall,

Hnd are made of cast and wrought iron, from 3^ to 5 inches, procetding in size by half

inches.

2268fi. Eedmund's patent hinges consist of, iron rising butts ; or in bra?s with

moulded burnished knuckles and concealed joints ; iron and brass projecting butts with

moulded burnished knuckles, flaps, and concealed joints, in three sizes of proportional

strength, from 1^ to 4| inches projection
; few hinges, in iron and brass, projecting 1, \\,

and 2 inches. Rising spring hinges in iron ; and not rising spring hinges, in brass, iron,

and patent malleable iron, and of single and double action; these are made flush, the

knuckle being made to suit the bead of the architrave ; rising swing hinges, which rise and

act each way
;
gate hinges of many descriptions, &C.

22o8<^. Coliinge's patent spherical hinges run from 2 to 6 inches, in plain brass, orna-

mental brass, and cast iron. The gate or strap hinge, from 1 foot 6 inches to ,'( feet 6

inches, in steps of 3 inches. Improved gate springs, with hardened joints. Spring

hinges, and also to open both ways, are made light, strong, and extra strong, for 1^, 2, 2^,

and 2^ inch doors, in iron and brass.

22o8f^. Among other useful hinges are swing centres, double action, to open both ways,

known as Smith's patent, Eedmund's and Gcrish's, chiefly for 2 and 2^ inch doors.

Halt's iron rod door springs, from 15 to 42 inches, called No. 1, No. 2, No. 3 and No. 4

qualities, also brass mounted. Circular door springs. Rising and not rising door back

springs; spiral door springs; and patent climax door springs for single and double

action doors, must also be ncted for closing doors.

2259. Rough rod bolts are those in which there is no continued barrel for the bolt, and
are for the most common service. Their sizes begin with a length of 3 inches, and pro-

ceed by inches up to a length of 10 inches; such, at least, are their common sizes.

Bright rod holts run of the same sizes as the last ; and, as the name indicates, the bolt is

polished and finished, so as to make them a better fastening, as far as appearance is con-

concerned. The spring plate bolt is contrived with a spring to keep the bolt up to its

work, but one which so soon gets out of order that we wonder it is now manufactured or

used. It is made of lengths from 3 to 8 inches, by variations of an inch in size. Barrelled

bolts are those in which the whole length of the bolt is enclosed in a continued cylindrical

barrel, and are superior to all others in use, as well as the most finished in their appe.ir-

anee. The common sizes are from 6 to 12 inches, varying by steps of an inch. All the

bolts above mentioned are sold per piece by the ironmonger, as are those cviW&A flush boUs,

a name given to such as are let into the surface to which they are applied, so as to stand

flush with it. They are mostly made of brass, and are of two different thicknesses, viz.

half and three-quarter inch. Their lengths vary from 2\ to 12 inches, and occasionally,

as circumstances may require, as in book-case doors and French saslies, to a greater lengt h.

But for French casements, what is called the Espagnolctte holt, a contrivance whose
origin is French, though much improved in its manufacture here, is now more generally

in use. Smith's patent weaihfr-tight casemeiii fasteningsfor French windows,- ccms\tit of a
plate formed in the edge of one door, which when shut is forced half its widih into a
groove in the other door. This acts in lieu of the E-^pagnolette bolt above mentioned.

Smith's patent water bar for casements opening outwards has been mentioned in

pars. '2\66h. and 2255i. Jackson's patent mortise bole appears to bo a late improvement
upon the round or the flush bolt. Elliott's patent perfict simplex metal weather bar is

adapted for all sorts of casements and doors opening inwards. It is made in zinc, brass,

and irrn.

2260. Pulleys, for hanging sashes and shutters, are made of iron and of brass, and with_

brass sheaves and bntss axles. Their sizes are from one inch and a half to two inches

and a half in diameter. M'Adani's pulleys for window sashes, of porcelain or vitreous

material, are consicered to bo exempt fr~im damp and rust through which cords may
become rotten. He adds to them a method of hanging double sashes witii a single weiphb
on each side of the window. Johnson's patent axle pulley for sashes, whereby the

wheel, axle, and lushes can be removed for oiling and cleaning; the two last being
covered in, are proteettd from dust and damp ; and the wheels cnnnot get fixed as in

ordinary pulleys. Adams' patfnt reversible and sliding window, by which the glass can
be cleaned from the inside. Solid-frame oilable sash pulleys. Austin's imperial patent

sadi and blind lines are made of flax in four <jualities, and his new imperial patei.t

flax sash line for heavy weights. Patent braided sash line with a twisted copper wire
centre, known as the " patent golden eagle sash line." A common description is made
from jute, but it is very inferior to flax. Henry's patent sash line fastener is easily fitted

and the cord readily adjusted. Newall's patent copper wire cord and wi7-e strand are
extensively used fi^ir window sash line, hothouses, lightning conductors, picture cord,

clock 3ord, tent rofes, clothes lines, &c ; the advantages, as reported, being that they
are cheaper, much more durable, equally flexible, and one-sixth part the bulk. Newall's
patent improved iron wire rope wo do not detnil.

3 A
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Table I. of Newall's Copper Cohds.

Number .... 1 H u IJ 1 2 3 4 5

45

11

G 7 8
1

9
1
10

rrDiameter, inch . 1
1 ' *

Breaking strain, lbs. .

Working load, in lbs. .

Lightning
Cniiductor.
120»
336

Tor Window Sash Line,
Hothouse, &c.

9C0 690 480 300 180 125
2.'4 168 112 76 45 31

Picture Cord, &c.

90 120 128 130 300
22 30 32 50 80

Brass axle pulleys and hothouse pulleys are supplied to tuit.

Table IL op Iron Cords—Galvanized AND Plain

Number 1
| IJ

|
IJ

|
1£ 2 3 4

Breaking strain, in pounds
Working load, in pounds

2520
672

1920
448

1380
326

9G0
224

600
150

360
90

250
60

Wire strand, 4 and 6 wire, of Ko. 3, 4, 5, 6, and 7 qualities
; galvanized and ungalvanized.

2261. The varieties of locks, their contrivances for security, and their construction, are
60 many, that to describe them minutely would require almost a work of itself. All that
the architect has to deal with, for common purposes in building, we shall mention. For
fastening places where particular security is requisite, as strong closets for plate or cash,
some of the patented locks should be used, and wo must leave this matter for inquiry in
the hands of the architect. Every patentee says his invendon is the best. We never-
theless believe, notwithstanding the boasts of all the inventors, that no lock has appeared
whichan expert locksmith acquainted with its construciion will not be able to pick. The
locks in comnion use are stock locks, whose box is usually of wood, and whose size's vary
from 7 to 10 inches. Dead locks, whose sizes are from 4 to 7 inches, and so called from
the key shooting the bolt home dead, without a spring. Cupboard locks, of 3, 31, and
4 inches in size. Iro7i rim locks, whose box or case is made of iron, and which are fitted on
to one of the sides of a door, and whose sizes are from 6 to 8 inches. Of those made of
the last-named size, there are some, as also of 9 inches, which are used for external doors,
called irmi rim drawback locks. For the doors of all well-finished apartments 7}iortise

<loor opener, or push and pull loek, an 1 Chubb's pitent locks. Hobbs's patent locks ...„
made for all purposes, from the smallest cabinet to the largest fortress gate." Hill's
patent reversible rivi lock has four "hands" in one lock, doing away with the necessity
of considering which way the door is to open. Tucker's new patent flush bolt spring
lock, self-locking dead lock, and railway carriage flush bolt spring lock; they lock
themselves when closing or closed. Eiggs' patent tubular reversible mortise lock ; the
machipe-made lock, 6 inches long and one inch diameter; the foreplate and striking plate
fire 3 inch by 1 inch, with rounded ends. To these either plain or fancy furniture, that
IS, knobs and escutcheons, are affixed. Longbottom's patent adjustable lock furniture,
simple and reliable.

2261a. Pitt's patent sdf-adjustivg spindle, with his new patent inoimt and spincVe,
and Ager's patent adjusting spindle, all command a Idrge sale. They are all fitted with
knobs and plates, from china, plain white and buflf, to gold lines, gold bands, flowers, &c.,
and in hard woods, as ebony, maple, satin, rose, mahogany, wainscot, and walnut'; the
knobs in many shapes

: also with plain and fancy brass, brass and china combined' and
buffalo horn furniture. Also with glass farniture, crystal and amber of varying shapes
and cutting, with green, black, and opal cut octagons. Above and below them Jinqer
plates are generally directed to be fixed, to prevent the door being soiled in the places
where it is mostly caught.

2262. The different suits of latches in use are the thumb latch, which receives its name
from the thumb being placed on the lever to raise its latch ; the Norfolk-latch, which is
sunk, and requires a pressure on the lever to raise the latch

; the Suffolk-latch ; the four-
inch bow latch, with brass knobs; the brass ptilpit latch; the mortise latch: and Gothic
latches.

2262a. Wishaw's registered improved " telekouphonon," for speaking pipes, consists
of a whistle mouth-piece of ivory, wood, or metal, with an indicator attached to point out
from which one or two or more tubes the whistle proceeds. These pipes are now
arranged for one or more mouthpieces. Electric bells are named in the next section.
The ordinary crank system of bell hanging is noticed in Specifications, 2202.
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2263. Besides the articles already mentioned, the iroDmonger furnishes hoJdfadf, wall-

fiooks, door springs of various sorts, door chaiiis and barrels of brass and iron, thumbscrews,

shutter fastenings, shutter bars, sash fastcni^igs, of which there are i ow many varieties

against burglary, adjustable silent door springs, brass turn buckles, closet knobs, brass

flush rings, iron drawer handles, brass flush draw handles, brass rolLrs, bars with latthets,

shelf brachts, sash weights, with numeroxis other articles.

2263a. Bolts, straps, and other exposed iron work are preserved from the action of mois-

ture on them by the following mixture:—To two quarts of boiling oil add half a pound

of litharge, putting in small quantities at a time, and cautiously. Let it simmer over the

fire two or three hours ; then strain it, and add a quarter of a pound of finoly-pounded

resin and a poucd of white lead, keeping it at a gentle heat till the whole is well incor-

porated. It is to be used hot. A composition of oil and resin and finely levigated brick-

dust is found useful in preserving iron from rust. It is to be mixed, and used as a paint

of the usual consistence (see par. 1779c. ^'^ seq.'^. 'Wrought iron ornamental work exposed

to the weather has been cased with copper and gilt, as much for decoration as for pre-

servation. The surface of iron may be decorated and highly vitrified, the colours being

burnt in. Thus the iron can be shaped to elaborate designs and artistically treated ; being

easily cleaned, it is a permanent material for walls, ceilings, and other parts of a building.

See the Barff-Power process, &c. for protection of iron, 1780c.

22636. Mr. T. Fletcher, of Warrington, has lately (1887), by the use of compressed

oxygen and coal gas, with a ^-in. gas supply, brazed a joint of a 2-in. wrought iron pipe

in about one minute. He then tried welding, a process not possible with ordinary coal

gas and air, and found that a good weld was obtained on an iron wire ^ in. diam., with

a very small blowpipe, having an air jet about ^ diam. Larger arlicles, as boiler plates,

h'e thinks could be done perfectly with little trouble and no handling. By this process

ho fused a large hole in a plate |- in. thick wrought iron by an apparatus which could be

carried up a ladder by one man.

GAS FITTER.

2264. The -work of this artizan may be placed under the head of this section, although

his trade is now kept distinct. Gas is required by the C(jmpanies' Acts of Parliament to

have a lighting power of 16 sperm candles when consumed at the rate of 5 cubic feet per

hour. As regards purity, the gas must bo entirely free from sulphuretted hydrogen, and
the maximum quantities of sulphur and ammonia allowed are fixed from time to time for

London by the gas referees (188o). The jwcssure of gas usually during the day varies

from 1^ inches to about 3 inches at night. This causes the burners to flare and
hiss. To regulate this pressure various contrivances have been invented. Carnaby's

is for the turning off of any number of liglits by working the handle of a dial in the

master's room or office. The Stott, Tice, Oakley, and other gas economisers are auto-

matic, having valves that rise and fall according as the pressure is larger or smaller
;

they are said to save from 20 to 40 per cent. 61" gas without diminution of light. A ready
plan of regulating the supply is to put the tap to the meter at such a point, by trial, as

will supply the lights in ordinary use. In large establis-hments this has been done by a

man, specially instructed, who alters it according to the lighting up or putting out of the

lights. A great saving has been thus effected. I'he various formuhe for calculating the

velocity and the pressure of effluent gas are to be found in Clegg, Treatise on Gas Light-

ing. The most economical workirg pressure is equivalent to the weight of a column of

water on the outlet, of about 1 inch. The formulafor calculating the quantity discharged

is 2 = 13/)0<.^ s/ -^; in which j' = the quantity sought in cubic feet per hour; d, the

diameter of the pipe ; h, the working pressure in inches; I, the length of the pipe in

y aids ; and s, the specific gravity of the gas compared with atmospheric air as unity.

Table of the Delia'ERY PER Hour through Pipes of THE Diameters named.

Size,

diam.
Thickness. Length. Weight. Delivery.

Size,

diam.
Thickness. Length. Weight. Delivery.

ins. cubic ft. ins. inch. feet. cwt. qr. lbs. cubic ft.

* 1
90 5 ].3-32iids 9 1 3 24 12,500

n wrought 160 6 7-lCtlH 9 2 2 2 IK.OOO
a L iron. 250 7 13-32ads 9 '4 14 24,500

5 S80 8 1-half 9 3 3 5 32,(KW

1, inrli. f<>ot. cwt. (jr. lbs. 500 9 17-32iids 9 4 2 2 40.5110

2 .'j-ieths 6 U 1 24 2,000 10 9-16ths 9 5 1 6 50,000
3 ll-32iids 6 1 3 4,500 12 5-8tLs 9 7 i, 72,000
4 3-8ths 9 1 1 24 8,000

For cost of laying, Eee Loekwood's Price Book, 1887, art. Gas Fitter.

3 a2
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22C4a. The main distribution of gas is effected through cast iron pipes with sockets

and spigot oiuis, -whenever the diameter exceeds 2 inches. Wrought iron weldud tubing
for gas is made from 3 in. diameter, li in., and then down by eacli j in. to ^ in., then

^,
A, uud g in. diameter, in lengths of from 4 to 12 Jeet, from 2 to 4 feet, ami shorter

pieces utuier 2 feet ; together with all their connectii g pieces, cucks, taps, screws, &c. A
5^ inch pipe is used for 2 lights, ginch for 6, i inch ftr 12, | inch for 2o, I inch for 60,
l^ inches for 70, 1^ inches for 120, and 2 inches for 200 lights. In the details of house
fittings, wrought iron pipes are used when the diameter is, and exceeds, half an inch

;

^ in. is the least size recommended to be used, even for supplying upper rooms. For
pipes of small diameters, and for abrupt bends, block tin and coniposition pipes are
fixed. For occasional use, flexible pipes are employed, such as those made of gutta-

percha, caoutchouc, with or witlKut a wire coil inside, and caoutchouc coated with
varnish. This Itst is the safest of the flexible pipes; the otiier, though safer when uspd
with a wire core, is not impermeable to gas, though a coat of linseed oil may render it s ).

The first-named is not only permeable, but causes an unpleasant smell, and is liable to

contraction at any junctions with metal work, allowing of the escape of gas. There has
lately been patented one formed of two layers of rubber, with pure soft tinfoil, vulcanised,

between
;
perfectly gas-tight under any j)ressure and free from smell, and very flexible.

The braided or cloth-covered tube has not come into general use. J3rass pipes are
generally used for the gasalier.

22646. Under no circumstances whatever should either iron or composition pipes he let

into the plastering, as is too constantly done, or into solid brick or stone work ; for the
salts in the latter are liable to affect the pipes in a serious manner, and the contraction .

and expansion of their materials may injure the joints; whilst it must always be difficult

to trace a leakage. When placed in a partition, any gas es&xping fills all the spaces
between the studs, and between the joists of the floors, so that when it comes in coutict

with a light the whole ignites, and the force of the explosion may cause the entire

destruction of the house. The police regulations of Paris require that gas-pipes in houses
should be visible throughout their length, excepting when they traverse floors, partitions,

&c., when the pipe conveying the gas is required to be enclosed in a larger one, project-

ing beyond the floor or partition, so as to ensure ventilation round it. Copper pipes

should never be used, on account of the action of the gas on the metal. Gas pipes should
be laid with a slight fall, on account of the condensation of the gas, and a draw-off tap
is required to empty it. Gas by itself will no more explode than air, and on issuing

into the air it will, if at once ignited, burn quietly, as at a gas burner. When gas is

previously mixed with air, the mixture, on ignition, explodes with terrific force.

2264c. The form of burner which yields the best economical results is the argand ; the
hat's-wing is the next best; and the fish-tail the worst. A number of small burners
dispersed will give a better light than collections of them. The argand burner, with 15
holes, will burn about 5^ to 8 feet per hour, according to the pressure ; ordinary street

lamps, having the bat's-wing, burn 3 to 8 feet per hour, and are usually contracted for at
the rate of 6| feet. Bronner's burners afford a stead}' light, and each is made to consume
us many feet per hour as may be required. The number of new burners have been much
increased. Bray's have a large sale; Sugg's are of various sorts for private use and in

j)ublic thoroughfares and edifices. His burners for public lamps affording 20 candle-
power consume 5 cubic feet per hour; 35 candles, 8 feet; 50 caidles, 12 feet; and 60
candles, 15 feet. The former are two burners, and the latter thr.e burners. The Heron's
duplex has two small burners impinging upon one another and so affording a clearer light.

34 of Bray's burners burnt 230 feet of gas, 34 of the duplex for one hour burnt 167.
Hart's economising burner dates from about 1859. Peeble's needle governor burners
save 20 to 40 per cent, of gas. Many of these lights are now supplied with " non-
corrosive " burners made of soapstone. One of the latest inventions (1887) is JVelsbach's

f-ystem of the incandescent light; it consists of a prepared "mantle" placed over a
Bunsen burner. It is stated that it doubles the illuminating power of thegis; gives
a steady, brilliant light; and saves 50 to 70 per cent, of gas; there is greatly diminished
lieat, no dirt, and no smoke ; the light rivals the electric light. Another is the Clamond
incandescent gas light, supplied by the ^olus Company; each gives a 40 candle-power
light on a consumption of 6 feet of gas per hour. The Chandler patent regenerative
gas light has no burner, the gas is-suing from a free, open pipe. By the action of the
air supply and the shape of the burner opening the flame assumes the form of an incan-
descent sphere, like a ball of fire, brilliant and white. It is adapted for barning 2 to 60
cubic feet per hour. A matchless self-lighting gas burner is in use. It is stated that
60 gas burners produce 2 gallons of water per hour by the combustion, hence part of the
damage caused to the walls, works of art, &c.

226id. The ordinary lights are stated to require 4 cubic feet of gas per hour, but this

is much too large ; 2\ and 3 will be found to give sufficient light if tiie burner is fairly

near the persjn ; the high lights of a gasalier are either inefficient or wasteful for reading
or working purposes, an 1 often affect the evesight.
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2264e. For lighting large rooms the solar or sun-light arrangement is ngreeaLle, a-nd

it is fitted to promote the ventilation of the room. It is very costly, not only in its first

establishment, partly from the necessity of securine the burners and pipes from setting

fire to the surrounding timbers, but also in the subsequent consumption of gas. In rooms
of moderate height, the heat to the occupants is objectionable. The Wenham lamp is

somewhat similar, but having a globe under, is better adapted to a small room. Eenham's
(formerly Riekett's) ventilating lamps are also fixtures. The reflecting and ventilating

Clapto7i light is economical in gas and suitable for public places. The patent Albo-car-

bon light is said to save 30 to 50 per cent, of gas, by the gas passing through a white
composition, -which, on being melted by the heat obtained from the burner, gives off a
vapour -which is taken up by the gas, thus giving increased brilliancy to the light.

2264/. As illustrations of the mode of lightivg public buildings may be cited ; I. The
concert room at Liverpool, designed and executed by Mr. A. King; it is effected princi-

pally by carrying a pipe in the cove of the ceiling, which pipe is pierced with numerous
holes for fish-tail burners. II. St. James's Hall, London, and the great hall of the

Reform Club, which are admirable illustrations of the use of the stellar and of the solar

I'ghts. III. The new theatre du Chatelet, at Paris, -where the lighting is effected by
1,300 burners placed above a vault of ground glass, and under a large enamelled refiector

;

the glass vault forms, in fact, the ceiling of the body of the house, so that the burners
themselves are entirely hid. This arrangement was also employed for a few years at the
picture gallery in Suffoik Street, London. And IV. The various passages and rooms of

the Houses of Parliament, which are lighted and ventilated under Faraday's principle.

2264^. Table of Comparison of Light-Pboducins Materials, by Dr. M. Tidy, in

Handbook of Modern Chemistry.

Light-producing Material
equal to 12 standard Sperm
Caudles, each burning 120

Grains per Hour.

Cubic Feet
Oxygen

Consumed.

Cubic Feet
Air

Consumrd.

Cubic Feet
Carbonic
Acid

Produced.

Cubic Feet
Air

Vitiated.

Heat= lbs. of

Water raised
10 deg. Fahr.

Cannel Gas
Common Gas -

Sperm Oil

Benzole - - -

Paraffin -

Sperm Candles -

Wax
Tallo-w -

Electric Light -

3-30

6-45

4-75

4-46

6-81

7-57

8-41

12-00

None

16-50

17-25

23-75

22 30
34-05

37-85

42-05

60-00

None

2-01

3 21
3-33

3-54

4-50

5-77

5-90

8-73

None

217-50

S48-25
356-75

376-30

484-05

614-85

632-25

933-00

None

195-0

278-6
233-5

232 6

361-9

351-7

383-1

505-4
13-8

A table, prepared by Mr. V. B. Lewes, showing the amount of oxygen removed, the

carbonic acid gas and -water vapour generated, by various illuminants to give a light equal

to 32 candle-power, is printed in the Proceedings of the Royal Institute of British Archie
ttcts, for April 12, 1888.

2264A. A notice was issued in .Tannar}', 1802, from the London Eire Engine Establish-

ment, stating that, "It appears absolutely necessary that some steps should be taken to

caution owners of properly, particularly in large wharves and warehouses, as to the posi-

tion and protection of the dangerous gas lights. These remarks may not be considered
unnecessary when it is remembered that in many of the most valuable buildings in the

metropolis movable gas brackets are placed within 20 inches of the ceiling without the

slightest protection whatever. It may be laid down as a rule that the jet on the outer
arm of the bracket should never be less than 36 inches irom the ceiling over it, and that

it should be protected on the top by a hanging shade, and on the sides by stops on the
swivel joints, which should prevent the brackets moving beyond a safe distance. Attention
might, perhaps, also be called to the very common and dangerous practice of nailing tin

or iron on the adjoining timbers. This has long proved to be no protection, and it has
the disadvantage of allowing the timber to be charred completely through before it is

known." In some places gas lights are used within 15 inches of the ceiling, and when
the glass shade has been broken and not replaced, the heat has been known to ignite the
floor timbers over the plastering.

2264i. It will not be necessary here to do more than mention the use of gas in the

kitchen for boiling water, or for baking and roasting (the apparatus for each, or for such
purposes, are now supplied in London by the gas companies at a rent) ; the baths
heated by gas, so readily adaptable in places where a coal stove cannot be used ; or the
several gas sto.vts for warming buildings and rooms, &c. See 2279e.

2264/. The urgency of efficient ventilation when gas is burnt in a room habitually is a
subject of immediate importance. It is principally to the neglect of this precaution that

the bulk of the injurious effects said to attend the use of gas may indeed be attributed.
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In tho case of Jibrarics, the destruction of book-bindings may be assigned more justly to

the heat tliaii to the chemical action of the products of combustion. No doubt the bi-

sulphide of carbon, which is present in even the most carefully purified g:ises, must give
rise to the formation of minute quantities of sulphurous acid : and this, in its turn, must
be destructive to some descriptions of leather—especially Russian (as noticed in the
Builder, vi. 89), but a rapid removal of the products of combustion would almost entirely

obviate this effect. It seems, however, that the excessive dryness and the heat of the air in

the upper part of rooms where gns is burnt may occasion the injury quite as much as the
chemical reactions supposed to take place ; the books which suffcT most being always
those placed above the level of tho lamps. Under any circumstances, ventilation should
take place close to the plane of tho ceilings. Even when provision is made for ventilation
over gas burners, a stratum of heated air is often allowed to stagnate over the openings,
close under the line of the ceiling; and the area of the openings is rarely sufiBcient to allow
llio escape of the decomposed gases. Again, if any sulphurous acid should be produced,
it will be found also to tarnish the colours of tapestry and hangings, and to turn imitation
gold

;
hence none but the best leaf-gold should be employed in rooms where gas is burnt.

The injury caused by the use of such gas as is supplied in London, Paris, Bruxelles, &c.,
is very small compared with the brilliance of the light; and the gas of Liverpool, Edin-
burgh, Manchester, and some other places having, bulk for bulk, a higher illuminating
power than that of London, is even less injurious. Mr, Spencer has reported that the
quantity of gas leaking from London gas pipes is not less than 9 per cent , or between six

and seven million cubic feet pi*r annum, which causes the stinking black earth of the
London street subsoil. No such leakage occurs at Liverpool or Manchester, where the
joints of the pipes are bored, turned, and fitted to each other, like ground stoppers in glass
bottles; whereas in London the pipes are jointed with tow and lead, so that after expansion
and contraccion in summer and winter the perfection of the joiuts is destroyed. The gas
then, acting upon the subsoil, forms sulphuretted carbon, which corrodes not only the gas
pipes, but the water mains also, and converts them in ten years almost entirely into a sort
of plumbago, although in pure London subsoil they lust a century,

ELECTRIC APPLIANCES.

2264/t. For the important subject of Lightning Conductors, reference should be made
to R. Anderson, Their History, Nature, and Mode of Application, of which the third
edition, revised, rearranged, and enlarged, was published in 1887: "The numerous
accidents to buildings fitted with conductors sufficiently indicate the indispensable
necessity for occasional inspection. The chief causes that detr; ct from their efficacy aro
original defects of capacity, conductivity, and fitting, faulty earth "conne.tions, accidental
injury and mechanical derangements, oxidation of joints and of earth contacts, and
alterations in the conductive capacity of the ground in consequence of improved drainage."
The efficiency of a conductor is in proportion to the sectional area of the metal. Tapes
are made y^th of an iuch thick, being inch, l^ inches, and 2 inches wide

;
^th of an inch

thick, being |ths of an inch wide; ^th of an inch thick, being |ths of an inch, inch, and
1| inches wide. The conductors should not be less than ^th of an inch thick and ^ths
of an inch wide, weighing G oz. per foot, as recommended by the Lightning Rod Con-
ference, 1882. The upper terminal should be in the form of a sharp point, or a cluster

of sharp points. As this point may become blunted, an alloy of 835 parts silver and
165 parts of copper is therefore used for it, at Paris. Tho earth termination should ba
taken some depth, and into moist ground or water, and have a large area of contact.

"When this is not to bo obtained, a copper plate at least 9 feet square should be carefully

riveted to the end of the tape and be buried in a well, packed with cinders or coke.

Professor Fleming has pointed out that the ultimate safety of a conductor lies in the
proper periodical testing of the earth connection of the conductor.

'I'l&U. Electricity for lighting purposes can be obtained by chemical action, as by an
arrangement of a voltaic battery, and the combination of cells is termed a " primary
battery." A steady light is stated to be maintained at a cost not much in excess of that
from a "dynamo "machine. Such a battery may suffice for a small country house, but a
large number of lamps will require a battery of great bulk ; hence it is more economical
to produce electricity mechanically, by converting the energy of the prime motor into

electric force by the use of the dynamo machine. This motive power is obtained by
steam, water, or gas, according to circumstances. The engine house would contain tho

dynamos for generating the electric current. The current is then taken to a '• switch
lioard," which is a simple apparatus on which all connections are made with suitable

arrangements, so that either one or more machines can be made to deliver into the same
conductor. On this board is an instrument for measuring the strength of the current,

so fixed that it can be read by the attendant by turning the handle of a switch. From
this board the mains go towards the lamps, starting as a cable, which ramifies into
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smaller mains and branches until each incandescent lamp is reached. It is of supreme
importance in electric lighting that the current should always be uniform at all times in

each individual part of the work, and be unaffected by changes in other parts, Ihe
compound shunt machine has been devised to effect this arrangement.

226im. A source of danger to property is in the mains and branch wires conducting the

current to the lamps; tliey must he of sufficient proportion, and of a material whose
resistance is uniform. Copper wire is used because it can be obtained in a purer state

Than any other available metal, and text to silver it is the best conductor of electricity.

Great attention is required to the connectors and joints, and the connections made with
binding screws ; besides causing resistance in the circuit, bad contact between a wire and
a terminal will produce heat. A faulty junction may also upset the calculations made
for the current to be taken by an otherwise efficient cable ; solder alone must not be relief

upon, as it may become softened by the current; it must be mechanically perfect. A
" short circuit" is the current taking the shorter path, where, having no work to do, it

causes fire. The only preventive is a " cut out " or a " safety fuse," described as " a piece

of e,-isily fusible metal, which would be melted if the current attains auy undue magni-
tude, and would thus cause the circuit to be broken." From arc lights pieces of

incandescent carbon are apt to drop ; more fires have occurred from this cause than any
other. Electricity, having no smell to betray a leak, shows when it is escaping by the
diminished appearance of the lights, caused by the diversion of the system.

2264«. Even if the cost of electric lighting be higher than ihat of a private gas supply,

the extra cost of it for those rooms wliure the preservation of works of art, books, and de-
corations has to be considered would be amply returned. The property of not vitiating or

heating the air will be the salient one which, when fully appreciated, must banish gas and
oil from the houses of those who consider sanitary excellence the principal feature of a
beautiful house. (K. Hedges, in Transactions of Royal Institute of British Architects,

1883-4, p. 143). The Electric Ligh'ing Act was passed August 18, 1882. The Maxim-
"Weston Electric Company (Limited) supply (Nov. 1887) the new "Watt" system
of lighting. They claim that they can now obtain six arc lamps of 150 candle-power in

place of one, as heretofore, from one electrical horse-power. The Pilsen-Joel arc lamp is

of 1,000 to 10,000 candle-power ; the incandescence or glow lumps are of 5, 10, 16, 20,

30, to 100 candle-power, for lighting rooms, &c. To popularise the electric light is the
only way to make it pay— it must be cheap and efficient. By cheapness is to be under-
stood, either a small first cost and a correspondingly small cost for maintenance, as in

the case of a battery placed in the house, or a moderate charge for the supply of the
current, as in the ca?e of a central distributing station. The lamps must be adaptable

to the present gas fittings, and the cost of the light must be but little, if at all, in

excess of that of the gas of the district. Though the advantages of this light are great in

R hjgienic and domestic point of view, the public would, in the main, continue to use the

present methods of illumination rather than adopt any new system which entailed extra
cost, however satisfied they might be that positive advantages were to be gained by it.

(P. F. Mersey, On Priman/ Batteries, Nov. 1887.) The Phosnix Fire Office rules for fixing,

&c., an installation are those now generally required to be carried out by the fire offices.

2264o. Although electricity has not ousted gas from the field, as it was at one time
thought it would do, it has yet made more progress than many people imagine, and i.o

architect would design a public hall without fitting it with incandescent lamps. These
do not give off as much heat as gas, nor do they contaminate the atmosphere. The
insertion of " !^torage batteries " as a sort of buffer between the machine and the lights, and
as a means of avoiding the risk of a break-down of the engine, has done much to render
electric lighting more generally available ; and considerable improvements have been made
in these " storage batteries" during the last fewyears. The battery of the Union Electrical

Power Light Company, of fifteen cells, will run twelve ten-candle incandescent lamps,
and occupies a few feet only. A small primary battery and lamp combined is invented, so

that an electric lamp can be placed on the table ; this can be recharged by simply pouring
into the cell containing the plates the necessary liquid. These lamps will run for about
three hours—say a dinner time.

2264^. A method of electric lighting for small areas, v. here the trouble and expense of

fixing up and working engines and dynamos constitute a serious objection, has been intro-

duced by Messrs. Woodhouse and Rawson,in which no machinery is required. The whole
apparatus is contained in a space of some 5 feet by 6 feet, by 8 feet in height, with a
perfect absence of smell, noise, or dirt. The light is generated by an " Upward " battery.

The cost for the equipment of an installation to run eleven lamps (10 candle-power each)
for two hours, or six for four hours, is 56/. ; while fifteen lights for three hours, or eight

for six hours, is 84/., and .«!0 on. The House to House Electric Light Supply Co. is taking
active steps to promote this means of illumination.

22645'. There is a new electric gas lighting system, by which gas is lighted, turned on,

and extinguished at any distance by simply pressing a button, as in ordinary electric

bells; and at the same time the battery may be used for ringing electric bells.
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2264r. BelU. The principle, fis applied to all the different method? of construction, is

that the completion of the circuit of the electric current rings the bell, the medium of

communicaiion from the distant points being -nire of various descriptions, carefully

insulated. The mechanism is confined to the jivsh (the reverse of the crank system,

Avhicli has the ^w//) and to the bell itself, which is struck by a hammer attached to a
small and light magnet. The wires are fixed. One bt-ll will answer the purpose for any
number of rooms. The battery whence the electric power is supplied is, for an ordinnry

house, a small six-cell battery, about twelve inches long, nine inches wide, and six inches

deep. The positive poles of the six cells are all connrcted with each other, and also the

negative poles, each to brass knobs on the outside of the box. From the positive pole of

the battery a wire passes, which is connected with each room, and from each room a w're

passes tn the indicator. This is a tablet with openings, upon which are inscribed

numbers for, or names of, the rooms. The push, a light ivory knob, completes the fh ctric

circle; on being set in action by it, the current travels through the wire to the indicator,

and then by the movement of a balanced magnet the number or name appears, and by a
light magnet attache 1 to a spring it rings the bell, which can be made to ring until the

magnet is rebased by the hand, or a button, which also returns the name or number to its

place. The wires are insulated by gutta-percha or india-rubber and coils of cotton or
silk, which, if exposed, can bp made of a colour to match the paper or paint of the room.
The bell pushes and other furniture can be carried out in any decorative character.
• 2264s. The electric bell system can be adopted for protection against thieves and fire.

For the former, every external door and window may be connected with a battery so that,

when the circle is complete, the opening of the door or window will ring the bell. In the
daytime a switch is used to disconnect the communication, so that the doors and windows
m;iy be opened without ringing the alarum. For the latter, or fire, a thermometer,
hermetically sealed, into which a platinum wire is fixed, is regulated to any point indic-it-

ing danger, say 100° of heat, and connected with the battery. Should the mercury rise

to that point, the contact of it with the platinum completes the eirciiit, the bell rings and
sounds the alarum. For the sick bed, the invalid has only to give a slight pressure to a
knob at the end of a silk cord, laid close to the pillow, instead of having to overcome
the stiffness and weight of the old crank and wire system.

226 ii!. Mosoley's patent electric bells are fixed on the sjstem of the battery not buiiig

in use when the bell is not ringing.

2264?/. The best time to commence fixing the bells is stated to be when the first coat of

plaster is laid on the walls, and before the floor boards are nailed down. The joints and
connections between the compo tubing and the bells should be carefully soldered, and the
iron wall boxes fixed flush with the finished wall, with the screw holes in front perfectly

vertical. The fixings required are press buttons or pushes, lever action pulls, or bell

ropes, for rooms used in the day. Bed-head pulls, flexible cords, or pushes, for the

bedrooms. Pull-out pulls or ptishes for front door or entrances. The tubing is |-ineh

bore composition, let into the plaster, &c., and protected therein by wood, or Tiy larger

zinc bell tubing. The pulls m.ay be either the " sunk" pattern, or the " raised " pattern,

which is fixed on the face of a wall or partition.

We can only here refer to the later invtntion of the " telephone."

Sect. XI.

FOUNDERY,

2265. The very general use of cast iron by the architect induces us to give a succinct

account of the common operations of foundery, or the art of casting metal into different

forms. To gain a proper knowledge of the operatic ns, the student should attend a few

castings at the foundery itself, which will be more useful to him than all the description we
could detail of it; however, we give a few particulars not nouced in the previous section

on Iron. Some of the articles cast are noticed in par. 22o.5A-.

2265a. Those manufacturers who will attend to the good quality of the irons they sell

can generally command their own price. Thus, the Low Moor and the Bowling bar irons

continue in possession of the market at nominally high prices, whilst the ordinary irons

are hardly saleable at remunerative ones. The Welsh iron, known as the SO brands, or

the Staffordshire mitre iron, are of at least equal quality to the above, and there are others

as good.

2265^. Staffordshire, Shropshire, and Derbyshire afford the b'st irons for castings.

The Scotch iron is much esteemed for hollow wares, and has a beautifully smooth surface,

which may be noticed in the stoves and other articles cast by the Carron Company. The
Welsh pig iron is principally usi d for conversion into bar iron. Almost all irons are im-

proved I y admixture with others, and therefore, w here supericr castings are required, they
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should not be run direct from the smelting furnace, but the metal should be romeltedina

cupola furnace, which gives the opportunity of suiting the quality of the iron to its intended

use. Thus, for delicate ornamental work a solt and very fluid iron will be required, whilst

for girders and castings exposed to cross strain the metal will require to be harder and

more tenacious. For bed plates and castings, which have merely to sustain a compressing

force, the chief point to be attended to is the hardness of the metal. Various mixtures of

different qualities of iron have been recommended as materials for large castings (see Fair-

bairn's Ajyplication of Iron, ^-c. 6.i). Most engineers are agreed in considering that the best

course for an engineer to take, iu order to obtain iron of a certai-n si rength for a proposed

structure, is not to specify to the founder any particular mixture, but to specify a certain

minimum strength wliich the iron should exert when tested by experiment.

226of. As noticed in a previous chapter, the ores are smelted by cold and hot air blasts.

The latter iron makes very fine castings, but is deficient in tenacity, and requires great care

ill its application to the purposes of machinery, and for girder castings, by employing it as

see(,nd runnings from the cupula, and mixing third-class pig iron with the first. On
account of some defects in it, hot blast iron should be excluded from all such works as

girder bridges, machinery castings, &c.,and from the preparation of bar iron where great

strength in the metal is required. It appears that there are no means of detecting hot or

cold blast irons in pig castings. Whenever great strength is required, air furnaces instead

of cupolas should be used, and where it is not connected with too great an expense, loam

instead of green sand should be used for moulding,

2265i. Table of the Weight of Cast Ikon feb Foot Superficial. (Hurst.)

The weight of a cubic f .ot is put at 456 lbs. and 460 lbs.

Thickness in inches •
1
15 *

a
It) i

5
16

3
8

7
l8

1

3

Weight in pounds 2-34 4-68 703 937 11-72 14-06 16-40 18-75

Thickness in inches - ^ 1
11
16

3
4

13
16

3.
8

1.5

To 1

Weight in pounds - 21 "09 23-44 2578 28-12 30-47 32-81 35-16 37-50

2265e. Collinson s Mansfield moulding sand has a wide reputation among the modellers

of the finest brass and iron castings, arising, no doubt, partly from its exquisite fineness of

grain, but more particularly from its clay-like adhesiveness and plaster quality, combined

with a total freedom from any coarse or gritty particles. It is found under a deep deposit

of coarse sand, ordinarily known as building sand, and within a short distance of the well-

known white and red Mansfield stone quarries, in Nottinghamshire. The Isle of Wight
sands are also used for the purpose. The sand usually employed in casting is of a soft:

yellow and clammy nature, over which, in the mould, charcoal is strewed. Upon the sand

properly prepared, the wood or metal models of what is intended to be cast are applied to

the mould, and pressed so as to leave their impression upon the sand. Canals are provided

for the metal, when melted, to run through. After the frame is finished, the patterns are

taken out by loosening them all round, that the sand may not give way. The other half

of the mould is then worked with the same patterns, in a similar frime, but having pins

which, entering into holes that correspond to it in the other, cause the two cavities of the

pattern exactly to fall on each other. The frame thus moulded comes now under the care

ot the melter, who prepares it for the reception of the metal.

2265/". In making patterns for cast iron, an allowance is always made of about one-eighth

of an inch per foot for the contraction of the metal in cooling. And it may be also requisite

that the patterns should be slightly bevelled, that they may be drawn out of the sand with-

out injuring the impression ; for this purpo-e, jg of an inch in 6 inches is sufficient.

2265//. All castings should be kept as nearly as possible of the same bulk, in order that

the cooling may take place equably. It is of importance to prevent air-bubbles in castings,

and the more time there is allowed for cooling the better, because, when rapidly cooled,

the iron does not become so tough as when gradually' cooled. It is important in any casting

tol:ave the metal as uniform as possible, and not of different sorts, for different sorts will

sh rink differently, and thus will be caused an unequal tension among the parts of the metal,

which will impair its strength ; and, beyond this, an unevenness is produced by such mix-
ture on the surface of the casting, for different sorts can never be perfectly blended tiigetlier.

226-5A. Castings should show on the outer surface a smooth, clear, and continuous

skin, with regular faces and sharp angles. When broken, the surface of fracture should be of

a light bluish-grey colour, and close-grained texture, with considerable metallic lustre; both

colour and texture should be uniform, except th;it ne;;r the skin the colour may be some-
what lighter and the grain closer ; if the fractured surface is mottled, either with pat(-hts

of darker or lighter iron, or with crystalline patches, the casting will be UDsafe ; and it
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will be stiil more unsafe if it contains air-bubbles. The iron should be soft enough to be
slightly indented by a blow of a hammer on an edge of a casting. Castings are tested for

air-bubbles by ringing them with a hammer all over the surface. Iron becomes morfr
compact and sound by being cast under pressure; and hence cannon, pipes, columns, &c.,

are stronger when cast in a vertical than in a horizontal position, and stronger still when
provided with a head or additional length, whose weight serves to compress the mass of
iron in the mould below it. The air-bubbles ascend and collect in the head, which is

broken off when the casting is cool. Care should be taken not to cut or remove the skin
of a piece of cast iron at those points where the stress is intense. The most certain test

of the goodness of a piece of cast iron is by striking the edge with a hammer : if a slight

impression be made it denotes some degree of malleability, the iron is of a good quality,,

provided it be uniform ; if fragments fly off, and no sensible indentation be made, the iron

will be h;ird and brittle. The difference between good and bad iron is shown mainly by
the breaking; good iron breaks like a piece of good fir timber; bad iron will break like

a carrot, it snaps in two.

2266«. Malleable cast iron is made by embedding the castings to be made malleable in

the powder of red haematite. They are then raised to a bright red heat, which occupies
about twenty-four hours, maintained at that heat for a period varying from three to five

days, according to the size of the casting, and allowed to cool, which occupies about
twenty-four hours more. The oxygen of the haematite extracts part of the carbon from
the cast iron, which is thus converted into a sort of soft steel : and its tenacity, according
to experiments by Messrs. A. More and Son, becomes more than 48,000 lbs. per square
inch. (Rankine.) Steel is noticed in Book II. Chap. II.

226.5A-. For resisting fire, as in fireplaces, good strong cast iron is the best material.
The quality of breadth of design can be got by cast work better than by wrought work,
and each requires its own system of de-ign. The street railing, or screen to All Saints'

Church, Margaret Street, is considered a good specimen. It can be covered with fine

delicate ornamentation, as done by Mr. Philip Webb. The backs of old fireplaces are
generally fine specimens of cast work. There are also cast iron fire-dogs.

2266. Thefoundery of statues, which is among the most difficult of its branches, belongs
exclusively to the sculptor, and is usually carried on in bronze. The execution of the
bronze castings, made by the firm of Barbedienne of Paris, is attributed mainly, after the
skill of the modeller, to the fineness of the sand, which can only be obtained at Fontenay-
aux-Roses, in France. When new it is yellow in colour, but on account of its cost it is

mixed in well-ascertained proportions with the old sand, which has become black, the
mixture forming a good combination for the mould ; other sands are considered to have
two much silex in them, whereas the Fontenay sand 'has exactly the proportion necessary
for the fineness of the work.

TESTING AND MACHINERY.
22G6a. Ironmasters are, to some extent, averse to testing. A writer has been advised

to exhibit his knowledge of the subject by simply specifying " best merchantable iron,"

and if from inspection it was not found to be good it could be tested. Testing is about
the only means at the disposal of an engineer to obtain really what he wants. Work
tests mean, tapping plates with a hammer to ascertain if they are solid, in which case
each tap will produce a ringing sound ; also breaking the corner off a plate here and there,

of course before the plates are " worked" ; and examining the punchings from the iron, for

the purpose of forming some idea of its quality. Those from Low Moor and some of the
Staffordshire brands will stand the punch without the slightest sign of cracking, whilst

hard, brittle iron will break up in all directions on the convex side of the punching,
tiood ordinary iron, such as ought to be used in girder work, will only show slight cracks,

all running with the fibre of the iron. (C. G. Smith, Wrought Iron Girder Work, 1877.)
2266ft. Granting that it is advisable to carry out tests, and that these tests should be

realities and not mere forms, it is certainly advisable that some method of testing should
be substituted for the present plan of testing girders whole. At present, a certain per-

centage of the rolled joists or iither girders for a building are specified to be tested up
to loads equivalent to those given in " Shaw's Tables," which correspond to a maximum
stress of 6 tons per square inch in the material, and should return to their original forms
without permanent set ; and this deflection test is the only one carried out. But it is not
easy to measure a small permanent deflection, say ^o of an inch, with certainty on a
30-foot joist with such means as are commonly used in the yard, and so it cannot be very
rigidly enforced under ordinary circumstances. But it affords no clue to the properties

of the material used. It would be much more satisfactory, and probably not more
expensive or troublesome, if the tests specified were made more like those adopted by the

Registry societies. The temper test, for the architect's purpose, might be omitted. The
ultimate extension test is an indication—a rough indication—of the difficulty of the

niutal ; we ought to know the maximum extension before the material begins to give way



Chap. III. TESTING AND MACHINERY. 731

locally. This, however, is somewhat more difficult to measure. It would be sufficient to

specify that nne out of, say, every ten joists or angles should be supplied 18 inches more
than the ordered length, the extra piece cut off, and two strips cut from it (one from the

web, and one from the flange in the case of the joist) tested for tenacity and extension.

The limits fixed might be, according to circumstances, either 28 to 32 tons tenacity per

square inch, and 20 per cent, extension in 10 inches; or 38 to 42 tons tenacity and
12 per cent, extension. The tests are made by preference at the manufacturer's yard, in

the prest^nce of the inspector, doubtful or special cases being sent to some independent

testing machine. In cases of large orders not less than 2 per cent, of the number of

plates, &c., have to be tested in this way. {A. B. W. Kennedy.
)

2266c. To test a stanchion, or other cast iron work, especially if painted, it should be

examined carefully all over by a good-sized hammer, having a sharp point at one end, such

as a scaffolder's axe. Ply the point or edge of the hammer to any scaly-looking or white

spots, and follow iton. Some founders are clever at filling up faults with a soft metal, and
the deftcts are generally on the face that lies uppermost in the mould. One fault may be

found that would jeopardise the stability of a building. To test the same for strength can

only be done by a scientific apparatus now provided at many establishments for the purpose.

2266(f. Testing Stove. The weight necessary to crush a stone varies with the state of

cohesion and hardness of the particles composing it. (Pee par. 1600 et seq.) The full

particulars of the quarry and bed of each stone tested should be stated. It is almost

iisele.-s to experiment upon cubes of one inch, as was necessarily done before the powerful

machines of the present day were invented ; 4-inch or 6-ineh cubes are the least sizes,

especially where large shells appear. Mu-'h care and skill are also requisite in the manner
of testing. The cubes should all bo carefully dressed by rubbing down the faces, which
should be strictly parallel, perhaps made so in a steel frame. They should all be placed

on or against their natural bed. The Bath stones tested by Messrs Poole are stated to

have been placed between parallel iron plates, and the pressure communicated to the

cubes, having a sheet of lead at the top and bottom, and between the upper or movable

plate and the upper lead plate was a conic;il heap of fine sand, which was carefully pressed

by the upper plate, so as to ensure an equal pressure on every particle of the upper and
lower beds of the stone. Sometimes the stone is bedded with pieces of pine, from

|- to I inch thick. Leather has likewise been used {Builder, 1886, p. /iOl); also mill-

board. Prof. Henry (of the American Association of Science, 1855) experimented on blocks

of l|-inch cube between thin plates of lead. It was found that while one of these C4ibes

would sustain 30,000 lbs., it would sustain 60,000 Us. without the lead plates. When
the blocks were rendered perfectly parallel by a machine, the marble chosen for the

Capitol, from a quarry at Lee, Massachusetts, would sustain about 25,000 lbs. to the

square inch. Barlow states ihat the crushing strength of Porthmd stone ranges from
about 1,384 lbs. to 4.000 lbs. per square inch; the Institute experiments give 2,576 lbs.

for 2-inch cubes, 4,099 lbs. for 4-inch cubes, and 4,300 lbs. for 6-inch cubes, pr >ving the

advantage of testing large sizes. Eennie gives 3,729 lbs., followed by Molesworth
;

while Hur.st gives 2,022 lbs.

2266e. Testing cement has been described in par. 1864e. The machines commonly used

are those by Mr. Adie and Mr. Michele {Builder, xlviii. p. 283) ; by the former,

briquettes of 1| inch square can be tested. Reid and Bailey's is described in Builder,

1877, XXXV. p. 1015; Arnold's in Builder for October 22, 1887, p. 579.

2266/. The hydraulic press is generally used for testing. This is a closed vessel, with

its upper surface level, completely filled with water; two openings are made in it,

which are replaced by pistons of areas 1 and 10 square inches. If a weight of 1 lb. be

placed on the smaller piston, a pressure of 1 lb. will be felt everywhere in the interior of

the fluid, and the pressure on the larger piston will be 10 lbs. Thus a force of 1 lb. acting

on the area 1 square inch, produces a pressure of 10 lbs. on the area 10 square inches.

2266^. Messrs. W. H. Bailey & Co., of Salford, manufacture testing machines, as

Thurston's for torsion ; Bramah's hydraulic, for cement, tensile, crushing and transverse,

and for yarn and oil ; testers for tensile, torsion, and compression, and other purposes,

as paper, wire, cloth, &c. ; also test pumps for steam boilers, kitchen boilers, high
pressure, gas fittings, water works, &c. ; Professor Tiiurston's patent testers for materials

of construction ; and Tangye's patent hydraulic boiler prover. There are many well-

known American testing machines.

The fallowing persons and institutions have set up testing machinery for public use or

for instruction :—

•

2266A. B. Kirkaldy, established 1866, for testing and experimenting on the strength

of various kinds of metals and their alloys, stones, artificial stones, bricks, concretes,

cements, timbers, &c. The powerful machinery is adapted for any kind of strain

—

namely, pulling, crushing, thrusting, bending, twisting, shearing, punching, bulging, and
buckling, from 10 lbs. to 1,000,000 lbs. To entire manufactured articles, and timbers of

full size, any amount of proof strain desired can be applied, or their ultimate breaking
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strength can be ascertained. The delicacy and accuracy of the machine is proved by its

ability to test cement, canvas, and wire up to the greatest strains required for practical

purposes. The capabilities for sizes are as follows:— Fulling stress, any length up to

300 inches. Crushing sties-s, any length up to 250 inches for columns, &c. For testing

bricks, six of a sort are required for aveiage results. Eor stones, three or four 6-inch

cubes, accurately ground ; concrete, usunlly 12-inch cubes. For cement, half a bus-hel is

required, and it is suitably made up at the works for testing under pulling or thrusting

stress. Bending (-tress, any span up to 300 inches. For comparing the strengths of full-

sized timber or iron joists, 10 feet span is recommended as a good standard. The fine

museums at Messrs. Kirkaldy s works are open to architects and others taking an interest

in the subject; and the results of the many experiments on full-sized work of every

variety of material used in building or engineering operations, since January, 1866, will

be seen. An apparatus of simple construction is engraved in his liesults—into the Com-
parative Tensile Strciigitfi, cfc, (f WrmigJit Iron and Steel, 8vo. 1862.

2266J. King's College, Strand. Tlie plant for mechanical testing consists of two
maihines. One is a Kirkaldy machine, 23 feet long, taking test pieces up to 4 feet in

length ; it exerts a strain of' 60,000 lbs., and is constructed to make tensile, transverse,

compression, and torr'ion tests. The other is a Thurston automatic rfcording machine.

A description of the first machine is given in Engineer, October 5 and 12, 1883.

2266^'. City of London and Guilds Central Institution, South Kensington. The machine
is a 100-tons machine, and will take in ordinary tension specimens up to 4 feet 6 inches

ill length. It will take in 6 feet 6 inches in specimens with eyes. It has compression

and transverse shackles and autographic diagram apparatus. It takes in about 3 feet

specimens for compression, but will be altered for 4 feet. The Engineer, July 26, 1884,

shows a nearly similar one. Prof. W. C. Unwin, Machines for Testing Materials, es-

pecially Iron and Sted, in Journal of the Society of Arts, July 8, 1887. Also, l^he

Testing of Materials of Construction, 8vo., 1888.

2266Ar. W. Harry Stanger has opened a chemical laboratory and testing works at

Broadway, Westminster. There is a 50-ton machine by Buckton & Co. (Limited), -with

Wickstead's pate it apparatus for measuring and autographically recording stresses in

tension, deflection, compression, and torsion, from ^jyth of a ton up to 60 tons. Also

other machines and apparatus for various purposes.

2266^. Messrs. Shaw, Head cj- Co., Queen's Wharf, Bankside, have a testing machine
for girders. It is shown and described in Builder, 1869, xxvii. 1020.

Sect. XII.

PAINTING, GILDING, PAPER-HANGING, DECORATING, ETC.

2267. Painting is the art of covering the surfoces of wood, iron, and other materials with
a mucilaginous substance, which, acquiring hardness by exposure to the air, protects the

material t) which it is applied from the effects of the weather. House painting was de-

scribed by the editor at the Institute of British Architects, Transactions, Nov. 1857.

2268. The requisite tools of the painter are

—

brushes of hog's bristles, of various sizes

suitable to the work; a scraping or pallet knife ; earthen pots to hold the colours ; a tin

can for turpentine ; a grinding stone and muller, &c. The stone should be hard and close-

grained, about 18 inches in diameter, and of sufficient weight to keep it steady. Q'he knots,

especially of fir, in painting new work, will destroy its good effect if they be not first pro-

perly killed, as the painters term it. The best way of effecting this is by lajing upon those

knots whicii retain any turpentine a considerable substance of lime immediately after it is

slaked. This is done with a stopping knife, and the process dries and burns out the tur-

pentine which the knots contain. When the lime has remained on about four and twenty
hours, it is to be scraped off, and the knots must be painted over with what is called sice

knotting, a composition of red and white lead ground very fine with water on a stone, and
mixed with strong double glue size, and used warm. If doubts exist of their still remain-
ing unkilled, they may be then painted over with red and white lead ground very fine in

linseed oil, and mixed with a portion of that oil, taking care to rub them down with sand
paper each time after covering them, when dry ; so that they may not appear more raised

than the other parts. When the knotting is completed, the priming colour is laid on. The
priming colouris composed of white and a little red lead mixed thin with linseed oil. One
pound of it will cover from 18 to 20 yards. When the primer is quite dry, if the work is

intended to be finished white, mix white lead and a very small portion of red with linseed

oil, adding a little quantity of spirits of turpentine for second colouring the work. Of this

second primer, one pjund will cover about 10 to 12 square jards. The work should now
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remain for some daj-s to harden ; and before laying on the tliird cnat it should be rubbed

down with fins sand paper, and stopped with oil putty -wherever it may be necessary. If

the knots still show through, they should be covered with silver Ifaf, laid on with japanned

gold size. The third coat is white lead mixed with linseed oil and turpentine in equal

portions, and a pound will cover about 8 square yards. If the work is not to be fini-hed

white, the other requisite colour will of course be mixed with the white lead, as in the case

of four coats being used. When the work is to.be finished with four coats, the finishing

coat should be of good old white lead as the basis, thinned with bleached linseed oil and

spirits of turpentine ; one of oil to two of turpentine. If the work is to be finished dead

white, the very best old lead must be used, and thinned entirely with spirits of turpentine.

2269. When stucco is to be painted, it will require one more coat than wood-work ;
the

last coat being mixed, if the work is as usually executed, with half spirits of turpentine

and half oil, for the reception of the finisliing coat of all turpentine ar flatting. If the

work be not flatted, the finishing coat should be with one part oil and two of turpentine.

It would be impossible to enter into the details which are to be observed in painting walls

of fancy colours; all that can be said on this point in instruction to the architect is, that

when fancy colours, as they are called, which in these days a painter construes as anything

but white and a tinge of ochre or umber, each coat must incline, as it is laid on, more and

more to the colour which the work is intended to bear when finished.

2270. In repainting old work, it should be well rubbed down with dry pumice stone,

and then carefully dusted off, and when requisite, the cracks and openings must be well

stopped with oil putty. After this, a mixture of white with a very sm^ill portion of rod

lead, with equal parts of oil and turpentine, is used to paint the work, wliich the painters

technically call second colouring old work. After this, the work being dry, a mixture of

old white lead, addiug a small portion of blue black in a medium of half bleached oil and

half turpentine, is used for finishing, or, if flatting be intended, the former preparation will

be suitable for receiving dead white or any fancy colour. The same process will serve for

stuccoed walls, observing that, if more coats be required, the mixture of half oil and half

turpentine is proper. To remove old paint, see 2275.

2Z71. In respect to outside work, the use of turpentine is to be avoided, for turpentine

is more susceptible of water than oil, and thence not so well calculated to preserve work

exposed to the weather. Oil, however, having from its nature a natural tendency to dis-

colour white, that is necessarily finished with a portion of half oil and half turpentine ; but

in dark colours this is not necessary, and in such eases, boiled oil, with a little turpentine,

is the best, or indeed b )iled oil only.

2271a. When linseed oil is clarified and cleansed by means of sulphuric acid, much of

the.cohesion in the vegetable property of the oil is destroyed, preventing its forming that

perfect pellicle which it invariably does upon exposure to the atmosphere during drying.

White lead should be ground with linseed oil in its pure state; this oil is now largely

adulterated with oils of resin and pine, as those oils are very much cheaper. Oils are thus

clarified that the lead, when ground, may appear at once as white as possible ; whereas, if

ground in pure linseed oil which has had the refuse cast do\^n by means of ivory black or

powdered litharge, it will at first have a yellow tinge, which is only to be got rid of by

time ; and hence arises the value of old ground Avhite lead. {Builr/cr, xiv.).

22716. The blackness which in the winter frequently shows itself upon exterior painted

work probably arises from the outer skin of the oil having been rendered porous by the

sulphuric acid, and the foul, or hydrogen, gas readily fastens itself to the unprotected lead,

for which it has an affinity, and hence results the mottled appearance of such work.

2271c. The best linseed oil is obtained from good Baltic and Bombay linseed, crushed.

Mineral turpentine is sometimes used as an adulteration of that article; the paint made
with it dries, and then softens, becoming sticky even under a coat of sugar of lead and
varnish. Woodwork prepared with bad linseed oil for being stained, prevents the varnish

from drying: good size is all that is required. To distinguish the good and bad qualities,

states a writer in the Biii'dcr,xx\. p. 919, pure vegetable turpentine, upon exposure to the

air, always loses in bulk by evaporation, but gains in weight by absorption of oxygen,

which makes it more binding in its properties. This peculiarity none of the mineral sub-

stitutes possess ; on the contrary, the mineral is so extremely volatile that, upon exposure,

the spirit all flies off, leaving the oil without anything to assist it to harden, and of course

increases the evil of the bad oil, instead of counteracting it. The use of varnish in white

lead work cannot be tufficiently reprehended, on account of the ultimate defect of the

work.
227 \d. Nut oil has been stated to be more durable, and to stand the weather much

longer than any other oil in paint.

2272. .White lead, which is the principal basis of all stone colours, is carbonate of lead,

generally containing hydrated oxide of lead, which is sometimes combined in the propor-

tion of one atom of hydrated oxide to two of carbonate of lead. It is usually made either

by precipitation, as when carbonic acid or a carbonate is used to decompose a soluble salt,

or a subsalt of lead ; or by exposing plates of cast lead to the joint action of the vapour of
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acptic acid air and carbonic acid. It is by the latter process only that the resulting carbo-

nate of lead is obtained of that degreo of density, opacity, and perfect freedom from crys-

talline texture which fits it for paint. The last, called the Dutch process, was introduce 1

into England about 1780. White lead is often largely adulterated with sulphate of baryra>

which njay be detected by insolubility in dilute nitric acid, whereas pure white lead is

entirely dissolved by it. Fine lead is now made from slag lead, which is treated with
nitrate of soda, thus oxidising all impurities except copper. The same effect is acconii

plisi ed by calcining the lead in au improving furnace, especially when the lead contains
much antimony. The copper is next removed by a process not yet published, and finally

the lead is crystallised by Pattinson's process. The resulting metal is remarkable for its

fine crystalline surface and bold columnar fracture. Lead containing even only '2.\ ounces
of copper per ton communicates a pink tint to the corrosions of white lead, which it is im-
portant to remove.

2272a. The ill effects on the constitution of persons engaged both in the manufacture
and use of the article have recently (since the publication of the first edition of this work)
induced the French chemists to find some less deleterious substitute for it, and M. de
Ruolz has discovered two substances which fulfil the required conditions—viz., combina-
tion with oil, good colour, property of concealing, &c. The first is an arsenical compound
(product) hitherto little known, which JVI. de Ruolz does not describe, because, although
inoifensive, it may be made, by very simple chemical reaction, to retake its poisonous
qualities, and be employed criminally. The second, which he considers well adapted fop
use, is the oxide of antimony, and possesses the following properties : its" colour is a very
pure white, rivalling the finest silver white ; it is very easily ground, and forms with oil

an unctuous and cohesive mixture, comparatively with the white lead of Holland as 46
to 22; mixed with other paints it gives much clearer and softer tones than white lead.

It may be obtained directly from the natural sulphuret of antimony, and at one third of
the cost of ordinary white paint. (See Literary Gazette, Nov. 25, 1843.) If the finishing
colour is white, nothing but white lead should be employed.

22726. A new process of making white lead is that of H. J. B. and II. B. Condy, who
claim the following advantages : I. White lead of the finest colour and body can bo made
within seven dnys, instead of four to five months, as required by the ordinary process.
II. Old lead or any description of metallic lead can be used, all impurities beingremoved
by their process, instead of buying " refined pig lead " for the ordinary process. III. The
present uncertainty in composition is corrected by the now process, whicli is identical
time after time ; the covering properties are better. IV. The colour is preserved in

impure atmospliere. V. The absence of danger to workpeople, since nearly all the
operations are effected by machinery, instead of being handled at each stage in the
ordinary mode.

2272c. The other metallic white paint used is Hubbuck's patent zine white, known for

its intense whiteness, its resistance to sulphurous and other deteriorating causes, and its

harmless qualities to the painter and the inmates of the house under decoration. It is

requisite that the oil used should be as white as possible, that the brushes and pots should
not have been used for white lead, or else have been cleaned with spirits; and that driers

and colours with a lead basis should not be mixed with it. Zinc white possesses less

body than white lead, and great care is requisite that the colour when ground in oil is of
sufficient consistence to be laid on a flat surface without showing through; for in that
state any oil in excess will form a slight glutinous coating on the surface, retaining every
particle of dust brought in contact with it, until it has evaporated. Proper drying oils

will cause zinc white to dry as quickly as the other colour. With these precautions, a
few trials will enable any painter who is willing to work zinc white to overcome the diffi-

cult'es which appear at first to condemn the invention. It is asserted that in consequence
of the great durability of the colour of this material, a house painted with it may be
washed for a succession of three, four, or oven five years ; and that after each successive
washing the surface will be found as clear and bright as when fresh painted. The effect,

in appearance, of this paint is perhaps better when it is applied as a finish to a coat ot

pure white lead; generally it looks better on new work than on old, as some specimens
prove that it was then apt to turn black. An American discovery consists in subjecting

the oxide of zinc, in its dry state, to the combined action of friction and pressure, by
which means its bulk is greatly reduced, and it is enabled to be ground with a reduced
quantity of oil, while a greater body is given to the paint. Hubbuck states that 2 cwt.

of his paint, with 6 gallons of oil, covers as much surface as 3 cwt. of white lead and
12 gallons of oil ; and that it is cheaper also than white lead.

2272<Z. Lead colours are formed by a mixture of white lead with lamp black; all

colours, however, that are CA\\ei\ fancy colours have white lead for their basis, chocolates,

black, brown, and wainscot only excepted. The fancy colours are drabs, French greys,

peach blossom, lilac, light greens, patent greens, blues, vermilion, l.ake, &c.
2273. There is a process used by painters termed clear-coleing, which is executed with

white lead ground in water, and mixed with size. This is used instead of a coat of paint

;
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but it hixs not sufficient body usefully to answer the end for wliich it is usually employed.

It prevents tiie oil paint sinking into the wood ; it scales off, and in damp situations its

colour almost immediately changes. The only occasions "wherein it is useful are where
the work is greasy and smoky, in Avhicli the use of it prepares better for the reception of

paint. It should however, never be employed upon joiner's work or cornices to ceilings,

where much enrichment is found ; for, of all things, it destroys the sharpness and beauty
of the ornaments. Painters are very fond of using it; but their endeavours to persuade
the architect should always be resisted, except in cases of absolute necessity, namely, that

in which a fair appearance cannot otherwise be given to the work. The old work should
be well cleaned and dried, and then the mixture above stated applied. For finishing, the

white lead is mixed in half linseed oil and half turpentine, and used as stiff as possible
;

blue black, or some colour, and a little drier, are requisite.

2273a. Various prepared paints are employed. One of the oldest is Carson's AnticorrO'

sion paint, used for out-door work only, such as farm buildings, implements, fencing, &c.,

all kinds of iron work, brick, stone, compo, &c. It is stated to be lower in price, and
to last twice as long as the best white lead. The powder, in which state it is supplied,

is composed of ground glass bottles, scorise from lead works, burnt oyster shells, and the
required matter for the colour that may be chcsen. 112 lbs. of this paint requires 7
gallons of raw linseed oil and 1 gallon of turpentine ; to be mixed over-night ; 2 coats are

required on paint, 3 on new work; 3 or 4 on brick, compo, &c. ; everything to be well

scraped first, and the paint rubbed in well. It is thus more laborious to put on than
common paint; it wears out the brushes in a very short time, and as it lasts so long,

painters will seldom use it. The appearance of a surface painted with it is rough, re-

sembling that of unrubbed cast iron or freestone. It will blunt the edges of carpenters'

tools when being sawn or cut through.

22736. Oxide of iron paint, of various colours, is a ferruginous paint, for iron and wood,
made at Matlock. Messrs. Peacock and Buchan have successfully applied th&\v improved
coating composition to many iron vessels and life boats, for many years, and it is found to

preserve the plates, keep the iron cleaner, and to stand the sea air and salt water much
better than most, if not all, other paints. The Pure Carbon paint protects iron from
ru.st, and is valuable for all outside work. When tar is used as a paint, about a pint of
spirits of turpentine is put to a gallon of tar as driers, or a larger quantity if it be re-

quired to dry quickly. The addition of yellow ochre will change the black to several

shades of Ijrown.

2273c. The Bidcford ajid mineral black paint has been exclusively used in H. M. dock-
yards, &c., for the last forty years. " Its superiority is observable in the preservation of
wood, iron, and canvas ; it covers the work well, dries quick and hard, is more durable,
and does not blister like other blacks, and has a body inferior only to A\diite lead." The
Torbay iron paints, made at Erixham, in Devonshire, have been much used in dockyards,
&c., for coating materials under water, or in a position to be affected hy damp. Their
peculiar characteristics are, great covering properties, 62 lbs. effectually coating as large
a surface as 112 lbs. of lead paint ; economy, durability, protection of iron from corrosion,

arresting oxidation at anv stage, and resistance to sulphurous and other gases. (Hunt,
Handbook, 1862. Builder, xx. 527.)

2273c?. The Iron minium paint, by A. de Cartier, manufactured at Auderghem, near
Eruxelles, is a pure oxide of iron mixed with about one-fourth its weight of siliceous

clay, and not containing any acids. It is now extensively used in this and other countries
for painting the ironwork of ships, gas-holders, &c., superseding red lead and other pig-
ments for such purposes. It is said to be solid, durable, cheap, and, above all, to pre-
serve iron from oxidation, and of hardening wood. It is a dark brown in colour, but
mixes easily with other colours, such as black, yellow, green, &e. To test its purity, it

is said to be sufficient to dilute it with a small quantity of water, spreading it on paper,
when, if pure, the edges of the paper will preserve the special tint of the iron minium.
If a change of tint is perceived, an adulteration has been effected.

2273c. Warner's Silicate of iron paint is sold prepared in genuine boiled linseed oil, of
a great variety of colours, for painting iron work. It is said to stand extreme heat and
damp, and not to be affected by the strongest acid, sea-water, sulphuretted hydrogen, or
ammonia; and to be equally well adapted for iron or wood. It adheres so tenaciously,
that sheet iron may be bent until it breaks, without the paint coming off. The powder,
when boiled up with tar, is a very ciieap preservative for iron or wood.

2273/. When visiting Paris in 1860, the present editor was much struck with the
appearance of the margins of the stairs at the hotel. On examination, they proved to be
covered with a thickisli coat of a hard compound, having rather a glossy surface, and
somewhat of a light orange tinge. A water-closet which had been out of. order on one
morning was not only repaired, but the seat and riser, the floor, and the wall to a height
of three feet, covered with this mixture, and ready for use by the next day. The tiled

floor of the manuscript room at the library of St. Genevieve, which had been covered with
the same mixture, was then in various stages of obliteration according to the traffic. The
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attendant there spoke very highly in fLirour of its cleanliness. It is believed to be com-

posed of 10 lbs. of purified yellow wax, 10 lbs. of linseed oil, 8 lbs. of spirits of turpentine,

and 5 lbs. of common resin. The wax is dissolved separately in the linseed oil, and the

resin in the spirits of turpentine by heat, and are subsequently intimately mixed, when
they form a pasty compound. In this condition it is used as priming, being nearly colour-

less after application. Pigments gro.und up in oil in the usual way are added in the pro-

portion of one-thitd of the vehicle, and then spirits of turpentine added in quantity

sufficient to produce the desired amount of liquidity. So soon as the turpentine has

evaporated, the coat of paint will support rubbing, if not too hard, without damage, but

it tiikes some time to become completely hard. It is put on in one coat, without apparently

any of the smell or inconveniences attending the ordinary process of painting.

2273^. Among the modern inventions the tbllowiug are noticed. Albissima paint, which
is brilliant and pure, non-poisonous, without smell, and unchanged by gases. The vSani-

tary Paint Company manufactures non-poisonous silicate and other hygienic paints and
colours for all purposes. The Silicate Paint Company manufactures the patent Charlton
white, for use in place of white lead, zinc, &c., and other materials. Price's chez-lui is a
hard drying enamel for metals. The granitic paint and the silicate zopissa composition

is stated to be a cure for damp walls. Morse's " perfect oil pa'nt" is put forward for

inside and outside work, old and new ; and as damp-proof and weather-proof. Magnetic
oxide of iron paints of all colours ; a cure for damp walls.

2273A. Paint done upon recently set Portland cement will not stand. The work must
be finished in Portland cement compo, and faced with at least half an inch of Keene's
cement or, better still, Martin's cement, followed at once with paint having plenty of

boiled oil in it ; the paint must be put on before the cement is thoroughly set, or the face

becomes greasy and will not tjike the paint. In ordinary work, the stucco or cement
must be di-y, which may take six or twelve months to elfeet, or the paint will go in

blisters, and colours will fly. Pure red lead and good boiled oil should always be the

first or priming coat.

2273t. The Indestructible Paint Company protected in 1880 the obelisk called Cleo-

patra's Needle, fixed on the Thames Embankment, with Browning's patent preservative

solution, which appears to have prevented the stone absorbing damp. (See also Phe-
Sfc'EVATION OF SrONK.)

2273^. Fireproof faints. These are modern inventions. Astrop's patent Cyanite ia

stated to be non-poisonous; a colourless or coloured priming fur p^iint or varnish, or alone

as a staining fjr wood. It is greatly recommended for painting timber as well as for

textile fabrics, to resist the action of fire. {Builder, Sept. 15, 1883.) The Anhcstos -^aS-nt

does not contain any oil, and %vood coated with it has resisted fire. Griffith's Pyri dene

paints and liquids were used in 1887, in the Eoyal Jubilee Exhibition buildings at Old
Traiford, near Manchester, under the recommendation of Professor AVatson Smith. Sir

Sam uel Blane's fireproof paint has been used at the new theatre in the Strand, built, 1 887,

for Edward Terry.

JDisiemper.

2274. The use of distemper is older than that of oil and varnish. IVTiitewafhi'tig is a

kind of distemper, especially when size is used with it. Common distemper colotir for

\»alls is Spanish white, or whiting, broken into water, to which is added strong size whilst

warm, and then allowed to cool, when it should appear a thin jelly ; two coats are generally

necessary. The old work should be first washed by a brush with water. This process

in old publications is called, " painting in water colours." It is much used for ceilings,

and always requires two, and sometimes three, coats, to give it a uniform appearance.

It is not generally known that walls which have been distempered cannot afterwards bo
liiiwivhited, in consequence of the lime when laid on whiting turning yellow; oil colours,

however, can be applied, and then whitelead is used as the vehicle. Papered rooms
coloured in this manner, especially over flock papers, look well, as the raised pattern can

be seen through the coats of colour. Rooms niH}' be distempered and dry again in a day,

witii little dirt. When wood is covered with distemper, it is liable to swell with the

damp. Rooms that are to be afterwards varnished are prepared in two ways : I. By
applying the intended distemper colour, and then covering it with as many coats of

varnish, coloured or uncoloured, lis may be required; but if the wood be not dry, the

colour becomes hardened and flakes oflF. II. The colour is ground and mixed up with
varnish, which produces a better result. If the last coat of varnish be applied colourless,

it tiien forms a glazing to the under tints, and its brilliancy will be greater. The use of

size here, again, produces a considerable saving of varnish. For new plaster work a

coating of size is desirable.

227-l«. Morse's patent Calcarium distemper, or washable non-poisonous water colours

in cold water, does not require to be washed off previous to re-doing; colours for inside

or o'.itside work, but not on outside painted walls ; white for ceilings. It will not

rub off; is stated to be one-fourth the cost of lead paint; that one hundredweight will



Chap. III. PAINTING, GILDING, ETC. 797

twice cover 200 to 300 square yards of inside work, and from 100 to 200 square yards cf

outside work.

22746. Mander Brothers' non-poisonous colours for distemper. They recommerd one

pound of first-rate glue to be dissolved in water over the fire, adding more water to make
a bucketful of size of about 2|- gallons. A preparative coat, made of whiting slacked in

cold water, ad ling the proper proportion of colour ; then reduce four ounces of soft soap

in a liltle warmed size, and mix thoroughly in the colour, adding it to each bucketful of

stuif. Then thin down the whole with jelly size until it is fit for use. This coat should

be made much thinner (with size) than the finishing coat, and it should be laid on evenly

with a flat brusli and allowed to dry. For the finishing coat, make the colour as for the

preparative coat, but with rather less size and more colour, and omit the soft soap. The
walls shculd always he properly dry before being coloured, unless made with Parian
cement, otherwise they will not dry of a uniform colour. Manders supply about one
hundred fine colours for various purposes.

227ic. Dtc'-esco is a new washable distemper.

2274d Biatemper pm^ fresco painting are subjects we do not to treat in this section, as

they would come under " Decorative Painting," a higher branch of artistic skill.

2275. Some colours dry badly, black especially, and in damp weather they require a
drier, as it is called, which may be made from equal parts of copperas and litharge, ground
very fine, and added according to circumstances. Drying oil is made as follows :—To
1 gallon of linseed oil put 1 lb. of red lead, 1 lb. of umber, and 1 lb. of litharge, and boil

them together for two or three hours. Great care must be taken that the oil does not
boil over, on account of the danger to which the premises would be thereby exposed.

Thus, in a pot capable of holding fifteen gallons it would not be prudent to boil more than
one-third of thnt qu.antity. To remove old paint, varnish, &e., \\\q Electric paint remover,

as well as the Egyptian clay, are said to be very efficacious. The Wellington automatic
torch for burning off paint, and for plumbers' work, as soldering, is a useful instrument.

227oa-. Painter's putty is made of whiting and linseed oil, well beaten together.

Imitations,

2276. Graining (or combing, as it is termed in some late specifications) and marbling,

or the imitation of real woods and marbles, is done by the painter. Mahogany grained
in 1798 is the earliest notice the writer on the subject in the Architectural Publication

.Society's Dictionary had found; grained wainscot appeared in 1815. Imitation wainscot

is obtained by giving the painted work a coat in oil of a brownish tone, the colour being

thicker than usual ; this is then scratched over by combs of bone, with blunt points, and
of various degrees of coarseness, leaving the ground visible. The cross white veins or

champs are next taken out with the corners of a piece of soft leather doubled up. The
next process, which in cheap work is omitted or carelessly done, is ovr veining ; this is

eifected with a wide fiat brush, the hairs of which are long and slender, dipped in trans-

parent colour, when the hairs stick together in a sort of lock ; the cross veins of the

woods are dexterously imitated with this tool, and show the other veins below. Other
expedients liave been made to imitate knots, veins, mottles, &e., of various woods. The
little dark spots with a lighter shade round them in maple wood are imitated by dex-
terous touches witn the tips of the fingers on the wet pigment. Almost every other

woid. as well as wainscot, is imitated in distemper, for which small beer and water,

mixed with Vandyke brown and burnt sienna, according to the tint required, is found to

be sufficiently glutinous withcut the aid of size, to prevent it smearing during the appli-

cition of the coat of copal varnish which follows soon afterwards. Graining operations

are always done after the wood has been painted; in best work, indeed, the coats are

thicker than usual, to affi)rd a good ground for the combing. Taken with the subsequent

varnishing, grained work is considered to be more lasting than painted work. Certain

tools have been invented for performing this work ; the grain has been imitated by
machinery; and grained papers have been printed from the grain of the wood itself. To
save the delay consequent on painting and all its annoyances, the editor of this edition

explained, in 1857 8, his .system of graining on the wood itself, whereby only a pre-

paratory sizing is necessary ; the result is that scarcely any smell of paint is perceived ;

a greater brilliancy in effect is attained ; and the woodwork may be left to dry until the

last moment.
2276fif. Marbhng is painting on a prepared painted surface, an imitition of the material

as exact as the talent of the painter will admit, and requires no detailed explanation.

22766. Varnishing, a subsequent operation to both of the above processes, requires much
care and the use of good material, the best copal varnish, to bring out the colours of the

work. Many qualities of varnish are manufactured, as:—finest copal, for imitation wools,

&c. ; copal oak, for grained interifir work ; mahogany varnish, being darker in colour;

fine hard-drying oak \arnii-h. drying in about 8 hours, and used for seats in churches, &c.

;

dark hard drying o.'k varnish, used alter deal hiis been stained
;
paper varnish, for p<iper-
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hangings, &c. Where expense is not an object, two or three coats are applied, especially to

niiirbling, each coat being well rubbed down to obtain an even surface and a high degree

of polish. To restore the gloss of varnished graining, of rnarbling, or of varnished paper,

the whole must be well cleaned, then sized afresh, and revarnished. But ti.e originiil

colour of the work can never be fully reproduced, as the varnish darkens by time. Bruns-

wick black varnish, a quick drying jet black, is used for grates, iron work, &c. Copitl

cabinet varnish, and a while, and a brown, bard varnish, and French polish, are used for

cabinet-makers' work. A water flatting varnish renders paperhangings washable without

imparting a gloss. Those varnishes are all as made by Mander Brothers, Wolverhampton.
2276c. To clean varnished work, soap and water applied carefully with a sponge, and

the use of warm woollen cloths to dry the work, is very efficacious. The steps of wooden
staircases, painted, grained, and varnished, la>t a very long time, and neither dust nor

dirt adhere so easily to such work as to paint. Real woods, especially wainscot, are

prepared for receiving coats of varnish, by being first sized to prevent the rite of the

grain which ensues wlien the slightest quantity of water touches it. When to be polished,

they are well smudged over a short time previously with Russian tallow. A preparation

'called Lethiciunt is said to remove paint from wood in twenty minutes, doing away with

the necessity for burning it off. A hypo-nitro kali has been introduced for the same purpose.

2276c?. Sand paper, glass papei; emary faper, and emery dolh, of various degree'- of

fineness, are employed to rub down work to a surface. It is made by vhe pulverised

material being placed in fine sieves, and by a gentle motion distributing it by hand over

the paper or cloth prepared for its reception.

22766. Sfahis, as substitutes for paint, the tints resembling oak, mahogany, rosewood,

walnut, and satinwood, cause the natural grain ()f the deal on wt.ich they are applied to

appear. The wood is then sized and varnished; their durability is stated to be at least

three times that of paint in interior work, and only at half the cost. This is Stephen's

p ej)aration. Naylor's stain is said not to require sizing, and to stand exposure to the

weather. Swinburn's Transjmrent staining and anti-dry-rot fluids are chemically pro-

ptred, and show the natural grain and featliery appearance of ttie wood. When sized and
the proper varnish used, they are said not to fade or blister by exposure to the weather.

2".^76/. Mander Brothers supply permanent wood stains in dry powder, which are in-

stantly soluble in boiling water and perfectly fast in daylight ; they are provided in boxes
of 1 oz., 2 oz., 4 oz., 8 oz., and 16 oz. A pale copal varnish, or a dark haid-drying oak
varnish, should follow in two coats, put on in a warmish room, free from dust. Ka'lkoliik

is a new patent priming and stain ; it is considered to be best used as a first coat of paint
to Wood, to impart durability to all oil colours, and that the paint does not blister. It is

very tisefnl to prepare walls for paperhangings.

2277 In the outside work and stairs, the process of sanding is frequently adopted. It

is performed with fine sand thrown on the last coat of paint while wet. Cement work is

generally (olniircd with its own cement mixed up with water. Roman cement, or black
cement, as it is sometimes called, must have a wash or two ; and while Portland cement
is declared not to require anv colouring, certain it is that in London not many years
pass over before its dirty look urges a colouring or painting process. The process of

painting the artificial cements, such as Parian, &c., is noticed in pars. 2251/, and 2273A.

Gilding.

2277'T. 6^i7/tw^ is of two kinds, burnished, and mat or dead, gilding. The former is

seldom used in architectural decoration. The latter is done in oil-size on woodwork; in

water-size on plastering. The gold leaf of various thicknesses, but generally about og^oo
of an inch, is called " single," " double," and " thirds," and of tints, is furnished in books
of 2/i leaves, each leaf being 3g by 3 inches, or in the book 18 inches and | of an inch

superficial, covering about 1 foot of plain work. It should not bo too thin nor have too

much alloy. Gilding on metal is effected by first giving it a coat of paint or some
other substance to prevent oxidation. Gold, absolutely pure and of extra thickness, was
applied to the ironwork of the great tower at Westminster ; and double gold leaf, pure,

was used in the reading room of the British Museum. It has been stated, that if just

before commencing to gild, each leaf of the book be slightly rubbed over with wax,
sufficient only to cause the adhesion of the gold, that gilding in the open air, even in

windj' weather, may l)e done without the loss of a leaf, as the stickiness of the gold-sze^

will overcome that of the wax, and no part be blown away, as is generally the case.

22776. A gold paint, patented by H. Bessemer, is now much used, which, by the highly
improved manufacture of bronze powder, is greatly reduced in price in England, al-

though very much is still purchased from the German dealers. As an impalpable metallic

powder, its application to plaster, wood, &c., is effected by using a camel's hair brush,

wjiicli is dipped into a little of the powdfr and rubbed up in a small portion of tr-ms-

parent gummy varnish, by which it adheres to the surface. For all outdoor works it

nq^uires to be varnished over for better preservation.
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Paperhanging.

227"(?. With painting is often connected the practice of paperlianging by the same
artificer. The various sorts of paper used for lining walls may be described as follows:

Block printed by hand, a process now seldom done. Machico printed, of great variety.

Flocks, the pattern being formed by a wool ground to a fine powder and fixed to the

paper by a siicky oil. Raised flocks; patent embossed flocks ; imitation leather, of which

the new Coriacene is an example. WooUams and Co. were the original makers of

non-arsenical papers. They are also niHUufactiirers of patent embossed flock papers,

embossed imitation leather paper, and raised flock papers for painting over. Arsenical

green in printed papers is considered injurious to health, from its flaking off" in light

particles, and floating in the air, when it is taken into the lungs while breathing.

This colour may be at once detected by placing a few drops of ammonia on it, whereby
the green will be chcinged into a deep blue.

1211(1. The methods of manufacturing marble, granite, and wainscot wall papers, is

well described in the Builder for 1865, p. 912, and which need not be here entered upon.

'lllle. It may be mentioned that papers are printed 12 yards in length, such a length

being called a piece, and 1 foot 8 inches wide ; hence 1 yard in length contains 5 feet

superficial ; therefore, any number of superficial feet divided by 60 (the length 36x1 ft.

8 ins.) will give the number of pieces -wanted for the work ; I piece in 7 or 8 is allowed

fnr cutting and waste to common papers, and any odd yards are allowed as a piece.

French papers contain about 4| yards superficial per piece, being of various widths. In

best papers this allowance for waste is not enough. Borders are 12 yards or 36 feet in

each length, each being technically a dozen. A ream of printed paper of 20 quires of 24

.sheets to the quire, is equal to 28 pieces of paper, or each piece contiins 17 sheets.

Satin papers should be hung over a lining paper. The paperhauger has to provide and

hang materials required for covering damp walls.

2'lllf. Walls of rooms should always he stripped before the new paper be put up, a

pr(;ccss usually attempted to be shirked, even when charged in the estimate. In bad

common plasterer's work the setting coat often comes off" in parts with the paper and has

to be repaired. The walls are commonly prepared for papering by a coat of clearcole,

or similar material, and for better work by rubbing down, &c.

2277//. Paperhangers' paste is made of flour, a little alum, and single size.

2277A. Tectoriuvi is stated to be a sanitary decoration for walls ; it is a fine textured

calico painted, -with the patterns printed thereon. The dado filling is made in 22, 27, 3i>,

36, and 45 inches widths. The filling 22 inches wide is either in plain oil colours, or

colours varnished, so that it can be washed with soap and water. The material is ap-

plied in the usual way as a paper ; it checks the inroads of damp into a room. Lincrusia-

Wahon, formerly known as Muralis, the Sunbury wall decoration, is impermeable

to moisture, and has other advantages. Muraliue is one among the many washable

papers. A Sanitary paper is made of non-absorbent materials, and being printed under

a great pressure, the colouring is pressed into, and thoroughly inc irporated with, the

fibre of the paper. These papers are well adapted for sick rooms, and can be washed

with cold water. The Duro-textde is of this character, and is made 24 inches wide. W.
Cooke & Co.'s golden lustre silk paper hangings are stated to be free from all impurities.

Other Decorative Appliances and Processes.

2211i. Dit-teipper a.nd Fresco painting. Sgraffito, an ancient Italian process for external

and internal plaster work. Pargctry, or modelling in wet plaster, as carried out in the

half-timbered buildings of the 16th and 17ch centuries. Modelled fibrous plaster work,

for ceilings, &c. Marble mosaic floors. Tdc paving. Artistic joinery in dados, doors,

panelling, &c , in all woods. Chimneypieces in marble and wood. Real wood veneering

in lieu of painting and paperhanging. Xylatechnigraphy, a new and permanent process

for decorating woodwork in lieu of painting or graining. Radeke's compressed wood,

pulp. Stai7i.'>d glass and leaded lights. Embossed and painted modern Ica'her, and

Spanish leather', for walls, screens, &c. Tapestry, imitation painted or printed, for wall

hangings, stuffs for curtains, furniture coverings, &c. Pyro^ra^j/ac woodwork (par. 2173.9'.).

Marquetry (par. 2173^'.). Colour decoraton, applied to walls, continually fails. Mr.

Heaton has invented Cloisonne mosaic, a material that will take colours on the prineipld

of cloisonne work, which could be applied in panels 6 feet by 3 feet. It is a metal lining,

filled in with a coloured material, and washable.
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Sect. XIII.

VENTILATION OF BUILDINGS.

2278. Though this and the following section can scarcely be said to come legitimately

under the heading of this chapter, the subjects are so intimately connected with each of

the sections, and tjave been relerred to occasionally in their de.^cription ; and as, moreover,

the architect is expected to make himself fully acquainted "with these subjects, this place,

then, appears to be suitable for the consideration of them.

2278a. NV hether ventilation be left to chance, or -whether any special apparatus be erected

for the purpose, foul or vitiated air must be got rid of ; while fresh air, adapted to the

purposes of respiration, must be admitted in sufficient quantity, that is, at the rate of aliout

4 cubic feet per minute for each individual in the apartment. The force or impetus of the

incoming air ought slightly to compress the air of the room and assist the efflux of the

vitiated air; and this, in its turn, ought to be so heated as to have a certain amount (jf

ascensional power. Mechanical meaijs are sometimes necessary to expel or withdraw the

air, such as tanners, bellows, pumps, &c. ; but for general purposes it is more convenient, as

well as economical, to trust to the natural method of getting rid of vitiated air; that is, by

making certain ventiiatii,g tubes or openings at the highest point of the room, towards

whicli the hot air tends to flow.

22786. Some authors have divided artificial ventilation into two branches, called ple7inm

and vacuum, By the first, fresh air is forced into the interior of a budding, and the

A-iiiated air is allowed to escape by openings contrived for the purpose. By the second,

vitiated air is drawn out of the building, and fresh air finds an entrance through channels

adapted to the purpose.

2278c. As the velocity of a falling body in a second of time is known to be eight times

the square root of the height of the descent, in decimals of a foot, so the velocity of dis-

charge per second, through vent tubes or chimneys, may be briefly stated as equal to

eight times the square root of the difference in height of any two columns of air, in deci-

mals of a foot. This number, reduced one-fourth for friction, and the reraaiuder multi-

plied by 60, will give the true velocity of efflux per minute. The area of the tube in feet

or decimals of a foot, multijilied by this last number, will give the number of cubic feet of

air discharged per minute. The height of a column of heated air must be calculated from
the floor of the room to the top of the tube where it discharges into the open air. Where
several vent tubes are employed, they mu.-t all be of the same vertical height, or the higiiest

vent will prevent the efficient action of the lower ones, so that there might be a smaller

discharge through two tubes than through one only.

2'^78d. Yv'lien several openings are made above the level of the floor of a room, the

highest one may be the only one capable of acting as an abduction tube, the otlier lower
openings often serving as induction tubes, discharging cold air into the room instead of

taking it out, and, in doing so, it may lower the temperature of the hot vitiated air atid

prevent it from escaping, thus not only causing the bad air to be brciithid over again,

but filling the room with unpleasant draughts. But if the highest alduction tube be too

small to carry off the requisite qu ntity of hot air, the tube i:ext below it in elevation at

any part of the room will act as an abduction tube. If the lower openings (to be provided

with sliding valves) for the admission of fresh air be too small in proportion to thise for

the escape of hot air, a current of cold air will descend through one part of the hot air

tube, and the hot air will ascend through another part of the same tube. In order that

•ventilating tubes or openings may be effective, the lower opening for the admission of

fresh air must be at least as large as the iipper ones, and larger if possible. Trtdgold re-

commended that the lower should be about double the area of the upper openings, and be
so subdivided as to break the cuiTent. (Tomliuson, Warming and Ventilation, ^o.,

1850.)

2278e. It must be noted that all noxious gases do not rise, and therefore that in a few
exceptional cases ventilation must be effected at the floor level. Taking atmospheric air

at 00° Fahr., and under a pressure equal to 30 inches of mercury as 1,000, then hydrogen
gas equals 6,026; nitrogenous miasma, about 075; olefiant gas, 978; sulphuretted hydrogen
gHS, 1,178; carbonic oxide, 957; and sulphurous acid, when anhydrous, 3,000. On the
contrary, cnrburetted hydrogen gas, or marsh miasma, is as light as 555; and common coal

gas ranges between 514 and 420. Thus above or below the temperHlure of G0° the con-
diiions of the diffusion of gases vary in a marked manner, and it is on this account that the
f'<ul air of sewers, &c., exercises a more extended action laterally in hot weather, when it

is able to difl'use itself more easily through an attenu;ited atmosphere, than in cold weather,

when the greater density of the atmosphere, and the comparatively higher tempeiatiu'e of
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the gai^cs given oiF from the receptacles mentioned, enable the foul air to rise vertically

•with greater ease than to spread laterally. In a room, the carbonic acid emitted by tlia

lights and by the brea'h of its occupants being of greater specific gravity than atmospheiic

air, would, at the ordinary temperature of the air, tend to accumulate in its lower strata

;

but the temperature of the products of respiration and of combustion is usu illy so much

in excess of that of the air, that they are enabled to r se through it, and to accumulate in

the upper portions of the enclosed room nutil some change in their tempeniture takes

place. The foul state of the air in the lower portions of a pub. ic building on the day

follo-wini; a crowded meeting may be due to the change of temperature during the night,

and the retention, by closed doors and windows, of the air so rendered impure. In 18G5

General Morin read a pnpsr to the Paris Academy of Sciences, again urging as a funda-

mental principle the exploded practice of drawing off vitiated air from the stratum nearest

the floor, pure air being admitted near to the ceiling.

2278/. Our limited space will not permit us to do more than very briefly rotire tha

chief principal methods of ventiLition ; the application of any one of them must be left to

the ingenuity of the architect. He will fird that all public buildings, and even all private

houses, from the highest to the lowest t lass, must be spontaneously ventilated, for if any

trouble be entailed, it will bo neglected. The means for ventilation must be cheap, easily

procurable, always in place, self-acting, and not liable to get out of order. Such an inven-

tion is the Arnott ventilator, when placed as cL'se to the ceiling as practicable, forming a

direct communication between the room and the chimney. The chimney has been made

the means of securing a ventilation by a separate and rarified air channel. Thus, besides a

mere channel left in the wall adjoining a flue, Doulton's patent combined smoke and

air flues, of terra-cotta, for 12, 10, and 8-inch chimneys, are effective. Boyd's patent flue

plates are similarin principle. Chowne's patent air-syphon, consisting of an inverted syphon

tube, acts upon the principle of the air moving up the longer leg, and of entering and de-

scending in the shorter leg, without the necessity for the application of artificial heat to the

longer leg. This, however, does not appear to be always proved in practice, for whether

the current in the longer leg be ascending or descending, depends chiefly upon differences

of temperature within and without a building; but as the brickwork of chimneys often

gets heated by the vicinity of the kitchen flue, or even by the sun shining upon it during

the day, an ascending current is more likely to be sustained than a descending one, since

brickwork will retain its heat, for some hours.

2278f/. The system adopted by Dr. Eeid, at the House of Commons, was that of admit-

ting air into a chamber underground, where it was (and is still) purified by being washed

while passing through a stream of water, and then through canvas, whereby other im-

purities are extracted. It then rises to the floor of the apartment, which is pierced with

many thousand holes, and passing through them is then further distributed by means of a

hair-cloth, ascending towards the ceiling at about the rate of one foot per minute. This

nir is, in cold weather, warmed below ; and in warm weather it is cooled with ice. Tre
object is to keep the air in all seasons at a uniform temperature of 64°. The air is often

cooler in the House than that outside it. From the ceiling it is carried rapidly away along

a tunnel to feed the great furnace which creates this current of ventilation. The com-

plaint is made that it carries with it from the floor the fine dust brought in by the

members' ffct, which, being inhaled, sometimes aifects those in the House. The method,

adopted by Dr. Reid to warm and ventilate St. George's Hall, at Liverpool, is detailed in

the Civil Engineer for 1864, page 136. The system employed from 1736 to about 1817 at

the old House of Commons, which was effectively ventilated, was by a fan placed over it

for extracting the heated air, its rate of working being dependent upon an attendant, who
received his directions from a person within the House. The common revolving wind-

guard placed at the top of a chimney to induce a suction, whereby the smoke may be

drawn out, is of the same system ; as is also Howarth's patent revolving Archimedean

screw ventilator. One of the latest systems of effecting the regularity of working such

fans or screws is by the aid of the high service water supply ; a flow of water impinging

upon the blades of a wheel turns the extracling fan, and the water is conveyed to a lower

reservoir, to be used for domestic or other purposes.

2278A. The opposite system, that of air being forced into apartments by mechanical

means, such as the fan driven by steam power, is practised with great success at the

Ilefurm Club House, the General Post Office, and many other buildings, public and

Tirivate, and especially in factories. The fan is regulated to a velocity of between 80 and

100 feet per second. Dr. Van Hecke's system of warming and ventilating, as arranged

at the new French hospitals, is effected by means of a 3^ horse-power engine, working a

fan, which drives the external air through long subterraneous channels into four warming
apparatuses, whence it ascends into flues, which conduct it into all the wards, passing

through regulating air gratings in the walls. In each ward are two or more escape flues

carrying the vitiated air above the roofs.

2278«. The Blackmail air propeller, for ventilating, cooling, and drying, has given good
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results. One of 14 inclieb diameter, revolving 1,000 to 1,500 revolutions per minute,

moved 1,500 to 2,500 cubic feet of air per minute. One of 24 inches diameter, revolving

500 to 900 per minute, moved 3,000 to (3,000 cubic feet of air. Another of 48 inches

diameter, revolving 300 to 600 per minute, moved 13,500 to 30,000 cubic feet of air per

minute.

2278/t. The Boyle system of ventilation of workhouses and hospitals (1882), by self-

actiijg air pump ventilator (perfected Oct. 1887) and tlie air inlet brackets, is used at

St. George's Hospital for the extraction of the foul air and admission of fresh air, which
is effected without draught, and is put forth as '• the simplest, cheapest, and most efficient

system of ventilation that is at present in existence."

2278^. Another system prevails to some extent. The ventilation is combined with the

method of warming, be it a church or other room devoted to a public purpose. This is

effected by means of flues for extracting the air in the building being connected with the

furnace of the apparatus. Such is tiie principle adopted by Messrs. Haden and Co., of

Trowbridge. It has been in practice with success at tiie Royal Polytechnic Institution,

London, for ventilating the large theatre since its erection in 1838. After the fire is once
lighted, all its communications with the outer air are closed, and that of the extracting

flue opened, which then supplies the fire with air brought down from the upper part of

the theatre. Fresh air is admitted to the theatre only through the ordinary doors and
openings.

2278;m. As regards ventilation by windows, or the natural method, as it is called, as no
system of making a sash working upon a horizontal axis, such as French casements, can
wisely dispense with stay-bars, even when made to open and shut by means of a wheel
and axle, our attention may be confined to lights hung on pulleys, or on hinges, or on
centres. The first of these three clas-es is the common lifting sash. Wind-boards at

top and bottom to prevent the effects of direct currents have been suggested ; and
machinery has been fitted to open both sashes simultaneously, so as to ensure the desired

circulation of air through apertures at pleasure, or that shall not be altered without a
key. This improvement has lately been successfully managed by the "patent counter-

balance rack slips," which also do ainay with the use of lines, pulleys, and weights. la
<!ouble windows, however, as in the lavatories at Middlesex Hospital, a roller has bet-n

placed between the two pairs of sashes, which move reciprocally, like the double bucket
action ; so that when the inner top sash is lowered the outer bottom one is raised, and
the reverse; and the extension of this idea to the lights of water closets has been
advocated. It has also been suggested that, in the usual windows, the horns of the upper
.sash styles should appear above the top rail, so that the window could never be tightly

shut; but the benefit from this plan is confined to periods at which the window is not
closed by shutters or by roller-blinds. The same objection applies to the use of such
perforated glass and other contrivances as are mentioned in jmr. 2231a. It is stated that
no draught is felt by the use of these inventions, as the air passing through the perfora-

tions is diffused equally and imperceptibly. We must notice that it will be found that
the air is always passing into the apartment, and that when the wind blows towards the
glass, the extra supply of air sent in is undoubtedly felt by the occupants, but some-
times not appreciated by them. Another method consists in the admittance of air either

by a space left between the top bead (the horns, as before, stopping the sash from going
home) and the head of the opening, or by such a space over the outer bead, to communi-
cate with the box formed by the inside lining and the architrave or other dressing, the
latter being either pierced with holes or detached slightly from its grounds. Another
method much practised is to make the inside bead to the lower sash of a greater height
than usual, say about two inches

; thus when the sash is raised a little and clears the
meeting bar, fresh air will be admitted at the meeting bar and not admitted at the lower
part. Old sashes may be so treated ; even a bar of wood about three inches high, lined

with baize, its length being the width between the sash reveals, can be put on the sill

when the sash is raised, and the sash shut down upon it. This admits fresh air at the
meeting bar sufficient to ventilate the room without draught.

2278?*. Of the second class is the common hopper to a window, framed with or without
side lights. In this are included all greenhouse sashes that are hung from the tup, which
may be made to open simultaneously by means of ratcheted stay-bars dropping into

toothed wheels fixed on a continuous axis, worked by a wheel against an endless screw.
When double windows are used, as in very cold climates, or when it is desirable to shut
out noises, the upper portions of them should be made to open by the action of opening
the inner window. This scheme has been adopted in the hospital of the Wieden suburb,
and also in the Imperial stables, at Vienna, with success ; its action is not described, but
the outer window is presumed to be fixed, the heads of it forming a hopper, which is

opened or shut by lowering or raising the inner window.
2278o. To the third class belong nearly all the modern English patents for window

ventilation, which consist of one or more planes working like a jalousie lath upon a hori-
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zoiital axis. Of the tvro principal adaptions of the system to an entire window, Ilurwood's,

shown in Jig. 808a., and worked by an endless screw, is the simplest ; there is another

arrangement of this kind by Mackrory, where the

action is similar to that of a carriage window
;

the sash runs in a groove, and being turned by
means of a toothed pivot working against an end-

less screw, it can be kept at any desired height.

The method indicated by fff. 808., adopted at

Middlesex Hospital, seems more simple and more
economical. By turning the handle to the points

in the plans A, B, and C, the glazed louvres are

simultaneously opened or shut to those limits.

2278/1. Veiitilition is eifected on the principle

of the extracting valve, as advocated by Dr.

Arnott, which is a plate of metal hinged to the

lower edge of a metal box next to the room, and
on the other open to its chimney. The drauglit

of the flue tends to carry away the air of tlie

roim, when the currrent is upward ; f-hould it be

downwird, a silk or mica flap is driven against Fig. 8o^. Fig. 808a.

the plate, tending to prevent the ingress of smoke. However useful this contrivance

may be, its rtsult in cubical consumption of a'r is necessarily small. A cowl with
vertical, or horizontal, or slanting jalousied sides has also been employed,
with or without aa Archimedean screw, at tlie top of a flue, to exhaust
the air of a room. The simplest means of the admission of air to a room
is a hole in front of which, on the inside, should be a board inclined to

throw up the current of fresh air, as Jig. 8086. Another well known
»«sC invention is Sheringhams inlet ventilator. An opening is made in an ex-

ternal wall for the introduction of air, and a metal box ins-erted, which is

a sort of hopper, having at its mouth a valve, so hung as to direct the

current of air towards the ceiling, whereby no dravight is felt by the

occupants of the apartment. Somewhat similar is Hart's ventilator, the

f :C3 being of perforated zinc. Such articles are also made with a box to

contain charcoal as a purifier of the air before it is admitted. Looker's

patent ventilator, consisting of a tubular piece of pottery fixed in tlie

wall, into which on the inside is placed another tube, perforated all round
with small holes, the inner end being closed altogether. This second tube is pushed in or

out, according to the quantity of air required.

'2,'lT8q. Amongst the earliest of other and liter systems is Watson's double-current venti-

lator, consisting of a tube divided by a diaphragm, and rising from the ceiling to the
external air; it was intended that the air should circulate, as shown \njig. 808c., by aa

ascending and a descending current. It has
been said that this result only occurs in rooms
that are perfec:ly closed, and that the two tubes
generally serve as exhausters ; but our own ex-
perience is more favourable to the eiFrctive

working of this invention. Somewhat similar

to this is fig. 808r?., called the Shaftesbury
ventilator, which appears to have been applied

in small tenements with success, probably for

the very reason that the rooms in such cases are

generally kept as close as possible; for it has
been necessary to conceal the opening at the

coiling by an ornamental rose, and to put at G-

an air grate with large openings. At times.Cv

m
Fig. SOSe.

however, the rush of cold air is very great through this tube into the room ; to remedy
this, the end G. may be connected with a horizontHl tube or box about 3 feet long, and
somewhat larger than the tube H ; each end of this box is open, but filled with very

fine wire gauze; the res.ult then has generally proved satisfactory. A modification of
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Fig. 808/.

tho preceding invention is adopted by McKiiinel. Two concentric tubes ai'e so fixed

tl.at tlie inner one is longer than its envelope. This apparatus,

shown in fa. 80Br., nearly answers its purpose, according to certain

authoriiies, and certainly gives, in some cases, a result that would be

satisfactory if its regularity were not affected by atmospheric influences.

The openings require to be covered, so as to prevent the admi^bion

of rain. A square turret, diagonally divided, as shown m Jig. 808/'.,

is known as Muir's ventilator. The inventor calculates upon utilising

the slightest current of air, as he supposes that when it arrives at

one of the sides it aviU enter, descend, and force an equal quantity oi

foul air to discharge itself at the other sides. The report of MM.
Elondel and Ser upon the London Ilospitals in 1862, states broadly that
none of these methods gives a satisfactory solution of the question.

2278/-. HoneyriKUbs diaphragm ventilator, 1886, is prepared for use
for open tinjber roofs and for ceiled apartments. Air pressing in on one
side shuts a valve on the windward side of a middle diaphragnt, passes
through an orifice in it, creating an upward current in an air trunk,
which draws out the foul air in the room through other valves on the

lee side. When there is no wind, the valves on both sides of the diaphragm opea
freely for the exit of the heated air.

2278s. The system of Mr. Tobin (of Leeds) fir pro-

viding access of fresh air into a room is now extensively

used, and sometimes ULder other names. It was pro-

mulgated by him about 1874, and although the prin-

ciple is of an earlier date, it is to his endeavours that

it has become ^ecogn^i^ed as a most valuable auxiliary.

The principle is that of a tube carried up from the floor

against the inside of an external wall to a height of

about 7 feet. Fig. 808^. shows a section of the tube on
this principle, from Dr. Corfield's Laws of Health, p. 41.

The bottom of the tube is made to communicate with
the outer air and the top is left open. This tube may
be made of plaatd deal or metal. The top is by some
manufactureis covered by a piece of coarsely perforated

zinc to prevent articles dropping down the tube Others
put in a coarse canvas bag to filter the air as it passes
through into the room. A regulating valve is also some-
times provided, but this is best avoided, as when

Fig. 808(7. once shut it is not always opened again. A "de-
flecting shield" is often added to the top to prevent the wall decorations from being
marked by the dust often in the air passing in. Inlet brackets are also made, which
are short tubes placed high up, but their efficacy may be doubted. They are also

called "vertical tubes" and "air inlets" by some manufacturers. E. H. Shorland,

of Manchester, claims to have used " verticil pipes for ventilation " long before they were
introduced by Tobin. The opening on the outside of the wall should be protected by
b grating : a patent automatic air washer, for washing the air by a spray, is adapted by
6ome to this system, as also the introduction of gas lights for warming the air.

Table of Cubic Feet of Air Discharged per Minute through a Ventilator,
HAVING AN Area of Onk Square Foot. (Hood.)

Height of

Veitilator,"

in Feet.

Difference between Temperatuie in Room and the External
Air. in Degrees.

5 K) 15 20 25 30

10 116 164 200 235 260 284
15 142 202 245 284 318 324
20 164 232 285 330 368 404
25 184 260 318 368 410 450
30 201 284 347 403 450 493
35 218 306 367 4J,6 486 631
40 235 329 403 465 518 570
45 248 348 427 493 551 605
60 260 367 450 618 679 635

The openings for the inlet of fresh air must be smaller than those for the escape of the

heated air, otherwise there will probably be a descecding current of cold air in the same
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tube with the ascending current of hot air. It is now proved that all inlets should admit

the iiir in an upward direction.

2278^ The Molus wattrspray ventilator is patented to supply a constant circulation of

pure air entirely under control. It is adapted for all public edifices, as well as houses,

stables, &c., and for use in hot climates. Ice can be used to cool the fresh air, and a fjns

furnace cau be attaciied to warm it. The air passing through the apparatus is cleaijsed

from dust and all impurities. The consumption of water i.s stated to be small, and the

total cost of ventilating and warming a large ap,-utment for nine hours does not exceed six-

pence. The company has also an exhaust roof ventilator, a waterproof downcast shaft ship

ventilator, an automatic invisible roof ventilator, a chimney cowl, and a ventilating .stove.

2278«. F. U. Smith, patentee of the automatic A^y^jAo/e/r; aspirator sykiemoi\eni\\-dU»n,

which produces ventilation without draught by supplying air to ihe room by ducts at tho

floor level. The exit for the vitiated air is placed in the ceiling, and consists of two tubes,

a large and a small one, parallel to each other, between the floor joists. In the case oi

top rooms the two tubes may be concentrical. The larger tube carries off the foul air,

while the smaller one forms an induction tube for cold air, its outer extremity being open

to the outer air, the inner one opening under the rim of the foul air tube. The principle

was applied to the hot " island room" of the fountains of 1884 Exhibition, reducing the

temperature from 110° to about 70°. The Eun ventilators, extract;or, and chimney cowl

are stated to be the cheapest and most effective used with the eon inlet. The Acme
system of ventilation (Liverpool) is an exhaust and blower type, dependent on mechani-

cal action for its motive power. The action of the ventilator produces a partial vacuum
ill each stroke, and with the graduated pipes fresh air is brought into rooms without

draughts, and may be warmed as it enters. The system has been applied at the new
County Sessions Courts, at the Town Hall and Council Cliamber, and at the Conserva-

tive Club, all at Liverpool. Its application at the former building is described, with aa

illustration, in the British Architect of December 2, 1887. Westmorland's patent im-

proved automatic ventilator combines an iron breast trimmer and fireproof hearth bearer

(1885), to carry the air from a ceiling up into a smoke flue. The ventilating and warmii g
arrangements of the new portion of Eton College (1888, A. AV. Blomfield, architect) liave

been carried out by J. AVeeks & Co., by air passing over hot water coils, and the foul air

carried off by duets at the ceiling of the passages to a shaft having a series of gas jets to

secure an updraught.

2278 y. Where gas lights are much used in apartments or buildings, it is desirable to

carry off the products of combustion and heated air by a tube placed over the light,

whereby its heat assists the escape of the impure air. An ordinary gas-burner is calcu-

lated to vitiate, to the same degree, three times the quantity of air that a man does in

the same time. This plan was first effected by Professor Faraday. The improved venti-

lating sun-burner, with its self-acting valve for preventing a down draught, as manu-
factured by Strode and Co.; Eickets's ventilating globe-light; and others, all tend to

produce the desired result.

Table of Quantity of Air Eequired per Hour to make tjp for Vitiated Air bt
F'oRjrs OF Artificial Illumination.

Illuminator.

Consumption of

Illuminating Material
per Hour.

Air Required.

Gas I'ct _ - _ - - 4| cubic feet 750 cubic feet

Gas jot _ _ - - - 5k „ 830

Tallow candle _ _ - - 1 of an ounce 124

Wax candle - - - - - i .. 257

Oil Limp - - - - - 4 276

Petroleum lamp, slit burner - li ounce 602

„ round burner n .. 544

2278w. The Commissioners for Barracks and Hospitals, in their Report, 1855, p. 65,

&c., state that for such establishments the different systems adopted in the Parisian

hospitals appear to be too expensive and too complicated. Those which they approve

consist of induction, and of fiues for exhaustion, each of two sorts. Induction.—I. Open-

ings wiih an air-brick in the face of the wall, and a wooden hopper near the ceiling,

placed at an angle of 45°, covered with zinc pierced with holes from ^ to ^ inch in

diameter. A plate of zinc or galvanized iron, hung at the bottom and worked by a string,

regulates at pleasure the admission of air, the size of the opening being calculated at

an inch square for each 60 cubic feet of space in the room, where there is cot a special

provision for fresh air to pass round the stove; when there is such provision, the size for

the opening may be one half less. II. Openings with an air-brick in the face of the
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wall, and a trnnlv or tubft leaJin^i; ths air to a ease bt^Iiind tlie stove, so that warm air

may riso in a tube to a lufFer-boarded opening at the ceiling, the size of the tube being
calculated at an inch square for each 100 cubic feet of space in the room.

2278.r. Eihaustion.—I. Floes of the warming apparatus extra"t the bottom layers of
air in the room. The experiments made between 4.30 and 6.30 a m. in April, 18oS,
showed that the volume of air extracted was on the average 9,000 to 10.000 cubic feet
by each flue, the rapidity being at the rate of 5 to 5| feet ; by which numbers the section
of the flue would be 0-446 English feet. 11. Tubes from the ceiling to the roof, the size
of the opening being calculated at an ii ch square for each 50 cubic feet for an upper
story, and for each 5-5 cubic feet for the story below it, and for each 60 cubic feet for the
lower story. The rapidity of the current is regulated by the difference between the
internnl and external air, by currents, &e. When the temperatures are equal the current
is feeble, when the reverse occurs it is strong. The volume extracted (under the above
conditions) was 8,500 to 9,000 cubic feet, the rapidity being at the rate of 3 to 3| feet,

^"o that the greatest effect by the combined systems only takes 8,000 to 10,000 cubic
feet by each fine on the average, and this irregular result is sometimes annulled; more-
over, itv currents may reverse the action of the flues, and enter by the exhau.sting tubes.

2278^. Other systems.— In the new buildings at Guy's Hospital, as also at the Lunatic
Asylum at Derby, Sylvester's method was carried out. Here the air arrives by a large
inducting flue, capped by a cowl which utilises the action of currents of wind ; the air
passes undergrouud in contact with hot-water pipes, rises in flues, and enters the room
at the ceiling; it escapes by exhaustion holes in the skirting of the opposite walls, and
rises to the roof by flues continued by plate iron tubes to an exhausting flue, which sur-
rounds the smoke flue of the warming apparatus. The inventor calculated for about
4,000 cubic feet per bed per hour, and stated that in the winter about 4,300 had been
obtained generally, but that once about 2,200 only were gained.

2278^. The methods of ventilation adopted in France are required to produce effects
absolutely free from perceptible currents of air. The report produced by MM. Blondel
and Ser, before noticed, mention Duvoir-Leblanc's system, in one portion of the hospital
I,ard.)oisiere, as drawing away about 2,500 cubic feet per bed per hour, half of which is

supplied by the doors and windows; and the method of MM. Thomas and Laurens,
which gives 3,200 cube feet per bed per hour, and is not found always sufficient to
remove every trace of odour. They consider that Dr. Van Hecke's system, used at the
Baujon and Necker hospitals, leaves much to be desired. They require 3,500 cubic feet
per bed per hour; and perceive that in order to obtain anything like such a result,
recourse has necessarily been had to large exhausting flues, or to mechanical means, such
as the fan.

Table of Air Eequired per Hour for Each Prrson.

Prepared by Herr von Fragstein of Berlin {Builder, xliv. 1883, 56).

.
cubic feet. cubic feet.

Drawing rooms - - 700 to 1,000 Sick rooms, epidemic dis-

School rooms and libraries 450 to 500 eases - - - . 5,300
Sick rooms, ordinary - 2,100 to 2,500 Theatres - - - 1,400 to 1,750
Sick rooms, wounded and confined 3,600 Assembly rooms - - 1,050 to 2,100

Each person is considered, in England, to require from 3 to 5 cubic feet of air per
minute, equal to 180 to 300 cubic feet per hour. At Finsbury Technical College
al)0ut 11 cubic feet of air per minute is provided in the class rooms, and 50 cubic feet

per minute in the chemical laboratories and draught closets.

Skct. XIV.

WARMING OF BUILDINGS.

2279. Heat, as reqiiired in architectural structures, results from raising the tempera-
ture of the air by menus of various contrivances so arranged as to take advantage of the
laws which govern the transmission of heat. A body capable of affording heat gives
out caloric by two methods; these are radiation and cunduction. Radiation is diffused

through the air at an immense velocity without materially raising its temperature, but
immediately warming solid bodies exposed to its influence, which in turn give out the

acquired heat slowly; the redder the fire, the warmer is the radiant heat. When the air

in a large apartment is to be raised in temperature, the method of heating by contact is

employed ; this is effected by volumes of air coming in contact with a heated surface,

and, becoming raised in temperature, are put in motioH, and communicate the heat they
receive to surrounding bodies. ...

2279a. In order to obtain full advantage of hfating surfaces, their area must be pro-
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portioned to the cubic feft of air required to be warmed. A small surftiee, if raised to a

very great temperature, will heat a large quantity of air if means are taken to pass it

rapidly from contact witli the heated surface. It is better, in all respects, to have a large

surface maintained at a mild temperature with a gradual change of air. In gener.il, if

tlie temperature of the heated body is above that of boiling water, i.e. 212°, the air ia

contact is rendered unhealthy. Ventilation very greatly assists the endeavours to waria

successfully a room or building.

2279*. The method ot warming classed under radiation and conduction may be further

arranged under the following heads :—I. Open fires, including grates and stove grates of

every sort, having ordinary flues or chimneys ; this is warming by radiation. Warming
by cimduction is effected by, II. Close fires, as furnaces, cokles, &c., and the Cabin,

Arnott, Vesta, Gill, Chunk, Dumpy, Nott or American, laundry or ironing, caloric,

veniilating, &c. stoves; and by Gas, as the atmopyre, asbestos, calorifere, cylinder, and

gas heating apparatus ; having metal or brick flues continued some distance from them
for the purpose of heating. III. Hot water on the low temperature system, with pipes

about 3 or 4 inches in diameter. IV. Hot water on the Hf/h temperature system, with

pipes about 1 inch in diameter. And V. Stea?n, both on the high and low pressure systems.

2279c. The principle of erecting one chimney to serve for all the fireplaces of a house

is liable to very unsatisfactory results, unless such a system be carried out as that

exhibited at Osnuston Manor, near Derby, by its architect, II. J. Stevens, and described

at the Institute of British Architects in 1851. All the rooms in Fair Oak House, Isle of

Wight, are warmed by means of one shaft in the middle of the house, heated by a large

open fire in the basement. Around this shaft is a thin enclosing case of brickwork, in

cement, leaving a space between to receive the cool air, wliich is then warmed by the

heated shaft, and is admitted into the several apartments through perforated cornices,

the supply being regulated by a valve. Obstncles presented themselves which rendered

it necessary to adopt the cornice and not the floor as the place for the admissifn of the

•warm air. The arrangements are stated to have met with a decided siiccess ; the plan

and details are given in Builder, 1 860, p. 329. In a series of small dwellings where the

one shaft system was tried, its complete failure necessitated the new formation of all the

fireplaces and flues.

22~9d. I. It scarcely enters within the province of this work to describe the best form

for an open grate. Tlie point has been t-^ktn up of late years by manufacturers, and very

mar.y excellent forms adopted. The result is that iron at the back and sides has been

greatly discarded, and flre-lumps substituted, whereby greater heat is thrown out with the

pame quantity of fuel. The fire-lump grates for cottages, bedrooms, schools, &c., have had a

large sale. But it has al.'^o been found that too large a surface of the fire-lump tends to con-

sume the coal too quickly, consequently it is now chiefly confined to the back of the grate.

A length of bar equal to about 1 inch for each foot of lergth of room, and the height otthe

front half an inch for each foot of breadth of the room, are dimensions found to produce

good proportions foraverage purposes. The depth ofthe pnrt in which the fuel is placed has

been greatly decreased, about 9 inches being ordinarily sufficient at the bottom, and en-

larging upwards at the back, so as to present a good heating surface in the front, and at

the top, of the fuel. The height that the lowest bar should be from the he irth is a

matter of greater uncertainty ; we advocate that it should be as near to 12 inches as

possible, in preference to the 6 inches which the grates are now usually made. We have
had grates raised from the latter to the former height with greatly increased results.

Advantage has been taken of the fire-clay stoves, since the period of their invention by
Count Eumford, to combine the back and sides with air fines of the same material, which,

becoming heated, impart their heat to the cold air supplied from the outside, admitting
warm fresh air to the apartment. These stoves were first adopted by Cundy. Numerous
forms of slow-combustion grates have been introduced of late years. The Carroii,

Musgrave's, and Barnurd, Bshop & Co.'s Norwich stove, are among many others ( f that

description. The registered Economiser grate and fire-brick back, manufactured by Nelson
and Sons, of Leeds, on the principles advocated by T. P. Teale, in Economy of Coal in

House Fir^s, has a door to iha ash-i it to close the draught ; the sides and back of the fire

are of fire-brick, while above the fire the back slopes forward aid over it to near the mantel,

when it again slopes back to the back of the chimney; all this being in firebrick and
channelled where above the fire. It is considered to give perfect combustion of fuel, with

c .mplete radiation and prqiection of the heat produced, the form of back ensuring the

greatest possible consumption of smoke. It can be readily fixed by any bricklayer.

The Marlborough grate (Garland's patent), with adjustable canopy acting in place of a
register door, fire-brick sides and back on the same principle with Economiser; when
the fire is not used, the canopy can be let down to shut up the fine opening, like a register.

Radiation of heat has been materially assisted by Sylvester's arrangement of the ends of
the fire bars projecting into the room forming a hot hearth; and also by Joyce. Dr.
Arnott's smoke-consuming grate, and the application of a solid bottom to a grate,

producing " the Builders fire," are pcints of consider<ition for the householder rather
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than for the architect. The Galion ventilating air stove is largely used in hospitals and
infirmaries. The Manchester grate, manufactured by E. H. Shorland, of Manchester, for

houses, scliools, hospitals, asylums, &c., is iised by the Bank of England at its branch
establishments. It is called a patent first class smoke consuming and warm air generating

grate. Heat is not only given off by radi ition, but warm air can be supplied to rooms
above or adjoining the one in whifh the grate is fixed

; in 1882 it was stated to possess

nearly 80 per cent, more heat -giving properties, and to be nearly 100 per cent, better as a

smoke consuming grnte, than others tested at the time. The Wharncliffe patent warm
a'r ventilating grate. Gntndi/'s patent warm air ventilating fire grate, in which the

heating surface is stated to be greater than any other. Reeve, Ratcliffe & Co.'s Cosi/

grate is the only open fireplace in which the products of combustion are filtered

through a red-hot wasteless purifier, and therefore is a smoke consuming economical grate.

2279f. II. The varieties of close stoves are very numerous, but the principle upon which
they depend for their efficiency is in all cases nearly the same. This may be stated to be

the heating of metal plates by the combustion of fuel in actual contact with them. The
quantity of heating surface in the room wherein the stove is placed can be materially in-

creased, and nearly the full effects of the heated products from the fuel obtained, by
lengthening the smoke flue ; but the longer the fine the less is the draught of the fire,

which is further lessened by its becoming choked with soot; thus a 3-inch pipe attached
to a small stove, burning coal and in constant use, has been found so completely filled up
with soot in the course uf a week that a stick half an inch in diameter could scarcely be
passed through the hole left in the centre. The now common American cooking-stoves

are on thi.s principle. The principle of the Arnott stove is that of consuming the peculiar

fuel recommended for its use vtry slowly, and the detention of the heat in the stove. The
addition of a descending flue to some of these stoves is an advantage when it is desired

to place the stove in the middle of a shop or -warehouse. Erankhn's calorifere, or the

vase stove, having a descending flue, was formerly much used. When this system has
been adapted to flues carried under a stone floor (after the Chinese fashion), it has been
found to warm most efficiently an office and principal staircase with a mere handful of
fire, at a cost of about 305., while by another apparatus the cost was 18/. (Beaumont,
Hints for preventing Damage by Fire, 1835.) This is an elaboration of the common method
of warming greenhouses by the brick or smoke flue, through which the smoke and flanie

travels from the furnace. A fire-clay casing for the fuel is also combined with some of
them. Haden's apparatus has been mentionel (par. 2278'.) for warming large buildings;

and equally eflficient is that by Grundy, which is also much used for churches and large
buildings. The Tortoise stove is a late production for a small room.

Gas stoves are of A'aiious sorts. There are many of iron make, wliich render the air

unwholesome. Wessel's patent heat dissemin .tor (about 1850), made of copper, has proved
of value even in rooms kept closed. Ritchie & Co.'s Lux-cahr new patent apparatus tor

heating and ventilating large buildings by gas, requires no flue, and h;is no smoke nor
smell ; the principal parts are made of copper. It was much used in the Bank of England.
S. Clark & Co.'s patent Syphon stove is a condensing gas heating, similar in princi[:le.

2279/'. The high tempe ature stoves, such as the cokles, the Strutt or Belptr stove, the

Sylvester's, and others, all used for warming extensive spaces, consist of large metal plates

or surfaces of brick or stone, heated in or by a furnace or fire, the air to be warmed being
CJiused to impinge upon or pass between them, and then carried along in tubes to the
several rooms or lluors where the heat is required. The hot air pipe furnace is used for

the same purposes, whereby the flanie and smoke passes along the inside of the tubes. In
Davison and Symington's furnace for obtaining heated currents of air for manufacturing
purposes, the cold or fresh air is diiven by a fan at a great velocity through the pipes,

which are placed in contact with the flames. Any cessation of the blower may be expected
to cause material injury to the pipes.

2279g. A writer explaining the common American system of warming houses by hot air,

says that the whole comf'nrl of the result depends upon kow the atniospheric air is heated.

The various platis are effected by a furnace, from the dome of which pipes arc coiled and
twisted about so as to gain the utmost pr.s.'-ible radiating surfice, and the air is brought
in contact with them as it passes through the chamber. To get clieaply a great amount
of heat, tf.e castings arc made very tliin, the air chambers and hot air pipes small

;

whereby the result is, that a hot desiccated poisonous air is discharged into the room, in-

jurious to the lungs, and causing headaches. Wliere the air chamber, however, is large,

the furnace very wide and shall. .w, and its dome high, with the radiating surface largely
extended, and the external cold air sliaft spacious, this mode of heating is excellent. No
apparatus of its kind ever surpassed the old Boston furnace, first invented by Chilson,

and since so greatly improved by his successor in New York. In the "Boynton furnace,"

«s it is called, the shaft bringing in the cold air is very large, frequently 4 feet wide and
2 feet or more deep, and the air chamber and tin pipes therefrom are also of considerable
size. In the air-chamber a small jet of water is kept playing to restore the natural

moisture to the air. Anthracite coal is used, a ton of which, for an ordinary ho^jse,
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would be a sufficient supply for nearly three -weeks. No other fires, except tliat of the

kitchen range, is usually seen in houbes possessing tiiis apparatus. {Builder, xxiii. 582.)

'I he heating of houses by warm air, and the substitution of gas for general heating and

cooking purposes, advocated by a method adopted by Mr. A. E. Fletcher, was considered

in the Journals of Jan. 1888. A brick chamber in the basement contains a stove in which

coke is burnt ; air is brought in from the outside, and then conveyed by means of pipes

to the entrance-hall and ground-floor rooms, thus warming the whole house, with the result

of a considerable economy of fuel. Then asbestos gas fires were used in the rooms, and

gas cooking ranges in the kitchen, with great avantages of less dust, cleaning grates,

lighting fires, &c. This is not all new (see par. 2279^). Many persons have for years

found the advantage of the hall and staircase being warmed, if not carried to too great

a heat, but only as an auxiliary to open fires, and the upper floor kept ventilated.

Gas fires are not to be depended upon as successful. Gas cooking stoves are useful

in many cases, but much depends on the domestic even then.

227siA. III. The circulation of hot water in pipes is caused by the unequal density of

the fluid, arising from the difference of temperature in the ascending and descending

columns of water connected with the heating reservoir; and its velocity is governed by

the height of the columns ; Bramah, in appendix to Tredgold, Heating. A boiler (the

" conical " boiler is considered the best form by some manufacturers, while others prefer

the "saddle-back") heats the water, which, as it becomes warmed, rises and passes out

through the floAV pipes ; these are laid at a very slight inclination, to .assist the current.

"When the water has arrived at its furthest extent, it enters what arc termed the leturn

pipes, on its way back to the boiler, which it enters at the lowest part, to be re-heated,

to rise, flow, and return as long as a fire is kept up. A rough calculation has been made
that for every 50 feet of 4-inch pipe 1 square foot of boiler surface is required. The
self supplying cistern and its expansion box must be placed somewhat above the highest

level at which the hot water is desired to rise, yet not so high that the pressure in the

pipes will affect their joints. It should be covered, and have a pipe to allow the vapour

or steam produced by over-heating to escape into the external atmosphere. With this, the

low temperature system, the heat of 212°, or that of boiling water, cannot be exceeded.

Jeffrey's patent Badiator, for hot water or steam, in single or double loops or coils, is

ornamental.
2279?". IV. The high temperature svstem was introduced by Perkins, and is frequently

called by his name. Water is placed in a coil and range of piping of small diameter, her-

metically closed, so as to prevent all communication with the external atmosphere. A
coil, being at least one-sixth of the whole piping, is heated by the action of the fire in

immediate contact with it, by which means the temperature of the water in it can be

raised easily to 300° or 400°; but then the same objection applies to the air warmed by

pipes so heated as to that from high temperature stoves. As water expands with heat,

allowance has to be made by the addition, at the highest point, of a larger tube to receive

the surplus, which varies from 10 to 12 feet per cent. ; one-tenth of the sprice of piping

may thus be allowed for expansion. After the pipes are fixed, they are very caretuUy

filled with water, so as to expel all air, through a filling tube situated at the bottom of

the expansion tube, and when sufficientlj^ full they are hermetically closed. The danger

to be chiefly apprehended from this apparatus is that, if leakage takes place, the loss of

water causes red-hot vapour to be formed, with the possibility of setting fire to any wood

to which it may be attached. There is now no doubt but that wood, subjected to a

constant current of greatly heated air, becomes very liable to combustion.

2279^-. When heating surfaces of great extent are required to be obtained bj' the appli-

cation of hot water or of steam, Walker's system will probably be found to be the most

effecttial yet introduced. It must be sufficient hero to describe it as consisting of a

number of small iron blocks, each block having square perforations passing through it for

the current of air from the top to the bottom, ot very thin metal. The blocks are en-

closed in a corresponding perforated iron box, leaving 1 inch for water or steam all round

each block, which heats the metal forming the blocks By this very compact arrangement

160 feet of heating surface may be obtained in a box measuring not more than 2 feet cube.

2279^. The rules for finding the area of hot water pipes for any sized apartment are in

all respects essentially the same as will be given for steam, excepting the mean tempera-

ture of the pipes : for steam-pipes 200° is given ; but 140° to 150° may be taken as that

of low temperature hot-water pipes. From data obtained by Hood, Practical Treatise,

3rd edit., 1850, it appears that water in a pipe of 4 inches diameter loses -851 of a degree

of heat per minute, when the excess of its temperature over that of the surrounding air

is 125°; and also that, under the same condition, one foot of such a pipe will heat 222

cubic feet of air one degree in the same time ;
whence he deduces the following rule :

—

Multiply 125 by the difference between the maximum proposed temperalure of the room
and that of the external air, and divide this product by the diffiirence between the tem-

perature of the pipes and that proposed for the room ; then the quotient is to be multi-

plied by the number of cubic feet of air to be warmed per minute
; and the product,
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divuled by 222, will give the number of ftet, in length of pipe of 4 inches di.imeter,

required to produce the same efPct; this lengtli is to be mnltiplied by 1'33 or by 2, for

equivalent lengths of pipes respectively 3 and 2 inches in diameter.

2279?«. In making arrangements for heating by steavi, we need not describe the con-

struction of the furnace and boiler, or of the chimney, matters which are perhaps better

arranged by the engineer fitt ng up the apparatus, as steam for warming purposes is rarely

adopted except where waste steam can be brouabt into use, as in factories and workshops

using steam power. The thicker the metal of the pipes the better for greenhouses and
such like places ; for buildings, the thinner the better, consistent with s-trength ; say about

|ths of an inch in thickness. Provision must be made for the expansion of pipes, botli

for steam and water, of about one-eighth of an inch for every 10 feet of length. The
pipes should be placed near the floor, and as close as possible to the apertures for the

admission of fresh air. The pipes should be laid with an inclination to the boiler, so that

condensed water from the steam shall be returned to il, ; and they should be carried at

once to the highest part of ihe building and descend to the lowest.

2279m. To form some idea of the requisite area of piping for any desired buildings, the

quantity of cubic feet of air required per minute must first be ascertained. In order to

ascertain this, attention must be given to the loss of heat by ventilation, and the direct

influence of cold external walls, glass windows, &c. From the first cause there will

be a loss of heat proportioned to the quantity of the air withdrawn per minute: if

4 cubic ft-et are supplied to each individual per minute, then '-there will be for

each individuil 4 cubic feet of air conveying off a quantity of heat equal to the differ-

ence between the heat of the external air and that of the room." Thus, if the heat of the

room be 70° and that of the external air 50°, then the withdrawal of 4 cubic feet of air per

minute must lead off a quantity of heat equal to the differences between 70° and 50°, or

20°. From the second cause there will also be a loss, as heat is transmitted very quickly

through glass ; the quantity of air cooled in a given time being simply proportional to the

surface of the glass exposed to the external air, and, consequently, will be constant, what-
ever variation of temperature may take place. The rule given by Tredgold, § 67, is as

follows:—" If the area of the surface of glass bo multiplied by To, the product will be

the number of cubic feet of air per minute which will be cooled from the temperature of

the loom to that of the external air;" and to this loss will also be added that arising from
each door and window (independently of occasionally opening and shutting the former)

;

this was calculated by the same author, § 65, to be equivalent to il cubic feet per minute,

the difference of temperature between the internal and external atmosphere being 6U°.

2279". From a combination of these circumstances, assisted by various experiments,

Tredgold, § 68, deduced the following rule :—If the number of people the room is in-

teiided to contain be multiplied by 4 (or the quantity of air allowed per minute), and
added to 11 times the number of external windows and doors (as 1 1 cubic feet of air is

passed through each per minute on an average), added to 1^ times the area in feet of the

glass exposed to the external air, the sum obtained will be the quantity', in cubic feet, to

be warmed per minute. The next operation is to find the area or surface of piping

which will warm this quantity of air. The mean temperature of a steam pipe at the ordi-

nary pressure is 200°. The temperature of the air supplying ventilation is to be known
at the extreme case of cold, which for the day may be taken at 30°, but for the night may
be assumed in this country at zero of Fahrenheit's thermometer; the temperature to be

maintained at the same season of co'd is also to be settled. Then, Ti edgold, § 44, gives the

following rule:—Multiply the cubic feet per minute of air to be heated, to supply the

ventilation and loss of heat, by the difference between the temperature the room is to be

kept at and that of the external air, in degrees of the thermometer, and divide the product

by 2'1 times the difference between 200 and the temperature of the room. This quotient

will give the quantity of surface of cast iron steam pipe that will be sufficient to main-

tain the room at the required temperature. According to Dr. Arnott. 1 foot of super-

ficies of heating surface is required for every 6 feet of glass ; the same for every 120 feet

of wall, roof, and ceiling; and an equivalent quantity for every 6 cubic feet of air with-

drawn from the apartment by ventilation per minute. (Tomlinson, p. 124.)

2279/). "The Metropolitan Building Act, 1855,"' requires that:—I. The floor under
every oven or stove used for the purpose of trade or manufacture, and the floor around
the same for the space of 18 inches, shall be formed of materials of an incombustilde and
non-ronducting nature ; II. No pipe for conveying smoke, heated air, stea>n, or hot water,

shall be fixed against any building on the face next to any street, alley, mews, or public

way; (III. A pipe for conveying hot water, or steam, at low pressures is wow not re-

quired to be kept clear of combustible materials) ; IV. No pipe for conveying hot water

shall be placed nearer than three inches to any combustiblw material ; and V. No pipe for

conveying smoke or other products of combustion shall be fixed nearer than nine inches

to any combustible material ; with a penalty not exceeding 20/. for non-compliance.
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Sect. XV.

SPECIFICATIONS.

2280. The importance of an accurate specification or description of the materials and
work to be used and performed in the execution ot a building, is almost as great as the

preparation of the des'gns for it. The frequent cost of -works above the estimated sum,

and its freedom from extra charges on winding up the accounts, will mainly depend on the

clearness, fulness, and accuracy of the specifications ;
though it is but justice to the archi-

tect to state that extras arise almost as often from the caprice or change of mind of his

employer during the progress of the work, as from the neglect of the architect in makirg
the specification. A specification should be made in all cases of new designs, additions.

or alterations in reference to designs, which, the more they are given in working drawings
by the architect, the better will it be for his employer, no less than for the artificer.

2280a. When the drawings have been brought to suit the client's tastes and require-

ments, the architect commences to prepire the working plans and details. Before there

are completed, he should take up the specification. The primary and main object of a

specification, is to give, fully and clearly, all necessary and useful written explanations an 1

instructions for the execution of the work, and for making due preparations for the

eflfecting of a definite and clear bargain between the person or company accepting an ofl!er

and the contractor offering to execute the work.
2280ft. To write out a document fulfilling all these requirements, going into every

particular, and describing fully and accurately each diflferent part of the work, nni^-t

naturally cause a lengthened document. But a line must be drawn between running to

a'n almost absurd length and being too brief. The former may occasionally cause the

specification to be neglected, as the builder or his foreman has seldom the time to refer

Olten to it. The rotation of the various paragraphs is a verj^ important matter. It was
formerly, and is now, much the custom to ilivide the specification into trades, which system
arose when separate contracts were taken for different branches of the work ; but at the
present day, when it is so general to have one cnntractor to carry out the entire work, it

has occasionally been attempted to wriue a specification in a form more quickly and easily

consulted than by referring to paragraphs in several trades respecting some one single

portion of the work.
2280c. Some architects have written the main portion of the details on the drawings

themselves, detaching them from the general and sptcific work, particulars, and conditions
;

but the drawings are not always at hand to refer to, it there be no "office "on the
building.

2280(Z. In many large towns it has become the custom to relegate this important part
of an architect's business, especially of a young one, to a " qumtity stirveyor." By doing
this, he loses that grasp of construction and of details which the preparation of a speci-
fication, as of quantities, so greatly helps. The man who originally draws the working
plans can with much greater facility write out the specification for the execution of the
t-ame than the man who, so to say, has first to learn his lesson. It should bear the im-
press of the artistic feelings of the designer, which the quantity surveyor can never give it.

Each item is usually tnken separately, and should be clearly described; simple lar.guage
should be used, without abbreviations; all such words as proper, properly, sufficient,

with others, should be avoided ; involved sentences, bad punctuation, and faulty grammar
should rot appear, and each sentence should bear but one meaning; but, regai'ding the
haste with which specifications have to be drawn up, these are sometimes unavoidab'e.
Sketches made in the margin, of difficult bits of construction, as well as of ornamental
details, may be copiously used, especially if the detail drawings are not fully prepared.

2280e. Specifications are now usually lithographed, which saves much trotible and ri-k
in examining each copy that may be required.

228(1/'. It is advisable that the agreement with the artificer or contractor should be
drawn up by the client's solicitor, who, no doubt, will seek the assistance of the architect.

2280//. It is impossible to frame a set of directions which shall be applicable in all

cases of buildings. Something like a list or skeleton of the component parts of buildinss
are given in the following page*, from which the architect may select such as are suitable
to the particular case whereon he may he .ngaged. This i-s not carried into the repairs
and alterations of houses, because, wiih diflTerence of application, the same system can be
carried forward in such cases without difficulty. Chapter III., Use of Materials, or
Practical Buildino, may be consulted f< r many other details.

2280/i. The following pages have been rewritten, condensed, and added to as necessary.
A large amount of information as to the manner in which materials are used and piit

together is contained therein. There are several books on the subject, one of which,
Pewtner's Comprehensiie Specifiir, 8vo. 1S70, should be on the student's shelf.
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22S0/. Among tlie Acts of Parliament, &c.. to which the attention of the architect and
of the builder lias to be directed, are the folluwing. Towns and several other places,
and the London p rishes. &c., have their own local Acts and bye-hnvs.

Molropolitan Building Act, 18o5, 18 & 19 Viet., c. 122. Amendment, 1860, 23 & 24
Vict., c. 62. Amendment, 1869, 32 & 33 Vict., c. 82.

Metropolis Management Act, 1855, c. 120. Amendment, 1862.
Metropolis Management and Building Acts Amendment Act, 1878, 41 & 42 Vict., c. 32.

Amendment Act, 188'-', 45 Vict, c. 14.

Metropolitan Board of Works, Bye-Laws, after 1878.
Public Health Act, 1875, c. 55.

Knisht's Annotated Model Bye-Laws cf the Local Government Board 8vo. 1883
is useful.

' ' '

GENERALLY.

22807^. The contractor to supply all requisites; to provide all materials, new and of
the best quality; to execute and complete in the best and most workmanlike manner all
the works set forth in the specification and drawings, to the satisfaction of the architect

;

to give notices to, and pay fees and charges of ail local authorities and officers, as district
surveyor, paving board, for hoarding, water, gas, and such like (the rights as to advertis-
ing on hoardings to be reserved, or not to be allowed as on some estates, and as to tho
irravel and sand that may be found on the site) ; to provide a watchman

; to insure from
fire in the names of the builder and the client; to provide and maintain on the site an
office for the clerk of the works, furnished, and for the custody of the drawings and papers

;

to afford access for the architect, his repre tentative, clerk of the works, and the client, to
the premises; to remove all dirt and rubbish ; to sweep out and scour all floors, and clean
hU glass, and to deliver up the building and premises in a satisfactory state at the con-
clusion of the works, or at a specified time (it is not very clear when a house is "com-
pleted ")

;
as to the use and possession of the documents, and of making copies ; to keep on

the building a foreman of the works ; to carry on the works, and to complete the same ; as to
Tinfit workmanship and materials, and works not in accordance with the directions;' as to
day bills

;
all disputes to be settled by the architect, or arbitrator agreed to before signing

the contract; sum to be allowed for contingent works ; as to sureties, time of payments,
&c. Besides the above, it would be well to refer to the " Heads of Conditions of Builders'
Contracts," sanctioned by the Royal Institute of British Architects, 1882.

EXCAVATOR.
2281. To talce down any old buildings and impediments that may be on the site of the

new works. If any old materials are to be used again, he is to clean, sort, and
stack them for re-using in such parts of the premises as may be directed. The
rjbbish, as well from these as from any superfluous earth that may come out of the
basement and foundations, if not wanted fur any purposes, he is to cart away, either
wholly, or to such part of the premises as he may be directed, as well as all
rubbish that may accumulate in executing the works. To reserve any clay dug
out, and to thoroughly burn it with small coal into ballast, as directed.

To strip the surface soil to a certain depth. To dig out for basement story (where
one is to be), for the foundations, areas, drains, floors, and all other works requisite.
To beat down to a solid consistence the ground forming the beds of the trenches
for receiving the foundations and wa'ls, and after they are in, he is to fill in and
ram down the ground

; to level, and to do such other rough groundwork as may
be necessary for forming the sectional ground lines shown upon the drawings.
To prepare for concrete in foundations. To cover over the ground under paved
or tiled floors (except where the tiles are laid on joists) with broken bricks well
rammed and grouted with liquid mortar. This layer is to be made of suffi.-ient

thickness to receive 6 inches of concrete, which is to be properly rammed and
covered with a layer of 2 inches of fine concrete, finished with a level surface. In
basements no earth is to be left nearer than 9 inches to any floor or other timbers,
such cavities being by the specification to be filled in with dry lime core. If water
cannot be supplied by any public company, a well may have to be provided, as in
next section. To leave the ground free from all useless soil or materials.

Boadtmrj and Paths. Remove the top soil from the intended lines of the roads;
spread over the site a stratum of coarse stone ballast, or of brick rubbish, 12 inches
deep; cover the same with coarse gravel, spread, beaten, and rolled down until
hard and solid, forming the width with a curve to each side, and rising . . . inches
inthe middle. The Paths to have a stratum of coar.-e stone ballast (or burnt
brick ballast where such is to be obtained), or of brick rubbish, 4 inches deep

;

cover the same with 3 inches of fine red gravel, well beaten down and rolled over
until solid, and to be formed to a curve rising . . . inches in the centre.
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To hale out or jjuwp out and remove all soil aiul water which may be necessary for

laying the foundations, whether arising from springs, drams, cesspools, rain, or

otherwise, and to be answerable for all accidental damage that may occur whilst

the foundations and walls are cai-rying up ; as also, when buildings adjoin, for all

damage that may occur to neighbouring buildings.

JiRICKLAYER.

2282. The brickwork is to be executed with the very best hard well-burnt grey stocks

(or kiln-burnt red stock bricks, or such others as may be directed), to be laid in flat

joints, and so that every four courses shall not exceed l\\ inches in height.

When better bricks are used forfacing external walls, they are to be specified (as best

marie stocks, second marie stocks, Suffolk white bricks, as the case may lie), in

which case it must be specified that no headers of the facing are to be cut off,

except where absolutely necessary to form good bond. Fronts so faced are to bo

either carried up with a neat Hat parallel ruled joint, or to be afterwards tuck-joint

pointed if a finished face is wanted, though the latter is not altogether a sound
practice. In old work the joints have to be raked out, the brickwork washed,

staineil, and tuck-joint pointed. No place or samile bricks to be allowed in any
part of the Avork.

The mortar is to be compounded of well-burnt stone lime and sharp clean grit or

drift sand (if the work be of importance), to be ground in a pug-mill, or otherwise

to be well tempered and beaten with wooden beaters, and to be in the proportion

of one heaped bushel of lime to two of sand. (The use of sea sand is sometimes to

be avoided; and road scrapings, unless very well washed and screened.)

When the earth foundations are bad, concrete .'^liould l>e provided ; it is to be formed
in the proportion of six parts of Thames or other unscreened clean ballast, and one

part of fresh-burnt Dorking (or other) stone lime, beaten to powder on the premises,

and unslaked. They are to be thoroughly mixed in small quantities at a time, the

lime at mixing being slaked with as small a quantity of water as possible. The
concrete, after mixing, is sometimes stated to be dropped from a stage, but this is

a bad practice. The thickness may vary from 4 feet to IS inches in heiglit, accord-

inij to the quality of the earth or soil, and the width about six inches on each side

wider than the wall.

Damp course. The brick or stone walls and partitions to be covered with a continuous

layer of asphalte at least \ inch thick, poured on while hot, at above the level of

the outside ground as linishe 1. A continuous la3'er of 5 lb. milled lead has been

u.sed. Taylor's patent vitrified stoneware, of 1, 1^, or 3 inches thick. A course

of Bangor slates in cement 3 inches lower than the general level of the ground
tloor (and where else as needed). See/iftr. 18866, et srq. for methods of obviating

the rise of damp.
English bond is preferred by many to Flemish bond ; for good work, the brickwork

sliould be specified to be flushed up at every course with mortar. No bats to be

allowed except for closures ; and for sound work every fourth course to be grouted

with liquid mortar, and in the foundations every course, or at least every second

course. The walls, chiraiic^ys, their shafts, piers, and other works, to be carried up of

the height and thicknesses and in the manner shown and figured on the several

plans and drawings, together with all brickwork requisite for the completion of the

house. When the work is within a district under bye-laws of a local board, and
not required to be of special solidity, it will be well to describe that the thicknesses

of the walls, their heights above the roofs, and other matters, shall be conformable

to the regulations.

Work to appear without a stone or plaster facing requires rubbed and gauged arches

for all the external openings in the principal fronts, of 9 inches in depth (or more
according to their span), accurately cut, and set closely in front, in back, and on
their sofites. To the other openings the arches will be plain arches, closely set

;

tliose which appear externally to be tuck-pointed on their outside faces. Over all

lintels, in external walls, should be provided uncut accurately formed arches.

When/«5cm.s are formed of brick, their projections must be named ; also all cornices

formed by arrangements of bricks ; but a drawing should, for the latter, appear
on the drawing or specification.

Any moulded bricks are to be carefully made in accordance with the detail drawings,

and to be trimmed up before they are placed in the kiln. They are to be made a

little thicker than the other bricks, so that the beds and joints maybe rubbed true

before they are laid; they are to be set in fine mortar, and (before the scaffolding

is struck), they are to be rasped, rubbed M'ith gritstone, and the arrises to be made
as straight and true as stonework.

3 C
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Work into tlio exterior and interior ftiees of the walls (if required), crosses, diapor.«,

zigzags, or oilier patterns ; and form bands, string-courses, &c., -nith white, black,

red, or other bricks, as shown on the elevations, &c. The red and black bricks are

to be laid iji blue-black or other mortar, or the joints to be raked out and pointed

with the same.

Shafts of chimneys CATr\eil up above the roof, out ef the common way, must be referred

to drawings; otherwise what relates to them and their lines is described as

follows :

—

Turn, parget, with cow-dung mortar (or puint the inside of all flues witii

a flat mortar joint), and core the cliininey flues, and finish the shafts with salient

courses 6 inches (or more) in height, with double plai/i/ile creesing thereto ; for

each flue provide and fix a large-sized chimney-pot (of cement, plain or moulded
;

or of earthenware, or ornamented, as may be necessary) ; the upper courses of the

shafts above th(! creesing to be laid in cement.

Parapets not coped with stone or cement are finished with double plaintile creesing,

and a brick on edge on top, or as shown on drawing, all laid usually in cement.

Where weather is to be provided against, as in upper courses and elsewhere, the

laying in cement must be desci'ibed.

Turn trimmers of 4-inch brickwork to all the fire-places for receiving the stone, marble,

or cement hearths throughout the building, except where, as iu basement stories,

the hearths lie on fender walls, or on the ground.

Tile-arch or flat. The .... to be covered with 3 courses of plain tiles set in cement,

the tiles to be first well soaked in water.

To basement stories, or the story on tho ground, describe piers inches square, or

continued walls 9 inches thick, to carry tlie sleepers whereon the joists of the flour

or the courses of paving stone are to lie ; the cavity, if small, may be filled with

dry lime core. Where the piers or sleeper walls are high, arches may be formed

in them to save material, afford ventilation, and sometimes access throughout the

cavity.

Build 9 inch sleeper tvalls to support ends of joists of wood floors abutting upon paved

floors (as in a church), and build half-brick honeycomb sleeper walls on one brick

footings, 4 feet apart, under all wood floors in basement, or on ground floor when
not excavated under.

Foundations to piers of arches to be in brickwork of hard bricks, laid in cemect, and

every course throughout the foundations to be well grouted.

Bed in mortar all bund timber, wall or other plates, lintels, wood, bricks, templets,

stone, or other work connected with the bricksvork. All the door and window
frames to be bedded in and pointed round with lime and hair mortar. Execute all

requisite beam-filling.

When the building \s faced u'ith stone, or stone dressings are used ; to the above must

be added— back up and fill in solid with brickwork all the stone work ard iron

work that is set in the brickwork.

If cornices, fascias, &c., are to be run in cement, then—prepare and fix brickwork,

and such Yorkshire stone slabs and other materials as may be necessary for forming

the several external cornices, peiJinients, strings, sills, and dressings to openings,

in cement, as shown on the drawings.

Br ck relieving arches that are visible are to be formed of three or four courses of

red and black bricks, alternately or otherwise, as shown, or as the architect may
hereafter direct.

Turn arches in cement (if wanted) for cari-ying entrance or other steps. Provide all

brickwork for stone steps. Turn vaults of brickwork (describe thickness not less

than 9 inches) over the intended cellars, according to the drawing, and properly :ut

all groins of intersections. The spandrels to be filled in with solid brickwork up

to the level of the internal crown of the vaulting, the whole grouted with liquid

mortar. When the centering is struck, the sofites of the vaultings are to be evenly

and fairly cleaned off, and pointel.

Construct round the building a dry drain or area, as shown on the drawings. Ram
down the ground at the back thereof as the work is carried up, and provide such

stays of stone, slate, or iron wall-ties from the building as may be necessary for

maintaining such wall in its place, and as will not carry the damp to the main

wall. Such diy area may probably require a drain if the soil be very wtt.

Brains for draining the premises, as shown on the plans, to fall into a main sewer

(or cesspool, as the case may be). The principal drains to be 1 ft. 6 in. and the

smaller ones 12 inch, 9 inch, 6 inch, and 4 inch diameter, as the case may require,

of glazed socketed stoneware pipes (state manufacturer), at depths as figured on

the drawings. Provide all necessary bends and junctions. All the pipes to be

jointed in cement, and tho drains to be properly connected with the sewtr (or cess-
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pool). The outlet of the drain to have a galvanized iron flap to shut flush all

round. The feet of all rain-water and waste pipes are to be brought on to the

grating of a syphon trap, or to be let into it under the gratingr, as may be pre-

ferred. The lead soil pipes to be carried into syphon traps. The main drain is

to be ventilated by a lead pipe carried up above the roof and clear of all openings

and chimneys ; and at or near its connection with the sewer fhould be placed an

"interceptor" with a syphon trap, for the purpose of readily cleaning out the

drain if it become stopped. This chamber should also be ventilated in like

manner to prevent foul air ascending the drain.

When foul water cannot be carried off to a public sewer or running stream, cesspools

must be formed to receive it, and made water-tight, if possible, or allow absorp-

tion by the earth. They are usually 3 feet 6 inches to 5 feet clear diameter, circular

on plan, stcened round with hard stocks, in half a brick thick, laid dry till within

18 inches of the top, which 18 inches are to be laid in cement. If the water-

closets be far apart, each may h.ivo to be provided with a cesspool, and apart from

the building. Cesspools (and also wells) are sometimes domed over in brickwork,

witli an eye or opening for access, a circular stony being let into the opening ;
or

tlie cesspool be covered with a Yorkshire stone slab.

Welh\ when above 6 feet in diameter, to be steened one brick thick; and when less

than that size, in half a brick, laid flat, paved at bottom, and domed over as for

cesspool.

Execute walls for carrying the columns of the portico as shown on the plan, all piers*

or cross walls for receiving the landings, and brickwork to receive the i-teps. If

the portico be of large size, describe discharging arches above the architrave in the

space over intercolumniiitions, and from return columns to main walls. If a pedi-

ment, back up with brickwork behind the tympanum of pediment quite up to under

side of raking cornice of pediment.

For/ence walls, their footings, thicknf>sses, heights, and lengths are to be mentioned,

and of what bricks they are to be built. If anything peculiar in their form, a

drawing should be given.

Bricknoggccl partitiois are described as with prey stock bricks laid flat in mortar, or

on edge, filled in between the timber quarters, ties, &c.

Strong closets for plate or deeds require a description of thickiiess of walls and brick

arch and paving, and usually 4-inch walls brought up for holding the requisite

numbcx' of slate or iron shelves. A fireproof (and perhaps burglar-proof) door

may be required to be named ; and if the room be large, an inner grated door may
be useful. The same of icine cellars, whose l)in walls and s!ate shelving must be

mentioned.

When the building is to be hcatid with hot air or hot water, then -.^ build furnace

room where shown on plan, with flues as necessary ; or, bixild channels for hot water

pipes under floors; the channels to be 2 feet high by 12 inches wide in the clear,

resting upon 3 inches of concrete and a double course of Bangor duchess slates to

form channel floors ; the sides to be half a brick thick in mortar.

Paving with bricks is described to be either of stocks, paving bricks, malm paviors,

or clinkers, which may be laid flat, or on edge, in sand, mortar, or cement, and
either straight-coursed or herring-bone. Facing with tiles is usually in mortar;

the tiles either 6, 8, 10 or 12 inches square.

All splays, ramps, and chases to be cut where want'd ; the two former to be rubbed

where necessary, and the latter to be pargetted.

Brick ovens (one 10 feet wide and 8 feet 6 inches deep will bake twelve bushels of

bread, and one 8 feet wide and 7 feet deep will bake eight bushels, and so in pro-

portion) are to be constructed with Welsh lumps or fire-bricks for fire-place,

domed over, and hooped with iron hoops. The bricklayer is to provide the bars,

plate door, bar to the archway of door, and other ironwork, and to carry up a

proper flue from the fire. This is often a separate trade.

An Iron oven, cipaLle of baking two bushels of bread, to be set in proper brickwork.

Coppirs and steiving stoves to be set neatly in brickwork, the latter in gauged brick-

work with tile top, and flues carried up therefrom. Set the kitchen range (or

kitchener) according to its requirements ; and set all fire-grates at back and sides

well backed up with brickwork in cement, and cemented at top to prevent soot

getting down behind the grate.

Cahemns to porticoes, or fronts, which are to be coated with cement must be described

of such diameters as the drawings require, with entablature, &c., as the ease may
be, carried up in cement.

For stables, besides what may be applicable from the foregoing directions, two air-

flites are to be constructed to each stall and loose box, 9 inches square, and carried

3 c 2
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up over the racks witliiu tlic tliicknes.s of the brickwoi-k, communicating at tlieir

tops with tl;e external air, and secured from the penetration of the rain.

Dimg-fiU walls, whose dimensii'ns depend on the size of the stables.

Dtis't-hin, to contain 30 feet eab«, to be of half-brick walls in cement. The deal top,

and cover hinged with water joint hinges, and with deal slides and door in front, to

he provided by the carpenter. Alorrell's patent cinder-sifting ash closet is adapted

for outdoor use. The "galvanized iron dust-bin," Avhich is easily emptied in

towns, has much supersedtd the old wood or brick dust-bin, with its inconveni-

ences and smells. Thev are non-absorbent, and are made 24x20x37 ins. high

at back; also 27 x 20 x"37 ; also 30 x 20 x 37 (see also 1907rf). Dn-'^t .ikoofs are

now used in artizans' dwellings; one is so arranged as to prevent the passage of

foul odours into the building should the hopper be left open.

In cases of ?fwrZ(?r/)i?jwi;;//, the bricklayer is to cut all holes for tlie needles, anil to

remove the old work, and to bring up the new work in cement on concrete

foundation; and, finally, drive in the cast iron wedges for bringing the W( rk to

a solid bearing.

Hollow vails for exposed situatinns. The external walls above the plinth line are tobe
built with a hollow cavity in the middle of about 3 inches, having courses of

bonders or through stones not more than 1 foot apart in height, and of various

widths, but never more than 2 feet 6 inches apart. At the level of the lop of the

plinth a course of thick slates, or of thin stones, is to be worked on the walls,

closely bedded in strong mortar under all the voids or flues thus formed, and a

small aperture, 9 inches by 6 inchfs, is to be made for the admission of air and to

carry off any moisture that may have been driven in ; openings into each of these

flues are also to lie made between the joists of the different floors for ventilation.

Other mel hods of building such walls are described in Chap. III. Sect. \l. jinr.

1902e.

Fence wall. The site to be enelosed with a 9-iuch stock brick wall in mortar,

. . . feet high, with brick footings 6 inches high, with two 2^inch set-offs on each

side of the wall, laid on concrete 9 inches thick and 2 feet 6 inches wide, the

bottom being . . . feet below the finished surface of the ground. The top of the

wall to have a brick on edge course set in cement (or other coping, to be specified).

Provide (according to the extent of the joli) a certain number of rods of brukwffrk.

at a price per rod to be named, for siich extras as may be ordered in writing by
the architect; if the whole or any part thereof should not be wanted, a deduction

to be made on settling the accounts.

To build all the walls IfVel. except otherwise directed ; to be answerable for all

damage that may occur to flie wurk, by settlements or otherwise, during the time

of building, and to rebuild or make good the same as the architect shall direct
;

and, furtlier, to p?rform all sucli jobbing work as shall be necessary for completely

finishing the building. To pi-ovide good sound and sc.fficient scajjoldinfi. which is

to reniain for, and to be altered for, the mason, carpenter, and other artificers that

may have occasion to use the same. A specimen brick of every description,

splayed, moulded, for facing, 6tc., to be submitted to the aichitect for his approval

l)efore the commencement of the work.

SI ATEK.

2283. To cover the roo/i- with the best strong AVistmorelanl, best Bangor, Tavistock,

or other slate and size to be named, each securely fixed with tvvo best strong copper

nails. To be properly bonded, especially at the eaves and heading courses, with

slafes cut to keep the bond unif irm; the bands and diapers to bo formed of Car-

narvon or Westmoreland green, or other coloured slates; (jr courses to be laid of

slat's cut to a notched pattern. No slates to he laid lengthwise. A little latitude

may lie allowed as to the exact size of the slate to be used. By specifying sizes,

other than Countesses and Duchesses, there would frequently be less delay and less

expense in covering.

If roofs are covered with tiles, cither pnn or jdaiii, the description for the former

will be either laid dry, or bedded in lime or hair, or pointed outside or inside, or

on both sides ; or if glazed pantiling, to be so described, laid to a 10-inch gauge on

stout fir laths, with hip, ridge, and valley tiles, filleting, cutting to splays, beam
filling, painted T nails, hip hooks, &c. Plain tiling is. described to be of good
sound tiles, laid to a close gauge on heart of oak double laths, combined with

ornamental tiles, to form patterns, as shown; every tile to be pegged with a good
English-oak peg. an<l laid in mortar to a 3-iuch lap. The hip and ridge tiles to be
set in cement, with T nails dipped in melted hot pitch, in all die joints. Strong,

similarly pitched, wrought iron hip hooks. Filletings of cement, with strong cast
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iron nulls for t\>rniiiig a key driven into the walls or other lirickwirk at intervals

close enough to secure the same. Cover the rulyes with socketed roll Stafford-

fhire ridge tiles set in cement ; tlie tiles to be grooved for cresting (if any). Cover
the hipi with proper lapping hip tiles or rolled hip tiles. Provide ornamental tile

cresting (if any), and fix same on ridges where shown on elevations.

Fillits (other than lead flashing) against the liriekwork, where requisite, of gauged
stuff or cement, formed on nails driven at intervals to form a hold. Fillets of

brick or stone may be built up with the wall, level or raking; and if they should

be preferred, they must be described in the bricklayer's or mason's works.

If the slating be required to be rendered air-tight, it must be described to be pcjintcd

on the inside with lime and hair mortar ; but this pointing, from the expan.sion

and contraction arising from heat and cold, may soon fall out. The slater to be

answerable for twelve months for his work.

All the slating is to be rendered up perfect on completing the building, and all job-

bing work to be performed that may become nec('ssary as the Avork is carried on.

Provide slates to form damp-proof course in walls ; and for the bottoms of hot water
pipe channels (if any).

Slate slabs are now much used for sinks, cisterns, steps, skirtings, sills, covering to

bay windows, mouldings, doorsteps, linings chimney-pieces, trusses, lavatories,

nosing to steps, &c. ; they must be described.

MASOX.

2284. The stone to be used in a building generally depends of course on the place where
it is to be built, unless, without regard to expense, the employer determines on
the use of any particular sort. Chap. II. Section II. furnishes the means of describ-

ing the best of its son. In London, Portland stone is most used. Granite or

other hard stone is used where great strains and pressures occur, or where use and
wear, and the action of the weather, indicate its employment.

Having described the sort of stone selected to be of the best quality, free from all

vents, shakes, &c., the next direction is, that it shall be throughout lai I in thedirec-

tioQ of its natural bed in the quarry ; and if the whole building is of stone, many
of the following particulars will be unnecessary'. Where the building is only
faced with stone, then the . . . fronts (describing them) are to be faced with
Portland (or other) stone, ash hiring in courses to full in with the courses of biick-

woi'k ; the stretchers of such ashlaring being 4^ inches deep and the headers
y inches, with bond stones running through the whole thickness of the wall in the
proportion of ^g of the face, to be introduced where the piers allow. No quoins
to show a thickness of less than 12 inches. The whole to Ije cramped with gun-
metal cramps, the mason finding the same and properly running them with lead.

Where the building is of hrick with done dressings, then—To provide and set a
Portland stone (or other stone or granite) plinth all round (or part, as the case

may be) the building, . . . fret , . . inches high and 8^ thick, in stones not less

than 3 feet in length, the vertical joints to be cramped with T cramps not less

than 12 inches long. Describe whether joints are to be close or channelled, and
whether ashlar is to be rustieked (rockworkod). To jjrovitlo and tix at the angles
of the building, as shown upon the drawings, solid quoins of Port'and (or other)

stone [describe whether close, chamfered, or channelled joints, and whether
rustieked] of the length and height shown.

Kentish Bar;. The Kentish rag to be of the best quality, from the quarries at

Boughton, sound and free from hassock, laid in random courses, galleted and
pointed with dark mortar. A sufficient number of bond stones to be built in,

one through stone (at least) to each yard superficial.

Bath Stone. To be the best Bath stone from Sumsion's, Pictor's, or Randall and
Saunders's Combe Down quarries (no Farleigh Down stone to be used), to be laid

on its natural bed in all eases, and cleaned off when set. All plinths, bases, and
other work for a height of 4 Icet above the ground level to be of Box Ground
stone.

Random walling of local xtone. The stone fur the walls generally is to be bruuL'ht

from . . . (state the quarry), that for the foundations (unless bi-ickwork is used
for them) to be of large size

; all those in the visible surface of the walls are lo

be carefully hammered, scabbled, or sawn (as the quality of the stone and nature
of the work may require). All stone used in tlie main walls of the building to bo
of good scantling, and no very thin stone will lie allowed in any part.

Walls with concrete cores. The external face to be built up in courses of hammered,
scabbled, or sawn stone. The internal face to be built up in sawn (or other) ashlars,

or in rough brickwork, in English bond, or rubble if it is to be plastered. The
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body of the walls to be filled in with strong concrete, conip ised of 1 part of
pjrouiifl stone lime and o parts of clean sharp gravel, filling in interstices. At
every 2 feet 6 inches iu height a double course of bricks is to be set in mortar
and at every 8 feet 6 inches in height a bonding through stone, from 10 inches to
1 foot 3 inches deep, is to be fixed. Small stone chippings may be mixed with the
gravel forming the concrete.

Regularity in the quoin stones is not desired, but they may be worked and set in any
reasonable scantling so as best to bond in, and harmonise with, the intermediate
rubble. The upper beds of the stones to be laid with a slight inclination outwards,
and as close as their nature will allow. Every precaution is to be taken to avoid
risk of the settling of the work from imperfect beds and open joints. The work
is to be carried up regularly all round the building. In the case of a church with
a tower, the walls of the latter are to be specified to be built up very slowly and
without b-ing bonded into thos^e of the church, but are to have slip joints or chases
worked in them for forming the connection

; this is in all ca.ses to be so free as to
allow for the settlement of the masonry without injury to the work in the church
walls; with this exception, no part of any wall is at any time to be raised more
than three feet higher than anotlior, during the progress of the works.

The walls of the toiucr of a church are to built quite solid, and inve ted arches are
to be turned under all the large apertures therein. AH flat headed apertures are
to be covered with York (or other) lintels, of thickness proportionate to the width
of the opening.

A cornice and blocking course, scantliug ... by ... , moulded, to be provided
according to the drawings, the bed to be .'<uch that the weight of each block of
stone in the projecting part shall not be equal to that on the bed by one-fourth of
its cubic contents. Tht same to be executed according to the drawings ; to have
proper sunk water joints, and to be channelled and plugged wit ii lead at all i liejoints.

String-courses toy>e . . . inches by . . . inches, throated and bevelled on the upper
face, and the joints plugged with lead.

Blockimj course, as shown on the drawings, . . . inches high, . . . thii-k on tiie bed,
and ... on the top, plugged with lead at all the joints, with solid block at the
quoins, returned at least 24 inches.

The quoins, jambs, string-courses, hoodnioulds, buttress weatherings, copings, and
dressings generally, to be strictly worked according to detail drauings, and to be
dragged, chopped, tooled, or rubbed (according to the qualify of the stone) so as
to be truly worked in every particular.

AW \A\e tracery &nA. mouldings to be set out full size, and cut and set to the right
jointing, as approved by the architect or the clerk of the works.

Face the walls of . . . with Minton's ghized (or other) tiles, vnlue . . . per yard
superficial, to be secured with cramps of stout copper wire inserted in holes in
edges of the tiles.

All the immng tiles to be of the best quality, free from blemishes; to be set iu
Roman cement, and to have all cement removed from their face after the work is

finished
;
the edges of the tiles to be rubbed, where necessary, to ensure neatness,

and cai'e is to be taken that the tiles are not injured l>y the workmen after they
are laid.

The base mouldings of the tower, jambs, and arches of the windows and doors
throughout the building, and whatsoever parts are tinted . . . upon the elevations,
are to be of tooled or dragged masonry.

The plinths, eaves, string courses, and the labels over the windows and doors, are to
be of Ketton (or other suitable) stone, finished with a dragged or tooled face.

The coping of the gables to be of Bramley Fall (or other stone that is not porous),
worked as shown, and the apices of the (here enumerate which) gables to be
surmounted by crosses worked in Ketton or other stone, according to drawing, set
with copper dowels.

Balustrades to be provided of the heights and sizes shown on the drawings. The
balusters to be wrought out of one stone, allowing at Irast one inch of joggle at their
cuds into the plinth and impost. All the vertical joints to be avoU plugged with
lead; the imposts to be cramped with cast iron (or bell metal), and the whole to
be fe-ecuivly fixe(l. The half balu.stcrs to be worked out of the same block of
stone as their adjoining ptdestal.

Columns and pilasters, with their pedestals, capitals, bases, plinths, &c., and en-
tabhature, to be fixed as shown on the drawings. The columns and pilasters to be
monoliths, or not to be in courses of more than . . . blocks of stone. The architraves
to be joggled from those resting on the columns or pilasters themselves, and these
as well as the frieze and cornice to break joint over the architrave. The archi-
traves, if blocks nP stnnp nMli Vio annnlio,^! I.ivrro o>Tr„ifrlT fr, V,o In ^.,« Ul„„% t^^,^
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centre to centre of column, with return architraves in like manner. The whole of

the entablature (as well »s the pediment, if any) to be executed with all requisite

joggles and cramps (and if a pediment, the apex to be in ones'one). The pilasters

(it any) to be bonded not less than . . . inches into the wall, against which th^y

are placed in every other course. The sofites of the portico to be, as shown on

the plan and sections, formed into panels and ornamented. Provide and let into

the top of the architrave good and sufficient chain bars, with stubs on the other

side for letting into every stone composing the architrave.

The ca2)S and bases to piers to be in large stones. The caps and bases to dwarf

shafts (if any), and the corbels under wall pieces or other roof timbers, to be well

pinned into walls, and sunk and dowellod to receive shafts or timbers.

If a portico is shown, to provide and fix of solid . . . stone . . . steps nnind the

portico, scantling . . . by . . . ,
properly back-jointed and worked all over ; and

within the portico to provide and fix a complete landing of stone, at least 4 inches

thick (or Ic^s, if a small portico), in sbibs. as shown. The joints of the steps and

landings are to be joggled and run with lead. If the portico be very large, it is

not necessary to make the frieze solid, but concealed arches should be turned in

the space from column to column to support the superincumbent weight of the

cornice and pediment. If the columns are fluted, it must be mentioned. When
a pediment, the tympanum may be described to be faced wi'h a>hhiriug.

To construct and fix dressings ami sills to the external windows and doors, as shown

on the drawings, w ith all" such throated, sunk, moulded, carved, rebated, and other

work as may be necessary.

'i'o ('escribe sills generally :
—

Sills to . . . windows of . . . stone, 9| by 6 inches. To . . . windows moulded

and of . . . stone, 14 by 8 inches. To . . . windows of Aberieen granite,

finely tooled, 14 by 9 inches. To . . . windows of . . . stone, 9 by 5 inches.

All sills are to be properly sunk, weathered, and throated, and at each end

to be 4 incl es longer than the opening.

The tower and spire to be carefully carried nut in accordance with detailed drawings.

The spiie to spring from squmch arches or from the solid broaches (or as the

case may be), and gradually reduced towards the top, each stone to be wrought and

cut to its through bed and inclination of its plan", the parts (as shown) to be in

solid ashlar and carefully tai.ed and bonded. The bauds, mouldings, cornices,

strings, &c., to be worked as shown, and continued round ; the storm lights to be

formed with solid sills, heads, ice. ; the vane to drop through the finial and to be

securely fixed. The windows of the tower and the storm lights of the spire to be

grooved for louvres of wood or .'latcs (or to be filled in with thin slabs of stone

with ornamental piercings).

Turn relieving arches over all arches of nave, chancel, &c., forme 1 of different

coloured stones, arranged as directed, and form bands, diapers, crosses, &c., of

same where shown. The stones for parti-coloured work to be Pennant, Caen,

Temple Quiting, Eed Forest of Pean, Silver Grey Forest of Dean, Ped Mansfield,

Whinstone, or Pine Warwickshire stone (or local stcne, if of suitable colour).

Pi'ovide shafts where shown of Derbyshire, Devonshire, Purbeck, or other marble, or

of alabaster, serpentine, Aberdeen or Peterhead granite (or other material as

may be selected), to be well polished, and to be sunk, dowellej, and secured into

caps and ba^es. Shafts in angles of doorw-ays (if any) to Ije of any suitable dark

stone (if necessary) to contrast with the jamb.

All ornanjvts, carving, enrichment of capitals, of columns and pilatters, and of such

as may be shown in the entablature, is to be executed in an artist-like good style.

Models from the working drawings are to be made at the contractor's expense, and

the whole to be executed to the satisfaction of the architect. The Order may,

however, be described if the working drawings are not sufficiently made out.

Plinths and base moiddings to the portico, as shown on the drawings, to I e worked

out of (describe stone) . . . stone of . , . by . . . scantling.

Finish the chimney shafts with mouldings as shown in the drawings, or with sunk

moulded and throated copings, . . . inches wide and . . . inches thick.

Da7np course. All the walls to have Yorkshire stone 3 inches thick and 4 inches on

each side wider than the several lowest footings, in slabs of one length across the

width of the footing. This was an old custom.

Ba'coiiics to a house:—A balcony landing of Portland stone, . . . inches thick,

moulded on the edges and the pieees carefully joggled together, and run with lead,

to be provided with holes cut therein for the iron railing. The said balcony is to

be tailed into the wall, and securely pinned up.

Steps to the doorways must be described as to scantlings. All external steps shuuld

be weathared.
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Eor ii biu-k staircvst, carry up and construct ;i staircase from tlie basement to the

principal floor, with solid Yorkshire quarry steps 13 inclies wide and 6s inches

high, properly back-jointed and pinned into the brickwork ; cut holes for the iron

bH;ustrades. N.B. Tliis sort of staircase of Portland will serve also for back

staiis of upper flights. That from the basement may also be made of granite

street curb, 12 by 7 or 8 inches. A staircase may, for cheapness, be made of

Yorkshire stone paving 3 inches thick, wrought with fair tooled edges, and securely

pinned into the brickwork.

Principal stairs to be of Portland stone (as maybe), to exteni from principal to . . .

floor, with steps and square (or semicirculai-, as may be) landings, entirely of solid

stone, tailed 9 inches into the brickwork, with moulded nosings and returned

nosings, and also at the back. The sofites to be moulded to the shapes of the ends

of the steps. The landings to be 6 inches thick, with moulded nosings and joggled

joints, run with lead, to be inserted at least 4 inches in the walls, but such as tail

into the walls, as steps, must go at least 9 inches into the walls. When the under
sides of the steps of the geometrical staircase are not moulded, the nosings are

returned so as to fall beyond the upright line of the succeeding tread ; in this case

the sofite or string is plain wrought.
The steps to the sandiiary and chancel of a church to be of rubbed Portland, Red

Mansfield, Robin Hood, CVaigleith, or other hard stone, or of marble, in lengths

of not less than 1 feet, very carefully set and bedded, pinned, joggle jointed, and
run and plugged with lead, and back-jointed to receive tile paving.

Tave the entrance liall and principal staircase, together with (any passage, &c.),

with the best . . . marble, and border according to the pattern drawn. The back
staircase (and such other parts as require it) to be paved with Portland stone

2 inches thick, laid in squares, and with a border 8 inches square.

Where stori] fosts are used in a front, it is well to place along the front two pieces

of parallel square Aberdeen or other good granite curh, 12 inches by 9 inches, cut

out to receive the bases of the columns and story posts.

Pave the scullery, larder, pantry, passages, lobbies (and other snch places as may
require mention), with rubbed Y^orkshire stone 2^ inches thick, laid in regular

courses with close rubbed joints

Pave the bottom of the air drain with Y'orkshire paving.
Yards may be paved with 2g-inch Y'orkshire paving, or such other as the place

affords, as in common use. The same to basement stories.

Pave (if a church) the entrance passage, porches, &c., where coloured on plan,

with Minton's (or other) encaustic tiles, one third (or more or less) being figured,

combined with chocolate and black tiles, A^alue . . . per yard superficial, manu-
facturers' prices. Pave the chancel (usually with richer tiles) with tiles value . . .

per yard superficial.

The Hied floor (when laid on joists): Spike fillets to joit.ts at 3 inches below their

upper surfaces; fill in between the same wiih inch rough boarding. The vacuity

to be filled up with pugging of concrete flush with tlie upper surface, finished with
a layer inch thick of Roman cement smoothly floated to receive the tiles.

Dairy to be paved witli . . . stone (or marble) in regular courses, . . . inches thick.

Provide a shelf or dresser round the said dairy of veined marble (or slate) 1 inch
thick, and a skirting round it 6 inches high. The dresser to go into the wall

1 inch, and to be supported on veined marble piers 4 inches square.

To fit up the ivine cellar with bins, as per drawing, with 2-ineli Yorkshire stone

shelves (some prefer slate), fairly tooled, supported on half-brick uprights, all set

in cement. A cellular hexagonal brick has been patented by King and Smith;
of Weedon, to be used to form the wall of a vault ; each is hollow and open
at the inner extremity, so that each brick becomes the receptacle for a bottle.

They are made of three different sizes.

To provide and fix a warm bath of veined marble ; rendered waterproof by being pro-

perly set in Dutch tarras, and plugged and cramped with copper at the joints, with
all requisite finishing. A marble step round two sides of the bath. Cut all holes

necessary for laying on the water. A bath, if a fixture, may be similarly made of
slate, which is of course much cheaper.

Where iron girders are used, describe .... pieces of granite street curb, or 3-in.

Yorkshire stone, as corbels or plates, each .... long and .... wide, to receive

the ends of the iron girders.

Where chimneys project without support from below, corbels must be described pro-
portioned to the weight they have to carry. The best cnrhel, however, is the grti-

fiual projection of the work by inverted steps, which, if there be height to hide
them, should always be the mode of execution.



CuAP. III. SPECIFICATIONS. 761

2284c?. Masox.
Cellar doorways should have in each of them three pieces of Portland or other such

stone 18 in. wide, 18 in. long, and 9 in. higli, cut out to receive the hinges and
also the rim of the lock.

The commonest chimney-jneces that can he described are of l|-incli Bath stone,

jambs, mantels, and shelves, 6 inches wide; with slabs of 2-inch Portland stone,

20 inches wide, and 6 inches or a foot wider on each side than the width of tho

opening. Those of butler's and housekeeper's rooms would be of a better quality.

A kitchen chimney is described as jambs and mantel (in one piece) of 2-inch Poit-

land stone 10 (or 12) inches wide, with a slab of 2^-inch rubbed Yorkshire stone,

if used with a wood floor ; but sometimes the whole width of that side of the

kitchen is paved.

"Where marhle chimney-ineccs are to be placed, they are described to be pro\Hded of

a given value of such marble as may be determined, or working drawings and
workmanship may be referred to. It mu&t always be provided in the specification

that the slabs are included, and that the price is, or is not. to include the carriage

and fixing. Marble, wood, and iron chimney-piects, witii grates, fenders, tile

borders and hearths, &e. en suite.

All /re-p/oc'cs should have back hearths of 2i-ineh rubbed Yorkshire stone. Front
healths of stone, or of Portland cement, or of marble.

Sinks of rubbed Portland or other stone, 7 inches thick (describing the size required),

sunk 3^ ins. deep, with holes cut for the grating and soeket-pipp, and fixed with
all rec[uisite lirick or stone bearers or supports, complete. A sink of earthenware
is now to be obtained. An improved patent combined sink and wash-up tub is

specially adapted for kitchens, sculleries, cottages, artizans' dwellings, &c. It is

made of galvanized or ennmelled iron. Houseniiiids' slop sinks in earthenware or

in plain or enamelled slate are made, to suit any position.

Sink stones to drains to be provided where shown on the plan.

Flint work. Flint walling is of the following descriptions :—Eough, or as the flit.is

are dug ; random, or broken without any regard to regularity ; split, so that they are

true on the face and oval in form ; or, split and squared, by which nt-at and square
work is produced. The walling is to be built in the soundest manner witli ....
flints (state which of the four descriptions is to be use 1) laid in mortar c mpounded
of quick-setting stone lime and coarse sliarp sand, free from loam ; bricks, tiles,

pebbles, &c., may be bedded in the centre or core of the wall. The long flints

to be selected and laid as through stones, and the string-courses, &c., to be laid en-

tirely through the thickness of the wall, so as to give additional bond. The work
to be kept as dvj as possible during the constructi(m. to be protected by boards
in wet weather, and to I e covered in as soon as possible after completion. No
grouting to be used. 'If the walling is faced with half-flints, care is to be taken
in laying them to keep their upper surfaces as level as possible, to prevent lain

driving into the centre of the wall ; firmly pin up the lower bed with fragments.
Ihejoiiits of the masonr}- generally are to be where exhibited on the drawings, and

the work is to be left perfectly cleaned oif, all necessary joggles, joints, rebates,

moulded, sunk, weathered and throated works, grooves, chases, holes, back joints,

and fair edges, that may be necessary in any part of the work, and all jobbing,

though not particularly mentioned under the several heads, is to be peiformed that

may be requisite for the execution of the building, and all the work is to be well

cleaned off before delivering it up. Tlie whole of the work is to be warranted
perfect, and any damage that niay occur to it by reason of frost or settlement

within two jears after the completion (jf the building is to be repaired, under tlio

architect's direction, at the sole expense of the contractor.

All mortar is to be of the same quality as that described in the bricklayer's work.
All cramps to be of copper; iron cramps not to be allowtd (see j^ar. 2286 ). Lead

joggles, and slab slate dowels set in cement, to be inserted in the joints where
directed. The contractor is to piovide lead to run the cramps and joints.

In stuhbs, granite should be provided to receive the heel-posts if cast iron be not em-
ployed, and at the piers of gates, hinge anil spur stones, the latter, of granite, if

to be had, should be described. The caps and bases of the last ran lie noted
only with reference to the drawings of ihcin. The paving of stab.'es and their

courts is described thus : Prepiare the ground for paving (stating where) with good
and suflScient hard materials, and pave it with Aberdeen granite ] aving, properly
dressed and sorted, 8 inches deep and 5 inches wide at the top and bottom thereof.

The whole to be laid -Mith good currents upon a layer 4 inches at least in thickness
of good rough gravel, the joints of the surface to be run with stone lime and river

facd grouting. It is to be well rammed, and the contractor is to relay, at his own



762 THEOKY OF ARCHITECTUEE. Look II.

22Hir. Mason.
expense, ;ill isueli p.-irts as may sink witliin eighteen months of the work being

completed.

To provide and fix iiiidei" the contract .... cubic feet of ... . stone, including

plain work and setting tliereto, also .... superficial feet of 2^inch Yorkshire

paving, laid in regular courses ; and in case the whole or any part of either or both

should not be wanted, the quantity not used or directed shall be deducted from
the amount of the consideration of the contract after the rate of ... . per foot

of cubic stone and .... per foot superficial for the Yorkshire paving, in3ludiDg

the workmanship and fixing thereof.

Where the work is within the metropolitan district, or within a town, a sufficient

hoardi7ig must be erected for enclosing the premises during the execution of the

works, which is to be removed and carried away when they are compi ere. So, also,

all shoiing is to be provided, if ihe works be alterations, or the adjoining buildings

may be injured by carrying them into effect. The shoring is to be performed in a

safe, scientific, and workmanlike manner, of the several fronts, floors, or otherwise,

as the case may be.

l'"or a stone building :—To provide, fix, maintain, alter as occasion may require, and
finally remove, the necessary double square fiv framed scaffolding, travelling cranes

and other implements, and utensils and plant necessary for the performance of the

whole of the works ; and perform all the requisite sawing, lifting, hoi>ting, fetting,

and other labour that may be necessary for the carrying out of the whole of the

works.

Carpknter and Joiner.

2285. To provide all materials requisite for completion of the buildings. The oak is to

be of English growth and perfectly sound ; the timber is to be of the best Dantzic,

Riga, or Memel j'ellow fir. No American, Swedish, or Scotch fir to be used in

any part of the building. All the floors and joiner's work are, except where other-

wise directed, to be of the best yellow Christiana deals. The timbers and deals

are to be cut square, entirely free from sapwood, shakes, large knots, black outsides,

and all other defects. If an}- part or parts of the joiner's work should shrink or

fly within .... months from the finishing and fixing the same, the contractor

is to take down, make g od, and refix the same, together with all works that may
be affected thereby, at his own expense.

Provide and fix ... . cubic feet of Baltic yellow fir timber, with all labour thereto,

beyond the quantity necessary for the work herein described, to be used in such
additional works as may be directed by the architect ;

and if the whole or any
part thereof should not be ordered, the same shall be deducted from the amount
of ilie consideration of the contract, after the rate of ... . per foot cube. All

additional fir, if any bhould be ordered, is to be taken at the like price of ... .

per foot cube.

No joints, rafters, or quarters are in any case, unless particularly so directed, to bo

more than 12 inches clear distance from one another.

Provide and fix, ease, and ."trike all centering and turning pieces for the vaults, arches,

trimmers, and oiher works. Provide all temporary shores that may bo necessary.

Provide and fix all necessary tenq^Jets, linings, blocks, stops, casings, beads,

springing fillets, angle staffs, grounds, linings, tmckings, furrings, cappings. and
other finishings incident to carpenter's and joiner's works, tog. ther with all ne-

cessary grooving, rebating, framing, tonguing, housing, beading, mitring, framing,

and other workmanship necessHry fur completing the works.
Provide casing for all the stone dressings, to secure and protect the same from injury

during the execution of the works ; any accident arising from neglect in this respect

is to be made good at the expense of the carpenter.

Bond tiinhcr, 4 inches by 2^^ inches all around the walls, except where intercepted

by the chimneys, to be lapped together, where joints occur, at least G inches, and
to be properly spiked together. One tier is generally enough for basement story.

Tmo tiers in the other floors, unless very lofty. One tier in the upper story.

These arc now dispensfd with, hoop iron bond being used, and party walls may
be so bonded, if thought proper, for a greater security against fire.

All ivnod., or patent, bricks to which the finishings are to be fixed.

All lintels, and filling in lintels necessary to the several openings ; each to be 4 inches

high, of the width of tho brickwork, and 16 inches longer than the opening. Two
small lintels will do if the W'idth of the sofite be considerable, and arches, as

directed in the l)ricklayer's work be turned.

For ground or, rather. 1 asement floors, walls are brought up for receiving oak Heepcrs

5 by 3 inches, on which fir joists 4J by 2i are generally the scantlings employed
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For oiler floors.—Wall pLites, G inches by -i inches
;
girders

;
jois^t.s according to the

kind of floor; trimmers and trimming joists ; all which, with their requisite

senntlings, will be found in Practical Carpentry. (2013 ct scq.)

Cradling to the girders and such piris as mny be necessary to form panels and coffers

on the under side for the ceiling, if such "be practised. State if the girders are

to be trussed. Cock down all girders on the wall plates. Pin bridging joists to

binders with jj-inch »ak piins.

Wall plates to roofs should be at least 6 inches by 6 inches. The different timbers

of the several sorts of roofs are described in Practical Carpentry, and scantlings

given. (2027, ef scq.) Ceiling joists to be described. Hips and ridges rounded

for lead ought to be 10 inches by 2 inches.

The trusses of roofs are to be framed as shown, and of timbers of the scantlings re-

spectively figured (or as here specified). They are to be mortised, tenoned, arched,

notched, moulded, chamfered, and stopped, as sliown on the detail drawings ;
and

to be bolted and strapped with wrought iron straps, forged with ornamental ends
;

all bolts to have washers and nuts, notched as shown.

The curved ribs (if any) to be put together in (three) thicknesses, so as to break joint,

to be wrought all over, and the joints to be tongued. These (three) thicknesses

are to be screwed close together with long screws, and bolted with i-inch bolts be-

tween each joint. The centre thickness to be tenoned into the timbers on which

it abuts. Tongue a bold 3-inch bead to underside of same.

The hammer-beams (if any) are to be cogged down upon the wall plates, and framed

to the ribs, and bolted, as shown. The principals are lo be notched and tenoned

to the hammer-beams, and well spiked to ribs, and tenoned together and pinned

at top. The collars (if any) are to be firmly tenoned into and spiked to principals.

The purlins are to be notched down and housed into the principals on each side,

and spiked. The king-post, or queen-posts, are to be framed in tlie usual manner.

All the timbers of the roofs exposed to view are to be wrought, and the angles

moulded, or chamfered, or stop chamfered.

All roofs (if exposed to view) to be boarded above the rafters with |-inch wrought

matched V jointed boarding, laid diagonally, and securely nailed to rafters and

covered with (asphalted) felt (or specify, to lath on the top of rafters and plaster

between the same). Lay battens 3 inches by 1 inch over the boarding or laths, on

the back of every rafter, and on the battens lay 3 inch by 1 inch slating battens

(or double oak tiling laths if the roof be tiled), fixed to a proper gauge for the

sized slates required.

Where close boarding is used, it should not be less than ^ to an inch thick. If battens

for slating, they should be 2Hncheswide; the first should be nailed with eightpenny

nails. Provide Icar boards. On many accounts the Italian method of laying the

rafters horizontally as so many purlins is to be preferred. For the boarding not

lying lengthwise towards the gable, any wet that may find its way on to it from

defective slates or lead, is not apt to ledge against and rot the edges.

Flats.— ^a,\\ plates usually 6 by 6. Trimmers and trimming joists against chimneys,

and where skylights occur. U-inch yellow deal boarding, listed, free from sap-

wood, laid with a current of U inch to 10 feet lineal, -with 2\ drips to heading

joints, of lead rolls to longitudinal joints, and inch yellow deal risers not less than

4 inches wide next the gutter.

Guitirs to the roof, or roofs, are to be as shown on the plan, with inch yellow deal

bottoms on strong fir bearers, and laid with a current of 1^ inches to every 10

feet; 2^ rebated drips, and at the sides to have |-inch deal lear boards, 9 inches wide.

Gutter boards are rarely more than 1^ inches thick. Gutter platis. if any, to be

described, but they should never be used without support from below.

Trim for trap doors, size as shown, if any, leading to the inside of the roof

Dormers thereto on to roof, with all necessary framing.

Cheeks, doors, beaded stops and linings, and ironmongery. Boarding for slating or

lead to top and cheeks, as the case may be.

Dormers may be similarly described for windows in the roof.

^(«(;-('crec^_pari'ii;/o?z5, where shown on the plan, with heads and sills 4 inches by 4

inches. Ties above the doors 4 inches by 5 inches. Posts 4 inches by ?>\ inches.

Braces or struts 3 inches square. Quarters 4 inches by 2 inches, and three tiers

of interties, 1 inch by 2| inches. In cases where partitions are to be trussed for

carrying either their own or some additional weight, reference must be made to

drawings.

,Ba<^cwm^ to external walls, usually from J inch to 1^ inch thick; their widths 2^

inches, fixed from 7 to 12 inches apart. If bond timber is not used to nail them

to, plugs, or fixings, to bo Itt into the wall.
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Brackeiiiig and cradling is usually, for coniices, coves, &c., 1] ineli thick; for enta-

blatures, circular sotites, and waggon-headed ceilings, 1^ to 2 inches thick.

All barers Id lie hxed and provided as shall be necessary.

Weather hoardiiig, ^-inch or 6 boards to a 3-inch yellow deal, wrought or wrought

and beidrd; or 1-inch or 4 boards to a 3-inch deal. Louvre or Lvffer boarding

iif 1-inch deal, wrought two sides and splayed.

Warehouse 2)os(s must be described with their relation to the weight they are to carry

(see Beams and Pillars, 1635, et seq.), the caps 3 feet long, with splayed ends,

so that the posts may not press into the girders; and iron dowels should pass

through the girders to catch the bases of the posts in the floor above. Fir story

posts are usually about 9 inches square.

Water trunks are made from 4 to 6 inches or more squHre, of J-inch to l^^-inch

deal; to be pitched and fixed complete, with hopper heads and shoes, wall hooks<,

hold-fasts, &c.

Park paling is of the following varieties: 4-feet oak cUft pales, 2 arris rails and oak

posts; 6-feet oak cleft pales, &c. ; and 6 feet oak cleft pales, 3 arris rails and oak

posts. Described oak plank at the bottom, and oak capping at top, if required.

Floors.

|-inch white (or yellow) deal, rough, wiih edges shot. 1 These may be of battens

|-inch white (or yellow) deal, wrought, and laid folding./ for better floors,

l-inch white (or yellow) deal, rough, with edges shot. "1

Akn f I 'it-

1-incli «/«/(' (or yellow) deal, wrought, and laid folding. |- .

1-iuch white de\\\, wrought, and laid straight joint and splayed headings. J

1 j-inch white (or yellow) dt-al, rough, with edges shot. 1

1^ inch white (or yellow) deal, wrought, and laid folding. ( . i /• i .,*{„, .j,

l|-inch !<'^«^e (or yellow) deal, wrought, straight joint, anil splayed f

"

headings. J
1^-inch white (or yellow) deal bittens, edge nailed, and tongued headings,

li-inch yellow deal batten (or clean batten), dowelled with oak dowels, wiih

mitred and glued borders.

Warehouse floors.

l^-inch yellow deal, rough, edges shot. U-incli _^e/A/H' deal, wrought, and bud
folding. ] |-inch yellow deal, wrought, and straight joint and splayed headings

2-inch yellow deal, rough, edges shot, and 2-inch yellow deal, wrought, and laid

folding. 2-incli yellow deal, wi-ought, and laid straight joint, and splayed

headings

All these la.st may be ploughed, rebated, and feather-tongued.

Put to .... floors (or to the whole, if desired) so««fZ /;oar(i?/;'<;r of f-inch rough deal

fixed upon fillets, to receive the pugging. (See 2287«.)

Floors of inlaid ov parquetry work to be specially described according to drawings.

In churches, the floors under the seats are usually of wood, and require rebated and

chamfered oak mar^iins, G inches by 4 inches, laid flatwse, where they abut upon

paved floors. These m;i2-gins are to be mortised or dowelled to receive bench ends,

and the wood floors to be kept 3 inches above the tile floors on whicli they abut.

ti'ee woodh-ock floors.

Skirtings.—^-inch (or |--inch) deal square. |-inch (or 1-inch) de^l torus. l-inch

(or l;f-inch) ileal square; or l-icch deal square skirting, rebated and backed

]ilinth, Avith fillet nailed to floor. l^-inch deal torus; or ly-inch deal torus

skirting, rebated and backed plinth, with fillet naded to floor. If any of these, ms

to stairs, are raking, and to be scribed to steps, they must be so described, and if

riimped or scribed to moulded nosings, or circular on plan.

Dado, nailed to ground: |, l-inch, and 1^-inch deal keyed. 1^ inch deal keyed,

ploughed and tongued, or feather-tongued, if required. JMention if they are to be

scribed to steps, circular on plan, and wreathed, or ramped. Dadoes are now made
of framed wainscot, in panels, &c., accoiding to drawings.

Wainscoting, with fascia and t-kirting.— l-inch deal, square friuied ;
and perhaps

dwarf. Ij-inch deal, square framed; and perhaps dwarf. 1^-inch deal, bead

butt (or moulded), or bead flush. The number of panels high to be specified.

State if any to bD made raking, or to have a beaded or moulded c;ipping.

Partitions of deal for the division of rooms.

l-inch deal bonrd, and braced witli ^-iiich panels."]

l|-inch deal, braced with |-inch panels. ' The.-e ;ire seldom made.

1^- inch deal, rough, and ledged edges shot. J
1^-inch deal, wrought both sides, and ploughed ; cr tongued and beaded.

Ij-inch, or 1^-inch, square framed.

l|-inch, bead butt, moulded and .'quare ; or bead flush and square or moulded
both sides.
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2-inch, square framed ; or bead butt or moulded and square ; or bead flush and
square ; or moulded both sides; or moulded and bead flush ; or bead flu^h and

bead butt ; or bead flush on both sides.

Grounds.—Those of ^'-inch deal, of 1-inch deal, of Ij-inch de-il, of 1^-inch deal, and

whether circular ; also 1-inch, 1^-inch, and H-inch skeleton grounds {jMr. 2166).

Door cases are usually about o by ;> inches fjr basements; should be of oak in

preference to fir. They fit, or are fixed, into the brickwork, and should be tenoned

(the tenon being pitched or set in white lead) into a stone step or threshold ;
any

wood sill soon rots.

Boor linings.—These are either plain, the commoner sort ; or framed, for better work.

1-inch deal, single rebated ; or double rebated (that is, so that the door may hang
on either side)

1^-inch dt^al, single rebated ; or double rebated.

Ig-inch deal, single rebated ; or double rebated.

Either of the foregoing may be beaded on the edge.

Framed door linings and, sofitcs for doors are

—

If-inch, square framed in one panel and doulile rebated: and l.iead butt or

moulded : and bead flush.

1-J-ineh, square framed in one panel and double rebated: and bead butt or

moulded : and bead flush. If the panels in the linings are to be raised, to cor-

respond with panels of doors, they must bo so described.

Framed hack linivgii -.iTe,— 1-inch deal, two panel square; and bead butt. 1-inch

deal, three panel square; and bead butt. ]-inch deal, f mr panel square; and

bead butt. If there be more panels, or they are splayed on the plan, or if bead

flush, or of a greater thickness, they must be so specified.

Window hacks, elbows, and sofites.— 1-inch deal, keyed ; or framed square.

1 5-inch deal, framed square ; or moulded or bead butt ; or bead flush.

l|-inch deal, square framed sofite, with one edge circular. 1 Apfilicable to bay win-

l;^-inch deal, square framed sofite, with two edges circular. J tlows.

l^-inch deal, square framed sofite, moulded, or bead butt.

1^-inch deal, framed square; or moulded; or head butt; or bead flu-^h. If any

of ihese are .splayed, fancy moulded, and with cappings. or are circular on the

phtn, they must be so specified.

Shutter boxing.s. — 1-inch deal, splayed boxings ; 1-inch deal, proper boxings ; l|-inch

deal, splayed boxings ; l|-inch deal, proper boxings ; l|-inch deal, boxings with

circular head; 1-inch (or li-inch) deal, boxings for sliding shutters, with pulley

pieces, beads, fillets, and grooves, complete. These, if to be double hung, must
be so dfseiibed.

Shutters to windows.—|-inch deal, ledgod or clamped ; and may be in two heights.

1-inehdeal, clamped ; and in two heiglits ; or clamped in two heights, one panel,

be:id butt, and square ; or one panel, bead flush, and square ; or bead butt. These
may be described of l^-inch deal and of 1^-inch deal, but the hack flaps need not

be more than one inch. The additional panels in height projecting mouldings
(if any), and any other variations, must be mentioned.

Shutters, sliding, hung with lines and weights.— 1-inch (or li-inch) deal, two panels

square; l^-inch deal, beatl butt and square (or bead flush and square) ; lA-inch

deal, bead butt and moulded (or bead flush and Ijead butt). If of H-iiich deal, if

more panels in height, if circular on the plan, atid if patent or other lilies are to

be used for the hanging, they must be mentioned.
Outside shutters.— Ij-inch deal, three panels, bead butt and square; or bead

flush and square. 1 j-inc'i deal, three panels, be id flush ai.d bead butt ; or bead

flush on both sides. H-inch deal, three panels, bead butt and square ; or bead
flush and square ; or btad flush and bead butt. Thtse may be circular on plan,

or contain more than three panels in height.

Staircase.t. — \-\nc\\ yellow deal, steps, risers, and carriages. l|-inch deal, steps,

inch risers, and carriages. Ij-inch deal, steps and risers glued up and blocked to

close string moulded nosings, and two fir carriages. 1 j-inch deal, steps and risers

mitred to cut string, and dovetailed to balusters. Ijinch deal, steps to windt-rs,

mitred to cut string, and dovetailed to balusters, one end circnlar; or both ends

circular. The risers may be tongued to the steps ; or feather jointed ; or of clean

deal. 1^-inch deal, wrought steps, risers, and strong carriages. 2-inch deal,

wroiight steps, risers, and strong carriages. 1 5-inch Oak, treads and risers

mitred to string and dovetailed with fir airriage (with solid qiiarter ends to steps

if required), also curtailed step and riser (2187, et seq.), returned moulded and
mitred nosings, circular (if necessary), with cut plain (and circular) brackets.

Housings to ends of steps and winders, and the same to moulded nosings and circular

ends, are to be specified.
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String hoards to staircases to receive the ceilings of stairs (calltd strings).— 1-inch

deal, framed ; or framed, rebated, and beaded, l^-inch deal, framed string board

;

or sunk and bealed. 1^-inch deal, framed string board, sunk, beaded, and
moulded; and mitred to risers. 1^-inch deal, wreathed outside, string glued

upright, rebated, and beaded; and sunk; and moulded. The string may be

glued up in thicknesses; and also plain or moulded circular cuttings or ramps.

1-inch (or l^-inch ; or 1| inch; or 2-inch) deal, plain wall string; and these may
be moulded.

The principal staircase to have Ij-inch pitch pine (or other) treads, with rounded
nosing and hollow moulding under same, and inch risers, glued and blocked to fir

carriages ; the ends of the steps to be housed into 1 J-inch wall strings, and 2-inch

outer string boards, sunk and staff beaded, and finished at the top with a boldly

moulded capping, framed at the bottom and corners into 6 inch square newels,

with moulded finials, bases, and pendents, as drawing. Boldly moulded oak
handrail, 4 inches wide and 6 inches deep, with ]|-inch square oak balusters, f-top

chamfered.

The landings to be formed by joists resting upon boldly moulded stopped beams, as

shown on sections.

Handrails to staircases.— l|-inch (or \\ inch ; or 2 inch) deal, plain wreathed.

These maybe moulded; as deal moulded 2|-inch handrail ; or 2i-inch handrail,

ramped (or circular where required) ; or 2s-inch handrail, wreathed and twisted.

Spanish (or Honduras) mahogany (or wainscot) moulded handrail. To be de-

scribed with all necessary ramps, circular and twist, or with scroll and twist to the

curtail step. Mention if grooved for balusters, circular, or sunk for iron cores,

mitred and turned caps.

Balusters and neweh.—Deal square framed newels ; or chamfered. Single and
double turnings to newels to be mentioned, as also pendent drops, when used.

Deal square bar balusters ; or dovetailed. Turned balusters, according to drawing,

or selecttd from manufacturers' patterns. Planceer rounded on both edges; or

moulded. Fix all necessary iron balusters and stays.

Sash frames are of great variety'. Deal cased frame for l.^-inch sashes, oak (or

deal) sunk sill with brass (or other) pulleys for single hanging. Ditto, for double

hanging. Ditto, ditto, M'irh circular head. Ditto, circular on plan (and with
circular head). Deal cased frames for 2-inch sashes, oak (or deal) sunk sills with
brass pulleys for single hanging. Ditto, for double banging (and circular on head
and plan, or either). Deal cased frames for 2-inch sashes, oak (or deal) sunk sills

witli wainscot (or deal) pulley pieces and beads, brass axle pulleys prepared to

hang double ; and if circular on head and plan (or cither). Dcil cased frames for

2-inch sashes, oak sunk sills, mahogany pulley pieces and beads with brass axle

pulleys, prepared to hang double. Ditto, for 2^-ineh sashes; and if circular on

head and plan (or either).

Venetian frames.—Deal cased frames for 1^-incli sashes, oak sunk sills, prepared to

hang single (or double). And if circular on plan and head (or either). The
above serves for 2-inch and 27^-inch sashes ; and if Mainscot or mahogany.

Casement frames for French casements.—Fir solid wrought frames for l|-inch (or

2-inch) casements, oak sunk sills (plain or circular on the plan, as the case may
be). Ditto, with wainscot or mahcgany stiles and beads, to correspond with the

sashes. Ditto, for 2| inch sashes.

Fanlight frames over doors.—H-inch deal frames, square framed. Ditto, semi-

circular head. 2-inch deal, square framed. Ditto, semicircular head. If

elliptical, so describe them.
Sashes.— lA-inch deal ovolo (witli circular head or circular on plan). 2- inch deal

ovolo (ditto). 2-inch deal astragal and hollow (ditto). 2H-inch deal astragal and
lioUow (ditto). These may be moulded according to drawing. The above may be
of wainscot, Honduras or Spanish mahogany ; abo to be hung single or double,

with patent lines and iron {ov lead) weights, and sash-fastenings (patent to be

named) complete.
French casements.—2-inch deal ovolo casements. They may have marginal lights,

or be circular on plan, or both ; or if with astragal and hollow. The same of

2-|-inch, with the same modifications. The above may be of wainscot, Honduras
or Spanish mahogany. The hanging is commonly with 4-inch iron, or brass, butt

hinges ; the species of fastening at a price from five to twenty shillings. When
F^spagnolette fastenings are used, they must be particularly specified.

Shop-fronts vary so much that their thicknesses will only be noticed. They range
fr jm 1^ to 2.^ inches ; the forms of their horizontal sections must be stated, or to

be executed according to the draM ings. IMetal bars are now largely used.
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For rcvolvhg wood or irou shutters, the particulars of the manufacturers had best be

obtained.

Stall-hoard, and other shop-fittings, &c., of the like nature, are to be described with

reference to the drawings, or to the manufacturer.

The ceilii>f/s of the principal rooms:—after they are plastered, to be divided into

square panels about . . . feet square, by nailing thereon hollowed Kllets 2^ inches

by 1 inch (or more), neatly scribed at intersections, with staff beads 1 inch (or

more) diameter, nailed along the centre of the snme, mitred at intersections, and

convoyed round walls as a cornice. Care to be taken in laying the joists so that

they may form nailing points for these panel ribs.

Friezes and cradling for cornices should be referred to drawings, specifying their

height.

Ski/lights.—The common sort are, 1 J-inch deal ovolo skylight (and hipped, and with

cross bars). 2-incli deal ditto (ditto). 2|-inch ditto (ditto). If astragal and

hollow moulded ; or if of oak, to be specified. Small skylights are often made of

copper or zinc.

Kerbs for skylights.— H-inch kerbs to (circular) skjdights in two thicknesses,

bevelled and chamfered. 2-inch ditto. 2.V-inch ditto. These may be elliptical.

Coach-house doors and gates.— 2-iuch deal, framed and braced, filled in with 2-ineh

deal, and ploughed, tongued, and beaded. Ditto, filled in with battens. 2^-inch

deal, framed and braced, filled in with 1-inch deal, ploughed, tongued, and beaded.

Ditto, filled in with battens. These are sometimes filled in with whole deal.

2-inch deal bead butt and square gates, in eight panels ; and bead flush and square ;

and bead flush on both sides. These gates may have more panels ;
or be framed

with a wicket. A sum may be provided for the hanging of gates, and their hinges

and fastenings may be inserted at from \0l. to 15^., or even 20/.

Doors.—For out-houses and the like: |-ineh ledged wrought deal door; ditto,

ploughed, tongued, and beaded. 1-inch wrought deal ledged, ditto. 1-inch

ploughed, tongued, and beaded. IJ-inch wrought deal ledged, ditto. 1-^-inch

ploughed, tongued, and beaded. H-inch and 2-inch deal ledged doors are similarly

described. These doors may be hung with |-|_ or cross garnet hinges ;
and have

bolts, locks, latches, and other fastenings, as may be described. External doors

with 4-inch cast or wrought buit hinges, and internal doors with cast or wrought
iron 3^--inch butts. Water-joint hinges are useful for light outside flap-doors.

For a dwelling house: the principal entrance door to be of deal \^ inches thick,

framed flush, with V joints inside ; the exterior to be cased with |-inch oak board.s,

with moulded fillets over the joints, the same to return round the head, and to die

at bottom on an oak rail, 9 inches deep, sometimes having sunk quatrefoils, &c.

The door to be hung on wrought iron ornamental hinges to hooks let into the

jambs (or screwed to frames) ; an 8-inch rim lock and ornamental drop handle,

escutcheon, and key-plate, and two 8-inch barrel bolts

The back, or side entrance, door to be l^-inch. framed, ledged. and braced, covered

with |-inch wrought oak boarding with chamfered joints, nailed on with rose nails

driven through and clenched; hung on hinges and fastt^ned with lock and bjlts,

similar to those specified for front entrance.

The internal doors maybe of the following varieties:— l;\-inch four-panelled, with

hollow on the room side, and ^-inch diagonal V boarding next the hall or passage ;

to be hung with fleur-de-lis or ornamental wrought iron hinges, made to clasp

the door si as to show on both sides, and fastened with wrought iron latches and
ornamental drop rings. H-inch four panelled, square framed, stop chamfered,

filled in with upright or diagonal V'jo'nted boarding, and hung on hinges as

previously specified.

1-inch deal 1 -panel square door. 1 -inch deal 1-panel square door, folding. These
are rarely used.

l}-inch, 2 panels, square; and bead Initt and square; and bead flush and square;

and moulded and square ; and bead button both sides ; and bead butt and bead
flush ; and bead butt and moulded ; and bead flush on both sides ; and bead flush

and moulded; and moulded on both sides. When hung folding, to be so

specified.

l.T-inch deal, 2 panels, square, follows in the same order.

2-inch deal follows in the same order.

2.^-inch deal follows in the same order.

1^-ineh deal, 4 panels, follows in the same order.

2- inch deal, 4 panels, follows in the same order.

2^ inch deal, 4 panels, follows in the same order,

lo-inch deal, G panels, follows in the same order; and so on.
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Jf the panels of lo-inch doors are raised, or if double margii.al d'ors, so describe

them. All the above must be specified as to be hung folding, if the nature of the

work so requires.

Wainscot doors.— H-inch wainscot, 2 panels, square ; and bead flush and square ; and
moulded and square ; and bend flush on both sides; and be.id flush and moul'ieil.

2-ineh wainscot, 2 panels ; 2^-inch wainscot, 2 panels ; follow in the s:jme order.

lA-inL-h wainscot, 4 p:inels, follow in the same order, and may be moulded on
both sides; also 2-inch wainscot, 4 panels; and 2^-inch wainscot, 4 panels; also

2-inch wainscot, 6 panels; also 2|^-inch wainscot, 6 panels; and so on.

Wainscot sash doors.—2-inch wainscot, with diminished stiles, lower panel moulded,
bead flush, with astragal and hollow sash; or ditto, with astragal and hollow
sash, moulded on both sides : or 2^-inch wainscot sash doors, diminished stiles,

h^wer panels moulded, and bead flush, with astragal and hollow sash ; or ditto,

Avith astragal and hollow sash, moulded on both sides. These may be hung
folding, double margined, or moulded on the raising.

Mahogany doors, or best Spanish mahogany if required (of course now veneered)

—

2-inch Honduras mahogan}', 2 panels, moulded and square ; or moulded on both
sides. 2-inch Honduras mahogany, 4 panels, moulded and square ; or moulded
on both sides. 2-inch Honduras mahogany, 6 panels, moulded and square; or
moulded on both sides. 2^-inch Honduras mahogany, 4 panels, moulded and
square ; or moulded on both sides. 2|-inch Honduras mahogany, 6 pane's,

moulded and square; or moulded on both sides. These may be hung folding;

with projecting mouldings; or with double margins.
Mahogany sash doors.— 2-inch Honduras mahogany, astragal and hollow, bottom

panel moulded and square; or bottom panel moulded on both sides; or 2i-inch

Honduras mahogany, astragal and hollow, 1 ottora panel moulded and smmre;
or bottom panel moulded on both sides. These may be hung folding; or with
double margin ; or diminished stiles.

Rdernal doors.— 2-inch wrought, ledged, framed, and braced, folding (or other)

doors, with stop chamfered, arched heads, stiles, rails, and bracts, crvered on the

outside with |-inch wrought, tongued, and V .jointed oak boarding, hung to solid

oak frame (or on binge-hooks let into stone jiinibs), with strong, heavy, wrought
iron mediieval hinges, and fastened with best rim dead lock cased with oak, and
a heavy wrought iron latch, with bold ornamental drop handle and plate, key-plate,

&e., all wrought according to detail drawing (or a price to be stnted for each

article). The frames to be of oak, 6 inches by 4 inches, wrought, double rebated,

stop chamfered, grooved, &c., tenoued into stone steps, and to have extra strong

hooks on plates screwed to same.

2-inch deal, 4 panels, the loAver panels headbutt and .squire, and the upper panels

square both sides ; or the upper panels bead butt on the backs ; or the upper
panels bead flush on the back. .The panels m:iy liave raised mouldings.

2|-inch deal, 4 panels, the lower panels bead butt and square, upper panels f-quare

on both sides ; or bead butt on the back ; or bead flush on the back ; with perhaps
raised mouldings.

2-inch deal, 6 panels, lower panels bead butt and square, upper panels square both

sides ; or bead butt on the back ; with perhaps raised moiddings.

2^-inch deal, 6 panels, the lower panels bead butt and square, and the upper panels

square both sides ; or lead butt on the back ; or beiid flush on the back; witli

perhaps raised mouldinfls, double margined, &c. Describe any of these external

doors, if to be hung folding, or with circular or curved heads.

Sash doors.— 1^-inch deal, 2 panels, square, diminished stiles, and ovolo sash ; and
bead bult and square, diminislied stiles, and ovolo sash ; and bead flush and
square, diminished stiles, and ovolo sash ; and moulded and square, diminished

stiles, and ovolo sash ; and moulded and bead butt, diminished stiles, and ovolo

sash ; and moulded and bead flush, diminished stiles, and ovolo sash ; and moulded
on both sides, diminished stiles, and ovolo s;tsh.

2-inch deal, 2 panels, squai-e, diminished stiles, and ovolo sash, in the same order.

2^-inch deal, 2 panels, square, diminished stiles, and ovolo sash, in the same order

All these may be hung folding, or with marginal lights.

In describing joiner's work, specify the ironmongery to be used ; that is, the hinges,

locks, fastenings, and furniture. There is now great variety.

Common framed J-panel doors are usually hung with 3i-inch butts and 7-inch iron

lim stock locks. Better doors are hung with 4-inch iron or brass butts, mortise

locks and brass knob furniture. Folding doors, if heavy, should have 4i or 5-inch

brass butts, and if necessary lo clear mouldings, they should be hung with pro-

jecting brass butts, be prf)vided with flush and other bolts, and mortise locks and
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furniture. Doors of dining, drawing, iiud other rooms, wliere tliey are required
to clear the carpet by rising as they open, should have 4 or 4|-inch rising joint
butts. Closet doors have usually 3i-incti butts, with brass tumbler locks and keys.
External doors require larger locks, which are usually iron rim locks, or patent
locks and keys ; also 10 or 12-inch bright rod bolts, chains, staples, &c. Shutters
have butts, which for the back flaps are of a less size, and spring bar fasten-

ings. Brass or other china kuobs to the front flaps. Doors, mouldings, and
joinery are now to be obtained of American and Swedish manufacture, as well as
English.

Moiddid architraves to doors and windows, are described by tlieir -i^idth and
mouldings, or referred to drawings.

Coliamis and pilasters.— l^^-inch (or l|-inch) deal diminished columns, .... inches
diameter. Pilasters similarly specitied. Both one and the other to be glued up
and blocked. If fluted, to be mentioned ; as also any necking grooves to columns.
Caps and bases according to the Order, or to drawing, carved, or of papier-mache,
as the expense will allow.

Entablatures got out of deal, as to drawing. To be glued up, blocked, and fixed

with all necessary brackets and grounds.

Water- closet, fitted up with 1-inch clean deal (wainscot or mahogany), seat with hole

cut therein, riser (panelled and moulded) and clamped flap (not always considered

a necessity), square (or beaded) skirtings, with all requisite bearers and pipe-

casing. Prii'ies are described as to seats and risers the same as water-closets,

but sometimes have a lid to cover the hole instead of a flap.

- Cisterns, internal and external, must have their cases proportioned in thickness to

their sizes. Thus one about 3 or 3 feet 6 inches long, and 2 feet J inches deep, will

be 1 j-inch deal dovetailed, with requisite bearers, and a cover of ^-inch deal with
a wood handle. For a good-sized external cistern, provide and fix a wrought and
dovetailed 2-inch deal cistern case, . . . feet long, . . . feet wide, and . . . feet

deep in the clear. Provide and fix all necessary bearers for the same, with all

other requisite fittings, and a |-ineh deal strongly ledged cover, with saddle-back
fillets and water channels at each joint. Each water-closet to have a cistern case

of 2-inch deal, to contain 36 cubic feet of water, fixed with strong bearers, ledged
cover of |-inch yellow deal tongued and beaded. All these cisterns are supposed
to be lined with lead, or zinc.

Sinks.—For a wooden one lined with Iwid, l^inch dovetailed sink, enclosed with
l|-inch deal square-framed front (and pernaps sides), and top or door hung with
3-inch butts, with deal or lead skirtings, and other necessary ironmongery. A
proper drainer to be fixed at one side.

Plate-rack for scullery to be provided over the sink, and of the same length.

Bath to be fitted up with riser, frame, and clamped flap (of the best Spanish
mahogany), provided and fixed with all requisite bearers and other fittiugs and
appurtenances. The flap to be moulded (in front), and hung with 3^inch brass

butt hinges, and the riser panelled and moulded as shown in the drawings, or to

follow the windows and doors.

Dresser.—For a good house :— 2-inch deal, with cross-tongued top 10 feet long and
2 feet 9 inches wide, supp )rted on strong framed legs and bearers. 1-inch deal

pot-board and beartTS. Six 1^-inch sunk sJielves, whose widths are to average

7 inches. Back of the sliulvcs to be of 1-inch deal, wrought, beaded, grooved and
cross-tongued. l-inch deal top, 14 inches wide, with moulded cornice. Yive
drawers with liottoms and dovetailed rims of j-inch deal. The fronts to be of
1-inch deal, beaded. A pair of brass (or black) drop handles and a good patent

tumbler lock to each drawer; together with all slides, runners, bearers, and other
requisite appurtenances. To be fixed complete. Others from 6 to 7 feet long.

Dresser top for scullery, 1^-inch clean deal, 2 feet 6 inches wide, and 6 feet long,

ci'oss-tongued, and fixed upon strong wrought and framed legs and bearers.

Cupboard fronts to correspond with the doors of their respective rooms, hung on
ornamentiil S- H-^ or other simi';ir hinges, fastened with small tumbler locks,

wrought iron key plates', and small twisted or other drop, or fmcy, handles. The
fittings to closets depend upon the rooms in which ihey occur; as the attics, bed-
rooms, nursery, sitting room, kitclien, housekeeper's room, store room, butler's

pantry, cook's room, &c.

Dwarf closets.—These vary, l-inch deal, sqtiare framed and moulded in front to

follow other doors. The top to have 1 A-inch mahogany top. moulded in front,

and 3-inch skirtings. One shelf, same depth as closet. The doors to be hung
(folding) with 2i-inch butts, a bolt inside, a brass knob outside, and tumbler
locks.

3D
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Pip3 casings, wrought and framed, to be provided where necessary, to hide lead

and other pipes ot all descriptions tiio fronts to be made to unscrew for coming at

the pipes when necessary.

Larder Jiiti)igs.—Dresser top of clean deal, \\ inch thick, 2 feet 6 inches wide, and

. . . feet long, to be feather-tongued and fixed on strong framed legs and rails.

Two moat mils, 6 feet long, of wrought fir, 3| by 2 inches, suspended from wrought

iron stirrups. A hanging shelf, 6 feet long, 10 inches wide, and 1^ inch thick,

suspended from wrought iron stiiTups.

Laundry.—To be fitted up with 1^-inch clean white deal washing troughs, wrought
two sides, and splayed and put together with white lead (as shown on drawing).

Ij-inch deal ironing board, wrought both sides and clamped, hung with hinges to

a proper hanging stile. Provide two clothes racks, hung with pulleys and ropes

to the ceiling to raise and lower the same.
Bust-hin. See Bricklayer.
Arris gutters to eaves should always be of zinc, or iron for better use, not of wood.
Stable fittings, where the old cla«s of work is required :

—

Mangers, ^c.—2-inch deal bottoms and 1^-inch deal sides. "Wrought oak manger-
rails, 4 by 3 inches. Wroiight, rebated, and rounded oak manger post, 6 by 4

inches, wrought and framed with bearers rhereto. Oak heel- posts, wrought,

6 by 5 inches, and groove for partitions. Oak top rails, 5 by 4 inches, grooved

and rounded at the top. Oak bottom rails, wrought, 4 by 4 inches, grooved and
arris rounded oiF. H-inch deal partitions, wrought on both sides, ploiighed,

tongued, and beaded. 1^-inch deal rails on each side, board wide, and the

arrises rounded oif.

Fronts to hay-racks.—Onk standard, 4 by 4 inches, wrought and fran-ed into oak

bearer under the manger. 1 j-inch deal fronts, framed for the reception of cast

iron hay-racks, well secured. Fix fir bearers and 1-inch deal partitions at eacli

end of hay-racks, with fir arris rails 3 inches apart at the bottom of each rack.

Bressiiigs over stalls connected with heel-posts. 1-inch deal frieze, wrought joints,

feather-tongued, and backings thereto, segmental sofites and keystone in centre

of arches. Impost mouldings at the spriiigings and moulded cornice to girt

about 10 inches.

Line the walls to the height of 5 feet with 1-inch yellow dea\ wrought, ploughed,

tongued, and beaded, with a |-inch beaded capping thereon.

Stable fittings have now become an almost distinct trade.

Oakfencivg.—The site to be enclosed with an English oak ft-nce, having oak posts

5 inches square, 6 (or more) feet long, the lower end tarred and fixed in the ground

2 feet, and well rammed round with dry ballast or brick rubbish, fixed 9 (or 10)

feet apart, and framed with two tiers (or three) of oak arris rails secured with oak

pegs. The whole covered with oak cleft pales 4 (5, or 6) feet high, nailed with

galvanized iron nails. The bottom to be finished with ^-inch oak plank 12 inches

wide, tenone I to posts. The top of pales to be covered with inch oak capping

2 inches wide, secured with galvanized iron nails. Sometimes the fence fronting

the public way is varnished, with two or more coats.

Tar.—Cover the . . . with one (or two) coats of good Stockholm tar.

Churches.—To give general directions for the specification of a church would bo

impossible. The principles of its timbering may be collected from what has pre-

ceded. The old style of pcwing, planned as drawings, of deal square-framed

partitions two panels high; 1^-inch framed doors and enclosures one or two
panels high, with stiles, munnions. and top rails 3 inches wide, and bortom rails

6 inches witle. The panels of the doors ai.d enclosures should not be more than

a board in width, and the framework round them chamfered. The doors are hung
with 3-inch butt hinsjes, and should have brass knob pulpit latches. Capping to

the whole of the pewing, grooved and nijuldtd according to drawing, rem
fittings are, )|-inch wrought and rounded seats. 12 inches wide, with proper

bearers and 1^-inch cut brackets not more tlian 3 feet apart. Seats rounded next

the pew doors. Flap-scats in the galleries to have strong joints. All the pews to

have |-inch book boards 6 inches wide, with ^-inch rounded capping bearers,

and |-inch cut brackets thereunder, not more than 2 feet 6 inches apart, and the

ends rounded next the pew doors. If there be an organ, its enclosure would
correspond with the pews, or be speciMlly designed for it. Free seats of

l^^-inch deal, as shown in the driwings ; tiie seats to be 11 inches wide, rounded
in front ; backs framed with stiles, munnions, and rails, 3.\ inches wide, and the

standards, ends, an i bearers, according to the drawings. Children's scats to be

of l-|-inch deal, with brackets same thickness, not more than 2 feet 6 inches
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apart; at least 8 inches widr, ard tlie flap seats, where tliey occur, to be huns
with strong butts. Pulpits and reading desks are usually of l|--incli deal, framed

according to drawings, with ]|-inch doors, hung with brass hinges and pulpit

latches. Whole deal floors on bearers, 1-inch book boards, cappings and bearers.

1-inch clean deal or wainscot steps and risers, moulded returned nosings, 1^-inch,

beaded, sunk and cut string boards, strong bracketed carriages. 1-inch square

framed sofite under pulpit floor and stairs, mahi gany or wainscot moulded hand-

rail, with caps turned and mitred ; square bar balusters with one in ten of iron
;

turned newels to block steps; seats of 1^-inch df-al, 13 inches wide, and proper

bearers thereto, together with all appurtenances and requisite fittings for executing

the drawings. This exploded manner of fitting up a place for religious worship

is well delineated in T. L. AValker, Architectural Vracti.e, 8vo., London, 3rd

edit., 1841. The details may be occasionally useful.

For more modern work may be specified :— The whole of the seating throughout

to be formed as detail drawings, of good, well-seasoned English oak (or otherwise),

to be wrought, chamfered, and stopped, or moulded and cut, as shown or required
;

to be carefully framed and put together. The Itcncli ends to be (at leai-t) 3 inches

thick, tenoned and pinned to the chamfered oak sill. The backs to have solid

moulded oak capping. The seats to be 1^ inches thick, and the book boards to

be 2 inches thick (fixed flat or sloping), edges chamfered ; ail to be well housed and
cut into bench ends. Fix ciit brackets, U'H more than ! feet apart, under the

seats ; and cut brackets, not more than 3 feet apart, under the book boards. All

the seats to be kept clear of the piers (if any). See par. 2192a.

. The carpenter and joiner is to provide and include all such jobbing work, in follow-

ing or preceding the other artificers engaged on the works and their appurtenances,

as may be requisite for the completion thereof in every re=pect.

Founder, Smith, and iRONiioNfiER

2286. Cast iron girders and, co/umns. Reference must be had to Chap. I. Sect. X. (1628e

et sfq.), wherein will be found the method of determining their scantlings ; all

girders to be previously tested before fixing, by weighting at the foundry.

Cast iron a-adles, when used for openings, must be described for the particular

occasions as they occur.

Ckinmei/ bars.— To kitchen chimney two wrought iron cradle bars, each 2 inches wide
and J inch thick, long enough to extend to the outside of the chimney jambs, and
turned up and down (or cock-d down and up) at each end. The other openings to

have each a wrought iron cliimney bar 3 inches wide and ^ inch thick.

Straps, stirrup irons, nuts, bolts, screws, and washers, together with all other wrought
iron work for the roofs and partitions, to be provided as may be requisite, and the

smith is to deliver to and assist the carpenter in fixing or attaching the same.
Where the quantity is uncertain, a gi\'en weight beyond the above general direc-

tion shon'd be provided in the contract, such part thereof as may not be wanted to be

deducted from the accounts after the rate of . . , per cwt. To provide for the carpen-

ter's and joiner's works, and use, and fix thereto, all requisite spikes, nails, screws,

and other proper iromongery, and all requisite brass work, all to be of the vtry

best quality.

Cramps of cast, and wrought-, iron, or copper (pir. 2284r^), as may be directed, for the

mason ; the former to be used where the works are exposed to the air.

Wrought iron door for strong room or opening in a party wall (it may Le folding) to

be of the best quality (name the manufacturer) with h'nges and proper fastenings,

of the value of . . . pounds, without fixing.

Cast iron sashes as necessary.

Wedges for underpinning must be described with reference to the thickness of walls

they are to catch ; each pair must be at least as long as the wall is thick.

Balusters to a hade done staircase and landings.—Wrought iron balusters, ^ inch

square, with turned wrought iron newel equal to \\ inch diameter, with rounded
haudrail of wrougt t iron 1| by \ inch. The balusters and newel are to be riveted

into the handrail at top, and at the bottom let into the stonework, and run wiih lead.

Balusters to a principal staircase.—Ornamental cast iron balusters, as shown on the

drawings, or to pattern l>y a manufacturer, with top rail of wrought iron 1^^ by

^ an inch, let into and firmly screwed to the mahogany (or wainscot) handrail,

'i'he balu ters and newels are to be riveted into the iron rail, and at tlie bottom
they are to b; let into tie top or side of the stonework, and run with lead.

Balusters of wrought iron for strengthening the principal stairca.se when of wood.
Every tenth baluster to be of wrought iron, well secured.

Knocker.— Provide and fix . . , iron, or brass, knocker lor . . . door (specify a price").

3 P 2
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Air bricks of casl iron, single or double, and fixed in the brickwork of the outside

walls, for the vontiLition of the floors; also air gratings, . . . iu number, 9 inches

square.

Afca, gratings.—Of cat.t iron, with bars 1| inch by | of an inch, and not more than

l^inch apart. Frames 1^ inch by 1 inch, and with strong flanges to let into the

surroundini< stonework, and properly fixed.

Window guards, of wrought iron to the windows of. . . , and . . . Lars, to be 1 inch

square and 4 inches apart, with framework of iron of the same substance, and let

well into and securely fixed to the brickwork in cement.

Coal 2)laies of cast iron, with proper fastenings, to be provided to the coal shoot.

Hayward's patent self-locking plate is one of the new patents.

Cast iro}i ornamental railing, to the windows, or to the balcony in front of the house,

as the case may be, according to the drawings, or selected from a manufacturer.
Traps of cast iron, or stoneware, to all communications of surface water with drains,

to be of appropriate size, with all gully gratings that may be necessary.

Brains to roads or 'paths to be of unglazed earthenware pipes, in 2-feet lengths, of a
. . . inch bore, laid to a fall of . . . inches in each 100 feet into . . . , with all neces-

sary bends, junctions, &c. Iron gully trap or glazed stoneware trap, or traps,

jointed as drains.

The Kitchener apparatus for cooking must be specially named ; and in large man-
sions many modern conveniences are required to be specified. The Carron Com-
pany have issued (1887) a book of appliances of various sizes.

Copper.—A copper, . . . inches diameter (or cubical quantity), of copper, or of gal-

vanized iron, with all requisite bars and iron work.
Stable fittings.—No. . . . cast iron hay-racks, 3 feet wide and 2 feet high in the clear.

I^-inch round staves, about 3 inches apart, the frames 1|- by f of an inch, with
the ax-ris rounded off next the staves. Fix two manger rings in each stall.

Cast iron coping to the walls of the dung-pit ^ of an inch thick, and returned on each
side 4 inches down at the least.

Cast iron gratings to stable yards are usually described as of the weight of 1 cwt.

Church and Chapel work. The founder's, smith's, and ironmonger's work is so de-

pendent on the design, that no general instructions can be given.

Cast iron saddle bars to the windows g by IJ inch (or ^-inch square), 12 inches
longer than the clear width of each window, with lead lights, laid into and worked
up with the brickwork, at the height shown on the drawings, to be fixed on an aver-
age ] 2 inches apart.

Each window to have wrought iron framework for a hopper casement, to be fitted up
complete, with patent lines, brass pulleys, and all other requisite appurteninces.
Or the hoppers may rest on the sill, and be hinged next to it, so that when closed the
exterior glazing may be flush, and to be fitted with opening racks and fastenings.

To outside of windows, where necessary, fix 1-inch square stanchions, not more than
6 inches apart, with ornamental heads forged to drawing, let into (frames or) stone
sill at bottom, and passed through saddle bars with mortises formed thereon.

For church windows with tracery heads, provide and build in across the springing of
the arch of all windows of 3 lights and upwards, wrought iron bars 2 inches by
;J-inch, corked, and well turned up 2 feet Irom jambs, on each side ; these bars to

be well galvanized, and fixed with play for expansion or strain, in notches through
the mullions.

All straps, bolts, nuts, and washers for the various roofs. Where visible, the straps

are to be worked to detail drawings ; and the washers and nuts to be notched and
stamped as directed.

Wrought (or cast) iron vanes, crosses, ridge cresting, guards to areas, balconies, &c.,

according to drawings ; all to be securely fixed ; the vanes and gable crosses to

have stems as long as possible, and to be leaded into the stone or screwed to the

roof timbers, as the case may be.

Ornamental wrought iron hinges, latches, key-p]ates, closing rings, iScc., on doors, all

to be strictly worked according to detail drawings.
Ornamental grating of cast iron to pattern, to cover hot water pipe channels in floors.

Cast iron rain-water pipe.—To be 2^, 3, 3^,, 4, A\. 6 or 6 inches diameter, fixed from
the roof into the drain, with proptr head and shoe, ears or bands, &c., complete.

Eaves gutter.—All overhanging eaves to have a 4-inch cast iron eaves gutter, wiih
all necessary angle pieces, valley pans to internal angles, swau-nccks, and socket

pipes cast on the gutter to lead into heads of rain-water pipes. The gutters to be
fixed on strong wrought iron brackets screwed to the feet of the rafters, and the
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juints to be s^crewod together and beJded in reJ leal putty. Rectangular raia-

wat<rr doiun pijjes are frequently used, with ornamental ears or bands.

Newall's (or otber) copper wire lightning conductor, with point, prop rly secured,

to , . . (t!ie iiighest portion of the building), and brought down with all requisite

insulators; the end to be carried into the earth for a depth of 3 feet from the

surface; and all to be carefully fixed. See par. 226 tA'.

Plasterkh.

2287. Lath, plaster, font, and srt all the ceilings, also the strings of staircases, and the

quartered partitions on tittic stories.

Bender, float, and set all brickwork in attic stories.

All sides of the kitchen offices and office passages to be plastered "with best floated

rough s-tucco, lathed where requisite.

All the remainder of the sides of the interior throughout is io be executed with the

very best floated stueco, latlied where requisite. Stucco of offices (or office build-

ings, if any) to be finished with rough surfaces ; all the rest of the stucco to be
trowelled quite smooth.

All the arched, groined, panelled, and coffered work, and the bands and architraves, to

be executed in gauged ^tuff, in the best and most accurate manner.
To run cornices \n plaster round the several rooms, lobbies, passages, and other parts

of the building, with enrichments thereto to be accurately modelled in accordance
with the drawings (the enrichments may be of papier-mach6). An ornamented
rose or flower to the centre of the ceiling of each room on the ground (and one-

piir) floor, securely fixed. Those of papier-mache can be easily screwed to the

ceiling joists.

Skirtings to basement or ground story (or both) are to be run in cement round all

the rooms, lobbies, passages, &c., 10 inches high, Ij inch thick, whited when soft,

and finally washed of stone colour (or painted).

All necessary lieuds, quirks, and arrises; all internal and external reveals to be
stuccoed ; dubbing out where the work may require it, so as to bring oi;t all extra

thicknesses and projections ; and counter-lathing the work over large timbers an 1

elsewhere, to be done as may be necessary. Enrichments to be carefully trimmed
and finished oflf", and where heavy leaves or embossed work may require it, to be
screwed with strong copper screws.

Lathing throughout to be lath-and-half heart of fir laths, free from sap.

If the walls of a church are to be plastered, the stone jambs to windows and doors

are usually specified to project one inch beyond the face of wall, so as to form
a stop for plaster, and afterwards cleaned off and left flush.

Lath for, and piaster to, the spaces between the rafters (unless the boarding is in-

tended to be left visible).

To stuccj in the very best manner with .... cement, jointed to imitate masonry,
the whole (or part, if such be the case) of the exterior of the building, with
columns, pilasters, plinths, entablatures, strings, mouldings, labels, jambs, reveals,

chimneys, chimney moulds, decorations, enrichments, and appurtenances of every
kind, as shown on the drawings and profiles. Such work to be subject to further

instructions from the architect ; to be roughly coloured as each portion is executed,

and finally coloured with weather-proof colouring, fixed with proper ingredients.

Decorative chimney -pots, of cement, and of the value of . . . to be provided for

each flue.

Pugging.—To fill in upon the sound boarding between the joists, where si provided,
with good lime and hair pugging mortar, laid throughout at least 1 inch in

thickness. Par. 2247.
Boughcasting.—For the mode of describing this, see Plastering, Sect. IX. (2249.)
Martin's cement, if used for tualls and partitions, is to be laid in Martin's coarse

cement and clean washed dry smd, I of cement to 1| of sand, floated and set

with pure Martin's fine cement i inch thick. A skirting to be 9 inches high,

dubbed out with tiles in cement, and run as above described, finished on the top

with a . . . moulding, . . . inches in girt, mitrod at angles. Beveals to be run
in pure Martin's fine cement. For floors, equal parts of coarse cement and sand,

beaten down and keyed ^ thick, and finished with a coat of pure Martin's cement,

and brought to a fine surface.

Kee?ie's patent cement.—Brickwork to be rendered with . . . cement and clean

sharp sand, in proportion of 9 to 1, and to be laid and set with Keene's patent

fine marble cement, highly' polished. Pa>ing to be formed of 3 inches of concrete,

laid with Keene's patent coarse marble cement \\ ins. thick. Skirting yt'ill be the
bime as for Martin's cement.
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rariaii cement.—To be laid with coirse quality Parian cement and clean sharp sand

in equal proportions, and set \vi h fine white Paiian, highly polished.

Portland cement.—Rendering to walls, in proportion of 1 of cement to 3 of clean

sharp grey sand Drawn and jointed to form blocks (sta^e siz3). For rough Wurk
the proportion may be 1 of cement to 9 of sand.

PLUJinKU.

2288. The fat.'i and gutters to be laid with milled lead of 6 (7 or 8) lbs. to the foot

superficial. Where against walls, to be turned up 7 inches ; where against slopes,

as rafters, to turn up 10 intdies. Rolls not to exceed 27 inches apart.

F/a^^Mi^s of milled lead to the walls of 4 (or f5) lbs. to the foot, to Ije worked in

the wall, and to turn down over gutters and flats. AVliere flashings adjoin the

slopes of a ro )f, they should be described to be formed stepwise into the brick-

work, Jind of an average width of 12 inches.

Hips and ridges to be covered with milled lead fi lbs. to the foot, and a*: least

18 inches wide, well secured with lead-headed nails.

Eaves gtitters.— 'io-pvitTownA the eaves at the curb plate 4-incli iron (or zinc) gutter-

ing, fixed complete with bands and brackets, wiih iron (or zinc) down pipes, . . .

inches diameter, with neat heads and appropriate shoes, and let into the gutter,

syphon trap, or drain.

To fix . . . sia?ks of rain -water pipes (if to be of lead) from the gutters to the drains,

of (.5) inches bore, turned up from milled lead of 8 lbs. to the foot superficial, and
securely fixed with ornamental cistern heads, as shall be approved by the architect,

and 2-inch strong overflow discharging pipes. Similar description for conveying
water from the roof or flat of a portico.

JiOses pierced with holes of sufficient size to be provided of 10-11). lead to rain-water
cesspools, and pipe heads.

No pipes but of lead or zinc should be used against stone buildings. Cist iron pipes
should only be used to offices.

Domes should be covered with lead from 6 to 8 lbs. to the foot superficial, according
to their size, and must be well secirred with proper seams or rolls thereto.

Tops and sides e>f dormers to be covered with 5-lb. milled lead, turned down all

round full 8 inches. A flashing of 5-lb. milled lead, 30 inches wide, to be fixed

over the sill of the dormer door or window, as the case may be.

Aprons of 6-lb. milled lead, and 10 inches wide, should be described to sky-lights.

Kdiernal mouldings of wood may be covered with 6-lb. milled lead, to turn up
6 inches, and to have flashings of 4-lb. milled lead let into the brickwork, and to

be turned down 6 inches.

In London, it is usual to specify that the luafer supply should be laid on for the
service of the house in following manner (regulating cisterns are required by
some companies) :—Lay on water from the main of the Company with
if-inch strong cast lead pipe to the cistern of the upper water-closet, with ball-cock

complete. Similarly to lower water-closet and to such other cisterns as are
provided, with ball-cocks, &c. complete, and to pay all official fees.

Line the sm^- in the scullery, and in the butler's pantry (and other small ones, if

any) with 6-lb. milled lead, and fix thereto a 2-irich waste pipe, with brass bell

trap complete, to be carried outside on to or under a grating, and so into the

drains. (Another to each for hot water.)

Line tlie kitchen cistern with milled lead, bottom 9 lbs. and sides 6 lbs. to the foot,

with all soldering thereto. To provide to the same a l;f-inch waste pipe. Line
the kitchen sink with lead of 8 lbs. to the foot, to turn well over the woodwork
and to have a 2-inch strong waste pipe to lead into the drain, with brass bell

grate complete. A |-inch service pipe and brass cock t) be provided from the
cistern for supplying water to the sink. (Another for hot water).

Water-closets to be constructed and fitted up in every respect complete, with . . .

basin, and the very best patent valve apparatus. Soil pipe of 4^-inch bore out of

8-lb. lead, to lead into drain with strong. . . trap; lead service box, 10 inches

by 7, and 6 inches deep, of 10-lb. milled lead; 5-lb. lead safe under pan, with
2-inch swan-necked waste pipe, lineh supply pipe to the basin, and all other

pipes, wires, cranks, handles, and other proper fitments. The cistern is to be

lined, bottom with 8-lb. cast lead, and sides with 5-lb. milled lead. l|-inch

waste pipe, to be carried outside, with washer and waste complete. (See par. 2220
for modern contrivances).

Inferior watei~-closets to be provided with stoneware syphon pan, with water laid on,

and in all respects to be fitted complete, to modern requirements.
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2-'88r/. Plumbek.
Provide all stench-traps, syphon-traps, and other similar contrivances as may be

named, where the pipes are to communicate with the drains.

Cold bath.—A . . . feet . . . inches bath, if of copper of 16 ounces to the foot

superficial, tinned on the inside, and painted in japan to imitate marble, or as may
be directed. Lay on the water witli sfong l|-inch lead pipe, with brass cock,

and fix 2^-inch strong lead waste pipe, with brass washer and plug, thereto.

If the hot bath be not of marble (as before stated, see Mason), the following clauses

will describe the several positions and varieties of the boilers by which a supply

of hot water is obtained in the present day:

—

I. Provide a Tylor and Sons' 5 feet 2 inch taper oval-end copper (or galvanized tinned

iron) bath, white marbled inside, with copper pipes, mcouuted in wood cradle, with

1 j-inch deal framing, panelled, with French polished Honduras mahogany top. Three
of Tylor and Sons' inch roundway bath taps, S.B., with socket keys and handsome
levers, hot, cold, waste. A Tylor and Sons' patent bath boiler, with stove front to

fit opening of fireplace, with doors and damper (no setting required). Inch lead

pipe from cold water cistern to boiler, ^-inch lead pipe to relieve lioiler up to and
turned over top of cistern (or any convenient outlet) Inch lead pipe for hot, cold,

waste, and overflow pipes to bath. Lead safe with waste mider cocks, and leave

the work perfect ; as esiimated, at 39'. Os. Qd., exclusive of carriage and any brick-

layer's, plasterer's, or carpenter's work, cutting away for pipes and making good,

fixing bath framing, and graining and varnishing it. A galvanized tinned iron

bath is 6^. less.

II. Tylor and Sons' 22-gallon copper chimney boiler, with wrought iron band, witli

bobs and nuts to carry ditto, and stove front to fill up opening in fireplace,

"with sliding blower, revolving damper, soot door, and bars; as estimated, at

38?. Os. 9cZ.

III. Tylor and Sons' copper saddle boiler with unions, a stove front to suit ditto,

with sliding blower, revolving damper, so tdoor, and bars. A galvanized wrought
iron cistern, close top, with manhole screwed down, to be fixed with two lines of

inch wrought iron pipe from boiler to hot cistern, inch ditto to supply cold water to

hot cistern, |-inch ditto to relieve hot cistern, inch hot, cold, waste, and overtiow

pipes to bath, &c. ; as estimated, at 47^. 4.9. 'id.

IV. Provide a o-feet (larger or smaller, as deemed necessary) .^tro^g best make im-
proved kitchen range, with strong wrought iron back boiler with close top, wrought
iron oven, and line fireplace with panelled covings. A galvanized wrought iron hot

water cistern, &c. ; as es'imated, at 6\l. 'As. 9d.

v. The range fitted with two boilers, one for the bath, the other for domestic use;

where a fire is kept sufficiently large to work two boilers, they are recommended.
Estimate 4/. extra to No. IV.

VI. A range with partially closed fire instead of one with open fire. 4^. 1 os. extra

to No. IV.

VII. Tylor and Sons' 22-gallon copper dome-top boiler, with f rna'^e iron work,

doors, bars, and damper, and continue as No. I. This boiler may be fixed in the

basement, and will supply a hot bath in any apartment below the level of the cold

water cistern. As estimated, 43/. 15s. 3d.

Note. In I., the bath and boiler may be fixed in the same or separate apartments
;

open or close fire at pleasure. All the estimates are framed presuming on a cold

water cistern and a rain-water pipe, or a drain, being within 10 feet of the room.
In III., the hot water cistern is placed over the fireplace in the room. In IV., the

hot cistern is supposed to be 25 feet above the boiler. In VIT., the cold cistern is

supposed to be 25 feet above boiler. The waste pipe from the bath to the drnin

should always have as great a fall as possible and never be laid to so small a fall

as allowed by placing it within the depth of the floor.

Common pu)7i2JS are generally described as 3-inch pumps, with neat cast iron casef,

fixed complete, with proper lead suction pipe to bring sufficient supply of water
from well into the cistern, and all other appurtenances. The manufacturer's stock

to be seen if others be required. Where water is not laid on, as in London, fix a
3|-inch lifting engine pump, with brass barrel ; and provide from the well . . .

feet of l|-inch strong suction pipe; with service pipes to the cisterns, and all

cocks and joints that may be necessary.

Provide all copper and zinc nails that may be wanted for laying the metal works.
Provide in the contract . . . cwt. extra of milled (or other) lead, including labour

and all proper materials as may be wanted and directed by the architect; and if

the same or any part thereof should not be used, a deduction to be made for the

same on making up the accounts, after the rate of . . . per cwt. for such portion

thareof as shall not have been used.
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Glaziuj.

2289. All tlio windows to be glaznl '.Tith best crown glass ; the offices with second
crown glass. To glaze all the front win iows with best sheet glass ; or with best

flattened sheet ; or with patent plate ; or with British plate ; as the case may be,

and accordif g to the weight specified. For varieties of glass, aid glass for other

purposes, see Chap. II. Sect. XII., wr. 1870 ct stq. The architect ofien names
the manu'acfory or firm from which the glass is to be procured, to ensure the

proper quality being siipplied.

All the glazing is to be properly bedded, stopped in, sprigged, and back-puttied, the

convex side outwards (of crown and sheet glass), to be free from specks, blisters,

or other blemish ; and to be left whole and clean, on the works being rendered up
as complete.

Glaze all the windows (of the church) and tracery heads (if any) with quarries and
borders in strong church lead | inch wide. The lead to be secured to the saddle

bars and stanchions with strong copper wire, soldered to lead, and securely

twisted round the saddle ; the glazing to be properly cemented, to be let into the
grooves of stonework, and neatly pointed with lime and stone dust.

The glass to be Powell's quarries, or Hartley's patent rough cathedral glass, ^ inch

thick. The quarries to be of one tint, and the borders uf another tint (as for

instance, green and yellow).

Skylights and ivindoivs, in exposed situations, where much light is not required, may
be glazed with Hartley's rough plate glass, \ inch thick, or less.

Waier-clostf and similar windows (where privacy is desired), with Hartley's patent

rough plate glass, |^ inch thick ; with fluted glass ; or with diapered ; or with em-
bossed glass.

Enumerate any windows to be glazed with ribbed, enamelled, embossed, or stained

glass.

Provision to bo made in window sills and skylights (where practicable) for convey-
ing condensed water to the exterior of the building.

Paintkr.

2290. Knot (with silver leaf in best work), pumice down, and smooth, stop, and
otherwise properly prepare all the wood and other works intended to be painted.

Paint four times (or till they bear out), with the best oil and colour, all the internal

and external wood and iron works, all the stucco, and all other works that are

usually painted. The plain painting to be of tints of brown, drab, or stone

colour, as may be directed.

The ivalls of the principal staircase, lobbies, and entrance-hall are to be carefully

executed imitations of mai'bles, as directed by the architect, jointed like masonry,

in blocks of sizes as directed, and twice varnished with the best copal.

The doors, shutters, dadoes, skirtings, boxings, architraves, and other dressings on tiie

ground and one-pair floors (and others, if reqiiired), are to be grained in addition

•wainscot (or other wood, as may be specified), in an artist-like manner, and sized

and varnished twice with best copal varnish.

Some of the mouldings of doors and shutters may be gilt.

All the wrought woodwork (except the floors, and the work executed in oak) to be

stained with . . . stain, once coated with linseed oil, and twice varnished with

the best copal varnish. Or, if the deal has been picked, it may be left plain, and

only varnished. Or, if selected with much care, the deal and pine may be

polished. Inside oak work is best left to obtain an eflFect by use, but where im-

mediately desirable, it may be once or twice oileJ.

Pick out the ornamental ironwork on doors, roofs, screens, &c., in black or dark blue.

A pattern or diaper is sometimes done in gold leaf upon it.

To flat extra, of such tints as may be directed, all the rest of the stucco work and

wood work on the principal and one-pair floors.

Distemper the ceilings (or as follows) :

—

The ceilings and cornices on ground and one-pair floor to be painted four times in

oil, and flatted and picked in with such extra colours as may be directed.

The ceilings (and perhaps the cornices and centre flowers also) on the two principal

floors to be distempered. All the rest of the ceilings, strings, and mouldings are

to be whitened.

The sides of th", rooms in the attic (as the case may be) story, as well as the

lobbies, closets, passages, &c., are to be finished of such tints as the architect

may direct.

Stables and coach-house walls, larders, and sculleries, cellars, including vaulting under

sides of floors where open, to be lime-whited.
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2290«.- Painter.
Sashes to bo finished on the outside of . . . colour.

Tea church: Stop with coloured stopping, twice oil with linseed oil, and twice

varnif^h with best copal varnish, the exterior doors and frames.

Stop with stained stopping, and knot with coloured knotting, the wrought wood-
work of roofs ; brush the whole twice with boiled oil, and once varnish the

same. Pick out the chamfers and mouldings in roofs with vermilion, cobalt blue,

chocolate, pale yellow, and white, in -two oils, and stencil patterns thereon,

according to drawing.

Deal seats, or benches, are to be knotted with stained knotting, stained with . . .

stiiin (approved by the architect), and twice varnished with tackless A'arnish.

To French polish in the best manner the handrail of the staircase, the mahogany
work of the bath and water-closet, and other parts (if any).

All paint and varnish to be of the best quality; sizing and mineral turpcLtino will

'not be allowed.

Papeehanger.

2291. To prepare and bring to a proper face all the walls and surfaces intended for

papering. All the papers are to be approved by the architect, or by his client.

To hang with figured paper, value , . . per yard (or per piece) the rooms (to Ije

described) on the . . . floor, with borders (as may be desired).

The remainder of the rooms to be hung with paper, . . . per yard (with or without
borders).

Where satin paper is to be put up, or any of the more expensive descriptions, tlien

to underline (or line the walls) with lining paper, joints rubbed down, and hang
with . . . paper of . . . shillings per piece, the rooms on the . . . floor. Borders
also, if thought desirable, raust be .specified.

The entrance passage or hall, staircase, and landings, up to . . . to be papered witli

Siena marble (or other) paper, value . . . per yard, hung in blocks, or hung
horizontally and lined to size blocks with brown lines (or black pencil), twice
sized, and varnished (once or twice) with best copal.

A |-inch gilt . . . moulding to be fixed with needle points round the dressings, and
along the top and bottom of the . , . room (or rooms).

Eellh.\nger.

2292. Bells to be put from the following places ... to the several positions marked
for them. A 14-oz. bell and . . . oz. copper wire, brass cranks, and . . . spring
lever and rose.

The pulls in the principal rooms to be bronze or iron lever pulls of mediaeval charac-
ter, and very strong ; the wire of strong copper ; the cranks to be best hoi'n cranks.

Floor boards over bell wires to be screwed (not nailed) down, for ready removiil.

Put f-inch zinc tubing for the concealment and casing of the wires to the bells,

secured by round fine galvanized iron hooks. The bells to be hung and furnished
with strong brass X"Pl<ifG back and spring lever carriages. To be hung on a |-inch
wrought and beaded deal board, secured to wood bricks (or si rong wedges) by screws.

The front (and side) entrance door (or yard, or gate) to liave bold pendant mediteval
wrought iron pull, according to detail drawing, or to be selected.

It is usual to mark the place, both up and down stairs, where the bells are to be
hung. "Where many bells are fixed together on a bell board they are sometimes
described to be so tuned as to form a musical scale. They are also to be numbered;
sometimes the names of the several rooms from whence the bells are pulled are

painted on the board under the bell.

The electric, and the fneumatic, bell system will somewhat depend on the patentee
selected. The following specification for a twelve-roomed house is taken from
Henry F. Joel and Company's Illustrated Catalogue, No. 3 :

—
To providing and fitting the following system of bells :

—

Ground floor. Front entrance. One ornamental lironze pull, marked " Visitors,"

fxed by the side of the door, to ring and indicate in kitchen.

Tradesmen's entrance. One plain bronzed pull, fixed by side of the door, to

ring on a separate bell in kitchen.

Dining-room. Two black and gold porcelain pushes (or walnut wood), fixed

one on each side of the fireplace, to ring and indicate in kitche-n.

Drawing-room. Two ivory and gold pattern porcelain pushes (or polished brass),

ditto, ditto.

Library. Two black and gold line porcelain pushes (or oak wood), ditto, ditto.

Hall. One black and gold line porcelain push (or oak wood) to ring on " Call"

bell in (or outside) the servants' bedroom. Also one 3-way pneumatic
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2292a. Bei.lhaxoeh.
switch to change the front entrance bell at night, so as to ring on " Call

"

LeII in (or outside) the servants' bedroom.

First Jloor. Best bedroom. One bed-head piiU, fixed by the side of the bed, to

ring and indicate in the kitchen. One bed-head pull, fixed on the other side

of the bed, to ring a " Chattering call " bell in servants' bedroom (same bell

as used for the hall).

Dressing-room. One ivory and gold line porcelain push, fixed by the side of

the fireplace (or by the side of the door), to ring and indicate in the kitchen.

'Tv.o other bedroom.s. In each room, one plain ivory porcelain push, fixed by
the side of the fireplace, to ring and indicate in kitchen.

Bath-room. One plain ivory porcelain push, to ring and indicate in kitchen.

Second floor. Two bedrooms. One plain ivory porcelain push in each, to ring and
indicate in kitchen.

In all eighteen be'.ls, the switch being taken as one bell.

Gasfitte«.

2293. Tlie gas to be laid on from the . . . company's main to the . . . with ^ (or

to 3) inch patent strong galvanized wrought iron welded tubing of the . . . diameter,

jointed in iron ci-ment, with all necessary bends, elbows, tees, crosses, jujictione,

stopped ends, diminishing sockets, and nipples, and other necessary joints for the

rendering of the whole perfect and complete. The whole to be secured by iron

barrel clips or hooks, as the case may require, secured by strong screws. The
gas tubing to be stout \ (|, ^, or ^) inch composition pipes, soldered at joints and
secured by fine hooks, furnished with the requisite galvanized iron (or brass)

bends, &c., jointed in iron cement. This tubing is often laid in iron.

Stop cock to be supplied. A meter of . . . value to be provided and fixed on 1-inch

wrought clean deal shelf, supported on a pair of plain iron brackets (or one of

cut deal).

Gfisaliers, pendants, hall lamp, standard, brackets, sun-light, and such like, must
depend on the client and the manufacturers.

Each of the principal rooms to have a pendant corona (or other gasalier) of . . .

lights, value . . s. each, fitted with balance weights and a ball and socket joint

(or fitted with the patent balance around the pipe). Bronzed (or brass) bracket

burners (swing or armed) in passages (or where else required), value . . s. each,

complete, to approval.

Church lights are of (wrought iron, bronze, or) br.ass standards, coronse, brackets, &c.,

according to their situations, for gas or for candles (specify value of each).

All lights to be fitted with argand, fish-tail, batswing (or other burners. Ground
glass, or figured glass globes, where stated, are sometimes included by the

architect. For other details see pir. 2264a ef scq.

ZiNX'-WORKEK.

2291. Hoofs and flats.—To be laid with No. ... or . . . oz. malleable Vieille

Montague (or other) zinc, with 6 in. laps and l|-'nch rolls, turned up 5 inches

all round against walls and lights, finished with flashings 6 inches ivide, inserted

I inch into joint of the brickwork, and secured by galvanized iron wall hooks.

Cesspools to be formed at the head of rain-water pipes, and the zinc lapped

over. The whole to be laid with slotted fastenings lapped and soldered at angles.

The trap ta be covered, lapped over edge, soldered at joints, and secured by zinc

nails. Or—the flats to be covered by " Braby," London, with their No. . . ,

gauge V.M. roofing zinc, square roll caps, and patent holding-down clips. All ridge

plates and stopped ends are to be formed in the solid metal, not grooved in.

Stretching of sheets, or soldering, to form stop ends must be particularly avoubd.
Gutters to be laid with No. ... or ... oz. malleable zinc, with 6-inch laps at drips,

turned up under slates for 11 inches on each side and 5 inches against the walls,

finished with flashings 6 inches wide, inserted 1 incli into the wall, and secured

by galvanized iron holdfasts. Cesspools to be formed, &c., as above described.

Eaves glitter.—To be of 2 (to 5) inch, No. ... or ... oz. zinc, fixed upon gal-

vanized iron brackets, furnished with nozzle pieces, cut splash boards, and angles,

and to be soldered at the joints. Care to be taken that one end shall be left free

to allow the whole to expand and contract.

Bain-water 'pifc.—To be of 2 (to 5) inch. No. ... or . . . oz. zinc, with square

heads, fixed with socket joints and 4^-inch strong galvanized iron nails, with the

platts turned over.

hining to cistern.—To be of No. ... or ... oz. malleable zinc, lapped 2 inches at

joints and angles and turned down over edge, secured by strong zinc nails 4 inches

apart, and to be soldered at angles.
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2294(7. ZlXC-WORKER.
Chimney cowls, ventilating shafts, louver ventilator, perforated zinc, skjlij^lit frames,

fanlights, &c. For other details see par. 222-l(?.

2294^. The following proposed S.\nitarv Spkcificatiox for a Suburban Villa, by
"Hygiene," published in the Jonrnal of the Ck'rks of Works Association, for November
1881, is deemed of sufficient impo-rtance to be here reprinted as a guide:

—

Dig trenches the required depths for all drains as shown on plan ; fill in after the

drains are laid, and well consolidate the same. Where tlie drains cross the iiewly-

mado ground they must be bedded on a layer of Porthmd cement concrete 6 inches

thick, the bottom of the trench being previously well rammed. Cart away any
superfluous earth.

'\!hc j^ipcs are to be the best snlt-glazed socketed drain pipes, free from fire flaws or

t)iher defects, straight, and well burnt. No square junctions will be allowed. All

drain pipes to be jointed in neat Portland cement, and carefully wiped inside.

Every facility must be afforded to the architect, or his representative, for inspection

during the laying of the pipes. The drains are to be tested in lengths as the
work proceeds, in any manner the architect may approve. The builder must pro-

cure an intelligent bricklayer, or other man to be approved by the architect, to

lay the drains and build the inspection chamber.
I^ay in the soil pipes in positions as shown in red lines on plan, with a continuous and

even fall of not less than 2 inches in 10 feet. All soil pipes are to be 6 inches
diameter, and waste pipe branches, &c., A inches, as shown.

I'ay all fees to local board for connections to sewer, and provide and fix a 6-inch gal-

vanized iron flap pipe for inlet to same.
Fix one of Doulton's No. 39 (see list) or other approved interceptor trap just within

the boundary fence, in position as marked on plan ; carry up from same a 6-inch

diameter vertical pipe, provide and fix a 4-inch junction in the first length above
trap ; seal the top of pipe and cover over 6 inches below the ground line with
12 inch by 12 inch by 2^ inch York stone.

Carry 4-inch pipes from junction to a convenient p'ace bohii.d tlie shrubbery ; bring
to surface with an easy bend, fix on top a 4-incli square junction pipe, the top to

be about 12 inches above the ground. Seal the top with a di c plate, and provide
and fix a galvanized iron grating in the junction opening.

Euild inspcctioii chamber, as shown, near to the corner of house, with Portland
cement concrete bottom, well-burnt stock bricks, and Portland cement sides. Pro-
vide a channel pipe and a curved junction channel pipe, and fix in chamber as

shown; form sloping sides with concrete, and finish with neat Poitland cement
perfectly smooth, and to the required form. Cover over the top with 2^-inch York
stone cover, 4 inches under ground.

Provide and fix in yard 11^-inch square trapped y;;^/// and dished iron grating, with
two 4-inch inlets and 6-inch outlets (prime cost 7*".) see fig. 19, Doulton's list).

Continue drain to inspection chamber, and connect through the side of chamber
above the sloping sides.

Continue from the inh-ts to gully 4-inch branch drains to the two rain-water stack

pipes, and finish with an easy bend to receive the rain-water pipe.

Provide and fix an 8-ineh by 8-inch trapped gully, with inlet on two sides for bath
and lavatory wastes, and connect from gully to soil drain, as shown.

Continue the 6-inch soil draia from inspection chamber to side of house, as shown

;

insert a junction, and put an easy bend at end of each branch to receive the soil

pipes from the water-closets.

Provide and fix Weaver's or other approved grease trap (prime cost 2f5s ) outside

scullery wall, to take waste from sink, and continue to the drain with 4-inch pipes.

Provide and fix in yard at the front of coach-house a IH inch square trapped gully,

as before described, connect drains from stables, and connect, as shown, to inspec-

tion chamber.
Provide and fix 8-inch by 8-inch trapped gully at foot of rail-water pips in front of

house, and continue a 4-inch drain to soil drain.

A\vtc.—If local board will not allow storm-water in the soil drain, a 6- inch storm-
water drain must be laid to take all rain-water from roofs and sui-face of ground.

Connect with a 4-inch branch from rain-water pipe at end of stable, and to join the
0-inch drain from stable jusi below the gully. This drain must not have any trap
in it, as it is required to ventilate this branch.

If any deviation be made from the course marked on the drain plan, the same must
be carefully noted and marked on the plan, and then returned to the architect's

office.

Internal Fittings.—Provide and fix in best water-closet, first floor, one of Jennings's

ornamental Queen's ware combination ''Pedestal" closets, automatic flushing tank,
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omaiiicntal chain and lian.lle, anil a mahogany cireuUir hinged flap seat. Prime

cost value, 11. 7s., exclusive of tixing. (These closets do not require any enclosure.

)

I'rovide and fix in lower water-closet one of Doulton's stoneware (ornamental) com-

bination closet.s. and all as before specified for fittings to first floor (prime cost,

4/. 9s. 8fZ , exclusive of fixing).

The soil pipe from water-closet, first fljor, is to be 4-inch lead pipe, and to pass

tlirough and down the face of external wall, and to connect to branch of soil drain.

The soil pipe from the lower water-closet to be as last described, and connect to

the branch of soil drain provided for same. Continue the lead soil p'pe from first

floor water-closet to S feet above the eaves to roof, the full size of 4 inches. Put
a fi^ed cone on top.

I'rovide and fi.x a 3-inch lead -waste-pipe from bath through wall and into a 3-inch

cast iron pipe down face of wall, and connect to gtilly provided for same.

I'rovide and fix a lavatory cabinet-stand complete (No. 21, D(julton's list, prime cost,

'11. 2s.) ; carry a 2-inch lead waste pipe, apd connect to gully provided for same ;

fix under this lavatory a Beard ancl Dent's 2-inch trap and inspection cap. Lay
on water from the down service pipe with a J-inch branch pipe and a |-inch

silver-plated urn tap.

Provide and fix in maids' water-closet, and also in man servants' water-closet, one of

Doulton's Lambe h flush-out closets, with syphon flushing cistern, handle and
chain, all complete.

Connect the flushing cisterns throughout with A-inch stout lead pipe, and from cis-

tern to water-closets with 1^-inch lead pipe.

Provide and fix in scullery a Doulton's vitrified buff-glazed stoneware sink, best

quality, size 3 ft. 6 in. by 2 ft. (prime cost value, 1/.) ;
provide and fix a 2-in. earthen-

ware waste pipe, and connect to grease trap outside scullery wall. (Housemaid's

slop sinks are not required, the combination closets being available for slops.)

The work must be thoroughly well done ; the best materials are to be used ; and all

to be finished to the entire satisfaction of the architect or his representative.

Sect. XVI.

MEASURING AND ESTIMATING.

2295. The practice of measuring is dependent on rules already given under Mensura-
tion, in Sect. VI. Chap. I. of this book (1212 et seq.), in which are described the

methods of ascertaining the superficial and solid contents of any figure. The application

of them to architecture, in the practice of measuring and estimating the different parts of

a building, forms the subjecc of this section.

2296. Eor the purposes of measuring, a 10-feet rod, and a pair of 5-feet rods, all

divided into feet, inches, and half-inches, and a 2-feet rule divided into inches and eighths

and twelfths or tenths of inches, are required. If a tape, say of 50, 66, or 100 feet, be

used, it should be carefully checked by a standard, and by the 10-feet rod.

2297. The mode of " squaring dimensions," as usually practised by duodecimals, will

be now explained. They are a series of denominations beginning with feet, and then

inches and parts of an inch ; they form a series of fractions. Feet and inches are marked
with their initial letters, but twelfths, or tenths, or seconds by a double accent, thus 2".

2297a. To multiply duodecimals together, write down the two dimensions to be

multiplied in such a way that the place of feet may stand under the last place of the

multiplicand ; begin with the right-hand denomination of the multiplier, and multiply it

by every denomination of the multiplicand, throwing the twelve out of every product, and
carrying as many units as there are twelves to the next. Placing the remainders, if any,

under the multiplier, so that the like parts in the product may be under like parts of the

multiplicand; proceed with every successive figure of the multiplier towards the left, in

the same manner, always placing the first figure of the product under the multiplier.

Then the sum of these partial products will be the whole product. In duodecimals there

will be as many denominations below feet as in both the factors taken together.

Example 1.—Multiply 7 ft. 5 in. by 3 ft.

4 in.

7 :5
3 : i

2:5:8
22 : 3

24 : 8 : 8

Example 2.—Multiply 24 ft. 8 in. 8' by
3 ft. 7 in.

24 : 8 :
8'

3 : 7

14 5 8

74 2

88 : 7 : : 8
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2297S. Id example I. therein only one place of duodecimals in each factor; there are

therefore two places in the product. In the second example there are two places of

duodecimals in the multiplicand and one in tlie multiplier, which make, together, three;

there are therefore three denuminations in the product. This method of placing the

denominations of the factors gives the correct jjlaces of the product at once; since like

parts of the product stand under like parts of the multiplicand. It also shows the affinity

between duodecimals, decimals, and every series or scale of denominations whereof any
number divided by the radix of the scale makes one of the next towards tlie left liand.

The consideration is, moreover, useful in discovering readily tlie kind of product arising

from the multiplication of any two single denominations together.

2297c. When the number of feet runs very high in the factors, it will be better to write

down the product of each multiplication, without casting out the twelve, and add together

those of each denomination beginning on the right, and divide by 12, to carry to the next

higlier place, then add these, and to on, as often as there are places in the whole product.

_, , -.r , . , „„„ r Thus, under inches, the products being set down and
Example.-Mulliply 262 ft.

.^j,^^^^ ^j^^^ ^^,^^^^^ t„ 2369, which, divided bv
^ '"

.7 .

'"
twelve, gives 197 to carry to the place of feet, and

"
•

- 1 . Q
'' remainder. Then adding the feet together with

.

'^ •
tiie quantity carried, it gives the Mhole number of

2099 : 4 f'^st ; while the operation is extremely simple and

1048 : 20 f'"^^ from the troubles of either side operations or

13100 : 250 useless stress on the memory.
; 2297£^. The division of the foot into 12 parts

197 = ' renders the application of the rules of pmc/ice very
12 valuable in the computation of duodecimals. The

,,.,,- ; . practical rule is to set down the two dimensions one
'^ '^ under the other, that is, feet under feet and inches

under inches, and multiply each term in the midtiplicand by the feet in the multiplier,
beginning at the lowest ; and, if the numbers be large, put down the inches without carry-
ing 1 for every 12 from inches to feet. Then, inste>id of multiplying by the inches, take
such aliquot parts of the multiplicand as the inches are of a foot; after which n^'d the
lines together, carrying 1 for every 12 inches.

Example I.—Multiply -
ft. 5 in.

by 3 ft. 4 in.

4 in. = ^ 7 : o

3 : 4

22 : 3

2 : 5

Example 2.—Multiply 262 ft. o in.

by 54 ft. 8 in.

8 = § 262: 5

54 : 8

24 : 8 : 8

14345 : 5 : 4

The same examples have been used to show the relative advantages of tlie two methods.
2297c. Thus far we have treated of the squaring of dimensions to obtain the superficies

of work. To learn the solidity of certain materials, such as timber, stone, and some others,

the dimensions have to be cubed. The process is similar to the above, and is continued a
further step. One example will suffice to explain the method, and we will take the figures

given in the above s^-stem.

Example.—AVIiat is the cube of a block of stone, 7 ft. o in. wide, 3 ft. 4 in. thick, and
12 ft. long?

7 : 5 2297/. The abridgment of the labours of practical men is

3 : 4 always a matter of importance—being identical with the saving

n^T"^ of time which is lost in calculation, and which with the archi-

n
'

. „ tect is of the utmost importance, when it is recollected what
• muliifarious duties he has to discharge. Hence the following

24 .'8:8 super. table of squares, cubes, and roots of numbers, up to 1000, will

12 ^P most acceptable to him. The first column of the Table shows
the number, the second the square of such number, the thii-d

296 : 8 : cube. exhibits its cube. In the fourth column is found the square
root of the number, and in the fifth its cube root. Thus, looking to the number 61 in
the first column, its square is found to be 3721, its cube 226981, i's square root,

7"8102497, and its cube root 3-936197. Again, taking the number 784, we find its square
to be 614656, its cube 481890304, its square root 28, and its cube root 9 220872.
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1

No.
1

i

1

Square.

1

Cube. Square Root. CubeKoot. No.

C4

Square. Cube. Square Root. Cube Hoot.

1 1-0 1 4096 26214 4 8-0 4

2 4 8 1-4142136 1 259921 65 4225 274625 8-0622577 4-020726
3 9 27

1

1 -732050811 442250 66 4356 287496 S -1240384 4-041240
4 16 64

1

^'^ r 587401 67 4489 300763 8-1853528 4-061548
' ^ 25 125 2-2360680 1 709976 68 4624 314432 8-2462113 4-081656

6 36 216 2-4494897 1 817121 69 4761 328509 8 -.306623 'J 4-101566
7 49 343 2-6457513 1 912933 70 4900 343000 8-3666003 4-121285
8 64 5)2 2-8284271

2

71 5041 357911 8-42'il49S 4140818
9 81 729 30 2 080084 72 5184 373248 8-4852814 4-160168
10 100 1000 31622777 2 154435 73 5329 389017 8-5440037 4-179339
11 121 1331 3-3166248,2 223980 74 5476 405224 8-6023253 4-198336
12 144 1728 3-46410162 289428 75 5625 421875 8-6602.540 4-217163
13 169 2197 3 -605551 3 2 351335 76 5776 438976 8 -71779-9 4-235824
14 196 274 4 3-7416574 2 410142 77 5929 456533 8-7749644 4-254321
15 225 3375 3-8729833 2 466212 78 6084 474552 8-8317609 4-272659
16 256 4096 4-0 2 519842 79 6241 49.3039 8-8881944 4-290841
17 289 4913 4-1231056,2 571282 80 6400 512000 8-9442719 4-308870
Ib 324 5832 4-2426407 2 620741 81 6561 531441 9-0 4 -.326749

19 361 6S59 4-3588989,2 668402 82 6724 551368 9-0553851 4 -.3444 81

20 400 8000 4-4721360 2 714418 83 6889 571787 9-1104336 4-362071
21 441 9261 4 -582.375712 758923 84 7056 592704 9-1651514 4-379519
22 484 10648 4-6904158,2 802039 85 7225 614125 9-2195445 4-396830
23 529 12167 4-79583152 S43867 86 739G 636056 9-2736185 4-414005
24 576 13824 4-89897952 884499 87 7569 658503 9-3273791 4-431047
25 625 15625 5-0 2-924018 88 7744 68147-' 9-3808315 4 447960
26 676 17576 5-0990195,2 962496 89 7921 704969 9-4339811 4-464745
27 729 19683 5-1961524 3 90 8100 729000 9-4868330 4-481405
28 784 21952 5-2915026 3-C36589 91 8281 753571 9 -5393920 4-497942
29 841 24389 5-38516483-072317 92 8464 778688 9-5916630 4-514357
30 900 27000 5-4772256,3-107232 93 8649 804357 9-6436.508 4-530655
31 961 29791 5-5677644,3-141381 94 8836 830584 9-6953597 4 5468.36

32 1024 32768 5 6568542,3-174802 95 9025 857375 9-7467943 4 -562903

I
33 1089 35937 5-7445626,3-2075.34 96 9216 884736 9-7979590 4-578857
34 1156 39304 5-8.309519'3-239612 97 9409 912673 9-8188578 4-594701
35 1225 42875 5-9160798'3-271066 98 9604 94 1 1 92 9-8994949 4-610436
36 1296 46656 6-0 13-301927 99 9801 970299 9-9498744 4-626065
37 1369 50653 6-0827625,3-332222 100 10000 1000000 100 4-641589
38 1444 54872 6-1644140 3-361975 101 10201 10,30301 10-0498756 4-657010
39 1521 59319 6-24 49980 3-391211 102 10404 1061208 10-099.5049 4-672330
40 1600 64000 6-3245553 3-419952 103 10609 1092727 10-1488916,4-687548
41 1681 68921 6-4031242 3'448217 104 10816 1124864 10-1980390 4-702669
42 1764 74088 6-4807407 3-476027 105 11025 1 1 57625 10-2469508 4-717694
43 1849 79.507 6-5574385 3-503398 106 11236 1191016 10-2956301 4-732624
44 1936 85184 6-6332496,3-530348 107 11449 1 225043 10-3440804 4-7474.59

45 2025 91125 6-7082039 3-556893 108 11664 1259712 10-3923048 4-762203'

4G 2116 97336 6-7823300 3-58.3048 109 11881 1 295029 10-440.3065 4-7768561

47 2209 103823 6-8556546 3-608826 110 12100 1331000 10-4880885 4-791420
48 2304 110592 6-9282032;3-634241 111 12321 1367631 10-5356538 4-805896

49 2401 117649 7-0 3-659306 112 12544 1404928 10-5830052 4-820284

50 2500 1 25000 7-071067813-684031 113 12769 1442897 10-6.301458 4-834588

51 2601 132651 7-I414284 3-708430 114 1 2996 1481544 10-6770783 4-8488081

52 2704 1 40608 7-2111026 3-732511 115 13225 1520875 10-7238053 4-862944]

53 2809 148877 7-2801099 3-756286 116 13456 1560896 10-7703296 4-876999'

5 1 2916 157464 7-3484692 3-779763 117 13689 1601613 10-8166538 4-890973

55 3025 166375 7-4161985 3-802953 118 13924 1643032 10-8627805 4-904868

56 3136 175616 7-4833148 3-825862 119 14161 1685159 10-9087121 4-918685

57 3249 185193 7-5498344 3-848501 120 14400 1 728000 10 9544512 4-932424

58 3364 195112 7-6157731 3-870877 121 14641 1771561 11-0 4-94608;J

59 3481 205379 7-6811457 3-892996 122 14S84 1815848 11-0453610 4-959675
60 3600 216000 7 7459667 3-914867 123 15129 1860867 1 1 -0905365 4-973190
CI 3721 226981 7-8102497 3-936497 124 15376 1 906624 11-1355287 4-986631

62 3844 238328 7-8740079 3-957892 125 1 5625 1953125 11 -1803399 50
6S S969' 250047 7-9372539 3-979057 126 15876 2000376 11-2249722 5-013298
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1127

Il28

!l29

130

131

132

133
134

135

136

137
138

139

140
141

142

143

14 J

145

146

147
148

119

150
151

152

153

154

155

156

157

158

159
160
161

162
163

164
165

166

167

I6S

I6j

170
171

172
173

174

175
176

177

I 78

179
180
181

182

183
184

185
185
187

1188

;i89

Square.

16129
16384
16641

16900
17161

17424
17689
17956
18225
18496
18769
19044
19321
19G00
19881
20164
20449
207361

21025
2131 6j

21609J
21904!

22201

22500
22801

23104
23-109

23716
24025
24336
24649
24964
25281
25600
25921
26244
26569
26896
27225
27556
27889
28224
28561
28900
29241

29584
29929
30276
30625
30976
31329
31684
32041

32400
32761
33 1 24

33489
33856
34225
3 4596
34969
35344
35721

Square Root.

2048383
2097152
21466H9|
2197000'

2248091

1

2299968
2352637
2406 104'

2460375

i

2515456
2571353'

2628072
2685619
2744000|
2803221

1

2863288
2921207
2985984
3048625
3112136
3176523
3241792
3:'.07949

3375000|
3442951
3511808,

3581577
3652264
3723875!

3796416
3869893
39443121

4019679
4096000,
4173281
4251528
4330747
4410944
4492125I

4574296
4657463
4741632
4 826809

1

4913000,
50002111
5088448
5177717,
5268024
5359375
5451776
5545233
5639752
5735339
5832000
592974)!

6028568

1

6128487
6229504
6331625|
6434856
6539203)
6644():72

6751269

1 '2694277

5

1-3137085 5

1-357S167|5

I -401 7543 J5

1 -445523115
1-4891253 5

1 -53256265
r5758369|5
1-6189500 5

1-6619038 5

1-7046999 5

r7473444|5
1

-7898261
J5

1-8321596 5

l-874342l'5

1-9163753,5
1 -958260715
2-0 5

2-04159465
2-0830460 5

2-1243557J5
2-1655251

5

2 -206555615
2-2474487,5
2-2882057 5

2-32882805
2-3693169|5

2-40967365
2-4498996|5
2-4S99960 5

2-529964 1-5

2-5698051
J5

2-60952025
2-6491 106|5
2-6885775 5

2-7279221 15

2-7671453 5

2-8062485 5

2-8452326 5

2-8840987 5

2-92284805
2-96148]4'5

3-0
\5

3 •0354048 5

3-07669685
3-1148770 5

3-15294645
3-1909060 5

3-22875665
3-2664C92 5

3-304 1347 '5

3-3416641 5

3-3790882 5

3-41640795
3-453624o'5
3-4907376'5

3-5277493 5

3-5646600 5

3-6014705 5

.i-63F1817 5

3-6747943 5

3-7113092 5

3-7477271 5

026526
039684
•052774

•065797

•07875.3

-091643
-104469

-117230
-129928

•142563
-155131

-167649
180101
•192494
-204828

-217103

-229321

•241482

-253588

•265637

-277632

-289572

-301459
-313293

•325074
-336803

•348481

-360108
-371685

-383213

-3.94690

-406120
•417501

•428835
-440122

-451362
-462556

•473703

•484806

•^95865

-506879
-517848

•528775
•539658

-550499
-561298

-572054

-582770
-593445

•601079
614673
-625226

•635741

-646216
65665'2

667051

677411
687734
-698019

-708267

•718479

•728654

•738794

No.

190

Square.
|

1

.36100

191 36481

192 36864
193 37249
194 37636
195 38025
196 38416
197 38809
198 39204
199 39601

200 40000
201 40401
202 40804
203 41209
204 41616
205 42025
206 42436
207 42849
208 43264
209 43681
210 44100
211 44521
212 44944
213 45.369

214 45796
215 46225
216 46656
217 47089
218 47524
219 47961
220 48400
221 48841
222 49284
223 49729
224 50176
225 50625
226 51076
227 51529
228 51984
229 52441
230 52900
231 53361
232 53824
233 54289
234 54756
235 55225
236 55696
237 56169
238 56644
239 57121
240 57600
241 58081
242 58564
243 59049
244 59536

1

245 60025
246 60516:

247 61009
248 61504
249 62001
250 62500
251 63001
252 63504

6859000
6967871
7077888
7189057
7.301384

7414875
75295.36

1

7645373|

7762392J
7880599j
8000000
8120601
8242408
8365427
8489664
8615125
8741816
8869743
8998912
9123329
9261000
9393931
9528128
9663597
9800344
9938375
10077696
10218313
10360232
10503459
10648000
10793S61
109410-lS

11089567
11239424
11390625
11543176
11697083
1 1 852352
12008989
12167000
12326391
12487168
126)9337
12812904
12977875
13144256
1.3312053

13481272
13651919
13824000^
13997521
14172488
14348907
14526784
14706125
14886936
1 5069223
15252992
15438249
15625000
15813251
1 6003008

Square Root. CubeRoot

3-78404885
82027505
85640655
•8924440,5

928;5883|5

9642400 5
•0 |5'

•0356688 5

07124735
1067360^5
1421356'5

17744695
•2126704

'2478058

2828569
-3178211

3527001
3874946
•4222051

4568323
•4913767

5258390
5602198
-5945195

6287388 5

6628783
6969385
7309199
7648231
7986486
8323970
•8660687

8996644
9331845
9666295

•0332964

•0665 1 92
•0996689

1327460
1657509
1986842
2315462
2613375
•2970585

3297097
3622915
3948043

5-4272486
5-4596248

4919334
5-5241747
5-5563492
5884573

5-6204994
5 6524758
5-6843871

162336
5-7480157

811:

797338
3883

5 84-J9795J6
5-874507916

-748897

758965
•768998
•778996

•788960
798890
808786
818648
•828476

838272
848035
857765
867464
877130
•886765

•896368

•905941

•915481

-924991

-934473

-943911

-95334

)

-962731

-972091

•981426

-990727
-0

-009244
-01 8363
-027650
•036811

045943
055048
•064126

073177
•082201

•091199

•100170
•109115

-118032

126925
-135792

114634
153449
162239
1710D5
179747
188463
197154
205821
214464
223083
•231678

240251
248800
257324
265826
274304
-282760
291194
299604
307992
316359
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Square.

253 64009
254 64516

65025
65536
66049
66564
67081
67600
68121
68644
69169
69696
702251

70756
71289,'

71824
7236
72900
73441

73984
74529
75076
75625
76176
76729
77284
77841
78400
78961
79524
80089
8065 G

81225
81796
82369
82944
83521
84100
84681
85264
85849
86436
87025
87616
88209
88804
89401
90000
90601
91204
91809
92416
93025
93636
94249
94864
95481

96100
96721
97344
97969
98596
99225

16194277
16387064
16581375
16777216
16974593
17173512
17373979
17576000
17779581
17984728
18191447
18399744
18609625
18821096
19034163
19248832
19465109
19683000
1990251]
20123648
20346417
20570824
20796875
21024576
21253933
21484952
21717639
21952000
22188041
22425768
22665187
22906304
23149125
23393656
23639903
23887872
24137569
24389000
24642171
24897088
25153757
25412184
25672375
25934336
26198073
26463592

Square Root,

15-9059737
15-9:573775

15-9687194
16-0

16-0312195
16-0623784
16-0954769
16-1245155
16-1554944
16-1864141

16-2172747
16-2480768
16-2788206
16-3095064

16-3401346 6-439275
16-3707055 6-447305

6-324704
6-333025
6-341325
6-349602
6-357859
6-366095
6-374310
6-3S2504
6-390676
6-398827
6-406958
6-415068
6-423157
6-431226

Square.

6-455314
6-463304

16-4012195
16-4316767
16-4620776,6-471274
16-4924225 6-479224
16-5227116 6-487153
16-5529454 6-495064
16-5831240 6-502956
16-6132477 6-510829
16-6433170 6-518684

16-67333206-526519
16-7032931 6-534335
16-7332005 6-542132
16-7630546 6-549911

16-7928556 6-557672
16-8226038 6-565415
16-8522995 6-573139
16-8819430 6-580844
16-9115345 6-588531

16-9410743 6-596202
16-9705627 6-603854
17-0 6-611488
J 7-0293864 6-619106
17-0587221 6-626705
17-0880075 6 634287
17-1172428 6-641851
17-1464282 6-649399

171755640 6-656930
17-2046505 6-664443
17-2336879 6-671940
17-2626765 6-679419

26780899J
17 -2916 16516-686882

27000000 17-3205081 6-694328

27270901 17-3493516 6-701758

27543608 17-37S1472;6-709172

27818127 17-4068952 6-716569
280944641 1

7 -4.355958 '6-723950

28372625' 17-4642492;6 -7 313 16

286526 16 17 -4928557 16-738665

28934443^1 7 -521415516 -74)997

29218112 17-5499288 6-753313
2950.3629

' 1 7 5783958 16 7606 1

4

29791000 17-606816916 767899
30030231 |l7-635192l!6-775168

30371328 17 -66352 17 '6 -782422

30664297 jl 7 -691 80606-789661
.30959144;i7-7200451 16-796884

31255875 17-7482393 6-804091

331

332
333
334
335
336
337
338
339
340
341

342
343
344
345
346
347
348

349
350
351

352
353
354
355
.356

357
358
359
360
361

362
363
364
365
366
367
368
369
370
371

372
373
374
375
376
377

316 99856
3171100489

318J101124
319,101761
320' 102400
321*10.3041

322| 103684
323 104329
324|l04976
325' 105625
.326 106276
327 106929
.328 107584
329 108241

330 108900
1C9561
110224
110889
111556
112225
112896
113569
114244
114921

115600
116281

116964
117649
1 1 8336
119025
119716
1 20409
121104
121801
1 22500
123201

123904
124609
125316
126025
1 267.36

127449
128164
128881

1 29600
130321

131044
131769
133496
133225
133956
134689
135424
136161

136900
137641

1 38384
1 39 1 29
139876
140625
141376
142129

Square Uoot.

378,142884

31554496 17-7763888 6-811284

31855013'l7-80449S8 6-818461
'^'-2157432' 17-8325.^45 6-825624
32461 759! 17 -86057 11 6-83277
.32768000 17-8885438 6-839903
3.30761 61 1 1 7 -91 64729 6-847021

333862481 7-9443584 6-854124
336982671 7-9722008 6-861 21

1

34012224,18-0 6-868284
34.328125:18-0277564 6-875343

Cube Root.

34645976 18-0554701
34965783 18-0831413
35287552'l 8-1 107703
35611289|l8-1383571
35937000 18-1659021
36264691 18-1934054
36591368 18-2208672
36926037 18-2482876

37259704 18-2756669
37595375' 18 -3030052
379.33056 I

S
-3 .30.3028

38272753| 18-3575598
38614472 18-3847763
38958219|l8-41 19526
39304000' 18 -4390889
59651821 18 4661853
40001688,18-4932420
40353607,18-5202592
40707584 18-5472370
41063625 18-5741756
41421736,18-6010752

41781923J18-6279360
42144192 18-6547581

42508549,18-6815417
42875000 18-7082869
43243551
43614208
43986977
44361864
44738875
45118016
45499293
45882712
46268279
46656000
47045881
47437928
47832147
48228544
48627125
49027896
494.30863

498.36032

50243409
50653000
51064811
51478848
51895117
52313624
52734375
53157376
53582633
54010152

18-7349940
18-7616630
18-7882942
18-8148877
18-84144.37

18-8679623
18-8944436
18-9208879
18-9472953
18-9736660
19-0

19-0262976
19-0525589
19-0787840
19-1049732
19-1311265
19-1572441
19-1833261

19-2093727
19-2353841

19-2613603
19-287.3015

19-3132079
19-3390796
19-3649167
19-3907194
19-4164878
19-4422221

6-8823S8
6-889419
6-896435
6-903436
6-910423
6-917396
6-92.1355

6-931300
6-938232
6-945149
6-952053
6-958943
6-965819
6-972682
6-979532
6-986369
6-993191
7-0

7-006796
7-013579

7 -020349

7-027106
7-033850
7-040581
7-047208
7-054003

7 -060696

7-067376
7-074043
-080698

7-087341

7-093970
7-100588

7107193
7-113786
7-120367
7-126935
7-133492
7-140037
7-146569
7-153090
7-159599
7-166095
7-172580
7-179054
7-185516
7-191966
7-198405
7-204832
7-211247
7-217652
7-224045
7-230427



Cii.w. HI. MEASURING AND ESTIMATING.

I ! I

No. Square. Cube. Square Koot

379
;580

381

382
383
384
385
386

387|
3S8'

389
390
391

392
393
394
395
396
397
398

399
400.

401

402
403
404
405
406
407
408

!409

UlO
'411

412

J413
'414

1415

416
417
418

419
420
421

422
423
424
425
426
427
428
429
430
431

432
433
434

435
436
437
438
1439

|440
441

143641

144400
145161

145924
146689
147456
148225
148996
149769
150544
151321
152100
1.52881

153664
154449
155236
1 56025
156SI6

157609
1 58404
159201

1 60000
160801
13160<1

162409
163216
164025
164836
165649
166464
167281
168100
168921

169744
1 70569
171396
1 72225
173056
173889
174724
175561

176400
177241
178084

178929
179776
180625
181476
182329
183184
18404
1 84900
18576
186624
187489
188356
18922
190096
1 90969
191844
192721
1 93600
194481

54439939
54872000
55306341
55742968
56181887

Cube Root.

19-4679223
19-4935887
19-5192213
19-5448203
19-5703858

56623104 19-5959179

57066625 19-6214169

57512456 19-6468837

57960603 19-6723156

58411072 19-6977156

58863869 19-7230829

59319000 19-7484177

59776471 19-7737199

60236288 1 9-79S9899

60698457 19-8242276

61162984 19-8494.332

61629875 19-8746069

62099136 19-8997487

62570773 19-9248588

63044792 19-9499373

63521199 19-9749844

64000000 20-0

64481201 20-0249844
64964808 20-0499377
65450827 20-0748599

65939264 20-0997512
66430125 20-1246118

66923416 20-1494417
67419143 20-1742410

67917312 20-1990099
68417929 20-2237484
68921000 20-2484567
69426531 20-2731349

69934528 20-2977831

7(H44997 20-3224014

70951944 20-3469899
71473375 20-3715488
71991296 20-3960781

72511713 20-4205779
7.3034632 20-4450483

73560059 20-4694895
74088000 20-4939015
74618-J61 20-5182845
75151448 20-5426:?86

75686967 20-5669638
76225024 20-5912603
76765625 20-6 1 55281

77308776 20-6397674
77854483 20-66.39783

78402752 20-6881609
78953589 20-7123152
79507000 20-7364414
80062991 20-7605395
80621568 20-7846097
81182737 20-8086520
817'36504 20-8326667
82312875 20-85C6536
8288 1856 20 -8806 1,30

83453453'20-9045450

84027672 20 9284495
8460451 920 -9523268

85184000 20 9761770
85766121 21

7-2.36797

7-243156

249.504

255841
7-262167

268482
7-274786
7-281079
7-287362
7-293633

299893
306143
312383

7-318611
7-324829

331037
337234
343420

7-349596

355762
7-361917
7-368063

374198
7-380322
7-386437

7-392542
7-398636
7-404720
7-410794

416859
7-422914
7-428958
7-434993
7-441018
7-4470.33

7-453039
7-459036
7-465022
7-470999
7-476966
7-482024
7-488872
7-494810
7-500740
7-506660
7-512571
7-518473
7-524365
7-530248
7-536121
7-541986
7-547841

7-553688

7-559525
7-5653,53

7-571173
7-576984
7-582786
7-588579
7-594363
7-600138

7 -605905

7-611662

No. Square. Cube. Square Root. Cube Roof.

442
443
444
445
446
447
448
449
450
451

452
453
454
455
456
457
458
459
460
461

462
463
464
465
466
467
468

469
470
471

472
473
474
475
476
477
478
479
480
481

482
483
484
485
486
487

488
489
490
4

492
493
494
495

496
497
498
499
500

1 95364
96249
197136
198025
198916
199809
200704
201601

202500
203401
204304
205209
206116
207025
207936
20*^849

209764
210681
211600
212521
213444
214369
215296
216225
217156
218089
219024
219961
220900
221841
222784
223729
224676
225625
226576
227529
228484
229441
230400
231361
232324
233289
234256
2.S5225

236196
237169
238144
239121
240100
241081
242064
243049
244036
245025
246016
247009
248004
249001
250000

501; 25 1001

502J
252004

503^2.13009

504 254016

86350888 21 -0237960

86938.307 21-04756.52

87528384J2I -0713075
88121125,21-0950231
88716536|21-1 187121

89314623 21-1423745
89915392!2ri660I05

7-617411

7-6231.51

7-628883
7-634606
7-640321

7-646027
7-651725

90518849,21-1896201 7-657414
91 1250002 1-21 32034 7-663094

91733851 121 -2367606 7-668766

9234540821 -2602916|7-674430

92959677 21 -2837967,7-680085

93576664|21 -3072758,7 -6857.'i2

94 1 96375^2 1 -330729017 -691 37

1

94818816,21 •3.')41565 7*697002

95443993|21 -3775583 7 -70S624
96071912:21-4009346 7-708238

96702579 21-4242853 7-713844

97336000 21-4476166 7-719442

97972181 J2r4709106 7-72,5032

9861 1 1 28i2I -4941 853 7 -73061

4

99252847,21-5174348 7-736187

99897344 21 -5406592 7-741753

100544625 21-5638587 7-747310
101194696 21-5870331 7-752860
101847563 21-6101828 7-758402

102503232121 -6333077 7-763936
103 1 61 709'2r6564078 7 -769462
103823000,21 -6794834j7 -774980
104487 1 1 1 21 -7025344 7-780490
105154048,21-7255610 7-785992
105823817 21-7485632 7-791487

106496424J21 -7715411 7-796974

107171875J21 -7944947 7-80245.'^

107850176 21-8174242 7-807925
108531333 21-8403297 7-813389

109215352 21-8632111 7 818845
109902239'21 -8860686|7-824294

n0592000'21 -9089023,7 -829735
111284641121-931712217-835168
1 1 1980168 21 -9544984:7 -840594

112678587 21 -9772610j7-846013

113379904 22-0 7-851424

114084125j22-0227I55J7-856828
1 1 479 1 256,22 -045407717-862224

115501303 22-0680765,7-867613
116214272 22-0907220 7-872994

1 I693OI69I22-I 133444|7-878S68
117649000 22-1359436 7-883734

118370771 22-1585198J7-889094
1 1 9095488|22-1 81 0730,7 -894446

1 19823157 22-2036033:7-899791

120553784 22-2261108 7-905129
121287375 22-2485955 7-910460
I22023936I22-27IO575I7 -915784

I22763473'22-2934.968[7-921100i
1 23505992'22-31 591 36 7 -926408

124251499 22-338,3079 7-931710
125000000 22-3600798
12575150122 -38:30293

126506008 22-4053565
127263527122-4276615

7-937005
7-942293
7-947573
7-952847

1 28024064 22 -4499443 7-9581 1

4

3 I-:



786 THEORY OF ARCHITECTURE. Rook II.

I I

No.| Squatu.
|

Cube. Square Root. Cube Root

505 255025 128787625 22-4722051 7 -963374

506 256036JI2955421 6,22-4944438 7-968627

507 257049 130323843 22 -51666051 7 -973873

508 258064 131096512 22-5388553 7-979112

509 259081 1 31 872229^22 -561 0283 1

7-984344

510 260100, 13265100022 -5831 796 7-989569

511 261 121 1334.32831 22-6053091 j7-994788

512 262144 134217728 22-6274170.^8-0

513 263169 135005697 22-6495033|8-005205

514 264196|135796744 22-6715681 ,8-010403

515 265225 136590875 22-6936114 8-015595

51

6

26625G i 1 37388096 22 -71 56334 8 -020779

517 267289,138188413 22-7376340,8-025957

518 268324 138991832 22-75961.34 8-031129

51 9 269361 '139798359 22 -781571 5'8-036293

520 270400 1 40608000 22 -8035085 8 -041 451

521 2714411141420761 22-8254244 8-046603

522 272484 142236648 22 -84731 93 [s -051 748
523 273529! 14.3055667 22-8691933 8-056886

524 274576 143877824 22 -89 10463! 8 -06201

8

525 275625'144703125 22-9128785|8-067143

526 276676 1 45531 576 22 -9346899'8 -072262

527 277729 146.363183 22-9564806,8-077374
528 278784 1471 97952 22 -978250618 -082480
529 279841 1148035889 23-0 8-087579

530 280900' 1 48877000 23-021 7289 8 -092672

531 281 9;n|l 49721291 123-0434372|8-097758

5.32 28.3024

No. Square.

568 .322624 183250432
569 ,323761 [184220009
570 324900:1 851 9.3000

571 326041 186169411

572J3271
84 1 871^*9248

573!328329:i 881.3251 7

574,329476,189119224
575!3.30625!l 90109375
576:'331 776 191102976
577|332929 192100033
578,334084

579!3.35241

580.336400
581 1337561

582338724
583 339889
584 341056

Square Root. Cube Root.

23-8.327506 8-2816.35

23-8537209:8-286493
23-8746728|8-291344
23-8956063 8-296190

23-9165215 8-3010.30

23-9374184 8 -.305865

23-9582971 8-310694
23-97915768-315517
24 8-320.3.35

24-0208243 8-325147

193100552124-0416306 8-329954

8-334755
8-339551

8-344341
8-349125

8 -353904
8-358678
8-363446

8-36820f>
8-372965
8-377718

194104539 24-0624188

195112000124-0831892
1961 22941 124-10394; 6

197137368 24-1246762

198155287 24-1453929
199176704,24-1660919

585 342223:200201625 24-1867732

586 343396201 2.30056!24-2074369
587 344569'202262003,24 -2280829
588!345744'203297472|24-24871 13

589!346921j204336469|24 -2693222 8-382465

590 348 100,205379000|24 -28 991 56 8-387206

59l|.349281 120642.5071 24-3104916 8-391942

592.350464 207474688 j24 -331 0501 8-396673

593 351649 208527857,24 -351591318-401 398
594:352836 209584584,24-;n21 152 8-406118

150568768!23-0651252j8-l 028.38
j
59535402521 0644875 24-392621 8 8-41 0832

533 284089:i514I9437!23-0867928 8-107912 596 35521
6J2]

1708736 24-41 31 112 8-415541

534 285156 1 52273.304, 23-1 084400 8 -11 2980 597|.356409 21 27761 73!24 -4335834 8-420245

5.35 286225 1531 .30375123-1300670 8-1 18041 598 357604 21 38471 92 24-4540385 8-424944

5.36 287296 1 53990656j23-l 51 673818-1 2.3096 1 599 358801 21 4921 799 24 -4744765, 8 -429638

537 288369jl 548541 53 23-1 7.32605;8-l 281 44' 600 36000o!21 6000000 24-4948974|8-434.327

538 289444*155720872 23-1 94827o!8 -1 .331861601 1361201 121 7081801 24-5153013 8-439009

5.39 290521 !l 5659081 9 23-21 637.35 8-1 38223
j 602,362404|21 81 6720824 -5356883|8-443687

540 291 600!l 57464000
23-2379001 JS -14.3253 603

J363609 21 9256227, 24-5560583, 8-448360

541 292681 |l58340421 23-2594067 8-148276 604J36481 6i220348864 24-57641 15,8-453027

542 293764:1 59220088,23-2808935,8-1 5.3293

543 294849* 1601 0.300723-3023604 8-158.304

544 295936 1609891 84 23-32.38076 8-163.309

545 297025,1 61 878625,23-3452351 8-1 68.308

546 2981 1 6, 1 62771 3.36123 -3666429 8 I 73.302

547 299209 1 63667.323,23-388031 1 8-1 78289
548 300304 16456S592!23-4093998 8-18.3269

549 301 401 i 1 654691 49,23-4307490 8-18.S244

550 302500 166375000 23-4520788 8-193212
551 30.3601 [1 672841 51 123-4733892 8-1 981 75
5.52.304704,168196608 23-4946802 8-203131

553.305809 169112377)23-5159520 8-208082

554 30691 6!l 7003146423 -5372046 8-21.3027

5.55 .308025 1 70953875 23 -5584380! 8 -21 7965
556 3091 36!l 71 87961 6 23-5796522,8-222898
557 31 0249! 172808693 23-6008474:8-227825

558 311364 17.3741 112 23-6220236,8-2.32746

559 31 2481 [174676879 23-6431 808 8-237661

560 313600 175616000 23-6643191 8-242570

561 314721 [l 76558481 23-6854386 8-247474

562 315844 177504.328 23-70653928-252371
563!316969 178453547 23 -727621 o!8 -257263

564131 8096 1 794061 44 23-7486842 8 -2621 49
565319225 180362125 23-7697286 8-267029

|566!320356 181321496 23-7907545 8-271903

|567|321489 182284263 23-8117618 8-276772

605 366025,221445125 24-5967478,8-457689

606:36723622254501 6 24-61 70673 8-462347

607!36S449 223648543!24-6373700, 8-466999

608 :i69664!22475571 2 24-6576560,8-471647

370881 [225866529,24-6779254|8-476289

372100,226981000 24-6981781:8-480926

373.321 12280991 31 '24-71 841 42 8-485557

609
610
611

612 3745441229220928 24-7386338

613|375769!2.30346397'24-7588.368

61 4l376996|231 475544 24-7790234

615

8-490184
8-494806
8-499423

378225J232608375
24-7991 935,8-504034

61 6 379456!233744896 24-81
93473i8-508641

617 380689,2348851 13!24-8394847j8-51 3243
61 8 381 924,236029032,24-8596058 8-51 7840
61 9*3831 61 ,2371 76659 24-8797106,8-522432
620*384400 238328000 24-8997992!8-52701

8

62l|38.564]!23948.3061|24-91987I6,8-531600

622!386884 240641 848 24 -9399278,8 -5361 77
6233881 29 241 804367,24-9599679 8*540749

624389376 242970624 24 -979992o!8 -54531

7

6251390625 244140625 25-0
J8-549879

626!391 876 24531 4376,25-01 99920 8-554437

627 393129 246491883 25-0399681 8-558990

628394384 247673152 25-0599282 8-56.3537

629 395641 248858189 25-0798724 8-568080

6.30 396900 250047000 25-0998008 8-57261

8



Chap. III. :\rEASURING AND ESTniATlNG. r87

631 398161 251239591 25-1 1 971 S4 8-577152
632 399424 252435968 25-1396102,8-581680

633 1400689 2536361 37 25-1 59491 3 8 -586204

634j401 95612548401 04 25-1793566'8-590723

635 403225 256047875 25-1 992063 8-595238

No. Square. Cube. Square Root. Cube Root.

636
637
638

639
640
641

642
643
644
645
646

404496j257259456 25-2190404 8-599747

405769 258474853 25-2388589 8-604252

407044 259694072 25-258661 9 8-608752

408321 26091 71 1 9 25-2784493

409600 2621 44000^25-298221

3

410881

412164
263374721 25-3179778
264609288 25-3377189

413449 265847707
414736 267089984
416025 268336125
417316 269586136

647i418609
648,419904

649J42120I
650 422500

25-3574447
25-3771551
25-3968502
25-4165301

270840023 25-4361947
272097792:25-4558441
27335944925-4754784
274625000!25 -4950076

651 423801 275894451
652 425104 277167808
653 426409 278445077

654J42771
6 279726264

655[429025 28101 1375
656 4303.36 282300416

657J431
649 283593393

658|432964 284890312
659,434281 286191179
660 435600 287496000
66l|436921 28H80478I
662 438244 2901 1 7528
663 439569 291434247
C64|440896 292754944
665'442225 294079625
666]443556|29.5408296
667

J444889,296740963
668|446224 2980776.32

669447561 I2994I 8.309

670 448900 .30076:i000

671 450241
672451584
673|452929
674454276
675455625
676 456976
677458329
678^459684
679461041
680]4624O0
[681 1463761

682J465124
683 466489
684
685
686
687
688
689
690
691

692
693

467856
469225
470596
471969

302111711
303464448
304821217
3061 82024
507546875
308915776
310288733
311665752
313046839
3144.32000

315821241
317214568
318611987
32001 3504
321419125 26-1725047

.322828856J26-1916017
324242703,26-2106848

473.344'325660672 26-2297541
474721 .327082769 26-2488095
476100 328509000 26-267851

1

477481 329939371 26-2868789
478864 331373888 26-3058929
480249 332812557 26-3248932

25-5147016
25-5342907
25-5538647
25-5734237
25-5929678
25-6124969
25-6320112
25-6515107
25-6709953
25-6904652
25-709920'.

25-7203607
25-7487864
25-7681975
25-7875939
25-8069758
25-8263431
25-8456960
25-8650.343

25-8843582
25-9036677
25-9229628
2 5-9422435

25-9615100
25-9807621
26-0

26-0192237
26-0384331
26-0576284
26-0768096
26-0959767
26-1151297
26-1342687
26-1533937

8-613248
8-617738
8-622224

8 -626706

8-631183
8-635655
8-640122
8-644585
8-649043
8-653497
8-657946
8-662301
8-666831

8-671266
8-675697
8-680123
8-684545
8-688963
8-693376
8-697784
8-702188

06587
8-710982
8-715373
8-719759
8.724141

28518
8-732891

8-737260
8-741624
8-745984
8-750340
8-754691

8-759038
8-763380
8-767719
8-772053
8-776382
8-780708
8-785029
8-789346
8-793659
8-797967
8-802272

8-806572
8-810868

8-815159
8-819417
8-823730
8-828009
8-8.32285

8-836556
8-840822
8-845085
8-840344

Square.

694
695
696
697
698|487204
699,488601

700;490000
701 491401

702 492804

Square Root. Cube Root.

481636 334255384 26-3438797 8-85.3598

483025j335702375 26-3628527
48441 6:3371 53536 26-381 81 1 9

485809 338608873 26-4007576
340068392 26-41 96896
341 532099 26-4386081

34.3000COO 26-45751 31

344472101 26-4764046

703

704
705
706
707
708

709
710

711

712
13

494209
495616
497025
498436
499849
501261
502681
504100
505521
506944
508369

8-857849
8-862095
8-866337
8-870575
8-874809
8-879040
8-883266

345948408 26-4952826|8 -887488

347428927J26-51
41 472 8-891 706

34891 3664|26-5.329983 8-895920

714 509796

350402625 26-5518361

351 89581 6|26-5706605
353393243 26-5894716
35489491 2|26-6082694
356400829,26-6270539
.35791 1000 26-6458252
3594f5431 26-6645833
360944128 26-683.3281

362467097 26-7020598
363994344 26-7207784

715
716

717
718

719
720
721

722

723
724
725
726
727
728

729
730
731

732
733
734

511225
512656
514089
515524
516961
518400
519841
521284
522729
524176
525625
527076
528529
529984
531441
532900
534361

365.525875

367061696
368601813
370146232
371694959

26-7394839
26-7581763
26-7768557
26-7955220
26-8141754

37.3248000 26-8,328157

735
7.36

737
738

374805361
376367048
377933067
379503424
381078125
382657176
384240583
385828352
387420489
38901 7000
39061 7891

535824J392223168
537289 393832837
538756 395446904
540225
541696
543169
544644

739|546121

740 547600
74l|549081

742 550564
743 552049

397065375
398688256
400315553
4019472
403583419

26-8514432
26-8700577
26-8886593
26-9072481
26-9258240
26-9443872
26-9629375
26-9814751
27-0

27-0185122
27-0370117
27-0554985
27-0739727
27-0924344
27-11088.34

27-129.U99
27-1477439
27-1661554
27-1845544

405224000,27-2029410
406869021 27-2213152
408518488 27-2396769
410172407 27-2580263

744 553536 41 1 8.30784:27 2763634

745 555025 413493625:27-2946881

'46 556516
747|558009
74 8 1 559504
749 561001
750*562500

751 [504001

752,565504
753 567009

4 151 60936,27 -31."^,0006

8-9001.30

8-904336
8-908538
8-912736
8-916931
8-121121

8-925307

8-929490
8-933668

8-937843
8-942014
8-946180
8-950343
8-954502
8-958658

8 962809
8-966957
8-971100
8-975240
8-979376
8-983508
8-987637
8-991762
8-995883
9-0

9-004113
9-008222
9-012328
9-016430
9-020.529

9-024623
9-028714
9-0.32802

9-036885J
9-040965;

9-045041

9-049114
9-053183
9-057248
9-061309
9-065367
9-069422
9-073472

9077519
9 081563
9-085603

416832723 27-3313007

418508992 27-3495887
420189749 27-:;678644

421875000|27-3861279
423564751 ,27 -404379218 -08S639I
J25259008 27-4226184 9-093672i

42695777727-4408455 9-097701

754 56851 6142866106427-4590604 9-101 726

755 570025 4.30368875 27-47726.33 9-1057481

756 571536 4.32081216 27-4951542 9-10976(5,

•A i; 'J
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No. Square. Cube. Square Root. Cube Root. No. Square. Cube. i Square Root. Cube Root

757
758
759
760
761

762

763,

764,

765j

766
767!

768!

769;

770
77lj

772
7731

774|

775|

776:

777
778,

779!

780!
781'

782
78.3

784

785
786
787
788

789
790
791

792

793
794
795
796
797
798
799
800
801

802
803
804
805
806
807
808
809
810
811

812
813
814
815
816
817;

818
819

573049
574564
576081

577600
579121
580644
582169
!583696

J585225!
586756
!588289!

!589824

591361
592900
594441
595984
597529
599076
600625
602 1 76
603729
605284
606841
608400
609961
611.524

61 .3089

614656
61 6225
617796
61 9369
620944
622521
624100
625681
627264
628849
6.30436

632025
633616
635209
636804
638401
6-10000

641601
64.3204

644809
646416
648025
649636
651249
652864
654481
656100
657721
659344
6609^9
662596
664225
665856
667489
669124
670761

433798093 27
43.5519512 27
437245479 27
438976000 27
440711081 27

! 44245072 8 27
444194947 27

445943744 27

!

447697 125 27

449455096 27

451217663 27
452984832 27
454756609 27

456.533000 27

458314011 27

460099648 27
•J6188991727

463684824 27
46548437527
467288576,27
469097433!27
470910952 27

472729139,27
474552000:27
476379541 127

478211768127
480048687!27
481890.30428
483736025!28
485587656,28
487443403,28
48930387228
491169069 28

28

28

493039000
494913671
496793088
498677257
.500566184

502459875
504358336
506261573
.508169592

51008239928
51 2000000' 2 8

513922401 28

515849608 28

517781627
519718464
521 6601 25 28

52360661 6| 28

525557943
j

28

52751 41 12|28

529475129,28
531441000 28
53341 1731 128

5.35387328|28

537.367797,28

5393531 44i28
541313375 28

54333849fi[28

545338513 28
54734343228
549353259!28

•5136330 9

•53179989
•549.9546,9

•5680975 9

•5862284

•60434 75
•6224546
•6405499
•6586334

•6767050
•6947648
•7128129
•7308492

•7488739
•7668868
•7848880

•8028775
•8208555
•8388218

•8567766
•87471 97*9

•8926514 9

•9105715 9

•.9284801

•9463772
•9642629

•9821372
•0

•0178515

•0356915
•053.5203

•0713377
•0891438
•1069386
•1247222
•1424946

•1602557

•1780056

•1957444

•2134720
•231 1 884
•2488938

•2665881

•2842712

-.3019434

•3196045
•3372.546 '9

•3548938J9
•3725219,9

•390139119

•4077454]9
•4253408 9

•4429253,9

•4604989|9
•478061719
•49561 37 1

9

•5131549J9
•5306852:9

•5482048:9

•56571 37
j

9
•58321

19J9
•6006993:9
•61817609

113781

1 1 7793
121801
•125805
•129806

133803
•137797

141788
•145774

149757
•153737

•157713

•161686
•1 65656
•169622

173585
•177544

•181500

•185452

•189401

1 93347
197289
201228
205164
209096
•213025

216950
220872
224791
228706
232618
•237527

240433
•244335

248234
252130
•256022

•259911

•263797

•267679

•271559

•275435

•279.308

•283177

•287044

•290907

•294767

•298623

•302477

•306327

•310175

•314019
•317859

321697
•325532

329.363

333191
33701 6

340838
-,344657

348473
•352285

356095

820
821

822
823
824
825
826
827
828
829
830
831

832
833

8.34;

835'

836!

837|

838:

839!

840

841

1

842
j

843

1

844
845
846
847
848

849
850
851

852

853
854

855
856
857
858

859
860
861

862
863
864

865
866
867
868

869
870
871

872
873
874

875
876
877
878
879
880
881

882

672400 551368000 28

674041
J553387661 28

675684 555412248 28
677329;557441767 28
678976 559476224 28

680625j561515625!28
682276!56355997628
683929!565609283|28
685584 567663552 !28

687241
688900
690561
692224
693889
695556
697225
698896
700569

56972278928
571787000 28
573856191 28
575930368 28

578009537 28
580093704 28
582182875 28
584277056j28
586376253 28

702244 588480472
590589719
592704000
594823321
596947688
599077107
601211584
603351125
605495736

!

703921
705600
707281
708964
710649
712336
714025
715717
71 7409 607645423
719104,609800192
7208011611960049
722500 614125000

724201 161 6295051

725904|61 8470208
727609 620650477
729316 622835864
731025 625026375 29

732736
734449
736164
737881

739600
741321
74.3044

744769
746496
748225
749956
751689
753424
755161
756900
758641
760384
762129
763876
765625
767376

627222016 29
62942279329
631628712 29
633839779 29
63605600029

638277381 J29

640.503928J29
6427.35647,29

644972544^29
647214625 29

649461896 29
651714363 29
653972032^29
6562.34909 29

65850300029
66077631 lj29
66.305-1 848!29
665338617129

667627624J29
669921875,29
672221376,29

769129 674526133 29
'I

770884 676836152,29
772641 679151439 29
774400 681472000
776161,68.^^797841

777924.,6H6I 28968

•6356421 9
•6530976! 9
•6705424 9
•68797669
•7054002 9
•7228132 9
•7402157 9
•7576077!9
7749891 19

•7923601
1

9

•8097206!9

•82707069
•8444102!9

•8617394!9

•879058219
•8963666'9

•9136646,9

•93095239
•9482297'9

•9654967'9

•98275359
•0

J9
•0172363!9

•03446239
-051 6781 19

•06888379
•0860791 9
•1032644 9
•12043969
•13760469
•1547595'9

•1719043|9
•1890390 9

•206163719
•2232784!"

24038309
2574777!9
•2745623!9
-2916370'9

-3087018 9
-.3257566'9

-34280159
-3598365^9
-37686169
-.39387699

-41088239
•42787799
•4448637!9

•4518397 9

-47880599
4957624 9

•5127091 9
•5296461 9

•5465734 9

•56.34910 9
-58039899
-5972972 9

-6141858 9
-6310648 9

-6479325 9

6647939 9
-6816442 9

•6984848 9

•359901

•363704

•367505
•371302

•375096

•3788871

•3826751

•386460
•390241

•394020

•397796
•401569

•405338

•409105

•412869

•4166,30

•420387

•424141

•427893
•431 642
-435388

-439130
•442870

•446607

•450341

•454071

•457799

•461524

•465247

•468966

•472682

•476.395

•480106

•483813

•487518

•491219

•494918

•498614

•502307

•505998

•509685

•513369

•517051

•5207.30

524406
•528079

•531749

•535417

•539081

542743
546402
550058
•553712

•557363
•561010

564655
•568297

•571937

•575574

•579208

•582839

•586468

•59009



Chap. III. I\If:ASURING AN'I) ESTIMATl MI. 789

No. Square.

883 779680
8S4 781 456
88.5 783225
886 784996
887 786769
888 788544
889 790321

890 792100
891 793881
892 795664
893 797449
894 799236
895 801025
896 802816
897 804609
898 806404
899 808201

900 810000
901 81 1 801

902 81 3604
903 815409
904 817216
905 819025
906 820836
907 822649
908 824464
909 826281

910 828100
911 829921
912 831744
913 833569
914 835'';96

915 837225
916 839056
917 840889
918 842724
919 844561
920 846400
921 848241
922 850084
923 851929
924 853776
925 855625
926 857476
927 859329
928 861184
929 863041
930 864900
931 866761
932 868624
933 870489
934 872356
935 874225
936 876096
937 877969
938 879844
939 881721
940 883600
941 885481

Square Root. I Cube Root.

688465387 29
690807104 29
693154125 29
695506456 29
697864103129
7OO227072I29
702595369'29
704969000*29

707347971 129

70973228829
712121957|29
71451 6984|29
716917375 29
719323136 29
721734273,29
724150792|29
726572699 j29

729000030 .30

7314.32701
J30

733870808
j

30
73631431^71.30

738763264j30

741217625J.30
743677416,30
746142643 30
74861 331

2
130

751089429J30
753571000,30
756058031 ! 30

758550528J.30
761048497 30
763551944 30
766060875.30
768575296j30
771095213:30
77.3620632 30
776151559 30
778688000,30
781229961130
783777448 30
7863.30467 .30

788889024130
791453125 30
794022776
796597983
799178752
801765089
80435.7000

806954491
809557568
812166237
814780504
81 7400375
820025856
822656953
825293672
827.Q36019

830584000 30
83.3237621 J30

•7153159 9

•7.321375 9

•7489496 9

•7657.521 9

•7825452 9

•7993289 9

•8161030 9

•8328678 9

•8496231 9

•8663690 9

•8831056 9

•8998.328 9

•9165.506 9

•9332591 9

•9499583 9

•9666481 9

•9833287^9
•0 j9

•0166620 9

0333148 9

•0499584 9

•0665928 9

•08.32179 9

•0998339 9

•1164407 9

•1330383 9

•1496269 9

•1662063 9

1827765 9

•1993377 9

2158899 9

•2324329 9

2489669 9

2654919 9

•2820079 9

•2985148 9

•3150128 9

•3315018 9

•.3479818 9

•.36445299

•380915119

•39736839
•4138127 9

•4302481 9

•4466747 9

•4630924 9

•4795013 9

•4959014 9

•5122926 9

•5286750 9

•5450487 9

•5614136 9

•5777697 9

•5941171 9

•6104557 9

•6267857 9

•6431069 9

•6594194 9

•6757233 9

593716
597337
600954
604569
608181
611791

61 5397
61 9001
622603
626?<11

629,97
633390
636981
640569
644154
647736
651316
654893
658468
662040
665609
'6691 76

672740
676301
679860
683416
686970
690521
694069
697615
701158
704698
708236
711772
715305
718835
722363
725888
729410
7.32930

736448
739963
743475
746985
750493
753998
757500
761000
764497
767992
771484
774974
778461
782946
785428
788908
792386
795861
7993.33

No. Square. Square Root.l Cube Root,

942 887364J
943 889249
944 891136
945 893025
946 894916!

947, 8968091
948 898704]
949 900601

1

953 902500;
951 9044011

952 906304
953 90S209J
954 910116
955 912025
956 9139.36

957I 915849
958| 917764
959 919684
960, 921600
961, 923521
962 925444
963 927369
964 929296
965 931225
966, 933156
9f)7| 935089
968, 937024
969 9.38961

970 940900

971

j

942841
972 944784
973! 946729
974, 948676
975 950625
976' 952576

977J
954529

978, 956484
979 958441
980 960400
981

j
962361

!

982[ 964324!

983 966289
984' 9S8256I

985] 970225J
986, 972196,
9H7| 9741691

988, 976144'
989' 978121

[

993 980100,

991 982081
j

992' 9840641

993 986049
994; 988036
995 990025
996 992016
997 994009
998 996004

999| 998001
1000 1000000 1

835896888 30
838561807 30
841232384.30
843908625 30
846590536 .30

849278123 .30

851971392 30
854670349 30
857375000 .30

860085351 .30

862801 408 30
865523177.30
868250664 30
870983875 .30

873722816 30
876467493 .30

879217912 30
8S1 974079 30
884736000 .30

887503681 31

890277128 31

89.3056347 31

895841344 31

898632125 31

901428696 31

934231063 31

907039232 31

90985.3209,31

91267.300031
91 549861 1|31

918330048,31
921167317 31

924010424 31

926859375 31

929714176 31

932574833 '31

935441 352 '31

93831 3739*31

941 1 92001 !si

944076141 131

9469S6I68i31

949862087J31
.952763904 '31

955671625 31

95858525631
961504803 31

9644.30272131

967361669 31

970299000'31

973242271
J3I

976191488 31

9791 46657 [31

982107784 31

985074875 31

98804793631
991026973 31

994011992 31

997002999i31
1000000000 31

•6920185 9

'708.3051' 9

72458.30

7408523
7571130
7733651
7896086
8058436 9

•8220700 9

•8382879
•8544972

•8706981

•8868904

•9030743

•9192497
•9354166

•9515751! 9

•9677251! 9

•9838668

•o

•0161248

•0322413
•0483494

•0644491

•0805405
•0966236

•1126984
•1287648
•1448230

•1608729

•1769145
•1929479

•2089731

•2249900

•2409987
•2569992

•2729915
•2889757
•3049517
•32091 95
•3368792
•3528308

•3687743

•3847097
•4006369
•4165561

•4324673

•4483704
•4642654
•4801525

•4960315
•5119025

•5277655
•5436206

•5594677
•5753068
•5911380

•6069613
•6227767

•802803
•806271

•809736

813198
•816659
•8201 1 7

•823572

•827025
•8.30475

•833923

•837,369

•8408121

•844253

•847692;

•851128

•854561

•857992

•861421

•864848

•868272

•871694

•875113!

•878530:

•881945

•885357
•888767
•8.021 ',4

•895580

•898983

•902383

905781
•909177

•912571

•915962

•91&S51
•922738

•926122

•929504
•932883

•936261

•939636
•94.3009

•940379

•949747

•953113
•956477

•959839
•963198
•966554

•969909
•973262

•976612

•979959
•983304
•986648

•989990
•993.328

j

•996665
•0

J
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2297A. A power is thiit number which is obtained by multiplying a number several times

by itself. A square is the number mubplied by itself; a cube, twice by itself The
square is called tfie second power; and the cube the third ; wlien multiplied again by

itself it becomes the fourth power (commonly called the bi-qiiadrate) ; and so on :—

•

Power. Of No. 2. Of No. 3. Number 4th Power. 5th Power.

1. 2 3 1 I 1

II. 0. square 4 or sqiiMre 9 2 16 32

III. or cube 8 or cube 27 3 81 243

IV. 16 81 4 256 1.024

V. 32 243 5 625 3,125

VI. 64 729 6 1.296 7.776

VII. 128 2,187 7 2.401 16,807

VII r. 2-iO 6,561 8 4,096 32,768

IX. 512 19,683 9 fi.661 69,049

X. 1,024 59,049 10 ] 0,000 100,000

2297*. We shall now at once proceed to the general principles on which the measure-
ment and estimntion of work in the several artificers' departments are conducted

;
pre-

mising that the Manchester Society of Architects have issued a revise i edition (July 1886)

of their recommendations as to the method of taking out quantities and measiiring up
work, which may possibly be of use and interest to many students. It is reprinted in

the British Architect for September 3, 1886, p. v33.

2298. Excavator. Digging is performed by the solid yard of 27 cubic feet (that is,

3 feet X 3 feet x 3 feet = 27 feet). Where the ground is soft in consistence, and nothing

more is necessary beyond cutting with a spade, a man may throw up a cubic yard per hour,

or ten cubic yards in a day ; but if of firmer quality, hackivg becomes necessary, and au
additional man will be required to perform the same work ; if very strong gravel, more
assistance will be required. If, therefore, tiie wages of a labourer were 2s. 6(f. per day.

the price of a yard would be 2id for cutting only, without profit to the contractor ; &d. for

cutting and hacking, and %d. if two hackers be necessary. In sandy ground, where
wheeling becomes necessary, three men will remove 30 cubic yards in a day to the dis-

tance of 20 yards, two for filling and one for wheeling. But to remove the s;ime quantity

in a day to a greater distarce, an additional man for every 20 yards will be required.

2299. The quantity of excavation is the length multiplied into the depth and width.

In the cases of trenches dug for the reception of walls, and sloped to prevent t'le earth

filling in, a mean width is to be taken. Thus, supp ise an excavation 24 feet long, 4 feet

wide at top, and 2 feet at the bottom (average width therefore 3 feet), and 5 feet deep, we
24 X 3 X 5

have for the quantity of earth

—

-z— = 13'33 cube yards.

2300. Brickwork. In measuring and estimating the value of brickwork, the following

points must be remembered. A rod of brickwork is a mass 16^ feet square ; hence the

quantity of superficial feet which it contains is 272| feet (165 x 16 5) ; but the^ of the foot

is too trifling to make it worth wliile to embarrass calculations with it, and coui-cquently

272 feet is universally taken as the superficial standard content of a rod. Its standard

thickness is one brick and a half (or 13^ inches). Hence it follows, that a cubic rod of

brii'kwork would be 272 feet x 13^ inches = 306 feet cube. The allowance for the number
of bricks is taken as between 4000 and 4500 ; much depending on the closeness of the

joints and the nature of the work. In walling, a reduced foot is generally taken as re-

quiring 17 bricks ; a foot superficial in Flemish bond, laid in malm facing, about 8 bricks

;

and a toot superficial of gaugt'd arches, 10 bricks. In paving, a yard requires 82 paving
bricks, or 48 stock bricks, or 144 Dutch clinkers laid on edge, or 36 bricks Idid flat.

2301. Tiling is measured by the square of 100 superficial feet; a square will require

800 at a 6 inch guage, 700 at a 7-inch gauge, and 600 at an 8-iiich gauge. The gauge
necessarily regulates the distance of the laths, and, at the same lime must be dependent
on the slope of the roof, which, if flat, should not be less than 6 inches, as for instance,

above the kerb in a kerb roof; and not more than 8 inches in any case. A square of

plain tiling requires about on an average a bundle of laths, two bushels of lime, and five

of sand, and at least a peck of oak pins. The laths are f-old in bundles of 3, 4, and 5-feet

lengths. A bundle of the 3-feet contains eight score, the 4-feet six score, and the 5-feet

five score to the bundle. The nails used are fourpenny ; they are purchased by the long

hundred, that is, of six score, and, in day work, are charged by the bricklayer 5-score to

the hundred. The name of nails, as fourpenny, fivepenny, &c., means Ad., bd , &c. per 100,

The number of nails required for a bundle of 5-feet laths is 500, for 6-feet laths is 600.

2302. A square cf pantiling requires 180 tiles laid at a 10-inch gauge and a bundle of

12 laths 10 feet long. (See Table 2321.)

2303. In lime measure, a "hundred " is 100 pecks, or 25 striked bushels (a measure).
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V.'504. In sand measure, 18 heaped bushels, or 21 striked bushels,

equal to 1 yard cube, is a single load, and about 24 cubic feet 1 ton.

2S05. In mortar 27 cubic feet make 1 load, which on common
occasions contains half a hundred of lime with a proportional quantity

of sand. f-leven hundred and thirty-four cubic inches make a hod

of mortar; that is, a mass 9 inches wide, 9 inches high, and 14

inches long. Two hods of mortar are nearly equal to half a bushel.

The following measures and weights it may be also useful to re-

member :
—

23j cubic feet of sand = 1 ton; hence 1 cubic foot weighs 95 '3 lbs.

1 7| cubic feet of clay = 1 ton ; hence 1 cubic foot weighs about

ISO lbs.

18 cubic feet of common earth = 1 ton; hence 1 cubic foot weighs

nearly 124 lbs.

306 cubic feet of brickwork = 1 3 tons ; hence 1 cubic foot is equal

to full 95 lbs.

2306. In the measurement of btickwork, from the surface being 272
feet and the standard thickness 1^ brick, it will be immediately seen

that nothing more is requisite than, having ascertained the tliickness of

each part of the work, to reduce it to tiie standard thickness above

stated, and this will be found sufficiently easy in almost all cases.

Where, however, this cannot be done, we can always ascertain with

sufficient accuracy the cubic contents in feit of any mass of brickwork
;

and dividing by 306 we have the number of rods.

'2307. We here present an illustration in a wall of the most
common occurrence (j?^. 808A ), which we v.'ill suppose 20 feet long

without reference to any wall which mignt return from it, and thus di-

minisii its length in measuring therewith, a returning wall. The follow-

ing is the method of entering and calculating the dimensions.

Length mnltiplied
hy the Height. Area.

Number of
Hricks in

Thickness.

Factors to rednce
the Are.! to

Standard of 1|
Brick.

Thickness reduced
to ]i Brick
in Feet sup.

20
6

10-0 4 n 26 -8

20
1

Footings 6 courses A 6
1

100 H n 23-4
20

6

100 3 2 20

Basement wall f 20-0

\ 6-0

120 n n 200

Groimd-floor wall
r 20

\ 120
240 2 n 320

One-pair v/all
r 20-0

I 14

280-0 U 1 280

Two-pair wall
r 20

\ 70
140 1

§
93-4

963*4

Therefore the total is 963*4 superficial feet 11 brick thick, and 2-2= ^ rods, 147 feet,

2308. Upon this principle the measuring and estimation of brickwork is conducted, and
having the price and quantity of bricks in a rod, and the lime, sand, and labour, which
will presently be given, we may come to a pretty accurate knowledge of its value. But
there are other articles which will require our attention, to which we shall presently

advert. Before proceeding, however, we may as well observe that the above result ol

3 rods 147 feet might have been similarly obtained by cubing the mass of brickwork and
dividing the whole mass by 306, but with much more labour.
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2309. In measuring walLs faced with bricks of a superior quality, the area of sueli facing;

must be measured, or allowance extra is made in the price per rod of the brickwork.

2310. All apertures and recesses from any of the faces are deducted.

'-'311. Gauged arches. are sometimes deducted and charged separately, sometimes not;

but whether deducted or not does not signify, as the extra price must be allowed in the

latter case and the whole price in the former. Rubbed and gauged arclies, of whatever

form, are measured and charged by the superficial foot.

2312. The angles of groins, outside and inside splays, bird's mouths, bull's noses, are

measured by the lineal or running foot ; but cuttings are measured by the foot superficial.

Chimneys are measured solid to allow for the trouble of forming and pargetting the flues.

The opening at bottom, however, is to be deducted.

2313. Quarters in bricknogging are measured in, as are all sills, stone strings, and

timber inserted in walls. Two inches are also allowed in the height of brickwork for

bedding plates if no brickwork be over them.

2314. Ovens, cojipers, &c. are measured as solid work, deducting only the ash holes;

but all fire stone, Welsh lumps, tile.s, &c., though measured alone, are not to be deducted

out of the brickwork. Pointing, colouring, &c. to fronts, is measured by tlie foot super-

ficial. Plantile creesing by the foot lineal.

To estimate the value of a rod of brickwork, the method is as under : —

11 feet cube to the

£ s. rf.

4500 stock.s, at per thousand
]i hundred of lime = 37.', striked bushels containinjj

lumdred -----
2 loads of sand . - - . -

Labour and scaffbldiny; - - - -

Per cent, profit . _ - . .

Per rod ......
2315. In measuring and estimating all sorts of artificers' v.'orks, the metliod usually

adopted for saving labour in making out the account is to arrange in separate columns each
sort of work, and then to add them up and carry the total to the bill. In brickwork,
where walls are of different thicknesses, these with their deductions are arranged in sepa-

rate colunnis, and then all are reduced to the standard thickness.

2316. The common measure for tiling is a square of 10 feet, containing therefore 100
feet superficial. Claims are made for the eaves to the extent of G inches; but in pantiling

this ought not to be allowed, as a claim not founded in justice, though custom is ])leadod

for it.

2317. 'J'lie following table shows the number of bricks necessary for constructing any
number of superficial feet of walling fVom 1 to 90,000, and from half a brick to 2.', bricks

thick ; and thence, by addition only, to any thickness or number required, at the rate ol

4500 bricks to a reduced rod. Thus, if it be recjuired to find the number of bricks wanted
to build a piece of work containing 756 feet super, of walling li brick thick, we find by
inspection for 700 feet 1 1580 bricks; for 50 feet, 827 bricks ; and for 6 feet, 99 bricks ; in

all, 11580 + 827 + 99-12506.

Table showing the requisite Quantity of Bkicks for a given Superficies of Wai.linq.

No. of Bricks to Tliickiiesscs of

Area
of Wall in

Feet.

1

i Brkk. 1 Brick. lA Brick. 2 Bricks. 2| Bricks.

5 11 16 22 27
2 H 22 33 44 55
3 16 33 49 66 82
4 22 44 66 88 110
5 27 55 82 110 137
6 33 66 99 1.52 165
7 38 77 115 1.S4 193
8 44 88 132 176 220
9 49 99 148 198 248
10 55 110 165 220 275
20 1 10 220 3SO 441 55\
80 165 330 496 061 827
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No. of Brii:ks to Thicknesses of

Area
of Wall in

Feet. i Brick. 1 Brick. 11 Brick. 2 Bricks. 2J Bricks.

40 220 441 661 882 1 102

50 275 551 827 1102 1378

60 3.'50 661 992 1323 1654

70 386 772 1158 1544 1930
80 441 882 1323 1764 2205

90 496 992 1488 1985 2481

100 551 1102 1654 2205 2757
200 1102 2205 3308 4411 5514

300 1654 3308 4963 6617 8272

400 2-205 4411 6617 8323 11029
500 2757 5514 8272 11029 13786

600 5308 6617 9926 1 3235 16544
700 3860 7720 11580 15441 1,9301

800 4411 8823 13235 17647 22058
900 4963 9926 14889 19852 24816
1000 5514 11029 16544 22058 25753
2000 11029 22058 33088 44117 55147
sooo 1 6544 33088 49632 66176 82720
4000 22058 44117 66176 88235 110294

1
5000 27573 55147 82720 110294 137867
fiOOO 33088 66176 99264 132352 165441

7000 38602 77205 115803 154411 193014
8000 44117 88235 132352 176470 220588
9000 49632 99264 148896 198529 248161

10000 55147 110294 165441 220588 275-35

20000 110294 220588 330882 441176 551470
SOOOO 165441 330882 496:523 661764 827205
40000 220588 441176 661764 882352 1102940
50000 275735 551470 827205 1102940 1378675
60000 330P82 661764 992646 1323528 1654410
70000 386029 772053 1168087 1544116 1930145
80000 441175 882352 1323528 1 704704 22050SO
90000

.

496323 992646 1468969 1985292 2481615

TO.-?

2318. The next table which we submit for use exhibits the number of reduced feet tc

superficial feet from I to 10,000, the thicknesses being from i to 2i bricks.

Area of
Wall in Reduced Quantity in

super-
ficial

Feet. J Brick. 1 Brick.
1.J

Brick. 2 Bricks.
2J Bricks.

Rods . qrs a. in. Rods.qrs . ft. in. Rods . qrs. ft. in. Rods . qrs. ft. in. Rods. qrs. ft in.

1 4 8 1 1 4 18
2 8 1 4 2 2 8 3 4
3 1 2 3 4 5
4 1 4 2 8 4 5 4 6 8
5 1 8 3 4 5 6 8 8 4
6 2 4 6 8 10
7 2 4 4 8 7 9 4 118
8 2 8 5 4 8 10 8 13 4
9 3 6 9 12 15
10 3 4 6 8 10 13 4 16 8
11 3 8 7 4 11 14 8 18 4
12 4 8 12 16 20
13 4 4 8 8 13 17 4 21 8
14 4 8 9 4 14 18 8 23 4
15 5 10 15 20 25
16 5 4 10 8 16 21 4 26 8
17 5 8 11 4 o L7 22 8 28 4
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' Area of
Wall in

supcr-
tiiiiil

Feet.

Reduced Quantity ii

4 Brick. 1 Brick. 1} Brick. 2 Bricks. 24 Bricks.

Rods. qrs. ft in. Rods. qrs. ft in. Rod s. qrs. ft. in. Rods. qrs. ft in. Rods. qrs. ft. in.

18 6 12 18 24 30 8

19 6 4 12 8 19 25 4 31 8

20 6 8 13 4 20 26 8 33 4
21 7 14 21 28 35
22 7 4 14 8 22 29 4 36 8

2-t 7 8 15 4 23 30 8 38 4
24 8 16 24 32 40
25 8 4 16 8 25 33 4 41 8
2t) 8 8 17 4 26 34 8 43
27 9 18 27 36 45 4
28 9 4 18 8 28 37 4 46 8
29 9 8 19 4 29 38 8 48 4
30 10 20 30 40 50
31 10 4 20 8 31 41 4 51 8
32 10 8 21 4 32 42 8 53 4
33 11 22 33 44 55
34 11 4 22 8 34 45 4 56 8

35 11 8 23 4 35 46 8 58 4
36 12 24 36 48 60
37 12 4 24 8 37 49 4 61 8

38 12 8 25 4 38 50 8 63 4
1

39 13 26 39 52 65
40 13 4 26 8 40 53 4 66 8

41 13 8 27 4 41 54 8 10 4
42 14 28 42 56 12
43 14 4 28 8 43 57 4 13 8

44 14 8 29 4 44 58 8 15 4

4.5 15 30 45 60 17
46 15 4 30 8 46 61 4 18 8

47 C 15 8 31 4 47 62 8 1 10 4
48 16 32 48 64 1 12

49 16 4 32 8 49 65 4 1 13 8

50 16 8 33 4 50 66 8 1 15 4
CO 20 40 60 1 12 1 32

70 23 4 46 8 1 2 1 25 4 1 48 8

80 26 8 53 4 1 12 1 38 8 1 65 4

90 30 60 1 22 1 52 2 14

100 33 4 66 8 1 32 1 65 4 2 30 8
(

200 66 8 1 65 4 2 64 3 62 8 1 61 4
300 1 32 2 64 1 28 1 1 60 1 3 24
400 1 65 4 3 62 8 1 1 60 1 3 57 4 2 1 54 8

500 2 30 8 1 61 4 1 3 24 2 I 54 8 3 17 4

600 2 64 1 1 60 2 56 2 3 52 3 2 48

700 3 29 4 1 2 58 8 2 2 20 3 1 49 4 4 1 10 8

800 3 62 8 1 3 57 4 2 3 52 3 3 46 8 4 3 41 4
900 1 28 2 56 3 1 16 4 1 44 5 2 4

1000 1 61 4 2 1 54 8 3 2 48 4 3 41 4 6 34 8

2000 2 1 54 8 4 3 41 4 7 1 28 9 3 14 8 12 1 I 4

3000 3 2 48 7 1 28 11 8 14 2 46 18 1 36

4000 4 3 41 4 9 3 14 8 14 2 56 19 2 29 4 24 2 2 8

5000 6 34 8 12 1 1 4 18 1 36 24 2 2 8 .30 2 37 4

6000 7 1 28 14 2 56 22 16 29 1 44 36 3 4
7000 8 2 21 4 17 42 8 25 2 64 34 1 17 4 42 3 38 8

8000 9 3 14 8 19 2 29 4 29 1 44 39 58 8 49 5 4

9000 11 8 22 16 33 24 44 32 55 40

10000 12 1 1 4
1

24 2 2 8 56 3 4 49 5 4 61 1 6 8

2319. The following table exhibits iV e val ue of <'. rod of brickwork (allowing 4500

)ricks to a rot I) at the prices from 30 S. t() 60s. per thousa id for the bricks, and for labour,

iiortar, a iid scafToldii gth e several sums c f 3/. 5 s., 31. 105. , 3/. 1 5s., 41. , 4/. 5s., and 41. 10s.

per rod.
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Bricks per
Thousand.

Labour, Mor-
tar, &c. per
Rod, 3/. bs.

Labour,
tar, &c.
Rod, 3/.

Mor-
per
IQs.

Labour, Mor-
tar, &c. per
Rod, 3/. \hs.

Labour, Mor-
tar, &c. per

Rod, il.

Labour, Mor-
tar, &c. per
Rod, 4/. 5s.

Labour, Mor.
tar, &c. per
Rod, 4/. 106-.

s.

30
£ s.

10
rf. £ s.

10 5
d. £ s.

10 iO
rf. £ s.

10 15
d. £ s. d.

110
£
11

i. d.

5

32 10 9 10 14 10 19 11 4 11 9 11 14

34 10 18 11 3 11 8 1113 11 18 12 3

36 11 7 11 12 11 17 1 2 2 12 7 12 12

38 11 16 12 1 12 6 12 11 12 16 13 1

40 12 5 12 10 12 15 13 13 5 13 10

42 12 14 12 19 13 4 13 9 13 14 13 19

44 13 3 13 8 13 13 13 18 14 3 14 8

46 13 12 13 17 14 2 14 7 14 12 14 17

48 14 1 14 6 14 11 14 16 15 1 15 P.

50 14 10 14 15 15 15 5 15 10 15 15

52 14 19 15 4 15 9 15 14 15 19 16 4

54 15 8 15 13 15 18 16 3 16 8 16 13

5(5 15 17 16 2 16 7 16 12 16 17 17 2

58 16 6 16 1 1 16 16 17 1 17 6 17 11

60 16 15 17 17 5 17 10 17 15 18

2320. Tlie following is a table of the decimal parts of a rod of reduced brickwork.

Feet.

1

Dec. Parts

.

Feet. Dec. Parts. Feet. Dec. Parts. Feet.

121

Dec. Parts. Feet. Dec. Parts.

•00367 41 15073 81 •29779 •44485 161 •59191

y •00735 42 •15441 82 •30147 122 •44852 162 •59,559

3 •01102 43 •15809 83 •.30515 123 •45220 163 •59926

4 •01470 44 •16176 84 •.30882 l'-'4 •45588 164 •60294

5 •01838 45 •16544 85 •3125 125 •45956 165 60662

6 •02206 46 •16912 86 •31617 126 •46323 166 61029

7 •02573 47 •17279 87 •31985 127 •46691 167 •61397

8 •02941 48 •17647 88 •32353 128 •47059 168 •61765

9 •03309 49 •18015 89 •32720 129 •47426 169 •62132

10 •03676 50 •18382 90 •3.3088 130 •47794 170 •625

11 •04044 51 •1875 91 •33456 131 •48162 171 62867 \

12 •04412 52 •19117 92 •33823 132 •48529 172 •63235

13 •04779 53 •19485 93 34191 133 •48897 173 •63604

14 •05147 54 •19852 94 •34559 134 •49265 174 •63971

15 •05515 55 •20221 95 -.34926 I.S5 •49632 175 •64338

16 •05882 56 •20588 96 •35294 136 •5 176 •64706

17 •0625 57 •20956 97 •35662 137 •50637 177 •65073

18 •06617 58 •21323 98 •36029 138 •50735 178 •65441

19 •06985 59 •21691 99 •36.397 139 •51102 179 •65809

20 •07353 60 •22059 100 •36765 140 •51470 180 •66176

21 •07721 61 •22426 101 •37132 141 •51838 181 66544

22 •08088 62 •22794 102 •375 142 •52206 182 6691 2

23 •08456 63 •23162 103 •37867 143 •52573 183 •67279

24 •08823 64 •2.3529 104 •382.35 144 52941 184 6764 7

25 •09191 65 •23897 105 •38604 145 53.309 185 •68015

26 •09559 66 •24265 106 •38970 146 •53676 186 •68382

27 •09926 67 •24632 107 •39338 147 54044 187 •6875

28 •10294 68 •25 108 •39706 148 •54412 188 •69117

29 •10662 69 •25367 109 •40073 149 •54779 189 69485
' 30 •11029 70 •2573 5 110 •40441 150 •55147 190 •69853

31 •11397 71 •26103 111 •40809 151 55515 191 •70221

32 •11765 72 •26470 112 •41176 152 •55882 192 •70588

33 •12132 73 •26838 113 •41544 153 •5625 193 •70956

34 •125 74 •27206 114 •41912 154 •56617 194 •71.323

35 •12867 75 •27573 115 •42279 155 •56985 195 •71691

36 •13235 76 •27941 116 •42647 156 •57353 196 •72059

37 •13604 77 •28309 117 •43015 157 •57721 197 •72426

38 •13970 78 •28676 118 •43382 158 •58088 198 •72794

39 •14338 79 •29044 119 •4375 159 •58'156 199 •73162

40 •14706 80 29412 120 •44117 160 •58823 200 •73529
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Feet. Dec. Parts. Fe;'t. Dec. Parts.
!
Feet. Dec. Parts. Feet.

1 245

Dec. Parts. f Feet. Dec. Parts

201 •73897 216 •79412 231 •84926 •90073
1

259 •9522]

202 •74265 217 •79779 232 •85294
[

246 •90441 260 •95588

203 •74632 218 •801 47 233 •85662
1
247 •90809 261 •95956

204 •75 219 •80515 234 •86029 248 91176 262 •96323

205 •75.367 220 80882 235 •86397 249 •91544 263 •96691

206 •75735 221 •8125 236 •86765 250 •91912 264 •97059

207 •76103 222 •81617 237 •87132 251 •92279 265 •97426

208 •76470 223 •81985 1 238 •875 252 •92647 266 •97794

209 •76838 224 •82353 239 •87867 253 •93015 267 •98162

210 •77206 225 •82721 ' 240 •88235 254 •93382 268 •98529

211 •77573 226 •8.3088 241 •88604 255 •9375 269 •98897

212 •77941 227 •83456 242 •88970 256 •94117 270 •99265

213 •78309 228 •83823 243 •89.338 257 •94485 271 •996.32

214 •78676 229 •84191 244 •89706 258 •94853 272 1 •ooooo

215 •79044 230 •84559

2321. The subjoined table shows the number of plaintilcs or pantiles required to covei

any area from 1 to 10,000 feet.

Feet .super-

ficial.

Plaintiles.
1

Pantiles.

Gauges. Gauges. |

6 inches. 6| inches. 7 inches. 11 inches. 12 inches. 13 inches.

1 7' 7 6i n H n
2 15 14 13 H a n
3 221 21 19.^ 5 H 4

4 30 28 26 6§ 6 5h
5 37^ 35 S2| 8i

7'
G'i

6 45 42 39 10 9 8

7 52i 49 451 Hi 10.- 9J
8 60 56 52 1,31 12 W'i

9 67.1 63 581 15 131 12

10 75 70 65 163^ 15 13^

20 150 140 130 .33J 30 26§

30 225 210 195 50 45 40
40 300 280 260 661 60 5.3]

50 375 350 325 83J 75 661

60 450 420 390 100 90 80
70 525 490 455 1161 105 93]

80 600 560 520 13^ 120 106§

90 675 630 585 150 1.35 120
100 750 700 650 166§ 150 13,3]

200 1 500 1400 1300 3331 300 266§
300 2250 2100 1950 500 450 400
400 3000 2800 2600 6661 600 53.3]

500 3750 3500 3250 833^ 750 6661

600 4500 4200 3900 1000 900 800
700 5250 4900 4550 11661 10.50 933]

800 6000 5600 5200 133.31 1200 10661

900 6750 6300 5850 1500 1350 1200

1000 7500 7000 6500 1666§ 1500 1 333]

2000 15000 14000 13000 3333^ 3000 26661

3000 22500 21000 19500 5000 4500 4000
4000 30000 28000 26000 6666^ 6000 5333]

5000 37500 35000 32500 8333^ 7500 66661

6000 45000 42000 39000 10000 9000 8000

7000 52500 49000 45500 11666? 10500 933.3]

8000 60000 56000 52000 13333^ 12000 10666]
j

9000 67500 63000 58500 15000 13500 12000

10000 75000 70000 65000 1 6666§ 15000 13333]
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'Jlie use of the foregoing tables it can scarcely be necessary to explain, Tliey are siidi

5S to indicate, on inspection, their value; and we shall tlierefore leave them without fur-

ther comment for their application.

2322. When work is performed by the day, or the materials used are to be numbered,

as ofttimes necessarily occurs, fire bricks, red rubbers, best marie stocks for cutters,

second best ditto, pickings, common bricks, place bricks, paving bricks, kiln-burnt bricks,

and Dutch clinkers are cliarged by the tliousand.

2323.' lied rubbers, kiln and fire-burnt bricks, are also charged by the hundred. Foot
tiks and ten inch tiles are cl)arged either by the thousand or hundred.

2324. Sunk foot tile.s and ten -inch tiles with five holes, now never used in the south of

England, are charged by the piece.

2325. Pantiles, plaintiles, and nine-inch tiles are charged l)y the thousand.

2326. Oven and Welsh oven tiles, Welsli tire lumps, fire bricks, and chimney pots art>

also sold by the piece.

2327. Sand, clay, and loam are charged by the load ; lime sometimes by the hundred
wei,?5ht : but the hundred of 100 pecks is the more usual measure in and about the metro-

polis. Dutch terras is charged by the bushel, which is also sometimes the measure of lime.

Portland and other cements are similarly charged. Plaster b^ the bag.

2 128. Pantile and plaiiitile laths are charged by the bundle or load; hair and mortar

by the load; hip hooks and T tiles by the piece.

2;'.29 Neither here, nor in the following pages, ii it intended to convey to the reader

more than the principles on whicli an estimate is founded. The prices of materials are in

a st:ite of constant fluctuation; soinelhing apjiroaching a const int value, from the known
performance of a good workman, was given in the previous editions from tiie computations

-of Peter Nicholson, but tl ey are now omitted. Wood working machinery has also altered

the values very materially.

CAUPENTRV AND JOINERV,

2330. The works of the Carpenteh are the preparation of piles, sleepers, and planking,

and other large timbers, formerly much, but now rarely, used in foundations ; the centering

on which vaults are turned ; wall plates, lintels, and bond timbers ; naked flooring, quarter

partitions, roofing, battening to walls, ribbed ceilings for the formation of vaulting, coves,

and the like in lath and plaster, posts, &c.

2331. In large measures, where tlie quantity of materials and workmanship is uniform,

the articles are usually measured by the s()uare of 100 feet. Piles should be measured

by the foot cube, and the driving by the foot run according to the quality of the ground

into which they are driven. Sleepers and planking are measured and estimated by the

foot, yard, or the s(juare.

2332. Plain centering is measured by the square ; but the ribs and boarding, being

different qualities of work, should be taken separately. The dimensions are obtained by

girting round the arch, and multiplying by the length. Where groins occur, besides the

measurement as above, the angles must be measured by the foot run, that is, tlie ribs and

boards are to be measured and valued separately, according to the exact superficial contents

of each, and the angles by the linear foot, for the labour in fitting the ribs and boards, and

v/aste of wood. ,

2333. Wall plates, bond timbers, and lintels are measured by the cubic foot, and go

under the denomination of_^r in bond.

2334. In the measurement and valuation of naked flooring, we may take it either by

the square or the cube foot. To form an idea of its value, it is to be observed, that in

e(jual cubic quantities of sinall and large timbers the latter will have more sui)erficies than

the former, whence the saving is not in proportion to tlie solid contents ; and the value,

therefore, of the workinanship will not be as the cubic quantity. The trouble of moving
timbers increases with their weight, hence a greater expenditure of time ; which, though

not in an exact ratio with the solid quantity, will not be vastly ditterent, their sections not

varying considerably in their dimensions. As the value of the saving u])on a cube foot is

comparatively small to that of the work performed by the carpenter, the whole cost of

labour and materials may be ascertained with sufficient accuracy when the work is

uniform.

2335. When girders occur in naked flooring, the uniformity of the work is thereby

interrupted by the mortices and tenons which become necessary ; thus the amount arising

from the cubic quantity of the girders would not be sufficient at the same rate per foot as

is put on the otlier parts, not only because of the difference of the size, but because of the

mortices which are cut for the reception of the tenons of the binding joists. Hence, for

valuing tlie labour and materials, the whole should he measured and valued by the cubic

quantity, and an additional rate must be i)ut upon every solid foot of the girders ; or, if

the binding joists be not inserted in the girders at 'he usual distances, a fixed price must

be put upon every mortice and tenon in proportion to their size. The binding joists are
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not unfrequently pulley or chase-mortised for the reception of the ceiling joists ; some-
times they are notched to receive the bridging joists on them, and they should therefore be

classed by themselves at a larger price per foot cube, or at an addition.il price for the

workmanship, beyoad common joisting. AH these matters must be in proportion to the

description of the work, whether the ceiling joists be put in with pulley mortises and
tenons, or the bridgings notched or adzed down.

2336. Partitions may be measured and estimated by the cube foot ; but the sills, top

pieces, and door heads should be measured by themselves, according to their cubic contents,

at a larger price ; because not only the uniform solidity, but the uniform quantity, of the

workmanship is interrupted by them. The braces in trussed jiartitions are to be taken
by the foot cube at a birger price than the comm.on quartering, ou account of the trouble

of fitting the ends of the uprights upon their upper and lower sides, and of forming the
abutments at the ends.

2337. AH the timbers of roofing ai-e to be measured by the cubic foot, and classed

according to the difficulty of execution, or the waste that occurs in performing the work.
Common rafters, as respects labour, are rated much the same as joists or quarters ;

purlins, which require trouble in fitting, are worth more, because on them are notched
down the common rafters. The diiFerent parts of a truss should, to come accurately at the

true value, be separately taken, and the joggles also separately considered, including the

tenons at the ends of the struts ; mortising tie beams and principals, forming the tenons
of the truss posts ; mortis'ng and tenoning the ends of the lie beams and principals;

also the work to the feet of common or bridging rafters. The iron strapping is paid for

according to the number of the bolts.

2338. The battetiing of walls are measured by the squai-e, according to the dimensions
and distances of the battening.

2339. Ribbed ceilings are taken by the cubic quantity of timber they contain, making
due allowance f(.ir the waste of stuff, which is often considerable. The price of their

labour is to be ordered by the nature of the work, and the cubic quantity they contain.

2340. Trimmers and trimming joists are so priced as to include the mortises and tenons
they contain, and also the tenons at the extremities of the trimmers. But to specify all

the methods required of ascertaining the value of each species of carpenter's work would
oe impossible, with any respect to our limits. They must be learned by observation ; all

we have to do is with the principles on which measuring and estimating is conducted.
2341. When the carcass of the building is completed, before laying the floors or lathing

the work for receiving the plastering, the timbers should be measured, so that the scant-
lings may be examined and proved correct, according to the specification ; and in this, as

a geneial rule, it is to be remembered that all pieces having tenons are measured to their

extremities, and that such timbers as girders and binding joists lie at least 9 inches at

their ends into the walls, or | of the wall's thickness, where it exceeds 27 inches. In the
measurement of bond timber and wall plates, the laps must be added to the net lengths.

If a necessity occur for cutting parallel pieces out of truss posts (such as king or queeu-
pnsts), when such pieces exceed 2 feet 6 inches in length, and 2i inches in thickness, they
are considered as pieces fit for use, deducting 6 inches a.o waste from their lengths.

2342. The boarding of a roof is measured by the square, and estimated according to

its thickness, and the quality of boards and the manner in which they are jointed.

2343. Where the Tneasurement is for labour and materials, the best way is, first, to find

the cubical contents of a piece of carpentry, and value it by the cubic foot, including the
prime cost, carting, sawing, waste, and carpenter's profit, and then to add the price of the
labour, properly measured, as if the journeyman were to be paid. It is out of the ques-
tion to give a notion of any fixed va'ue, because it must necessarily vary, as do materials
and labour. The only true method of forming a proper estimate is dependent on the

price of timber and deals, for which general tallies may be formed.
2344. A load of fir timber contains 50 cube fret : if, then, the price of a load is known

in the timber merchant's yard, the approximate value of a cube foot is found as under;
say, if taken at 4^. 10s. per load, then

—

Prime cost of a load o° fir -

Suppose the cartage (dependent on distance) ....
Sawing into necessary scantlings ......
Waste in converting equal to 5 feet, at 2,'-*. per foot, the load being 1054-.

20 per cent, profit on 5/. \hs. Gd.

£G 18 6

2345. Now, ^" '^*' "' = 2-77 shillings, or 2 shillings and 9 pence and nearly 1 farthing

par foot cube.

& s. d.

4 10
5

10

5 5

10 6

5 \h
~6

1 3
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2346-50. It is only in this way that tlie value of work can be arrived at ; it is much
to be regretted thnt from no species of labour of the carpenter havo been formed tables

capable of furnishing such a set of constants as would, by application to the rate of a
journeyman's wages, form factors, or, in other words, furnish diita for a perpetual price-

book. As we have before hinted, the best of the price-bojks that have ever been
published are useless as guides to the value of work. The method of lumping work by
the square is as much as possible to be avoided, unless the surfaces be ot a perfectly

uniform description of workmanship ; as, fur instance, in hipped roofs, the principal

trouble is at ttie hips, in fitting the jack rafters, which are fixed at equal distances thereon;

hence such a price may be fixed for the cubic quantity of hips and valleys as will pay not

only for them, but also for the trouble of cutting and fixing the jack rafters. Such parts,

indeed, as these should be separately classified; but the analysis of such a subject

requires investigation of enormous labour ; and as it must depend on the information

derived from the practical carpenter, is, we fear, not likely to be soon, if ever, accomplished.

2351. The works of the Join'ek consist in the preparation of boarding, which is measured
and estimated by the foot superficial. 01 this there are many varieties ; as, edges shot

;

edges shot, ploughed, and tougued ; wrought on one side and edges shot; the same on
both sides and edges shot ; wrought on both sides and ploughed and tongued. Boai-ds

keyed and clamped ; mortise clamped, and mortise and mitre clampfd. The value per

loot increases according to the thickness of the stuff. When longitudinal joints are

glued, an addition per foot is made; and if feather-tongued, still more.

2352. The measurement and estimation of floors is by the square, the price A'arying as

the siirface is wrought or plain ; the method of connecting the longitudinal and heading
joints, and also on the thickness of the stuff; as well as on the circumstance of the boards

being laid one after another or folded
; or whether laid with boards, battens, wainscot, or

other wood. Skirtings are m'^asured by the foot super, according to their position, as

whether level, raking, or rampins. Also on the manner of finishing them, as wdiether

plain, torus, rebated, scribed to floors or steps, or whether straight or circular on the plan.

2353. Tlie value of every species of framing must depend en the thickness of the stuff

employed, whetJier it is plain or moulded ; and if the latter, whether the miuldings be

.-truck on the solid, or laid in ; whether mitred or scribe!, and upon the number of panels

in a given height and breadth, and also on the form of the plan.

2354. Wainscotings, window-linings, as backs and elbows ; door linings, such as jambs
and sofites, with t'uir framed grounds; back linings, partiiions, doors, shutters, and the

like, are all measured and valued by the foot super. The same mode is applied to sashes

and their frames, either together or separately.

2355. Skylights, the prices whereof depend on their pUns and elevations, are also

measured by the foot super.

2356. The value of dado, which varies as the plan is straight or circular or being level

or inclined, is measured by the foot super.

2357. In the measurement of staircases, the risers, treads, carriages, and brackets are,

after being classed together, measured by the foot super, and the string bonrd is some-
times included. The value varies as the steps may be flyers or winders, or from the

risers being mitred into the string board, the treads dovetailed for balusters and the ni sings

returned, or whether the bottom edges of the risers are tongued into the step. The curtail

step is valued by itself, and returned nosings are sometimes valued at the piece ; and if

they are circular on the plan, they are charged at double the price of straight ones. The
handrail, whose value depends tipon the materials and diameter of the well hole, or whether
ramped, swan-necked, level, circular, or wreathed; whether got out of the solid, or in

thicknesses glued up together, i* measured by the foot run. The scroll is charged by
itself, as is the making and fixing each joint screw, and 3 inches of the straight part at each
end of the wreath is measured in. The deal balusters, as also the iron ones and the iron

columns to curtail, housings to .«teps and risers, common cut brackets, square and circular

on the plan, together witn the preparing and fixing, are VHlued all by the piece. Extra
sinking in the rail for iron balusters is valued by the foot run, the price depending on the

rail, as being straight, circular, wreathed, or rarap''d. The string board is measured by
the foot super, and its value is greater or less as it is mouklcd, straight, oi wreathed, or

according to the method in which the wreathed string is constructed by being properly

backed upon a cylinder.

2;;58. The shafts of columns are measured by the foot super., their value depending
upon the diameter, or whether it be straight or curved on the side, and upon its being

properly glued and blocked. If the columns be fluted, the flutes are taken in linear

measure, the price depending on the size of the flutes, whose headings at top and bottom
are charged by the piece. Pilasters, straight or curved in the height, are similarly

measured, an<l the price taken by the foot super. In the caps and bases of pilas.ters,

besides the mould'ngs, the mitres are charged .so much each, according to the size.
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i!\i59. Mouldings, as in (loul)lL'-face architraves, Iiase and sm-base, or straight oucs struck

i)y the hand, are valued by the foot super. Base, surbase, and straight mouldings wrought
liy hand, are generally fixed at the same rate per foot, being something more than double-
faced architraves. When the head of an architrave stands in a circular wall, its value is

four times that of the perpendicular jiarts as well on account of the extra time required to

(it it to the circular plan as of ihe greater difficulty in forming the mitres. So all hori-

zontal mouldings on a circular plan are three or four times the value of those on a straight

])lan, the trouble being increased as the radius of the circle upon which thev are formed
diminishes. The housings of mouldings are valued by the piece. The value of mouldings
much depends on the number of their quirks, for each whereof the price increases. It will

also, of course, dejiend on the materials of which they are formed, on their running figure,

and whetlier raking or curved.

2S60. Among the articles which are to be measured !)y the lineal foot are beads, fillets,

bead or ogee capiiing, scjuare angle staffs, inch ogees, inch quirk ogee, ovolo and bead,
astrag Is and reeds on doors or shutters, small reeds, each in i-eeded mouldings, struck I)v

hand up to half an inch, single cornice or architrave, grooved space to let in reeds anil

grooves. And it must be observed, that in grooving, stops are paid extra ; if wrouii;ht bv
hand, still more; and yet more if circular. Besides the foregoing, narrow grounds to
skirting, the same rebated or framed to chimneys, are measured by the foot run. Rule
joints, cantilevers, trusses, and cut brackets for shelves are charged by the piece. Water
trunks are value! accor.ling to their size by the foat run, their hopper heads and shoes
being valued by the piece. Moulded weather caps and joints by the piece. Scaffolding,
where extra, must be allowed for.

2361. Flooring boards are prepared according to their length, not so much each ; the
stand:ird width is 9 inches; if they are wider, the rate is increased, each board listing at so
much per list. Battens are prepared in the same way, hut at a difTerent rate.

'J;562. The following memoranda are useful in estimating: —
I hundred (120) 1 2-feet-.'5-inch deals, 9 inches wide (each deal containing, therefore,

2 feet 3 inches cube), equal 5? loads of timber.

I hundred (120) 12-feet-2i-incli deals, 9 inches wide (each deal containing, therefore,
] foot 10 inches cube), erjual 4| loads of timber.

1 hundred (120) 1 2- feet 1 i-inch deals equal 1 reduced hundred.
1 load of 1 .^-inch plank, or deals, is 400 feet superficial.

1 load of 2-inch plank, or deals, is 300 feet su])erficial.

And so on in proportion.

Twenty-four 10-feet boards, at a 5-inch guage, will finish one square.

'I'wenty 10-feet boards, at 6-incli guagc, will finish one square.

Se\cnteen lO-feet boards, at a7-incli guage, will finish one S(]uare.

Fifteen 10-feet boards, at an 8-incii guage, will finish one square.

Thirteen 10-feet boards, and 2 ft. 6 in. super, at a 9-inch guage, will finish one square.

Twelve 10-feet boards, and 2 ft. 6 in super., at a 10-inch guage, will finish one square.

Twenty 12-feet boards, at a 5-ini.-'i guage, will finish one scpiare.

Sixteen 12-feet boards, at a 6-inch guage, will finish one square.

Fourteen 12-feet boards, at a 7- inch guage, will finish one sijunre.

Twelve i2-fei.'t lioards and 4 feet super., at an 8-inch guage, wdl finish one s(iuare.

Eleven 12-f'eet boards, and 1 foot super., at a 9-incii guage, will finish one sijuaie.

Ten 12-feet board-i, and 1 foot super., at a 10-inch guage, will finish one square.

Battens are 6 inches wide.

Deals are 9 inches wide.

I'lanks are 1 1 inches wide.

Feather-edged deals are equal to ^-inch yellow deals; if white, equal to slit deal.

A reduced deal is 1^-inch tliink, 11 inches wide, and 12 feet long,

2363. It may here be useful to advert to the mode of reducing deals to the standard of

B'hat is called a reduced deal, which evidently contains I ft. 4 in, 6 parts culie; for 12 ft.

xllin. xllin. =1 :446, or in decimals, 12 ft. x '91666 ft. x-125 ft.= !-375 cube ft.

nearly. Hence the divisor 1 '375 will serve as a constant for reducing deals of different

lengths and tliicknesses. Thus let it be required to find how many reduced deals there are

in one 14 feet long, 10 inches wide, and 2| niches tiiick. Here 14 ft. x -8333 ft. (or 10 in.)

X -20833 (or 2i in.) = 2-43042 cube feet, and
'

''.^"'l^' = 1-767 reduced deal.

2364. Tlie table which is now subjoined exhibits the prices of deals and parts thereof

calculated from 30/. to 95/. per hundred, a range of value cut of which it can rarely happen

that examples will occur, thougli it has fallen within our own experience during the late

war to see the ])rice of deals at a very extraordinary height, lliis, however, is not likely to

liappen again, 'i'lie elements on which it is based are —
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First. Price of deals, each being 12 feet long, three inches thick, 10

inches wide. Then from ,i^' we have the prime cost of each deal

Second. Prolit on prime cost, 15 per cent. . - _ .

Third. Planing both sides and waste, tiie former a constant depending on

the price of labour (say 5s. per day used in the table), and the

latter a variable, increasing with the cost price of the material -

6s, Id. as in the table for a 12 feet deal =

5-00

0-75

0-833;{

6 5833

In the third element a constant (the planing) being involved and a narinble (tlie waste)

increasing with the cost of the material, the latter was eliminated by experiment and found

equal to •4166 shilling for every 10/. upwards of the price per hundred of tiie deals.

The width of the running foot is 9 inches. For instance at 451. per cent, the cost ofa foot

super. ( = 144 in.) = r25s. = Is. Sd. and of a foot run -9375 shilling = 11 ^d. ,\ i-i'^

= 9 inches This table is applicable purely to joinery.
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2365-9. The above table almost explains itself, but one example will be tiken for

illustrating its use, premising that if deals are at a price between, above, or below that

stated in the first column, the rules of arithmetic must be applied for the intermediate

prices. Suppose deals, then, to be at iol. per hundred; an inspection of the table shows

that the value of 1^-inch deal is 8d. per foot super., or 6d. run; that a 12-foot deal

2 inches thick is worth 6*. 8^d. ; and that a foot run of 3-inch deal 11 inches wide, which

is the standard width, is worth U\d. The preceding table, which is applicable purely

to joinery, is all that can be here given in general terms as to the prices of work.

2370. Slatek. The work of the slater is measured and estimated by the square of

100 feet superficial. The diflferent sorts of slate, and how much a given quantity of each

will cover, have been described in Chap. II. Sect. IX. (1798 ei seq.). To measure

slating, in addition to the net measure of the work, 6 inches are allowed for all the eaves,

and 4 inches by their length for hips ; such allowance being made in the first-named case

because the slates are there double, and in the latter case for the waste in cutting away
the sides of the slates to fit. When rags or imperial slates are used, an addition allowance

of 9 inches is made for the eaves, because those slates run larger than the other sorts.

2371. Mason. Solid works, such as pilasters, cornices, coping, stringings, and
others, should be first measured to ascertain the cubic quantity of stone they contain

as going from the banker to the building ; and on this, additional work, as plain work,
sunk work, moulded or circular work, must be measured in superficial feet and
separately valued. It is usual to allow a plain face to each joint, but no more than
one should be taken to a 3-feet length. In staircases the flyers should be taken where
splayed on the back, their full length and width by three-fifths of the depth of the riser,

to allow for waste in getting two of the steps from the same block of stone. The measure-
ment for the winders seems to be most properly conducted by ascertaining the net cubic

contents of them, and then making the allowance for waste. Indeed this is a more proper
and satisfactory mode for the flyers. The top of the treads are then taken on the super-
ficies as plain work, and the fronts and ends of the risers as moulded M'ork. In an open
stiircase, the under side of the flyers is measured as plain work ; the under side of the

Avinders as circular plain work; the rebate?, cuttings out, pinnings in, &c., as they are

found. Cylindrical Avork, such as of columns, after the cube quantity is ascertained, ia

measured as equal to plain Avork tAvice taken. In Portland dressings to chimneys,
Avherever edges appear, it is cu-tomary to add an inch to the dimensions for extra labour

;

to marble, ^ of an inch; or to take the running dimensions of the edges.

2372-3. Paving slabs and stones under 2 ins. thick are taken by superficial measure.
Cornices are measured by obtaining their girt, and multiplying by their length for the
quantity of moulded Avork in them.

2374. Founder. The proper mode of estimating cast iron is by the ton or cwt.

Moulds for the castings, when out of the common course, are charged extra. Very ol'ten,

too, cast iron pip( s and gutters are, according to their sizes, charged by the yard. Wrought
iron beams and girders, of various shapes, are charged for by the ton. (See 1765 ct srq.)

For ornamental castings patterns have to be made; these are usually paid for in addition,

and are often expensiA'e.

2375. Smith and Ihonmonoer. Wrought iron for chimney bars, iron ties, screw bolts,

balusters Avith straps, area gratings, handrails and balusters, hook-and-eye hinges, brackets
for shelves, chains for posts, AVTOught iron columns with caps and bases, fancy iron railing,

casements, shutter-bars, and the like, are charged by the pound, at vaiious prices, according
to the nature of the work. In the ironmonger's department nails and brads are charged by
the hundred, though sold by weight, seldom exceeding 900 to the 1000. Screws, Avhich

take their names from their length, are charged by the dozen. Cast, and also wrought butts
and screws, cast and Avrought back flaps, butts and screws, side or H hinges, with screws, by
the pair. All sorts of bolts Avith screws, of Avhich the round part of the bolt determines
the length, by the inch. |-L hinges and cross gai'net hinges by the pair. Other hinges and
screws by the piece. Locks by tiie piece. Pulleys according to their diameters. On all

ironmongery 20 per cent, is charged on the prime cost. Wrought ij-on ornamental AVork
is charged for according to the time and skill. (See 2253 et seq.)

2376. Plasterer. The work of the plasterer is measured, generally, by the yard super-
ficial. The usuil way of measuring stucco Avork f o partitions and walls is, to take the height
from the upper edge of the ground to half Avay up the cornice, the extra price of the stucco
making good for the deficiency of floated work under it. In ceilings and other work, the sur-

face under the cornice is often taken, because there is no deficiency but in the setting, and that
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is compensated for by the labour in making good. Cornices are measured by the foot super-

ficial, and estimated according to the quantity of mouldings and enrichments they contain.

"Wliere there are more than f^ur angles in a room, each extra one is charged at the price per

foot run extra of the cornice. Stucco reveals are charged per foot run, and according to

their width of 4 or 9 inches or more. Quirks, arrises, and beads by the foot run, as are

margins to raised psnels, small plain mouldings, &e. Enriched mouldings are measured

by the foot run, and -with flowers to ceilings, pateras, &c., must be consid.^red with refer-

ence to the size and quantity of ornament; modelling may have to be ch^irged if under

60 ftet run. For s'lme of these, papier-mach^ and other materials (see 2251), which are

much lighter than plaster, are coming now into general use, and from the ease and security

with which they are fixed, often sujiersede the use of plaster ornaments. Scaffolding is

charged for when the "hawk" cannot be served from the floor.

2377. Plumbkr. The work of this artificer is charged by the cwt., to which is added

the labour of laying the lead. The superficies of the lead is measured, then multiplied

by the weight, as 5 lb. lead, 6 lb. lead, &c., and brought into cwts. Water pipes, rain-

water pipes, and funnel pipes are charged by the foot run, according to their diameter ; sj

also are socket )iipes for sinks, joints being separately paid for. Common lead pumps,

with iron work, including bucket, sucker, &c., at so much each ; the same with hydraulic

and other pumps, according to their diameters. In the same manner are charged water-

closets, basins, a'r traps, washers and plugs, spindle valves, stop-cocks, ball-cocks, &e.

(See 2212 et seq.) By the increase of manufacturers of sanitary appliances these are

now priced at ptr article.

• 2378. Glazier. The work of the glazier is measured and estimated by the superficial

foot, according to the speciality as well as the quality of the glass used; it is always

measured between the rebates. (See 2225 et seq.) Stained and painted glass are usually

taken at agreed prices.

2379. Painter. In the measurement and estimation of painting, the superficial quantity

is taken, allowing all edges, sinkings, and girths as they appear. "When work is cut in on

both edges it is taken by the foot run. The quantity of feet is reduced to yards, by which

pain'ing is charged for in large quantities. In taking iron railing, the two sides are measured

as flat work; but if it be full of ornament, once and a half, or twice, is taken for each side.

Sash frames are taken each, and sash squares by the dozen. On gilding we have already

spoken in Sect. XII. (2277 e( seq.) Cornices, reveals to windows and dooi-s, strings,

window sills, water trunks and gutters, handrails, newels, &c , are taken by the foot run.

Many small articles by the piece. Plain and enriched cornices by the foot run, according

to the quantity of work in them. Work done from a ladder is paid for extra. The price

of painter's work greatly depends on the purity of the materials employed, as oil, turpen-

tine, &e., as well as on the quality and the number of times over that the work is painted
;

the labour is usually considered as one-third of the price charged. Scarcely any trade

varies so greatly. Imitations of woods and marbles are charged according to the artistic

treatment and the labour employed on them, and the quality of the varnish used.

2380. Paperhancer. In common papers the price used to be settled according to the

colours or quantity of blocks used in printing the pattern. Now the price appears to

depend on the sale, or fashion, of the pattern, or on the manufacturer's pleasure. Until

lately the old prices were charged, with a large discount, but now the price marked by

some of the leading firms is subject only to the ordinary discount to the trade. Embossed
and other papers are tf higher prices. These, as well as lining paper, are charged by the

piece, containing 63 feet super. The hanging is charged separate, and borders, dadoes,

gilt mouldings, &c. by the yard run. (See 2277^'.)

3 F 2
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CHAP. IV.

MEDIUM OF EXPRESSION.

Sect. I.

DRAWING IN GENERAL.

2381. Under this section It is not our intention to enter Into the refinements of the

art, but merely to make tlie attempt of directing tlie student to the first principles of a

faithful representation of ordinary and familiar objects, with all their imperfections; or,

in otlier words, of transferring to a plane surface what the artist actually sees or con-

ceives in his mind. This power is of vital importance to the architect, and without it

he is unworthy the name.

2382. The usual mode of teacliing drawing now in use is, as we conceive, among the

most absurd and extravagant methods of imparting instruction that can be well conceived.

The learniT is usually first put to copying drawings or i)rints, on wliicb he is occupied for

a considerable time. Mucli more would he learn, and much more quickly, by ft)llowing

tlie course which the following lines will prescribe. Outline is the foundiition of all drawing;

the alphabet of graphic art. As soon as the student has attained the use of the pencil and the

pen in drawing purely geometrical figures, lie is prepared to receive the rudiments of i)er-

spective. As shown in the following section, the representations of all geometrical solids

is dependent upon mechanical means ; and tliese may, if it be desirable, be shadowed truly

by the methods given in Sect. III. ; but what is now called free-hand drawing is the matter

for our ])resent consideration.

'_';58.'3. Outline, as we have stated above, is the foundation of all drawing, the alphabet

of graphic art. Every representation of an object, or series of objects, however compli-

cated, is in reality but a set of outlines composed of straight or curved lines. The know-
ledge, or rather the power of forming these lines, is essential to the student, and in the

same manner that be was obliged to form pothooks and hangers before he proceeded to

ellipses when be was taught to write, he should begin his study of free-hand drawing by
))raciising himself in the production of straight lines, proceeding to segments, and then to

curves of contrary flexure. It is a good plan to compare the copy with the pattern ; and,

inasmuch as all formal diagrams that are set as patterns should be perfect, it is desirable

that the standards for straight lines, segments, and contrary flexures should be drawn by
the teacher himself from rulers; these rulers can he subsequently applied to tiie copies,

<iiid are sometimes the only evidence upon which to make a mutinous pupil conscious of

his errors. The student ought not to proceed to the elliptical and oval forms until the

hand, first turning one way, can draw a tolerably correct circle ; and then, turning in the

other direction, can make another equally good. The next step will be to acquire the

power of drawing spiral lines in one direction, and of repeating theiii in another; which
will be followed by that of drawing lines either jiarallel or slowly approximating.

2;i83a. After this, the student is sufficiently advanced to attempt to repeat all these

stages with copies of a size larger or less than the patterns ; and he will be ready to Karn
the mechanical use of chalk. Tiiis branch of his tuition needs only such examples as the

jirints, which have been prepared for that purpose, of purely geometrical forms : in this

b'.age the rudiments of shadow are implanted, and the use of the brush may be acquired.

23836. Tiie student will then be ready to learn the mode of oI)taining local colour,

and of blending bis materials so as to obtain tints and shades of the ditJerent colours. The
next steps would be to draw in chalk, in ink, or in colour, the simplest architectural orna-

ments, such as a chevron or an ovolo ; and to proceed through a course of architectural

foliage fioin prints. The residt of such training is usually a confidence in the eye ; and,

wliat is sometimes highly important, a judgment so sound as to be able to reproduce any
part of a subject that may have been destroyed.

2 i83c. Aptitude of the pujiil must be a consideration, but In general a year of steady

appliL-ation may be sufficient so to imbue the mind with the grammar of architectural orna-

raent, as to enable the hand to represent it; after which the stirdent ought to be capable of

inventing for himself. Indeed, it is only by sucli a course tliat originality in designing

ornament can be obtained. The study of natural foliage, first as seen, and then as conven-

tionalized, may be carried out at the same time.
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2;383rf. It is very remarkable that all the inferences are false, wliich usually are ckrivcd

from tile assertion tliat he who can draw tlie human figure will be ahle to draw any other

object tiiat is submitted to him for representation. The few men who can faulilessly draw
the human figure as they see it, may doubtlessly have eyes keen enough and hands true

enough to repeat the minutest details so accurately that any comparison of a particular detail

wiih the original siiall be creditable to them ; but these men have spent years in obtaining,

besides delicacy of handling, that knowledge of anatomy wliich reminds them at every

stroke of the pencil that sucli a muscle is in such a place, that here it overlaps another,

that there it dies into a bone, and that consequently they have to inark tiie curves and
angles which occur, for instance, six or seven times between the elbow and the wrist, and
to determine how many can be omitted if the scale be less t'lan that of life.

2384. The majority of men who can draw the figure tolerably well can draw nothing

else equally correctly : for the reason that their attention has been given to the mechanism ot

tlie human form solely ; the representation, by our best portrait-painters, of tlie accessories

which they introduce into their pictures, especially of architectural details, is almost with-

out an exception ludicrously inaccurate. Every ])erson who has tried to apply his power
of representing geometric forms to tlie task of copyir.g in chalk from a mask, must be aware
of the enormous facility which he acquires by previously studying the usual methods ot

expressing tlie totality of the eye, the ear, the nose, and the lips. In a similar manner, the

artist who wishes to give the effect of a suite of mouldings, or of a carved ornament, requires

to know previously all the parts which compose the work. In other words, some men can
pretend to sketch distant rocks and yet miss the very features by which the outlines inti-

mate the geological character.

2.T85. Such are the reasons which have for many years led to the conviction that the

architect's course of drawing should leave the figure alone until he has made one or more
studies from carving in each style of art that opportunity presents to him; this is aflirmed

to be the only method of obtaining a satisfactory appreciation of the minute characteristics

which sometimes constitute the differences between styles; and tiie only method of making
a royal road to the object, which some teachers pretend is the easiest, l)ut is truly the most
difficult, in art. Having acquired the power of accurate representation of ornament,

which involves dexterity in the use of his materials, the student may commence his

operations with the figure.

2;386'. The method proposed in the following pages is old, at least in principle, yet

it has been of late years published as new in Paris, by M. ]")upuis. {^' DelEuseignement die

Dcsshi sous le point de viie iudustriel," 1S36.) The principles of the work, however, are

perhaps better expressed and arranged, in some respects, than we might have presented

them to the reader : and we shall not, therefore, apologise for the free use we make of it,

premising, however, that in respect to the whole figure and the application of the method
to landscapes, what follows is not found in the work of M. Dupuis.

2387. Between the ancient mode of teaching the student (we will take the head, for

instance, shown in Jig. S09. as the first roughing of the leading lines of that wh.ich in

fiff. 812. has reached its completion) and
the method practised by M. Dupuis, the only

difference is this, that M. D., instead of let-
" ting the student form the rough outline at

once from the finished bust, roughing out

on paper the principal masses, provides a

series of models roughly bossed out in their

dilferent stages, which he makes the student

draw. The system is ingenious ; but as the

greatest artists iiave been made without the

modification in question, we do not think it

material ; at all events, the principles are the

same. M. Dupuis, for this put pose, has a

series of sixteen models, the first of each four

of the series are quite sufficient to show the

old as well as his own practice. Thus, in

fy- 809., the general mass of the oval of the head is given, in which it is seen that the

profile is indicated by an obtuse angle, whose extreme point corresponds with the lower
part of the nose, and the lines at one extremity terminate with the roots or commencement
of the hair, and at the other with the lower jaw. The form of the rest of the head is the

result of combining the most projecting points of it by curved lines, in short, of supposing

a rough mass, out of which the sculptor might actually, in marble or otlier material, form
the head.

2;!88. The next step is exhibited mfig. 810., with the four principal divisions: the occi-

pital to the beginning of the hair, the forehead to the line of the eyes, the projection of the

nose, and the inferior part of the face, with some indication of the mouth.

Fig. 81)9. Fig. 810.
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2f89 In _/?'/. 811. it will be seen that another step is gained. The eyes (here only one

av-pears, but we speak with reference to tiie

s'.bject, being less in profile), the moiitli, the

cl in, and the ear are more cleaily marked out,

wiih some sort of expression of i!ie wh jle work,

but still without details, though sudiciently in-

dicating that little more is necessary to bring

tlie rude sketch o^'fig. 809. to a resemblance.

2.390. lufiy- ^1'-. this is ol)tained; but still,

Recording to the degree to which an artist con-

»iders fiiiisliing necessary, to be further pursued

and carried through to make a perfect drawing;

all that is here intended being to show the

principles upon which the matter is conducted,

and upon which we shall presently have further

observations to make. It will be observed, th;it

on the shadowing and finishing in this way the
r^.on.

^

i-.g. oi^.

drawin<'s the student may make we set no value: when he can draw, if those matters be

of importance to him, they will not be difficult of acquisition.

239Ca. Having accomplished the art of drawing, with tolerable correctness, the figure,

the arcliitcct will have little difficulty in drawing the most comjdex productions of nature.

The principles are precisely the same; but we wish here to impress upon liini the necessity

of recurring to nature herself for his ornaments: a practice which will always im;^art a

freshness and novelty to them which even imitation of the antique will not impart.

2.'?91. The port crayon, whether carrying chalk or a black lead pencil of moderate weight

and size, say full seven inches long, is the best instrument to put into the hands of the be-

ginner. The first object he must consider in roughing the subject, as in fig. 809., is the

relation the height of the whole bears to its width ; and this determined, he must proceed

ko get the general contour, without regard to any internal divisions, and thus proceed by
subdivisions, bearing the relative proportions to each other of the model, comparing them
w ith one another and with the whole. We will now show how the port crayon assists in

this operation. Let the pupil be supposed seated before the model, at such a distance from

it that at a single look, without changing the |x>sition of his head upwards, downwards, or

sideways, bis eye takes in the whole of it. The strictest attention to this point is necessary,

for difficulties immediately present themselves if he is too near, as well as if he is too far

froxa it. And here let it be observed that the visual rays {see Jig. 813.) upon every object

".'.'r»i>

i!r

Fig. 81 3>

may be compared to the legs of a pair of compasses, which open wider as we approach the

object and close as we recede from it. Tliis is a law of perspective well known, and which
the student may easily prove by experiment, keeping the head of the compasses near his

eye. and opening the legs to take in, in looking along them, any dimension of an object.

He will soon find that as he approaches such object he must open the legs wider in order

to comprise within them the given dimension. Hence every diameter or dimension, sepa-

rately considered, is comprised in the divergence of the visual rays. It is on this account
that, being at a proj>er distance, any moveable measure which with a free motion of his

body he can interpose upon some one of the points of the distance between his eye and the

model, may, though much less tlian the model itself, take in the whole field of view, reach

the extremities of the dimension, and conse«)uently become of great assistance in certain

mathematical measures. For by applying such a measure to one division only of the model,

we shall obtain, as it were, an integer for finding a great many others into which the model
may be subdivided.

2392. Thus, taking ^^. 809., which is profile, and supposing the M-idth at the neck

unity, if this is twice and a half contained in the general height of the bust, we have imme-
diately the proportions of one to two and a half, which may be immediately set out on the

mper or canvas. This is not all ; the integer or unity obtained by the diameter of the
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neck serves also for measuring the horizontal diameter of the head, and also of the bust ;

whence new proportions may be obtained. So mucli for the first casting of the general

form. Now, in the entire bust, as respects the head only, sujipose we wish to obtam tlie

proportions of the princi])al divisions,— for example, from the base of the bust to the base

of tlic chin,— we may establish another integer to measure other parts ; as, if from the

point of view, the distance from the base of the bust to the base of the chin is the same as

from the last to the summit of the head, the learner vould have notliing more to do in that

respect than to divide the whole heiglit into two ecjual parts. On the same i)rincii>le, jiass-

ing from divisions to subdivisions, the distance l)etween the base of tlie chin and the poii.t

wlience the nose begins to project, may be found a measure for the height of the nose, and
from thence to the top of the cranium. We are here mereiy showing the method of ob-

taining different integers for measuring the different parts mentioned ; otiiers will in prac-

tice occur continually, after a very little ])ractice. We do not suppose our readers will believe

that we propose to teach drawing l)y mathematical rules; we now only speak of obtaining

points from which undulating and varying lines are to spring and return, and which nont>

but a fine and sensitive eye will be able to exjiress. IJut to return to the port crayon,

which is the moveable measure or comjjasses whereto we have alluded, and re(juires only

skilful handling to perform the offices of com])asses, square, i)lumb rule, and level. By
interposing it (see Jiff. 81.S.) on the divergence of the visual rays between the eye and tha

object, we may estimate the relative proportions ; since in the field of view the learner may
8i)])ly it to the whole or any of the parts, and make any one a measure for another. For
this purpose he must hold it, as shown in the figure, steadily and at arm's length. Any
l)ortion of it tliat is cut by the visual rays between any two parts of the object, becomes the

integer for the measurement of other parts whereof we have been speaking. 'J'his in

the drawing will be increased according as the size is greater or less than the portion of the

port crayon intercepting the visual rays. Tliis process may be easily accomplished by
making, upon one and the same line of the visual ray, theextreme point of the port crayon

to touch one of the extremities of the proportion sought upon the model, so that they may
exactly correspond. Then at the same time fixing the thumb or fore-finger where the visual

ray from tiie other extremity is intercei)ted, we shall find any equal length by moving the

port crayon with the thum!) and fore-finger fixed to any other part we want, as to size, to

compare with the first, or by using the same exjiedient toother parts, other integers may I.e

found. The different integers, indeed, which may be thus obtained is infinite. The port

crayon will also serve the purpose of a pliuub bob by laying hold of it by the chalk, and

holding it just only so tight l:etween the fingers as to prevent its falling, so that its own
gravity makes it assume a vertical direction.

Doing so, if it then be held up to intercept

tlie visual rays, we may discover the pro-

portion in which a line swells whose direc-

ton approaches the vertical, as also the quan-
tity one part projects before another in the

model ; and comparing this again with the

integer, obtain new points for starting from.

Again, by holding it before the eye in an
horizontal direction, we shall obtain the

different parts of the model that lie before

the eye in the same horizontal line. By
degrees we shall thus soon find the eye be-

come familiarised with the model it con-

templates ; judgment in arranging the parts

supervenes ; the hand becomes bold and
unhesitating, and the leading forms are

quickly transferred to the paper or canvas

to be subdivided to such extent as is re-

quired by the degree of finish intended to be
bestowed upon the drawing.

2393. The process that we have consi-

dered more with relation to the bust is

e(]ually applicable to the whole figure. In

fiff. 814. we have more particularly shown
by the dotted lines the horizontal and verti-

cal use of the port crayon ; but the pre-

vious adjustment of some measure of unity

for proportioning the great divisions to each

other is also applied to it as already stated.

In the figure, EE is the line of the hori-

zon, or that level with the eye ; it will be ''^' *'
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Beon passing through the knee of that leg upon which tlie principal weiglit of the body is

thrown.

2394. Though our object in this section is to give only a notion of the way of trans-

ferring to paper or canvas such objects as present themselves, we think it proper to hint at

a few gener.il matters which the student will do well to consider, and these relate to the

balance and motion of the human figure. Geometry and arithmetic were with the painters

of anti(]uity of such importance that Pam])hilus the master of Apelles declared, without

them art could not be perfected. Vitruvius particularly tells us the same thing, and, as

follows, gives the proportions of the human figure :— *' From the chin to the top of the

forehead, or to the roots of the hair, is a tenth part of the height of the whole body ; from

the chin to the crown of the head is an eighth part of the whole height; and from the nape
of the neck to the crown of the head, the same. From the upper part of the breast to tlie

roots of the hair, a sixth ; to tlie crown of the head, a fourth. A third part of the height of

the face is equal to that from the chin to the under side of the nostrils, and thence to the

middle of the eyebrows the same : from the last to the roots of the hair, where the forehead

ends, the remaining third part. The length of the foot is a sixth part of the height of the

body ; the fore-arm, a fourth part ; the width of

the breast a fourth part. Similarly," continues

our author, " liave the other members their due
proportions, by attention to which the ancient

painters and sculptors obtained so mudi rejmta-

tion. Just so, the parts of temples should corre-

spond with each other and with the whole. The
navel is naturally placed in the centre of the

human body ; and if a inan lie with his face up-

wards, and his hands and feet extended, and from
his navel as the centre, a circle be described, it

will toucli his fingers and toes. It is not alone by

a circle that the human body is thus circumscribed,

as may be seen (^Jig. 815.) by placing it within a

square. For, measuring from the feet to the

crown of the head, and then across the arms fully

extended, we find the latter measure equal to the

former ; so that the lines at right angles to each

other, enclosing the figure, will form a square."

2395. " How well," says Flaxman (Lectures on Sculpt7ire), "the ancients understood the
balance of the figure, is proved by the two books of Archimedes on that subject; besides,

it is impossible to see the numerous figures, springing, jumping, dancing, and falling, in the

Herculaneum paintings, on the painted vases, and the antique basso-rilievos, without being
assured that the painters and sculptors must have employed geometrical figures to

cietermine the degrees of curvature in the body, and angular or rectilinear extent of the
limbs, and to fix the centre of gravity." Leonardo da Vinci has illustrated the subject in his

Trattato di Pittura, a perusal of which cannot fail of being highly beneficial to the student.

2396. As in all other bodies, the centre of gravity of the human figure is that point from
which, if sus])ended, the figure would remain
Bt rest when turned round upon it. I-'laxman,

by some strange mistake, has described the

centre of gravity as " an imaginary straiglit

iine, which falls from the gullet between the

Bjikles to the ground, when it (the figure) is

perfectly upright, equally poised on both feet,

with the hands hanging down on each side."

(Fig. 816.). The fact is, that the centre of

j^ravity is found to be in a line so drawn, or

rather removed backwards from it, in a verti-

cal plane returning from that line.

2397. Motion implies change of position

;

for instance, in Jig. 817., the weight of the

figure is thrown on one leg, hence a line jiass-

ing through the centre of gravity falls from
the gullet on one leg, on which side also the shoulder becomes lowered, and that on the
opposite side raised ; the hip and knee sinking below those on the side supporting the
weight. In fig. 818. the dotted lines terminated by the letters A15CD represent lines of
motion, as also the extent of such motion. The same are also shown in fig. 819., wherein
A shows the inclination of the head to the breast ; 13 the extreme bend of the back over

the legs, without changing their position ; C that of the back beat backwards, the legs

Fig. 815.

Fig. 816. Fig. 817.
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remaining in the same

position. If the back

be bent as far as D, the

thighs and legs will pro-

ject as far as E.

2:598. Referring back

to Jig. 817. for comimri-

ean, as the commence-
ment of motion, with

Jiff. 820., we shall imme-
diately see that the ])re-

paration for miming
consists in tlirowing tlie

balance beyond tlie ..

standing foot ; and that ^,

when the centre of gra- '^

vity, which is now about

to take place, falls out of

tile common base, the

hinder leg must be out,

and oft' the ground, to
_

*''«•
**"*•

balance the fore i)art of the figure, which would otherwise fall.

2399. In preparing to strike {Jig. 821.), the figure is thrown

^^-

inning of

FiK. S20.r.H.o.v.. Fig. 821.

the action to give force to ithe blow : the dotted line shows the extent of the springing

forward, in which the action is ended by the fall of the blow upon the object.

2400. In Jiy. 822., bearing a weight, the combined centres of gravity of the figure and

.Sa'i, Fig. 823. Fin- 82 J.

the weight to be borne must be found ; and through it the line falls between the feet, if

the whole weight rests equally on both, or on the supporting foot, if the weight is thrown
upon one. Flaxman, who was a finer artist than a geometrician, has, in his lectures, fallen

into another mistake on this head, by saying tlie centre of gravity is the centre of the

incumbent weight, which is absurd ; because the figure has not only to balance the weight
itself, but also its own weight.

2401. In leaping {Jig. 82.'5.), the body and thighs are drawn together to prepare for the

spring ; the muscles of the leg draw up the heel, and the figure rests on the ball of the

foot ; the arms are thrown back to be ready immediately for swinging forward, and thus

assisting in the impulse. When the figure alights, the arms, at the instant of alighting,

will be found raised above the head ; and a line dropped from the centre of gravity will be
found to fall near the heels.

2402. In leaning (fg. 824.), if on more than one point, the greateit weight is aliout that

point on which the figure chiefly rests.
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C'JOf?. Fi(i. 825. is a flying, and

fi</.H^2G. afallingfigure, both where-

of l)eing in motion through tlie air

rest on no point. In the first il \vill

be observed that the heaviest por-

tion of the figure is bounded by-

lines inclined u))wards ; as in fall-

ing the heaviest portion of it has

a downward direction We have

thought these elements would be

useful, as exhibiting those leading

j)rincii)les without the compreiien-

!»ion whereof no motion or action '^''•'- ^^'- Fij;. s-26.

can he well expressed. " Every change," says Flaxman, " of position or action in the human
figure will jjresent the diligent student with some new application of principles, and some
valuable example for his imitation."

2404. We shall close this section with the application of the principles detailed in the

nianagement of the port crayon to the drawing of landscapes. The subject of Jiys. 82".

Fig. 8;».
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and 828. is from a spot a little way out of Home, the tower of Ca?ci]ia Metella being seen

in tlie distance.

2404(7. \njig. 82fi. the masses are roughed in from the objects themselves ; and the principal mass nhcOld
on the left side is first very carefully drawn by itself, being, as respects leading lines and tliicknt'sses, cor-

reeled until the eye is satisfied of the truth of its general form. The eye is as high as K ami K, which
therefore show the height of the horizontal line, and are also, in fact, the vanishing points for the wall on
the right-hand side of the picture, »nd the house on the same side a little beyond it. Holding the (lort

crayon level, and taking on it with the thumb or forefinger the distance 01, we shall find that twice that
measure in 2 and 3 will give the junction of the wall with the pier ; and that a line continued hurizontally

from rf cuts the top of the plinth of the gate pier. The picture happens lo be divided into two equal i>ar'.s

by a vertical line drawn through the break in the city wall in the distance, dl, continued upwards, di ter-

mines one side of the house on the right-hand side of the road, and from a point at a break in the foreground
Intersects the projecting wall at i : a vertical line determines the left side of the tower. The remaining
horizontal lines, it will be seen, determine other points and lines ; and thus it is manifest that the whole
arrangement has been accomplished by making the mass ahc()\d a measure or unit for ascertaining the size

and relative position of the other parts. laJig.H2S. the detail is tilled in, and brought to a higher ^tate of
finish.

•24041). There is a mechanical method of obtaining the exact relative sizes of objects, and their positions

In making drawings from nature or casts, which we will endeavour to explain. If the draftsman take a
pair of pretty large sized compasses, and, fastening a piece of string at the joint end oftliem, hol<l the points
open before his eye, so as to take in the extent of space his drawmg is uitended to occui)y ; then tie a knot
In the string to keep it between his teeth, so that the compasses poln-s may be kept in any plan? always
equally distant from the eye ; he may, for the various pars of bis drawing, by opening or closing the com-
passes, have their ex.act relative heiglits, widths, and positions, to be at once transferred to the drawing.

Sect. II.

PERSPECTIVE.

" 240,5. A perspective delineation is the linear representation of any object or objeet.s, as

it or they apjjcar to the eye, and is such a figure of an object as may he supposed to l)e

made l)y a plane making a section of the body or pyramid of visual rays directed from the

eye to tlie diHferent parts of the object. A delineation so made, being pro])erly coloured

and shadowed, will conxney a lively idea of the real object, and at the same time indicate its

position and distance from the eye of the observer.

2406. Definitions. — 1. An original object or objects is or are an object or number of

objects projiosed to be delineated : for instance, a house, a ship, a man, or all or any of

them together. In Jig. 829. the house ABCDFHK is the original object.

Fig. 829.

Original lines are any lines that are the boundaries of original objects, or of planes

in those objects. The lines AB, BC, CD are original lines, being partly the

boundaries of the original object ABCDFIIK.
The ground plane is that upon which the objects to be drawn are placed, ftnd is
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always considered a boundless level plane. The ))lane X in the figure is the ground

I)lane, u])on wliich is placed the object ABCDFHK.
4 The point of vinv or point of sifflit is the fixed place of the eye of the observer,

viewing the object or objects to be delineated : E in the figure is such point.

5. The station point is a point on the ground jjlane, perpendicularly under the point of

sight or eye of the observer, and expresses on the ))lan the station whence the view is

taken. S is the station point in the figure, being a point on the ground plane ver-

tically under the eye of the observer at E.

G. The plane of delineation or the picture is the canvas or paper whereon it is intended

to draw any object or number of objects. Thus, in the figure, the plane GIKL is

tiie plane of delineation ; but, in the extensive sense of the word, the jdane of

delineation is considered a boundless plane, however circumscribed may be the

delineation made thereon.

7. The horizontal line or the horizon is a line on the plane of delineation in every part

level with the eye of the observer or point of view. VZ is the horizontal line on

the plane of delineation GIKL. It is supposed to be obtained by the intersection

of a ))lane passing through the eye of the observer, parallel to the ground plane,

produced till it touches the plane of delineation.

8. The centre of the picture is a point jjerpendicularly opposite the eye of the observer,

or point of view, and is consequently always somewhere in the horizontal line.

() in the horizontal line VZ is the centre of the picture, being perpendicularly

opposite to the eye at E.

9. The vertical line is a line drawn through the centre of the picture perpendicular to

the horizon. In the figure PIl is the vertical line. It is here worthy of notice

that the vertical line determines how much of the view lies to the right and how
much to the left of the eye of tlie artist.

10. The distance of the picture is a direct line from the eye to the centre of the picture.

EO is the distance of the picture, or plane of delineation, GIKL.
11. T7(e (/roM/icf //«e is that where the ground plane intersects the plane of delineation,

as GL in the figure.

J 2. An intersecting point is one made on the plane of delineation, by producing a line in

an original object till it touches the plane of delineation. Thus, T is the inter-

secting point of the original line BA.
13. An intersectinr/ line is one made on the plane of delineation, by producing any

plane in an original object till it touches the plane of delineation, or where, if pro-

duced, it would touch it. Thus WT is the intersecting line of tiie original plane

ABCDN, being the line, where that plane, if produced, would touch the plane of

delineation.

14. A vanishing point is that point on the plane of delineation to which two or more
lines will converge, wlien they are the perspective representations of two or more
parallel lines in an original object, whose seat is inclined to the plane of delineation.

The point V in the figure is the vanishing point of the line AB, being found by the

line EV, drawn from the eye of the spectator parallel to it, and produced till it

touches the jilane of delineation in the point V. For a similar reason, V is the

vanishing point of the line CN ; it is also the vanishing point for any other line

parallel to the line CN, as BA ; all |)arallel lines having the same vanishing point.

Tile point Z is the vanishing point of the line AK, being obtained by a line drawn
from the eye parallel to the line AK, and produced till it touches the plane of

delineation. The point Z, moreover, is the vanishing point of the original lines

DF and NH. And it is to be recollected by the student, that there will be as

many different vanishing points of lines in the delineation of an original object as

there are ditferent directions of lines in that original object. The jjoint Y is the

vanishing point of the parallel original lines DN and FII, being foimd by the line

EY being drawn from tiie eye parallel to them till it touches the plane of delineation.

L So also Q, is the vanishing point of the line CD. In the process of perspective

delineations, as we shall presently see, the plan of the object being drawn, the phices

of the various vanishing points are found on the ground line, whence tliey are

transferred to the horizontal line by means of perpendiculars raised from them.

15. A vanishing line is one supposed to be made on the picture by a ])lane passing

through the eye of the observer ])arallel to any original ))lane produced till it

touches the picture. The line VZ is the vanishing line of an horizontal plane, and

of all horizontal planes, being found by tiie intersection of a plane passing hori-

zontally through the eye, or parallel to an horizontal plane. The vertical line YVM
is the vanishing line of the original vertical plane, ABCDN being the line wliere a

plane passing the eye of the spectator parallel to that plane would touch tlie plane

cf delineation. There will be as many ditferent vanishing lines on the |)lane of

delineation as there are diH'erent positions of planes in the object or objects ; and
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;ill parallel planes will have the same vanisliiiin; line. Similarly, all lines lyintj in

the same plane will have their vanishing ])()ints in the vai.ishin<; line of that plane.

All planes or lines m an original object which are situated parallel to the plane of

delineation can have no vanishing lines or vanishing points on the plane of de-

lineation.

16. A visual ray is an imaginary right line, drawn from the eye to any point of
observation. EA and EY, &c. are visual rays, being right lines drawn from the

eye to the points A and Y. Hence a number of visual rays directed to every jiart

of an object will form a pyramid of rays, whereof the eye is the apex, and the object

the base.

17. A perspective delineatinn, then, is the section of a pyramid of rays producing a
perspective projection, and is most commonly considered as being made between the

object and the eye. But the section of rays may be taken when they are extended
beyond the object ; in which case such a section is called a projected perspective re-

presentation of the object.

2407. It will then be seen that a knowledge of perspective is, as Addison has said, a

knowledge of " the science by which things are ranged in picture, according to their ap-

pearance in their real situation."

240S. The situation of the objects being given with the plan and position of the plane of

delineation and the height and distance of the eye of the observer, the delineation of such
objects is truly determinable by rule. The mechanical operations necessary for this pur-

pose form the subject of what follows. It is however necessary, before proceeding to lay

them before the reader, to premise that he must thoroughly study and understaiiff the pre-

ceding definitions before he can proceed with profit to himself, and we recommend a repeated

perusal of them until that be effectually accomjilished.

2-109. Example I. In Jig. 830., No. 1 ., we have the plan of the original object

ET5ADCF, whereof ABCD is a cube, and RCEE a double cube, that is, twice the height

ofC15.\D. GIj is the ])lau of the ground line ; S, the station point. Through S draw

XY jiarallel to the ))iane of delineation G L, and draw SG and SL respectively jtarallei to

the sides EA and AD of the united cubes ABCl) and Bt'FE ; and these produced to meet
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the ])lane of (k-liiieatlon will determine the vaiiisliiiig iioints ( Def. 14.) of the horizontal

lines AE and AD, and of all other horizontal lines i)arallel to them. Draw tlie line SO
perpendicular to GL, which line being the direction of the eye perpendicular to the plane

of the picture determines tiie point thereon to which the eye should be directly opposite to

view it when completed, showing also how much "f the object is on one side, and how much
on tlie other of the point of view. We have now to draw the visual rays SA, SI}, SE, SF,
SC, SD, cutting the ])lane of the picture or delim^ation in b, x, tc, c, amid; the point A of

the nearest cube touching, itself, the picture at that point. The preparation on tiie plan

is now completed.

2410. The picture (No. 2.) or plane of delineation is to be prepared as follows : — First

draw the ground line GL, and to such ground line transfer, by dropping verticals, the

points K.vhiacA and d. Above, and parallel to GL, at such convenient height as may be
necessary to show more or less of the up])er surfaces of the cubes or otherwise, as desired,

draw the horizontal line VZ ; mark on such horizontal line the point O, to which the eye
is supposed to be perpendicularly opposite for viewing the delineation when completed.

All the other preparations are obtained from the plan, and may be obtained as follows : -—
First set off" on the horizontal line VZ the points V and Z, which are the vanishing i)oints

of the sides AE and AD respectively. As A, the nearest angle of the object, touches the

plane of delineation, it is manifest that a line vertically drawn from that point will be of the

same height as the object itself, that is, as the figures are cubes, equal to Ali or A D in tl.e

plan No. 1. Take, therefore, AB No. 2. of the height required, and draw the lines 15V
Hud AV, also AZ and I}Z, which being crossed by verticals carried up from xhwcd will

determine the points ke and / at the bottom, and in /and /( at the toj), and pij and r in the

part where the cube is double the height. Drawing AV it is intersected by the verticals

from the visual rays at c and w, cutting in (/ and n. The line KK forms another line of

heights, if desired, for finding the height Fi; ; indeed, by continuing any line liC (No. 1.)

to K, intersecting the picture, a line of height may be obtained. The rejiresentation of the

cube marked A will be understood without difficulty, if what has preceded be well com-
prehended. As by Definition 15. we have seen that all planes or lines in an original object

situated parallel to the plane of delineation have no vanishing lines or points in the plane

of delineation, so two of the sides of the cube will be bounded l)y horizontal and vertical

lines, inasmuch as those sides lie parallel to the plane of delineation. The vanishing points

for the other lines will of course be found in O, which passes through the picture at right

angles to it from S, the station jioint.

2411. Example IL To find the representation of a quadrangular building, situated

iiiclined to the picture, covered with a single spaimed roof, having a gable at each end.

2412. Let the rectangle AHCD (No. 4.) (///. 831.) be the plan of the building, the

line EF will be the place of the ridge of the roof extending from end to end. Let the line

Q.L be the place of the plane of delineation, and let S be the station point.

241 ;{. Find O the centre of the picture, also the i)oints Q and L, the vanishing points

of the lines AB and AD, and their parallels, by lines drawn from S parallel to such lines,

and intersecting the picture. Produce the face of the building AD to 1 for an intersection

with the picture, and draw the visual rays intersecting the ground line of the ])icture

in the points beaf and d. These need not, however, be drawn beyond the plane of

delineation.

2414. Prepare the picture (No. 5.) by drawing the horizontal and ground lines VZ and

GR at any distance from each other at pleasure ; fix upon the centre of the ])icture O, and

draw the vertical line OO; set off the distances of the variishing points OV and OZ, e(]ual

the distances o the vanishing points OQ,and OL in No. 4. Draw the intersecting line

JL(\o. 5.), and all the visual lines, through the points beaf and d, taken from their

respective i)laces and distances beaf and d (No. 4.), and proceed as follows: —
241.5. {)n the intersecting line IL (No. 5.) set up the height IK e(]ual to the height of

the building HC or HG (Nos. 1. and 2.), and draw the lines KZ and IZ, determining the

plane (/mop for the front of the building. Draw the lines mX and </V, determining the

end of the building ghiin. It now remains to place the roof, which is readily done, but

which, however, requires some circumspection in the jirocess.

2416. Place the height of the roof XD (No. 1.) on the intersecting line at IL (No. 5.),

and draw LZ, which will give the height of tlie roof on the angular line of the building gni

at r ; from which spot it may readily be transferred to its pro])ei- place in the visual line eli by

the line rV, which cuts the line ek in the point k, the ))oiut re<|uired. Frjm the point k

draw the lines ki and km, completing the gable end of the building. Draw the ridge of the

roof /;Z, cutting the end visual line, in the ])()int n; and lastly, draw the line no, completing

the whole linear delineation of the building ///(//(ho/i. It is to be observed, that whatever

original i>lane is produced to the picture to obtain an intersection, such intersection

serves only to obtain heights in the direction of that plane ; whence ihey may be transferred

to other planes in contact with it, as in the present instance. The intersecting line 1 L

(No 5.) is the intersecting line of the plaiio yiiiup \ hence any original heigl t set up
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thereon can only be transferred throughout the direction of that plane. Thus the helj;lit

of the roof IL was transferred by the line LZ along that plane to its other extremity x ;

but the line rs is not the jilace of the ridge of the roof wliicli lies in the middle of the

l)lane (//ti/im, jiroceeding from the jjoint k ; but any height on the angular line pr is easily

transferred along that i)lane by means of its horizontal vanishing jjoint V, by which means

the height of the roof was obtained by the line rV at k. If, instead of the plane over the

line AD (No. 4.) being produced for an intersection, the plane of the middle of the house

in the direction of tiie ridge of the roof had been drawn, and the height of the roof had

been set uj) on that line, it would at one application he transferred to its jjrojjer jjlace.

'2417. Let the line VE (No. 4.) be produced to P for an intersection, set off the distance

OP at OP (No. 5.), and draw the intersecting line PR. On PR set up the height of the

ridge of the roof equal XD (No. 1.), and d)aw the ridge line RZ, and it determines the

exact ridge of the roof between the proper visual lines, and will be found to correspond

exactly with the ridge obtained by the former process.

2418. The roof may, iiowever, be found by another process, thus:—The slant lines of the

roof have their vanishing points on the picture as well as any other direction of lines in the

same object. The line km (No. 5.) being in the vertical plane yliihm, will have its vanish-

ing points somewhere in the vanishing line of that jilane. (l)ef 15.) A vertical line

drawn through the horizontal vanishing point V will he the vanishing line of the plane

(/hikm; therefore the vani^hing point of the lines km, hi, and of all lines parallel to them,

will be somewhere in the vertical GVXQ.
2419. Two lines drawn from the eye jjarallel to any two lines in an object, finding their

vanishing points, will make the same angle at the eye as the lines in the object make with

each other ; for the two lir.es in the one instance are respectively parallel to the two lines

in the other.

2420. The line SQ is drawn from the station S parallel to the line AB (No. 4.), .and a

line drawn from the station S, making the same angle with SQ as ED does with EC,
(No. 1.), will find the vanishing point of the line ED, and this point must be evidently

somewhere in a vertical line through the point Q,. 'i'o obtain this point in practice, take

the distance of the vanishing line it is in, that is, the length from S to Q in the comi)asses,

and set off the same in the horizon (No. 5.) from V. to W. .At the point V\' make an angle

VWX equal to the inclination of the roof, that is, et^ual to the angle CED (No. 1.), and
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proiluce tlie line till it intersects the vertical line through the vanishing point V in the
horizon in the point X. The point X will be the vanishing point of the line of the roof A«(

(No. 5.), and of the line 910, parallel to it. The slant lines of the roof km and ?io, already
obtained, will, on application of a ruler, be found to tend to the point X, as above stated.

24'2 1 . In the same way the line of the roof ki ( No. 5. ) will also have its vanishing point,

and in the same vertical line GVQ. It will be found to be as much below the horizontal
vanishing point V as the point X is abuve it. (Def. 14.)

2422. Let the line AB (No. 6.) be the line of the horizon, and CD the vanishing line of
a vertical plane, being the gable end of a house, and let the angle ABC be that of inclina-

tion, finding the vanishing point of the slant lines of a roof in one direction. Let the
line BD be the line, finding the vanishing point of the slant lines in the other direction,

having the same inclination to an horizontal line; then the angle ABD will be equal to

the angle ABC, and the distance AD equal to the distance AC.
2423. Example III. To find the representation of a quadrangular building situated

inclined to the picture, covered with a single hipped roof.

2424. Let the quadrangle GDHK (No. 7.) be the plan of the building ; the line MN
v/ill represent the ridge of the roof The former line QL may be the place of the plane of
delineation, and it may be viewed from the same station S. The position and direction of
the lines of this object being the same as those of the last example, the preparatory lines

will also answer for this. We have then only to draw the visual rays MS, NS, CS, PS,
and KS, intersecting the picture in the points ?«, n,g,p, and k, and to produce the line DG
for an intersecting point at II.

2425. Prepare the picture (No. 8.) ; let the line VZ be the horizon, GR the ground
line, O the centre of the picture, and the points m, n, f/ p, and k coresponding with
m, 71, p,p and k. (No. 7.) Draw the visual line lines through those points and the intersect-

ing point R, and proceed as follows ; —
2426. On the intersecting line IIE set up the height RT, equal the height of the

object HG (No. 2.), and draw the lines TV and RV, cutting the visual lines of the front

of the bulding in the points z and o,y and p, determining the plane ypoz for the represent-

ation of the plane of the front. From the angular points z and y draw the lines zw a«d yx
to their vanishing point Z determining the plane yzw.r for the end of the building.

2427. On the intersecting line set up the height of the roof TE equal the height NK
(No. 3.), and draw EV cutting the angular visual line of the building in the point e, from
which point draw the line ez, cutting the visual line pa in the point a, the point of direction

of the ridge of thereof. Draw the line a V, which, cutting the visual lines througli the points

m and n in the points t and t>, determines the exact position of the ridge of the roof tv, which
is the representation of OP (No. 3.), or of the ridge MN (No. 7.) ; draw the lines to, vz,

and vw, which will complete the whole representation required. In No. 8., if the lines

az and aw be drawn, they will form a gable end yzatvx, of which the point a is the point of

the gable, and will answer for the direction of the ridge, whether it be a gable end or a
nipped roof, for in both cases it lies in the middle of the breadth of the house ; wherefore
the line «V answers as well the edge of a hipped roof as of a gable end.

2428. In examining the plans (Nos. 4. and 7.) of the two buildings, it will be seen that

they are placed at right angles to each other, and in contact at the point D, so that the

second example might have been easily accomplished from the first, without the aid of

another intersection and other preparatory lines, than the additional visual rays from tlie

angles, which the student will have surely no difficulty in carrying through, without the

necessity of encumbering these pages with the detail.

2429. Example IV. In fig. 832. No. I. is the general plan of a church similar to

many country churches. ABCD is the main body of it; EF'GH its tower; IKLM and
MLNO subordinate parts of the building, and abed the porch. No. 2. is its geometrical
elevation; the ends and measurements, AB and BC, answering to IM and MO in No. 1.,

and the points of the roofs D, E, and F. (No. 2.) answering to the lines of the ridges

QR, TV, and PL, No. I. To find the perspective representation of this building on the

plane of delineation YZ, the station being at S, the following is, perhaps, the readiest

process.

2430. Find the vanishing points Y and Z of the horizontal lines of the building by the

lines SY and SZ being drawn from the station parallel to tliem. O is the centre of tlie

picture. Draw the visual rays from the visible angles of the object in direction to the

station S, to intersect the plane of delineation.

2431. When a complicated object, that is, one composed of many parts, is to be drawn,
it requires, of course, a great number of visual rays for the precise determination of those

parts, and the whole together forms an apparently confused number of lines. The eye,

however, which views them properly, does not perceive that confusion ; and, if it perplex

the student, different coloured inks, or of different shades of de])th, may be used to ])arti-

cularisj ditferent jjarts. In the delineation of such an ol)ject as the jjrescnt exam])le, the

most lnq)ortant consideration is the choice of a proper interficction ; for tluiugh any inter-
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section will do, lliat slioiikl he chosen which unites most parts hi its direction with the

gre;itest exactness and the least tr()ui)le. In the case under consideration, none seems
more eligii>le than the direction of the roof PLM, which produce to AV.

2432. In the picture No. 3., GL is the ground line, G^' the height of the horizon,

the line VX being then the horizontal line. O in the horizon is then the centre of the

picture, from which, place the distances of the horizontal vanishing points OV and OX
equal OY and OZ, No. 1. AB (No. 3.) is the intersecting line, and all the visual lines

on the plane of delineation are drawn conformably to their intersections on the ground
line in the plan. On the intersecting line the height AC is made equal to the height AG
of the elevation No. 2. ; and the lines Cc and Aa, being drawn in direction to the vanishing

point V, determine the height ac ; being the height of that i)art of the building on the visual

line answering to the ray from the i)oint i\I in the plan No. 1. Tlirough the points a and c

draw the lines de and hf to their vanishing point X, determining the plane hdef, the repre-

sentation of the plane AGHC, No. 2.; the visual lines bd and /e answering to the raya

from the points I and O in the plan. Draw the lines dh and hg tending to their vanishing

point V, to the ray from K in the plan completing tlie ])lane bghd. On the intersection

make the height AY) equal to the height of the roof NE of the elevation No. 2., and
draw Di in direction to V. Through / draw the line kl to the vanishing point X, touching
the visual lines of the roofs in the points k and I. Draw the lines km, mh, kd, kc, Ic and le,

which will complete the whole of the structure over the plan IKNO, No. ].

2433. The height of the roofs of the low buildings is equal to the height of the

upright walls of the body of the building, as shown by the line PR in the elevation No. 2.

;

hence, the line mo, and the return line on, may be drawn to the visual lines corresponding

with the intersections from the angles A and R of the plan From tiie angle p the line gs

may also be drawn, which will determine the lines sr, rt, and tp of the porch. Make -AE
on the intersection equal to the height of the roof BF in the elevation, and draw the line

EV determining the ridge of the roof between the two visual lines from the points P and
L of the plan. Draw the lines of the gable end ro and vz, the point z being obtained by
tlie line om drawn to its vanishing jioint X, cutting the visual line from the angle D of

the plan in the point z.
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2434. Make AG and AF on tlie intersection equal to tiie heights of the tower BO andBM of the elevation, and draw the lines GV and FV cutting the visual line from P in the
plan, in the points a and b ; through which points draw tlie lines ac and ef to their vanish-
ing point X; and the lines cJand ry to their vanisliing point V; the points ^, e, and /bein^
In the proper visual lines from the angles of the tower F, E, and H in the plan. The
tower will he completed by drawing the lines ih/, de, ae, and af.

2435. This example elucidates tlie general practice of vanishing points, which are as well
to be obtained of other positions of lines as horizontal ones. It is not always that the
vanishing points of inclined lines are required, but they are often useful, and 'sometimes
absolutely necessary. In the geometrical elevation No 2. the lines MO, PF, GD, IE are
all parallel lines, as also are the lines OV, FIl, EH, and DI, and though situated in dif-
ferent, yet they are in parallel planes, and will therefore liave a common vanisliing point.A line drawn perpendicularly to the horizon through tlie vanishing point X (Jig! 3.), as

.
LQ, will be the vanishing line of the plane of the end of tlie church over the line lo of the
plan, also of the end of the body AD, likewise of the side of the tower EH ; and a line
drawn through the point V (No. 3.) perpendicularly to the horizon, as GM, will be the
vanishing line of the planes over the lines (No. 1.) IK, AB, ab of the porch, and FE of the
tower, and all lines in those planes, or the boundaries of those planes, will have their
vanishing points somewhere in those vanishing lines.

2436. To obtain the vanishing points of the inclined lines of the roofs and tower, take
the distance of the vanishing point Z from the station S in the comjj.-isses, and apply it on
the horizon from X to H. At the point H make an angle witii the horizontal line equal
the angle of tlie roofs aVc (No. 2.); the curve Kl and the distance of it from tlie centreH being equal to the curve ac, and distance of it from its centre P: then is the angle KHI
equal to the angle of the roof aVc (No. 2.). Produce the line HK to Q ; Q wiTl be the
vanishing point of tlie line ea of the tower, also of the jiarallel lines or, dk, and cl, which,
though obtained by a different process, will all be found, by application of a ruler, to tend
truly to that point, as is shown by the dotted lines in the example. Proceedin"- in the
same way with the distance of the vanishing point Y from the station S, we obtain the
vanishing point of the same inclination of lines in the other planes of the object. Take the
length SY in the compasses, and set it off" on the horizon from V to N. At the point N
make an angle INT on the horizon e()iial the angle KHI, that is, equal the an'rie of in-
clination of the roof aVc (No. 2.). The line NT produced to M in the vanisliing lineGM will be the vanishing point of the line de of the top of the tower, also of the lines w3
and 1/3 of the porch (the inclination of the roof of the porch beii.g the same as the other
roofs of the body of the church), as shown by the dotted lines in the example. The
walls of the porch are obtained from the height AP on the intersection, ecjual the height
AT, No. 2., P/H being drawn to the vanishing point V, and iiin to X, give the lines m5, 53,
and 32. We may observe that the inclined lines of, le, he, and vz have a common vanish-
ing point, which, if required, may be obtained ; it will be in the same vanishing line with
the point Q, and as much below the horizontal vanishing point X as the point Q is above
It. to which point, were it obtained, the lines already drawn will l>e found exactly to tend. It
is seldom absolutely necessary to have both those points; in this instance one only of them,
the point Q., is obtained, which answers every end required of both ; for, supposiii"- it were
left to that vanishing point for finding the inclined lines, the visual lines being drawn, and
the heights of the u])right walls being found, the line dli being d'awn in direction to the
vanishing point Q determines one side of the gable end at the visual line in the middle ;

the other is accomplished by joining the points k and c together. So of the other gabli^
d being drawn, le is also had by joining together the points / and e.

2437. To complete the whole, draw the line xq on the tower from the point x to the
angle of the tower, in direction to the vanishing jjoint Q; then draw the lines qh and vh to
tiieir proper visual lines and vanishing points V and Q. The putting on of the spire re-
(luires some consideration, and in it we must proceed with some thought and care. The
base of it is intended to be a regular octagon. If the two external lines in the geometrical
elevation of the spire be continued till they touch the sides of the tower, as is done at K
and L (No. 2.), and an octagon be there constructed, extending the square of the tower, it

will be the base of the spire. Set up the height of the spire BW (No. 2.) on the inter-
section (No. 3 ) at B ; also the height of the base line KL at K, and draw the lines BVand
IIV

; the first, cutting the visual line through the centre of the lower in the jwint O, de-
termines the height of the spire ; the other, cutting the tower in the point u, determines its

base. Through tlie point u draw a line round the lower, and find the points of the oct.-igon
in the midtlle of each face of the tower, to which let lines be drawn from the top O, and
the whole will be completed, as shown in the example.

2438. Thus have we gone through the process of finding the representation of rather a
complicated object with as little confusion of lines as possible ; but one thing succeeding
another, and each being required to remain for the student's observance, the whole
unavoidably becomes intricate. Indeed, it is not now so perfectly executed but that
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somethiug remains for the student to complete, wliicli must result from his own study or

occupy more space than all we have already written on it. We allude to the intersections

that take place at the lodgment of the spire on the top of the tower, to elucidate which it

is drawn to a larger scale at No. 4., the mere inspection Avhereof will convey a full and,

we hope, satisfactory idea of what we advert to. The student has heen left to complete

the base of the octagon, a process so simjile that we cannot, if he retain what he has read,

believe he will find difficulty in accomplishing, either by visual rays or other .vise. It is

next to an impossibility to describe intricate matters like these so as to leave nothing for

the exercise of the reader's judgment; for, however copious the instruction, there will

always remain sufficient unexplained to keep his mind in action, and aHbrd him the oppor-

tunitv of exercising his own ingenuity.

24:59. Example V. In fit/. 8:53. the object<! X and Y ar^^ plans of columns with bases

Fi(!. S3.1.

and capitals, whose general forms are shown at X and Y (No. 1.). YZ, as before, is the

plane of the picture, S the station jjoint. The picture, as previously, is prepared with the

vanishing points VZ, and the ground line GL. OO is the central line of the picture, and

BA, BA are, it will be seen, lines of height.

2440. In the S(]uares X and Y the dotted lines show the diagonals and boundaries of

squares inscribed in the circles, by which so many more Hues are gained for obtaining the

curves which the circles form in the perspective representations. The visual rays are

drawn as in the preceding examiiles, and transferred to the picture, the process being, in

fact, nothing more than making scjuares following the profiles, which, at the different

heights, guide the formation of circles within and around tlieni, of which the upper ones

only, for preventing confusion, are shown in the perspective representation. In each

series, the extreme width of the appearance of the circle may be obtained by visual rays, as

at /-, /., /;.

2441. At Z and z (Nos. ;?. and 2.) are the plan and elevation of an arcade, from which

it will be seen that the principle of inscribing squares and diagonals is equally applicable

to the vertical representation of circles. Presuming that we have sufficiently described the

diagram to enable the student to proceed in drawing the examples at large, we sliall now

submit an example of general application.

2442. Example VI. In jir/. 834. YZ is tlie j)lanc of delineation, and the plan of the

building, with its projections, roof, and chimneys, is shown in No. 1. In practice, this is ge-

uerallv made on a separate drawing board, to enable the draughtsman to make his perspective
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outline without injury from constantly working over the paper. Here tlie vanishing points

are too distant to be shown on tlie diagram ; but the reader, from tlie tendency of the

several lines, will easily find where they lie. In the same manner, he will find whereabout

the station point is placed. B A, B A, B A, No. 2., are lines for the transference of the heights.

The projection of the cornice is dotted round the leading lines of the building on the jilan.

The rest of the figure cannot fail of being understood and put in practice by the student

who has made himself master of the preceding examples.

2'H3. We shall now turn to a point whereon much difTerence of opinion has prevailed,

namely, the adjustment of what may generally be coi.sidercd the best angle of vision, within

which objects should be seen to obtain the most agroable representation of them. For as

this angle is enlarged or decreased by viewing the objects at greater or less distances, their

appearance will vary, and their delineation, in consequence, be affected thereby, and dis-

tortion of the objects will be the result.

2'144. By the angle of vision or angle of view is understood the expansion of the lines

proceeding from the eye, by the two extreme visual rays

embracing the whole extent of the view, and this whe-
ther it consists of one object or of many. Let A (Jig.-

83.5. ) represent the plan of a piansion ; let B be the

outhouse contiguous to the mansion, and let the places

of trees be at CCC and DDD. Let S be the station

or point of view from which the whole is seen. Con-
sidering the mansion A as a lone object, the extreme

visual rays Sa Sb form at the eye the angle aSb; then

aSh is the angle of view under which that object is

seen, Sn and Sb being the two extreme visual rays cm-
bracing the whole extent of the object. Again, if the

outhouse B be taken as a single object, then will the ex-

treme visual rays cS and dS form, at the eye, the angle

cSd, being the magnitude of the angle under which
that object is seen. So of any object, the visual rays

that emi)race its whole extent form the angle of view
under which it is said to be seen. It is then mani-
fest that the angle of view will be either large or small, as the eye is near to or remote from

the object. Suppose both the objects A and B are to be taken into the view, with the ad-

FlR. 83*.
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dition of the trees to their right and left. Let visual rays be drawn from the trees on both

sides to the station S. The angle CSD is the angle of view under which the whole extent

is seen, and the rays CS and DS are denominated tlie extreme visual rays of the view.

24^5. Objects may not only be placed too near the eye for comfortably viewing them,

but they may be so nearly placed to the eye as to give it pain. The eye only contemplates

a small portion at a time ; it is only by its celerity and continual motion that it becomes

perfectly sensible of a whole and of the many forms whereof it is composed. But when an

object, or many objects, widely extended, are placed too near, the traverses of the eye in

viewin"- the whole become painful. Every one must have experienced that this is so, and

why so we must leave to others to account for. • When the eye is removed to an agreeable

distjince, the extent of the view to be delineated is at once seen without turning the head to

one side or the other, so that all the objects are at once comprehended.

244G. In taking a view, the turning of the head is to be avoided. The view should on

no account comprise a greater extent than can be taken by a coup d'ceil, or than can be

viewed by the traverse of the eye alone; and this necessarily confines the extent of that

with which we have to deal, and brings the angle of view within certain limits. What the

eve can contemplate without trouble it views with pleasure, and beyond a certain extent

the eye becomes distracted.

2447. Smallness of object lias no relation to the angle of view ; a die, or the smallest

possible object, may be brought so near the eye as to give pain in looking at it, and a large

extent of view may be contemplated with as much ease as a small one, by merely placing

the laro-er one at a greater distance. If the place of the plane of delineation be at FG,

then FSG will be the angle of view. If a section of the same visual rays be tatcen at HI,

then HI will be the extent of the picture, and the augle HSI is the angle of view ; but

the an"-les FSG and HSI are the same, therefore the eye views both with e(]ual satis-

faction : but in this case one must be placed, at the distance SO, and the otiier at the

distance SP.

2448. The attempt to select an angle suitable to all the cases that may occur, as the best

au'i-le of view, would be as vain as it would be absurd. Difierent subjects require different

treatment. External subjects dificrfrom internal ones ; and the last from each other, accord-

in"- to circumstances. Some authors on the subject have laid it down as a rule, that the

greatest distance of the eye from the picture should not exceed the width of the picture

laterally, which makes the angle of view about 53 degrees; others have insisted that tiie

distance should be less, requiring that the angle of view should not be smaller than

GO degrees ; and others allow of a still larger angle. The elder Malton, and his son, to

whom we are indebted for all that is valuable in this section, and whose (both of them)

experience in the matter was very extended, advise that the angle of view should never

exceed from 53 to 60 degrees ; the former recommending an angle of 45 degrees as the

best, because neither too large nor too small. The elder Malton advises to keej) between

the one and the other, that is, not to let the angle of view exceed 60 degrees, nor be less

than 45, the first being likely to distort the objects, and the last rendering them too tame

in the outline. We can add, from our own experience, that the advice is sound ; for

thoun-h, under very particular circumstances, it may be necessary to use a larger angle of

view than 60 degrees, such a case does not frequently occur. INIuch must always be let\

to the discretion of the artist in respect to points which are to guide the angle of view he

adopts. After a little experience, he will find that angle best suited to the circumstances

under which his drawing is to evhibit the object or objects.

2449. Example VII. The principles upon which we delineate any of the interior parts of

a building are in no wise different from those used for the representation of their external

views, for it is of course immaterial whether we represent the external faces of their sides, or

those which form their internal faces ; the only difhculty which arises in making an internal

view beinT that which arises from the inability, on account of the restricted distance under

which they are in reality viewed, of placing the station point at such a distance as to take

in a sufhcient quantity of the objects to be represented. A person placed in a room can

of course onlv see the whole of one and part of another wall ; in short, in every direction

he cannot see comfortably more than, as we have above mentioned, forty, or, at the most,

fifty, degrees of the objects around him. On this account, and for the purpose of showing

more than in reality can be seen, it is customary, and perhaps justifiable, in order to give

a more comprehensive view of the interior to be delineated, to place the station point of the

spectator out of the room or place, supposing one or more of its sides to be removed. This

is, in fact, a delusion, as is every view of an interior possessing any merit that has come

under our notice. But for picturesque delineation, it is not only one which is necessary,

but one without the practice whereof no satisfactory representation can be given of an in-

terior whose dimensions are not very extended. Tlie section whereon we are now engaged

is not supposed to be a treatise on Perspective, but merely a concise developement of its

principles so as to give the reader such a general knowledge of the subject as may enable
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liim to pursue it, if he please, from the hints it affords. With this apology for not prf>.

ducing to him a more complicated, though not less useful subject, we proceed.

24,30. Fig. 836. (No. 1.) represents the plan of a staircase one third the size used for the

purposes of the delineation ; YZ (No. l.)is the plane of the picture, O is its centre. I'loiii

the data, therefore, there will be no difficulty of obtaining the vanisliiiig points of tlie sides

Yn and ah. The diagram is not encumbered with the visual rays necessary for the deline-

ation, which we are to suppose drawn and transferred to their proper places on No. .'>.,

wherein HH is the horizontal line. No. 2. is a longitudinal section of the staircase, wherein
are shown tiie rising and descending steps, and the dotted line cd gives the section of the

vaulted ceiling over the staircase. It will be immediately seen that the ends of the steps

will be determined by visual lines, notwithstanding the ascent and descent of them, because

either is determined by referring to any lines of height, which may be obtained from the

plan and section, by which the portions seen of tlie liii^hts will be immediately foinid and
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transferred to tlieir respective jilaces on tlie picture. Witli these observations we leave the

diagram for the exercise, on a larger scale than heie given, of the ingenuity of the student.

2-151. Example VIII. The last perspective example, to be submitted is that of a cornice-

I
' A a ! .r ^ uWd fi

\ \ r

No. 3.

{^Jig. 837.), wherein the contrivance of the elder IMalton is uSL'd for finding the places,

of the modillions and the other parts.

2452. Let EM, FN, GO (No. 1.) represent the angles of a building in persjiective,

LMNO being the lower horizontal line of tlie cornice, \\ hose geometrical elevation and
orofile are shown in No. 2. Make jMQ. equal to mq the depth of the cornice, supposing

the edge EQ, to be in the plane of projection ; draw PQllS, &c., the lines of the top of the

cornice, to their respective vanishing points. Make QT, QT in IIQ, PQ, ]m)duced equal

to the perspective projection of the cornice qt. Then place the depths of the various

mouldings along MQ, and fix the lengths of their projections on the lines drawn to tlie

vanishing points tiirough those in EQ,, an operation which may be nuicli facilitated by
drawing MT, MT', by which, in many l)laces, the points of the mouldings are at once

determined, as in the case of the top and bottom of the fillets of the ovolo ; and very often, if

tlie drawing is not on a very large scale, mt and its perspective images MT, MT, &c. will

enable the eye to proportion the mouldings. Thus the perspective projections MQT,
IMQT' of the sections of the cornice by the planes of tiie sides EN, EL, su])posed to be

prolonged or extended, may be found ; and it is manifest tliat lines through the points

of these sections to the proper vanishing points will give the per.sjiective forms of the cor-

nice mouldings as they would ajipear.

2453 The lines found will by their intersections supply the mitre MQU; but where
the scale is large, it is better to obtain mitre sections at each princij)al angle of the building

as shown by the lines ]MQU, NllX, itc. The planes of the mitres form, of course, angles

of forty-five degrees with the sides of the building itself, consequently the vanishing points

of QU, RX, &c. may be found by bisecting perspectively the right angles found, or by
drawing on the plan lines parallel to the diagonal lines or mitres from the station point to

intersect the picture. If these, indeed, are found in the first place, there would be no
necessity to draw the scjuare sections ]\IQT, MQT', inasmuch as lines drawn from the

mouldings intersecting the mitre sections to the vanishing points will at once form the

perspective representation of the cornice. In practice, this is the usual mode of proceeding,

because a skilful draughtsman can pretty well proportion by his eye most mouldings as seen

in perspective ; but where great accuracy is required, the method of proceeding by square

sections is recommended, because, from the great foreshortening of the diagonal line, the

smallest inaccuracy of intersection on it will cause very large errors in the mouldings.
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When the diagonal stctions alone are used, it is clear that the geometrical profile, No. 2.,

will not be the same as that formed by tlie oblique section of the cornice : this last must
therefore be obtained from a plan and elevation of the mouldings as shown in No. 3.

^4,54. Instead of finding the square section made by the plane FNGO at tlie angle OG,
it may be drawn on the plane TQM, wliere it is more readily found by producing the lines

thereby the section TQ,.M was obtained; so the lines T'T", MO" are set out in per-

sj)ective equal to the projection of the break of the building ON: moreover by the line

'l'"0" we may obtain the mouldings of the cornice on the face of the wall GH as produced

^ or prolonged to T"0", and conversely

the cornice in perspective may be drawn
from this imaginary section, if it be pre-

viously found. Where vanishing points

are at an inconvenient distance in draw-

ings, a mode may be adopted to obviate
Fig. 8.17. a. tlie inconvenience, the principle whereof

is this. Let A (Jig. 8J57 a ) be the vanishing point, CDB a segment
of a circle whose centre is A; then if CB be bisected in D, AD will be *'" *"''• ''"

a vanishing line for such bisection ; and if CD be bisected, and a ruler applied to join CD, it

will, hy the application of a square on CD, give the vanishing line for the new bisection.

Fig. 837. h.

iJ.W. Our next rare is to find the vanishing point of the raking mouldings, which may be found from what
hasalready been said, and a perspective section must he made of these moukiings by menns of any vertical plane
where must convenient; but the best place is through the apex of the pediment, wliich, as it could not, for
want of room, be done in the present e.'iample, is taken through the Ime uu. No 2., passing through the ex-
tri'me lelt angle of the tympanum of the pediment.

iihCi. As the mouldings oi^the pediment (Jiti. S37.) here are of the same depth and projection as in the hori-
zontal pans, they will nut, when inclined, comeide with the diagonal section of tlie horizontal coriiic e at Oti;
hence tliat section, if found in perspective at OS, canimt be used for drawing tlie perspective represeiit.itiim ot
the pediment cornice, except for the bead or fillet above the corona, which, from the construction of the
pediment, will coincide at this mitre, as we may see in No. 2 ; whence it may also be seen that the point x
does not coincide with /. X'j- cannot, therefore, in the perspective represen atioii, be drawn through X, the
P'lint answering to t in the diagonal section NKX. OO' in the line OH is to be made in perspective equal
to 7)10, No, 2., and the whole depth oo, and those ol the several mouldings on the oblique section, being set
U)]on EQ produced, they are to be transferred to GO' by means of the vanishing points. The distance O'l
is the perspective distnnce of the projection nt of the cornice as before, and is most readily obtained from the
section 0"T", which is transferred to the plane O'l, and will Lie easily comprehended from the tigure; the
qu.antity of projection of each raking moulding of the pediment is equal to that of the same moulding where
horizontal. Thus the perspective representation of an oblique section made by a plane passing through oo.
No. 2., is obtained, and the inonldings are then draivn to the vanishing point through the various points, the
line IX' cutting 'l'"X in the point corresponding to *, No. 2. As to the modillions, their representations are
found with less contusion by planning them apart and using visual rays; but if no plan is used, the following
method, invented by the elder Maltoii, may be adopted:

•J4.'i7, Draw BC, the lineintersectmg the'plane of the sofite of the corona, Nos.2. and 3., through thepropef
point X in MQ at right angles to it, and draw xy to the vanishing point. Produce the line corresponding lo A in
No. 3. to A in xy, and transfer A to 1 in BC, so as to be proportional to it in respect of the whole extent.
Then set off the proportional widths and intervals of the modillionj, as shown on Nos. 2. and 3. on BC, and
transfer them bv means of the same proportioning point by which z was transferred to 1 ; and from the
poinis 2, 3 4, 5, 6, &c. in xy thus obtained, draw on the perspective of the sofite hy the use of the vanishing
point the lines representing the tops of the modillions corresponding to 2, 3, 4, &c.. No. 2. The cymatium
round them and the inner angle of the sofite inay be drawn by the eye, or where great accuracy is required,
the mitre or diagonal sections miy he determined as for the principal
mouldings already desciibed. At the backs of the modillions the
verticals are to be determined either by means of visual rays from a
I'lan, or through the medium of intersections of tlie perspective lines
if the upper parts of them on the sofite, which is as much as can be
requisite for guiding us to a correct delineation. The same process is

lo be used for the modilliims on the other sides.
The following is an easy method for dividing vanishing lines in

perspective. Let AB, CI) be the perspective representation of two
pa'allels, no m.itter in what plane. It is required to divide the given
portion of /^B on one of them so that its parts shall be the perspective
representation of equal portions of the real line (or in any assigned
ratio). Draw BE parallel to CD and equal to AB, and divide It into
the required number of equal parts or of parts in the desired propor- "•'« »>'•»

lion bepmning at E. Join AE and produce it to meet CD in F. From F draw lines to each of the points
of division TQIIS of the line AE, and they will cut AB In the required points of subdivision p q r s.

Sect. III.

2458. Sciography, or the doctrine of shadows, is a branch of the .science of projection,

ard some preparation has been made for its introduction here in Sect. VI. Cliap. I. (1110.
et. seq.) on Descriptive Geomelrj', which, if well understood, will remove all difficulty in

comprehending the subject of this section.

2459. The reader will understand that in this work, which is strictly architectural, the

only source of light to be considered is the sun, whose rays, owing to his great distance,

are apparently parallel and rectilineal. It is moreover to be premised, that such parts ol

any body as may be immediately opposed to the rays of light arc technically said to be in
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light, and the remaining parts of such body are said to be in shade. But wlien one
body stands on or before another, and intercepts the sun's rays from the latter, which
is thereby deprived of the action upon it of the rays of light, tlie part so deprived of the
immediate action of the light is said to be in shadow. It seems hardly necessary to ob-
serve, that the ]5arts of any body nearest the source of light will be the brightest in

appearance, whilst tliose furthest removed from it will, unless under the action of reflected

light, be the darkest.

2460. It has been the practice, in architectural drawings, to represent the shadows of

their objects at an angle of forty-five degrees with the horizon, as well on the elevations as

on the plans. The practice has this great convenience, namely, tliat the breadth of the
shadow cast will then actually measure the depth of each jirojecting member which casts

it, and the shadowed elevation may be thus made to supply a ])lan of the external parts of

the building Now, if in the elevation the shadows be csst at an angle of forty-five degrees,

it will on a little consideration be manifest, that, being only projections of a more length-

ened shadow (for those on the plan are at an angle of forty-five degrees), the actual shadow
seen diagonally must be at such an angle as will make its projection equal to forty-five

degrees upon the elevation ; because all elevations, sections, and ])lans, being themselves
nothing more than projections of the objects they represent, are determined by perpen-
dicular, horizontal, or inclined parallel lines drawn from tlie

points wliich bound them to the plane of projection, and simi- ^ F
larly, a shadow in vertical projection, which forms an angle of ..-' L'x- •-

'
•

f.)rty-five degrees with the horizon, can only be the representa-

tion on such ])rojection of an angle, whose measure it is our
business new to determine.

2461. In the cube ABCDEFGII (/.9. 838.) the line BD,
forming an angle of forty-five degrees with the horizon, is a

j)rojection or representation of the diagonal BII on the ver-

tical plane ABD ; and our object being to find tlie actual angle

AHB, whereof the angle ADB is the projection, we have the

following method. Let each side of the cube, for example, p,,, ^jg
n= ] 0. Then (by 907. ) A D-' + DH'^ = A H-'.

That is, 10 X 10+ 10 x 10= 200= AU'^, consequently AH = 14-142100.
As 15A II is a right angle, we have by Trigonometry, using a table of logarithms, —

As AH ( = 14-14142100)' or Ar. Co. Log. . 9'«494850
To tangent 45"

. . . . 10-0000000
So AB (=10-00000000) log. . . 1-0000000

To tangent of angle FnB = 35° 16' . =9-8494850
The angle ABH is therefore 54° 44'.

Hence it follows, that when shadows are projected on the plan as well as on the eleva-

tion, at an angle of forty-five degrees, the height of the sun v/hich projects them must be
35" 16'.

2462. It is of the utmost importance to the student to recollect this fact, because it will

l)e hereafter seen that it will give him great facility in obviating difficulty where confusion

of lines may lead him astray, being, in fact, not only a check, but an assistance in proving

the accuracy of his v/ork.

2463. We now proceed to submit to the student a series of examples, containing the

most common cases of shadowing, and which, once well understood, will enable him to

execute any other case that may be presented to his notice.

2464. In /?f/. 839. we have on the left-hand side of the diagram the common astragal

fillet and cavetto occurring in the j^

Tuscan and other pilasters, above in /-^
|

V
elevation and below in plan. The i- I I " '

right-hand part shows the same con-

nected with a wall, whereon a shadow
is ca.st by the several i)arls. LL is a

line showing the direction of the light

in projection at an angle of forty-five

degrees. It will on experiment be

found, by a continuation of the line,

or l)y one parallel to it, to touch the

side of the astiagal at a, whence an

horizontal line drawn along it will

determine its line of shade. We here again repeat, to prevent misunderstanding, that

in the matter wc are now attempting to explain we are not dealing with reflected light,

nor with the softening off of shadows ajiparent in convex objects, but arc about to
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deterinine the mere boundaries of shade and shadow of those under consideration, 'llie

rest must be learned from observation, for the circumstances under wiiich tliey are seen

must constantly vary. 'I'liis, however, we think, we may safely state, that if the bound-

aries of shade and shadow only be accurately given in a drawing (however complex),

the satisfaction they will afford to the spectator will be sufficient, without further refine-

ment. Ikit it is not to be understood from this that we discountenance the refine-

ment of finish in architectural subjects ; all that we mean to say is, that it is not necessary.

'I'o return to tlie diagram • it is manifest that if the boundary of sitade be at a from that

point jiarallel to the direction of the light a line ab will determine the bound;ny of shadow

on the fillet at b, and that from the lower edge of such fillet at f a line again parallel to

the direction of the light will give at c the boundary of the shadow it casts upon the

sliaft S. As, in the foregoing ex])lanation, a was the upper boundary of shade, so by pro-

ducing the horizontal line wliicli it gave to a on the right-hand side of the diagram we
obtain there a coiresponding point whence a line aa' parallel to the direction of the light is

to be drawn indefinitely ; and on the plana line aa, also jiarallel to the direction of the light,

cutting the wall WW whereon the shadow is cast at n. From the point last found a vertical

line from a, where the shadow cuts the wall on the plan, cutting aa in a', will determine the

point a' in the shadow. The point e, by a line therefrom parallel to the direction of the light,

will determine similarly the situation e' by obtaining its relative seat on the diagonal cd,

which perhaps will be at once seen by taking the extreme point d of the projection of the

astragal, and therefrom drawing dd' parallel to the direction of the light. From the line

dd, drawn similarly ])arallel to the direction of the light, and cutting WW in d, we have the

l>oundary of the shadow on the ])!an, and from that point a vertical dd being drawn, the

boundary of shadow of the extreme jirojection of the astragal is thus obtained. 'J'he

boundary of shadow of the fillet on the right-hand side at h, similarly by means of bb,

and by the vertical bb . gives the boundary point of the shadow from b. The same
operation in respect of cc gives the boundary of shadow from c to c' in the latter jjoint.

We have not described this process in a strictly mathematical manner, because our desire

is rather to lead the student to think for himself a little in conducting it ; but we cannot

suppose the matter will not be perfectly understood by him even on a simple inspection of

the diagram.

216,5. In the diagram (f(/. 840.) „
is represented a moulding of com- \ F
mon occurrence in architectural sub-

jects, and, as before, the right-hand

side is the apjiearance of its shadow
on the wall WW on the jilan. It

will be immediately seen that LL
being the projected representation

of the rays of liglit, the line aa de-

teruiines the boundary of shadow
on the ovolo, and that at b, the

boundary of its shade, is also given

by a line touching that point parallel

to the rays, or rather projected rays,

of light. On the right-hand side

of the figure oo', drzwn indefinitely

parallel to the direction of the light,

and determined by a vertical from a", the intersection by a"a" with the wall, will give oa",

the line of shadow of oa'. The line aa determines the shadow on the ovolo, and this

continued to a' horizontally gives also a like termination to a" in the shadow ; b, the boun
dary upwards of the ovolo's shade,

is represented to the right by b', and ^

to the right on the jilan by b, whence
by a vertical cutting the line b'b" in

b", the boundary of shadow which
b' will cast is obtained, cc on the

plan is in projection the distance

of the line of shade c' from the

wall whereon the shadow is cast,

and its place in the shadow is at

c", ee"b" being the length of hori-

zontal shadow produced by the cir-

cumstances.

In fr;. 841., which, it will be seen,

is a common fillet and cavetto, I^L
is, as before, the diicctiou of the
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light, and aa gives tlie boundary of shadinv, as well of the fillet's lower edge as of the

lower edge of the cavctto itself. In respect of the right-hand side of the figure, aa' is a

line showing in profile the extent of jjiojection of the fillet before the wall line WW, and

from a' a line drawn indefinitely parallel to the direction of the light, and terminated by

the intersection of a vertical from ci' in n", will give the point a' in the shadow. So is

bl) found through a vertical from h on the wall, by a line drawn parallel to the direction

of the light from b on the plan. The several points being connected by lines, we gain the

boundaries of the shadow, wherein a'a'" is rejjresented by a"a".

2466. Fig. 842. exhibits a fillet and cyma reversa or ogee, wherein, as before, LL is tha

direction of the light at a similar

angle to that used on the ])lan.

From the lower edge of the fillet,
^

parallel to the direction of the

light, is obtained the point a on

the ogee, and from b a similarly

parallel line gives the boundary of

shadow in c. A line from o in di-

rection of the light, drawn indefi-

nitely, intercepted by a vertical

line from d', its projection on the

plan in il determines o'd, the

boundary of the shadow of the

fillet on' tiie wall WW. cc'" is

tlie line of profile of the project-

ing boundary in elevation, of the

shade of the ogee before the wall,

whereon its shadow is terminated

from c and c" by a vertical c'" c"

.

bb', the boundary of shade of the

ogee itself, is found in shadow by the line bb"' drawn indefinitely parallel to the direction

of the light, and terminated by a vertical from //, the ]K)int on the wall corres])ondent to

b on the plan, the place of the shade's point in the elevation. 15y the junction of the

lines so found, we shall have the outline of the shades and shadows cast. Jt is liere to

be observed, that the portion of light a'b' which the moulding retains is represented in

the shadow by a"b"', all the other parts of its curved form being hidden, first by the pro-

jection of the fillet, and secondly by the line of shade bb", which acts in the same way as the

fillet itself in producing the line aa', for the moment the light is interce])ted, whether by
a straight or curved profile, shadow must follow the shade of the moulding, whatever it

be ; and this is by the student to be especially observed.

2467. Fig. 843. exhibits the mode of obtaining the shadows and shade in the cyma
recta. LL is the direction of the

light, )iarallel whereto the line ab
determines the line of horizon- \
tal shadow cast by the lower edge
of the fillet upon the cyma, and
cd that of the under part of the

cyma itself upon the fillet at d.

cc' is tlie upper boundary of the

shade of the cyma, and e the point

for determining the shadow of the

lower fillet, the points abed corre-

sponding with ahcd on the plan.

WW on the right hand is the face

of the wall, whereto the lines e'e",

d'd", cc", hh', and a'a" are drawn
parallel to the direction of the

light. From e"d 'c"b"a" vertical

being drawn, cutting the indefi-

nite lines go', a'a', &:c. parallel

to the direction of the light in F.;;. 8i,-.

t", d", e", b ", and a", we have the

form of the shadow in elevation. The part from b' to c' of the cyma being in light, its

shadow will be the curve c b", wherein, if it be required on a large scale, any number
of pomts may be taken to determine its form by means of correspondent points on the plan
as for the parts already described.

2468. Fif/. 844. is the plan and elevation of some steps, siurounded by a wall, and P in

the plan is a square pillar standing in front of them. It will be seen that tlie line .\ 13
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corresponds with ab on the plan, as do the points

E, F, G, H with efgh, from which verticals deter-

mine them in the elevation. The projection of the

plinth on the lower step is found by KJ and a

corresponding line and vertical, which, to prevent
confusion, is not shown on the plan. The shadow
of tlie square pillar P is found in a similar nianner

by the line CD corresponding to cd on the plan, the

shadows on the steps being also determined by the

jKiints L, M, N, O, through the medium of verticals

from 1, m, n, o. The left-hand side of the shadow of
the pillar is determined in a similar way by the
line pq, and QR in the elevation is given by qr in

the plan, and is the line representing the back ps
of the top of the pillar. It will be observed that
we have not described any of the preceding dia-
grams in a strict way, neither shall we do so in

those that follow, presuming that the reader has,

from the perusal of the section on Descriptive Geo-
metry acquired sufficient knowledge to follow the
several lines.

2469. The Jig. 845. is a sort of skeleton plan
and elevation of a modillion cornice, but deprived

n
1

c

pi!i!lii!l!l!l[it':v:,;«ii*i''] ';;il!ifef!:i!l!l:'.:;i!;,iii:i!ii;i',T',^i'

r
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,
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'"^."^
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'! G.
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a
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of a corona, so as to show the shadows of the modillions, independent of any connection

with other parts of the assemblage. FG, III, and AB ])aiallel to the direction of the light

determine, by means of verticals from d and i, the jjoints of shadows from the correspond-

ent points c, 1, the points D, L, and I, whereof L is the point of shadow of M.
2470. In Jig. 846. we apjiroach a little hearer to the form of a modillion cornice. The

line EF determines the shadow of ths corona, and A 15 l)y means of the lines cd, Ik,and the

verticals dD, kK, the boundary of the side HL of the modillions. A line also drawn
horizontally from B will give the under sides of their shadows. FG is a line representing

the shadow of the corona.

2471. /V^. 847. gives the finished modillion, and the lines Aa, Bb, Cc, Dd will deter-

mine, by horizontal lines drawn from
them, the shadows which we are seek- ^

|

'

~~~~ "'

ing. The auxiliary lines, to which no •;

letters are attached, cannot fail of being

understood ; but if difficulty arise in

comprehending them.it will be removed
by planning the several points, and <

therefrom drawing on the plan, to meet
what may be called the frieze, vertical

lines to interce])t tliose from the corre-

spondent points in the elevation, and the

operation mIU be facilitated, .jjerhaps, .

by projecting the form of the curved
lines (as seen in the figure) whereof
the modillion is formed.

2472. Fig. 8 !8. will scarcely require a description. It is a geometrical elevation of the

'qm

A,m

:;^IBii!iJiis?"''

Fig.
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Fig. 819.

Doric triglypli and frieze, with the usual acces-

sories. AB gives the boundary of shadow on

the femora of the triglyph, AC the l)oundary of

shadow on tlie lijilit sides of the glyphs, and AD
of the shadow of the corona on the frieze.

i'47fi. Fig. 849. is a skeleton representation

of a three-ijuarter column, forming part of an

arcade. 'I'lie ahaciis is the mere block of material AK. In the plan ab shows the

len"-th of the line of sliadow AB,,and is determined l)y the vertical b B. In the same way,

CD is found by cl and tlie vertical dl). KG is

the representation of kg on the plan, and by a

vertical from g the line Gil is also determined;

H giving also by the liorizontal line FH, in wliich

H is ah-eady found, the situation ofsliadow of the

point K of the abacus, as also by a vertical from

f. LININ are places of the sliadow of the cohimn
on the impost mouhling of tiie arch, whereof two

correspondent points are seen in 1 and n.

ii474. The form of shadow of the console in

fiff. 850. will be seen on inspL-ction to have been

found from the lines aa, cc, dd, &c. on the eleva-

tion, corresponding with aa, cc, dil, \c. on the

section, all which are parallel to the direction of

the light, and sufficiently explain themselves.

l-'47.5. Fh). 8.51. is the elevation and section of

a hemispherical niche, wherein are shown the

shadows cast thereon by the vertical wall in which

it is placed. Through the --^

centre O draw DD at right [i i/,
,

angles to the direction of the ^
'^

ligiit, and from O draw OA \
'

parallel to the direction of the /
light : A will be found the point ji /
in the wall casting the longest i' /

shadow. Produce AO indefi- V /

nitely ; and from a, the corrc- B

Kponding point in the section -'^^ \

to A on the elevation, draw aa', i,

parallel to it, which will cut i

the surface of the niche in a'.

Draw the horizontal line a' a" j"-

cutting AO produced in a!",

and a" will represent in the

shadow the point A in the cir-

ciimference. Take any other i>:;.^'i.

point B in the edge of the niche, and by means of a line drawn therefrom horizontally we
liave the correspondent point b of B in the section. From B draw in the direction of the

light the line Bb'" b", cutting DD on the diameter in b'" ;w transfer the point b"' in the

elevation to h in tlie section, and draw bb' in the direction of the light indefinitely.

Then with Bb'" as a radius from h as a centre, describe an arc cutting bb' in b' ; and

from b' draw the horizontal line b' b", cutting Bb'" produced in b", and b" will be the

point ill the shadow corresponding to B in the elevation. To avoid the confusion which
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wauld follow tlie description of the remaliuler of the operation, we have not encum-
bered the diagram with more letters of reference ; the lines showing, on inspection,

similar applications of the process for all parts of the curve. The fact is, that the whole

of the shadow may he completed by taking the line DD as the transverse axis of an

ellipsis, and finding tlie semi-conjugate axis Oa by the means above described, for Da"D is

a semi-ellipsis in form, inasmuch as it is the projection of a section of a hemisphere. This

example is applicable to the shadow of a cylindrical niciie with a hemispherical head. The
line NN shows the sliadow of the portion of the head, and the remainder is obtained by
the mere intersection of lines in the direction of the light from different points to the left

of N, of wliicli enough has been already given in the previous examples to make the appli-

cation intelligible.

iM76. Fig. 852. is the representation of a pediment wherein the section A is that of the

mouidmgs of the pediment at its

apex. In tlie section, ab drawn
from the projection a of the corona
in the direction of the light, de-

termines the point b therein, where-
from the horizontal line intercepted

by the line ab in the elevation, also

drawn jjarallel to the direction of

tlie light, gives the point b in the

elevation. A line from b, iiarallel

to the inclined sides of the ])edi-

ment on the left, will give the shadow
of the corona on the tympanum on
that side, and similarly the line of

(ihadow from b on the right side, cd

determines the line of shadow on the

frieze, and 15 is the section of the

sihadow of the assemblage of mould-
ings on the right.

2477. In Jig. H5^. is given the

plan, elevation, and section of a
square recess, covered witli a cylin-

drical head. The lines AA, 'BB,
CC of the elevation are determined
by aa, bb, and cc of the plan ; and in

the section c'c' is the representation of

the line cc of the plan. D, the point

at wliich the direction of the light

begins to touch the circular bead,

is d' in the section.

2478. Fig. 854. is the elevation of

an arch, below which is its plan and the

shadow cast by it on the plane uj)on

which it stands. AA is shown by
aa on the plan, the corresponding

l)oints in the rear of the arch being
a a', and a" a" the points in the

shadow. In a similar way, by 1513

corresponding with bh' on the plan

the points b" b" are obtained in the

shadow.

2479. Fig. 855. is the \,\:\\\ and
elevation of the upper j)arl ofa house,

M'... ''";;„1)___,

/

III; "f ; i

T"'"^
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fe^.l

wliurein the iippfr story is occupied

by an attic in the centie, against

which, on each flank, the sloping roof

IS terminated. aa on tlie plan in

tlie direction of tlie light, produced

to intersLCt the hip at b, gives, by a

vertical to B on the elevation, the

Jlrection BB of the shadow thereon ;

and BB cut by A A in the direction

of the light, the length BA of the

line of shadow, which may, by let-

ting fall the vertical Aa, determine

the length aa on tlie ])lan. 'I'l.e

line of shadow ac is determined by
letting fall a vertical from C, where
the line of shadow is intercepted

by the hip of the roof; and from c

the shadow will be foimd on trial to ^.1 -j
^ ., nss-^^^ -sv^v— s^ss{ •;^

return as shown in the diagram. K j.,.,, ^y^

iuid U on the elevation are found,

as seen in |)revious examples, in ee, and d on the plan, and their shadows at e'e' and d'.

2480. Wluit is called an attic base is given iu jdan and elevation hy Jiff. 856. The me-

thod of obtaining the shadows thereof

in ))lan and elevation is now to be

exjjlained. It is an example which
constantly occurs in architectural

subjects, and shoidd be well studied

and understood. The operations re-

<)uisite for obtaining a representation

of the lines of shadow of the diH'erent

mouldings in this example depend
upon the principles developed in the

preceding subsections. The lower

portion of the figure exhibits the

plan, and the middle portion the ele-

vation of the attic base in question.

The uppermost portion of it presents

three sections of the mouldings of the

base in question cut in three ditlerent

])laces parallel to the direction of the

light. This last portion of the figure

is not absolutely necessary, inasmuch
as tlie jirofiles in question might
have been obtained upon the eleva-

tion ; but we iiave preferred keeping
it separate to prevent a confusion of
subsidiary lines. There is moreover
another advantage in thus separating

the parts from each other, namely,
that of immediately and more dis-

tinctly seeing the lines at each select-

ed place, in which tl>e rays of light

separate the parts actually in light

from tl ose iii shadow ; and where
the student is likely to meet with f'S- SM.

matters of perplexity, nothing should be left untried to save his time, and, what is often

more important, liis patience. The mode to be adopted is as follows:—
INIake on the jilan any number of sections a'a'a'a', h'b'b'b' in the direction of the light, and

draw on the elevation the corresponding sections anaa, hhbb. LL being the direction of the

light, draw parallel thereto tangents to the curves of the convex mouldings, and the bounda-
ries of their shades will be obtained, as will also those of their shadows, by continuing them
from such boundaries till they cut the other parts in each section, as will be more es])ecially

seen at cc. It will be recollected that in our first mention of the projected representation of
the line of light and shadow we found that it was an angle of 54- 44' of the diagonal of a

cube. This angle is set out in xi/z on the plan. We have therefore another mode of

finding the boundaries of shade and shadow on the moulding, by developing the sections

id'ii'a, b'b'b'b', t\c., as at A, 15, and C, and drawing tangents i/z to the convex mouldings for

</ <( 6( s/V _.,.,,
'^
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boundaries of shade thereon, and contiiiuini; them, or otherwise, for the otlier parts, as

shown in tlie diagram.

2481. In Jig. 857., which represents

the capital of a column, a similar me-
thod is used to that last mentioned for

obtaining the shades and shadows, by

means of a'a'a'a'and h'b'h'b', which are

shown on the elevation by aaua and

bbhb. We apprehend this will be un-

derstood by little more than inspec-

tion of it.

It is obvious that the means here

adopted for obtaining the lines of

shadow are precisely similar to those

used in the preceding example. In

this, however, the sections of the ca-

pital parallel to the direction of the

light are made on the elevation, and

it will be seen that many of them are

not required to obtain an accurate

boundary of the lines of shadow
sought ; for after having obtained

tliose points from which the longest

shadow falls, and on the other side

those where the line of shadow com-
mences, a curve line of an elliptical nature connects the jjoints found. If the drawing to
1)6 made be on a large scale, it may then be worth the arcliitect's while to increase' the
number of points whcrefrom tlie shadow is to be projected, so as to produce the greatest
possible accuracy in the representation.

2482. The shadows of an Ionic cajjital are given in fg. 8.58. The shadow of the volute
on the column is obtained by any number of lines A A, HH, CC, &c. from its different

Fig. s:.s.

parts and verticals from their corresponding ones aa, bb, cc, 8ic. on the plan, and similarly

the shadow of the capital on the wall. In this example, as in those immediately preceding,

the employment of sectional lines parallel to the direction of the light is again manifest.

The use of thetn is most especially .seen in the examjile of the Corinthian capital which
follows. As a general rule, it may be hinted to the student of sciography, that in the diffi-

culties that may occur, they will be most expeditiously and clearly resolved by the use

of the sectional lines, whereon we have thought it proper so much to dilate.

2483. The Corinthian capital in fig. 8.59. will require little more than inspection to

imderitand the construction of its sciography ; and all that we think necessary to particu-

larise are the developed projections A, B, C, D, E, F of the abacus and the leaves, whereon
the termination of the shadows at angles of 54° 44', as explained in Jig. 856., give their

respective depths on the elevation.

There is another method of arriving at the result here exhibited, by drawing sectional

lin(t^, parallel to the direction of the light through the different parts and leaves of tlie
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Fig. 859.

ca]Utal on its elevation, as i.n Jig. 857 , and such was the mode we were formerly in the hahit
of adopting. It however induces such a confusion of lines, that we have long since aban-
doned it, and have no hesitation in recommending the process here given as the best and
most likely to avoid confusion. It is of course unnecessary, in making drawings, to project
.more than the shadow of one capital, as in a portico, or elsewhere, similar capitals, similarly
exposed to the light, will project similar shadows, so that the projection on one serves for
the projection on all of them.

'2484. For instruction upon the mode in which reflected light acts upon objects in shade
and shadow, we must refer the learner to the contemplation of similar objects in relief
'J'lie varieties of reflexes are almost infinite ; and though general rules might be laid down,
tliey would necessarily be so complicated, that they would rather puzzle than instruct, and
under this head we recommend the study of nature, which will be found the best instructress
the student can procure.

Sbct. IV.

GENERAL PRINCIPLES OF COMPOSITION.

2485. The end of architecture, without whose aid no other art can exist, is not merely
to please the eye, but so to provide against the changes of the seasons as to be serviceable

to man. Pleasure to the eye may, however, result from the useful, well combined with the
l>eautifid modifications wliereof it is susceptible. It is in combining thus that the genius
of the arcliitect is e.\liibitt'd. The art of decorating a well-proportioned edifice is a very
secondary and comp:iratively easy part of his work, though requiring, of course, the early

cultivation of his taste and an intimate acquaintance with the parts, whereof this may
be taught and tliat acquired ; but the distribution and arrangement of the several portions
on the plan, upon which every acces.sory is dependent, requires great knowledge and
consider:ible experience. And in this is involved not only the general convenience and
cfTect of the building, but wliat is of much consequence to the proprietor, the cost of the
work. None but those practically conversant with the planning of a building would
believe the .saving that may hi produced by proper distribution. In tlie case of many
external breaks, for instance, much addition arises in the length of walls enclosing ilie

edifice, without generally increasing the convenience of the interior, but always wlie.i the
elevation comes to be adapted to the plan, with the certainty of breaking up the masses,
and destroying the simplicity of the elfict. This is mentioned merely as an instance of

simplicity of plan always producing simjilicity of section and ek'vation.

3H
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2486. All ornament in arcliitecture is non-essential, inasmuch as tlie pleasure received

bv the eye is not its end. To ])ublic and private utility, the welfare and comforts of indi-

viduals, wliich are tlie ends of tlie art. every otlier point must he sacrificed; and it is oi.ly

wlien these liave hcen accomplished that we are to think of decoration. An anecdote is

related of a certain nolileman, who, having boasted to a friend of the beauty of the facade

of his liouse. which wiiliin was excc'cdingly ill contrived, was told that lie thouglit ths jieer

would do well to take the liouse opposite, that he might be thus always able to look at it.

Those who inake the internal parts of an edifice subservient to the project of a fa9ade,

and adjust their jihin ai.d section to the elevation, must be considered as making the

end of less importance than the ornament of the building. Those who work in this

mode produce little variety in their designs, which, numerous though they be, consist

of but few ditfereiit combinations, wliilst those that result from the natural order of making
tiie fi^ade subservient to the internal parts, which the plan and section impose, are

susceptible of infinite variety and decoration.

2487. It is not, however, to be supposed that we are, in what has been said, sanctioning

the student's neglect of careful com])osition and adjustment of the facades. Upon the

adaptation of the different fronts of the building to sort with the internal convenience,

the greatest care should be bestowed. It is from these his reputation is likely to flow, be-

cause they are the parts most susceptible of comprehension by the public. The architect will,

upon every succeeding day's experience, find that the two objects are not incom])atihle ;

but if such a case, which is possihde, arise, he had far better sacrifice the facade, consider-

ing first the comforts of those who are to inhabit the house, and then the gratification

of those who are only to look at it.

2488. Durand has well observed that compositions conducted on the above princijiles

must please. " Has not nature," says that author, "attached pleasure to the satisfaction of

our wants, and are our most lively pleasures other than the satisfaction of our most press-

ing wants ? These wants are better satisfied in the interior distribution of a building than
ill the exterior." Who leaves the Pantheon without more satisfaction than he ex])ected

from the view of the portico, fine though it be? Again, faulty as are both St. Peter's and
St. Paul's, will any one who understands the subject aver that he has received more jilea-

sure from their respective fa9ades than from their noble interiors? The pleasurable sensa-
tions produced by both are entirely dependent on their interior distribution. But when we
find that in the former of these buildings there is no mockery of a dome, the interior and
exterior being as far dependent on each other as the circumstances of construction would
))ermit, whilst the dome of the latter is worse than a mockery, the interior and exterior
domes having nothing in common with each other, the last being no more than a timber
leaded ajipurtenance to the fabric. Wren, with all his greatness, for great he was, shrinks
into nothingness by the side of Michael Angelo, although the external form of the dome oi

London be more elegant than that of the Vatican. This is a strong but not a forced illus-

tration of our opinions, the good sense whereof must be left for appreciation to our readers,
who, we do'.ibt not, on a little reflection, will concur with us.

24Sy. In ninety-nine cases out of a hundred the student will find that a good distribution
uf his i)laii leads him, with anything like ordinary tact, to the composition of good sections
and good elevations, far better, indeed, than he could arrive at by pursuing an opposite
course. In domestic Gothic architecture, this is notorious, for in that a regular distribu-
tion of the openings would often jjroduce the tamest and least picturesque eflect. The
Gothic architects placed windows internally where only they would be serviceable, letting

them take their chance in the exterior. It is not to be understood, because such would l)e

rather outre, that this method will exactly suit the principles of composition in Italian archi-
tecture ; but it is well known to practical men that a required opening in a particular plate,

instead of being a blemish, may be converted on many occasions into a beauty. Indeed, it

is incontrovertibly true that distribution and disposition are the first objects that should
engage the architect's attention, even of him whose great aim is to strike the attention by
ornament, which can never please unless its source can be traced to the most convenient
and economical distribution of the leading parts. Theorists may be laughed at, but it does
not move us, nor diminish our regret to see many architects without any other theory than
that whereon, in an inverted position, their own wild fancies are giafted. If what we have
st:itcd be true, and from the nature of things we cannot imagine a controversy can arise
upon our observations, the talent of the architect is to be estimated, as Durand properly
ub erves, according to his solution of the two following problems:—

First. For a given sum, as in private buildings, to erect the most convenient and suit-

al)le house for his employer.
Second. The requisites in a building being given, as in public buildings, to erect it at

tlie smallest possible expense.

24 90. An investigation of all the modes of accomiilishing these desiderata can only be
fidly effected in a work of much larger extent tlian this; but we have, in the practical
parts of our volume, so prepared the reader, that he will not generally be at a loss in respect
of the construction of a building, whatever its nature x)r dtstination
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2490a. For tlie tliorough compreliension of a projected edifice, at lenst tlirce drawings

Jre necessary, the plan, tlie section, and tlie tievation. The first is a horizontal section of it,

the second the vertical section, which shows tlie building as if it were cut in half, that h;ilf

nearest the spectator being removed from its plan, so as to permit the inner parts to heeonie

visible, and the third is the geoirjetrical appearance of the front represented as if viewed

from an infinite distance, in which no comergence of the lines would be seen.

2490/>. In making a design, it is always better to put

the general idea together on a single sheet of paper, and

consequently, in most cases, on a small stale. This,

in afterwards making the drawings, is, as may be ne-

cessary, increased in size. The tliree parts being drawn

under one another, as shown in fi<). 9,95a., wherein tlie

middle diagram is the plan, the lower one the section,

and the upjjcr one the elevation. By thus beginning on

a single slieet, in which the whole is before the eye, the

corresponding liies are more readily transferred from

one iiart to another. I laving drawn through the middle

of the paper the vertical A A, cut at right angles by

the horizontal line BB, draw the required centres or

axes of the walls CC and DD, and supposing the build-

ing is to be stjuare, with the same opening of the com-

passes set out the axes of the return walls EE and

FF. Having determined the thickness of the walls,

one half may be set out on each side the axes, as in

ee, ff, CC, and dd, and then the lines showing the thick-

nesses of the walls may be drawn. The width of

openings in the walls riiay be next set out, half on each

side the axes BB and A A, first drawn towards bb and

aa, and the lines drawn to their places. Having thus

proceeded, we shall discover that not only has the plan

been drawn, but at the same time a considerable portion

of the section and elevation. 'i'o distinguish the voids

from the solids, the latter should be coloured or

hatched, and then the next step will be as follows:—
I'arallel to the principal axis BB, draw the ground lines

GO and GG. From these lines the heights of the

building, its cornice and openings, may he set up in the

section and elevation ; and afterwards, the height of the

roof and projection of the cornice having been de-

termined, they may be sot out and drawn. In the

section, as in the ))lan, it is usual either to colour or

hatch tiie solid parts, as we have done in the figure.

2490f. Simple as the above process maybe, it contains

the wh^le elementary part of the mechanical process

necessary for making a design. It might have been

conducted on a more complicated mass, but had we done
so, it would not have been so well understood, and we
therefore deprecate any observations on the simplencss

of our process by those who have been brought to know
these things by practice and experience. We do not,

however, feel we should discharge our duty before

closing this section, without a censure on the attempt

to convert drawings of geometrical elevations and sec-

tions into picturesque representations, because such
practice is not only injurious to the art, but is dishonest, and has a tendency to mislead

the architect's employer; and we are sorry to say that it is not unfrequently done with

such a view. We denounce it, and without hesitation aver that the casting of shadows

on a design is only admissible for the purpose of showing the relative depths of projecting

parts; and when so admitted, the medium should be confned to Indian ink or sepia, ai.d

thrown in merely in masses, the apertures being just slightly filled in witli the same
3olour.

rig.§.^nrt.
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Sect. VI.

WORKING DRAWINGS.

249J. Working drawings are those made of tlie parts at large for executing the works,

wliich could not be well done from drawings on a small scale, wherein tlie small p;irts

would not be either sufficiently defined, or could not be figured so as to enalile the work-

man to set out his work with accuracy. They are generally in outline, except the sectional

parts, which are frequently tinted to bring the profiles more readily before tlie eye.

2491a. It is obvious that though drawings made to a twelfth or a twenty-fourth part of

tlieir r^al size may well enougti supply ti.e wants of the workman where there is no

com])lication in the distribution and arrangement, and where there is a simple treatment

of regular forms, of right angles and the like; yet in all cases wherein we have to

deal with the minor details of architecture, and in construction, where the variety of forms

used is infinite from the variety of the circumstances, nothirg short of drawings of the

full, or at the least of half, the size will safely guide the workman.

2-19U". The art of making wcrkmg drawings, which must have been well understood at

all periods of the practice of architecture, involves a thorough knowledge of projection, or

descriptive geometry, and consists in expressing by lines all that occurs for the develop-

ment of every part of the details of a building, in plan, elevation, and profile, each jiart

being placed for the use of the workman with clearness and precision. All tlie rules by
which working drawings are wrought are dependent on the matter in this work already-

communicated to the reader, excepting only those details of the oiders, and some other

matters, which will be foiuid in Hook III. But we shall here, nevertheless, briefly replace

before him the leading principles whereon working drawings are to be prepared. And
tirst, he is to recollect that solids are only represented by the faces opposite to the eye

;

secondly, that the surfaces by wiiich solids are enclosed are of two sorts, that is, rectilinear

or ciirvilinear. Those bodies in which tiiese projierties are combined may be divided into

tlirce sorts : 1. Those which are bounded by jjlane surfaces, such as prisms, jiyraniids, and
generally all straight work. 2. Those in which tiiere is a mixture of stiaight and curved

lines, as cylinders, cone.s, or portions of them, voussoirs of vaulting, and the like ; and .'5.

'J'hose solids wherein a double flexure occurs, as in the sphere, spheroid, and in many
cases of voussoirs.

2491c. We should, however, imnecessarily U';e our limited space by further entering on

tliese matters, on which enough has been said in jirevious sections. The plain truth is, that

working drawings are to be so made for the use of tlie artificer as to einbody on a scale, to

|)revent any mistake, all the information which this work has already given on construction,

and that which follows in the more refined view of architecture as a fine art.

2491<i. In works whose magnitude is not of tiie first class, the drawing of every part,

both in construction and in those which involve the work as one of art, should be given

of the full size whereof it is proposed to be executed. Where the building is large,

as also the parts, this may be dispensed with; but then it becomes (the detail being

drawn on a smaller but fully intelligible scale) the duty of the architiict to see that the

drawings lie furnishes are faithfully drawn out to the full size by the artificer on proper

moulds. Often it is useful—never, indeed, otherwise— to ojfer "p, as it is called, small

jjoitions of mouldings on the different parts of a building, to ascertain what the effect may
be likely to be at the heights fixed for their real places. In these matters he shoidd leave

no iiieans untried to satisfy himself of the etlect which his first drawings in small is likely to

produce when executed.

2491c. We have presumed that the architect is so far educated as to have acquired a

full knowledge of all that rules can teach, and that, strictly speaking, he has projjortioncd

bis work in conformity with them. Still, in real practice, there are constantly so many
circumstan-jes which concur in making it almnst necessary to depart from establisiied

rules, such as surrounding buildings, where it is of importance to give predominance to a

part for the purpose of making it a feature, that the expedient of trying a portion of the

])roposed detail in the place it is actually to oecujiy, is a matter that we would advise every

architect to adopt a!'ter he has made and studied the working drawings whereof we treat.

2491/1 We have not alluded to the matters of carpentry and joinery, in which it is often

necessary to give the artificer information by means of working drawings ; but the methods

of trussing in carpentry, and of framing in joinery, often require working drawings. What
has already been exhibited under those heads (2031, e< ge*/.) will prevent his being left

ui-.instructed, and will, moreover, have afforded such information as to prejjare him, by the

exercise of his own ingenuity, for such cases as may not have been specially given in the

examjiles herein contained. We therefore here close our observations under this section

by an intimation to the student, that the proper preparation of working drawings for the

use of the artificer tests his acquaintance with the theory and practice of the art, and is

cf the utmost importance to the pocket of the employer, which it is his duty as a gentleman

incessantly to protect.
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BOOK lit.

rilACTICE OF ARCHITECTTIRE.

CHAP. I.

GRECIAN AND ITALIAN AECHITECTLRE.

Sect. I.

BEAUTY IN AIICHITECTUKE.

2192. The existence of architecture as a fine art is dependent on expression, or tlie

faculty of representing, by means of lines, words, or other media, the inventions which the

architect conceives suitable to the end proposed. That end is twofold ; to l)e useful, and
to connect the use with a pleasurable sensation in the spectator of the invention. In

clociuence and poetry the end is to instruct, and such is the object of the higher and histo-

rical classes of painting ; but architecture, though the elder of the arts, cannot claim the

rank due to painting and poetry, albeit its end is so much more useful and necessary to

mankind. In the sciences the end is utility and instruction, but in them the latter is not

of that high moral importance, however useful, which allows them for a moment to come
into competition with the great arts of painting, poetry, and elocjuence. It will be seen

that we here make no allusion to the lower branches of portrait and landscape painting,

but to that great moral and religious end which fired the mind of Michael Angelo in the

Sistine Chapel, and of Raffaelle Sanzio in the Stanze of the Vatican and in the Cartoons.

Above the lower branches of painting just mentioned, the art whereof we treat occupies

an exalted station. In it though the chief end is to produce an useful result, yet the ex-

pression on which it depends, in common with the other great arts, brings each within the

scope of those laws which govern generally the fine arts whose object is beauty. Beauty,

whatever difference of oj)inion may exist on the means necessary to produce it, is by all

admitted to be the result of every perfection whereof an object is susceptible, such perfec-

tions being altogether dependent on the agreeable proportions subsistent between the

several parts, and those between the several parts and the whole. The power or faculty of

inventing is called genius. By it the mind is capable of conceiving and of expressing its

conceptions. Taste, which is capable of being acquired, is the natural sensation of a mind
refined by art. It guides genius in discerning, embracing, and producing beauty. Here
we may for a moment pause to inquire what may be considered a standard of taste, and
that cannot be better done than in the words used on the subject by Hume (Essay xxiii. ):

" The great variety of tastes," says that author, " as well as of opinion, which prevails in the

world, is too obvious not to have fallen under every one's observation. Men of the most
confined knowledge are able to remark a difference of taste in the narrow circle of their

acquaintance, even where the persons have been educated under the same government and
have early imbibed the same prejudices. But those who can enlarge their view to con-

template distant nations and remote ages are still more surprised at the great inconsistence

and contrariety. We are apt to call barbarous whatever departs widely fiom our own
taste and apprehension, but soon find the epithet of reproach retorted on us, and the

highest arrogance and self-conceit is at last startled on observing an e(jual assurance on all

sides, and scruples, amidst such a contest of sentiment, to pronounce positively in its own
favour." True as are the observations of this philosopher in respect of a standard of taste,

we shall nevertheless attempt to guide the reader to some notion of a standard of taste in

architecture.

249:5. There has lately grown into use in the arts a silly pedantic term under the name of

Esthetics, founded on the Greek word 'AiffSrjri/cbs, one which means having the power of

perception by means of the senses; said to be the science whereby the first principles in all'

the arts are derived, from the effect which certain combinations have on the mind as con

nccted with nature and reason : it is, however, one of the metaphysical and useless additions
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to iioinciichitiire in tl)c arts, in which the (Jerniaii writers abound, and in its application to

•irchitectuie of least value; because in tliat art I'orni is frcm construction so limited by

necessity, that sentiment can scarcely be said to be further coiuiected with the art than is

necessary for keeping the subordinate parts of the same character as tiie greater ones under

which they are combined ; and, further, for thereby avoiding incongruities.

'2-i94. It is well known that all art in relation to nature is subject to those laws by which

nature herself is goverr.ed, and if we were certain that those rules of art which resulted

from reason were necfPrarily and actually connected with sensrition, there would be nc

difficulty in framing a code of laws whereon the ])rincipks of any art might be firmly

founded. " Principles in ait," as well defined by Payne Knight, '-are no other than the

trains of ideas whioli arise in the mind of the artist out of a just and ade(juate consider-

ation of all those local, temj)orary, or accidental circumstances ujion which their jiropriety

or imi)roprlety, their congruity or incongruity, wholly depend." Ey way of illustrating

the observation just made, we will merely allude to that maxim in architecture which

inculcates the proi)riety of placing openings over ojjenings and piers over piers, disallowing,

in otiier words, the ])lacing a pier over an opening without the exhibition of such pre-

paration below as shall satisfy the mind that security has lieen consulted. There can be

no doubt that a departure from the maxim creates an unpleasant sensation in the mind,

which would seem to be immediately and intimately connected with the laws of reason;

but tiiere is great difficulty in satisfying one's self of the precise manner in which tliis

operates on the mind, without a recurrence to t!ie primitive types in architecture, and

tiience pursuing the intjuiry. But in the otiier arts the types are found in nature herself,

and hence in them no difficulty occurs in tiie establishment of laws, because we have that

!,;ime nature whereto reference may be made. AVe shall have to ret'irn to this subject in

the section on the Orders of Architecture, to which we must refer the reader, instead ot

pursuing the subject here.

2495. Tiirougliout nature beauty seems to follow the adoption of forms suitable to the

t'X])rossion of the end. In the human form there is no part, considered in respect to the

end for which it was formed by the great Creator, that in the eye of the artist, or rather,

in this case the better judge, the anatomist, is not admirably calculated for the function it

lias to discharge ; and without the accurate representation of those jjarts in di^charge of

their several functions, no artist by means of mere expression, in the ordinary meaning of

that word, can hope for celebrity. This arises from an inadequate re])resentation having

the appearance of incompetency to discharge the given functions; or, in other words, they

appear unfit to answer the end.

i:49&". We are thus led to the consideration o? fitness, which, after all, will be found to be

the basis of all proportion, if not ])rop()rtioii itself. Alison, in his Esxii/ on Tdbte, says,

'• I apprehend that the beauty of ))roportion in forms is to be ascribed to this cause,"

(fitness) "and that certain proi)ortions affect us with the emotion of beauty, not from any
original capacity in such (jualities to excite this emotion, but from their being exjiressive

to us of the fitness of the parts to the end designed." Hogarth, who well understood the

subject, concurs with Alison in considering that the entotion of pleasure which jnoportion

affords does not resemble the jjleasure of sensation, but rather that feeling of satisfatiion

arising from means properly adapted to their end. In his Analysis of Beaiitij tliat great

))aiiiter places the (|uestion in its best and truest light, when, speaking of chairs and tables,

or other common objects of furniture, he considers them merely as fitted from their pro-

portions to the end they have to serve. In the same manner, says Alison, "the effect of

disproportion seems to me to bear no resemblance to that immediate jiainful sensation

which we feel from any disagreeable sound or smell, but to resemble that kind of dissatis-

faction which we feel when means are unHtted to their end. Thus the disiiroportion of a

chair or tabla does not affect us with a simple sensation of pain, but with a very observ-

able emotion of dissatisfaction or discontent, from the unsuitableness of their construction

for the purposes the objects are intended to serve. Of the truth of this every man must
judge from his own ex))erience." We cannot refrain from continuing our extracts from
this most intelligent author. " The habit," he says, " which we have in a great many
familiar cases of immediately conceiving this fitness from the mere appearance of the form,

leads us to imagine, as it is expressed in common language, that we determine ))roportion by
the eye, and this quality of fitness is so immediately expressed by the material form, that we
are sensibie of little difference between such judgments and a mere determination of sense;

yet every man must have observed that in those cases where either the object is not

familiar to us or the construction intricate our judgment is by no means speedy, and that

we never discover the proportion until we previously discover the principle of the machine
or tlie means by which the end is produced."

2497. The nature of the terras in which we converse shows the dependence of proportion

on fitness, for it is the sign of the quality. The natural answer of a person asked why the

pro.portion of any building or machine pleased him, would be, because the oijject by such

j)roporti()n was fit or proper for its end. Indeed, proportion is but a synouyme of fitueoS,
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for if the form be well contrived, and the several parts be properly adjusted to their end,

we immediately express our opinion that it is well proportioned.

2498. There is, however, between proportion and fitness, a distinction drawn by o;ir

autlior, which must l)e noticed. " Fitness expresses the relation of the whole of the means
to the end ; proportion, the jiroper relation of a part or ])arts to their end." But the dis-

tinction is too refined to l)e of importance in our consideration ; for the due projjortion of

parts is simply that ])articular form and dimension which from experience has heen foijiui

best suited to the ol ject in vi'.'w. " Proportion," tlierefore continues Alison, " is to he

considered as applicable only to forms coinposed of jjarts, and to express the relation of
pro])riety between any jiart or ])arts and the end they are destined to serve."

2499. Forms are susceptilde of many divisions, and consequently proj)ortions ; but these

are only subordinate to the jjreat end of the whole. Thus, for instance, in the constantlv

varying forms of fashion, say in a chair or table, the merely ornamental parts may bear no
relation to the general fitness of the form, hut they nuist be so contrived as to avoid

unpleasant sensation, and not to interfere with the general fitness. If we do not under-

stand the nature of its fitness, we cannot judge of the jiroportion properly. " No man,"
says Alison, " ever presiunes to speak of the pro])ortions of a machine of the use of whicli

he is ignorant." When, however, we become acquainttd with the use or purpose of h

particular class of forms, we at the same time ac(]uire a knowledge which brings under our
view and acquaintance a larger circle of agrceahle proportions than the rest of the world
understand; and those i)arts which by others are legarded with indiH'erence, we contem-
plate with pleasure, from our superior knowledge of their fitness for the end designed.

The proportions ot an ol)ject must not in strength be carried beyond what
is re(|uired for fitness, for in that case they will degenerate into clumsiness,

-whilst elegance, on the contrary, is the result of the nicest adjustment of

projiortion.

2500. Fitness cannot exist in any architectural object without cquilihrinm

in all the parts as well as the wliole. The most complete and perftct notion

that can be conceived of stdhiliti/, which is the result of equilihrium, may
be derived from the contemplation of an horizontal straight line ; whilst,

on the contrary, of instability nothing seems more expressive than a vertical

straight line. These being, then, assiuued as the extremes of stability and
instability, by carrying out the gradations between the two extremes, we
may, extending in two ])arts the vertical line, obtain various forms, more or

less ex])ressive of stability as they apj)roach or recede froin the Iiorizontal /

line. In tie/. 8G0. we have, standing on the same base, the general form of /

the lofty Gothic sjiire ; the ])leasing, solid, and enduring form of the Fgyjitian ,

pyramid; and that of the flat Grecian pediment: which last, though in its L, j,

inclination adjusted on difi'erent grounds, which have been examined in Esl 3
Kook II Chap. III. subsect. 2027, e^.';e7., is an eminent instance uf stabilitv. i ii;. m.".

The spire, from its height and small base, seems to possess biit a tottering eciuilihrium

compared with the others.

2.501. Stability is obviously dependent on the laws of gravitation, on which, imder the
division of statics, not only the architect, hut the painter and sculptor, should hestow consi-

derable attention. We cannot for a moment suppose it will be disputed that at least one
of the causes of the beauty of the pyramid is a satisfactory impression on the mind of the
state of rest or stability it i)osses.ses. Itest, repose, stability, balance, all meaning nearly
the same thing, are then the very essential ingredients in fitness; and therefore, in architec-

tural subjects, instability, or the appearance of it, is fatal to beauty. Illustrations of this

exist in the fainous Asinelli and Garisendi towers at Bologna, and at I'isa in the cele-

brated leaning Campanile.

2.502. It may be objected to what we have written, that fitness alone will not accotmt
for the pleasure which ii rises in the contemjilation of what are called the orders of archi-

tecture, and Alison seems very much to doul)t whether there be not some other cause ot

beauty. It will, however, l)e our business to show how the ancient.s, their inventors, con-
sidered principally tlieir fitness ; and upon these grounds to show, moreover, how the

proportions in ancient examples varied, and may he still further varied, without infringing

upon the principles which guided them in the original invention. Payne Knight has well

observed, "that the fimdamental error of imitators in all the arts is, that they f<,'rvilelv

copy the effects which they see produced, instead of supplying and adopting the principles

which guided the original artists in producing them ; wherefore they disregard all those

local, temporary, or accidental circimistances upon which their propriety or imjjroprietv,

their congruity or incongruity, wholly depend." " Grecian temples, Gothic abbeys, and
feudal castles were all well adapted to their respective uses, circumstances, and situations;

the distribution of the parts subservient to the purposes of the whole ; and the ornaments
and de'orations suited to the character of the parts, and to the manners, habits, and em-
ployments of the persons who were to occupy thcni : but the house of an English noble-
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man of tne IStli or 19th century is neither a Grecian temple, a Gothic abbey, nor a

feudal castle ; and if the style of distribution or decoration of either be employed in

it, such changes and nii dificati 'ns should be admitted as may adapt it to existing circum-

stances, otlierwise tlie s.ale of its exactitude becomes that of its incongruity, and the de-

viation from principle proportioned to the fidelity of imitation." 'I'his is but anothei

application of the principle of fitness which we have above considered, the cliief foundation

of beauty in the art. We have shown how it is dependent on stability as a main source of

fitness, and here sul)join some maxims wliich will lead the student to fitness in his designs,

and prevent him from running astray, if he but bring himself to the belief that tliey are

reasonable, and founded upon incontestable grounds, which we can assure him they are.

First. Let that which is the stronger jiart always bear the weaker.

Second. Let solidity be always real, and not brought to appear so by artifice.

Third. Let nothing be introduced into a composition whose presence is not justified by
necessity.

Fourth. Let unity and variety be so used as not to destroy each other.

Fifth. I^et nothing be introduced that is not subordinate to the whole.

Sixth. Let symmetry and regularity so reign as to combine with order and soliditv.

Seventh. Let the proportions be of the simplest sort.

Eighth. Let him recollect that nothing is beautiful which has not some good and
useful end.

If, after having made his design, he will scrupulously test it by these maxims seriatim,

and will strike out what is discordant with the tenor of them, he will have overcome
a few of the difficulties which attend the commencement of his career.

2503. We are not of the same opinion with those who, on a geometrical elevation of a

building, draw lines from its apex, which, bounding the principal parts of the outline, find

a pyramidal form, and thence infer beauty of general outline. If those who favour such a
notion will but reflect for a moment, they must see that this cannot be a test of its eHect,

inasmuch as the construction of a geometrical elevation of any edifice supposes it to be
viewed at an infinite distance, whereas, in fact, it is most generally viewed under angles

wliich would puzzle the most learned architect, without full investigation, to discover tlie

jirimary lines which they assume to be the causes of its beauty. The obscurations and
forestiortenings that take place are at points of view near the building itself; and, however
judicious it may be to form the general masses in oi)edience to such a system, so as to pro-
duce an eH'ect in the distance that may be in accordance with the principle, it would be
extremely dangerous to lay the principle down as a law. 'I'he finest view of St. Paul's is

perhaps a little east of F'etter Lane, on the northern side of Fleet Street ; but it would
]uizzle any one to discover its pyramidal form from that point of view.

2.504. The beauty of the proportions of architecture in the interiors of buildings is

dependent on those which govern the exteriors. Much has been said on proportions of
rooms, which, hereafter, we shall have to notice: we mean the proportions of tlieir length
to their breadth and height. That these are important, we cannot deny ; but whether the
beauty of a room is altogether dependent on the due adjustment of these, we have some
doubts; that is, under certain limits. We here address ourselves more particularly to that

fitness which, in ornamenting a ceiling, for example, requires that the beams which appear
below the general surface should invariably fall over piers, and that in this respect cor-

responding sides should be uniform. In the study of this point, Inigo Jones is the great
English master who has left the student the most valuable examples of this branch of
the art.

2505. It may, perhaps, be useful to observe generally that the bare proportions of the
interiors of apartments depend on the purposes for which they are intended, and according
to these we seek immediately for the expression of their fitness. Tills point, therefore,

involves on the part of the architect so general an acquaintance with the most refined

habits of his emjiloyers, that we should be almost inclined to agree with Vitruvius on the
inultifarious qualifications necessary to constitute a good one. Certain it is tliat no
instructions he can receive for building a mansion will qualify him without an intimate
acquaintance with the habits of the upper classes of society.

2506. We have already stated that it is hopeless to arrive at a fixed standard of taste.

That considered worthy of the appellation will not be so considered in another. " The
sable Africans," says Knight, quoting from iMungo Park, " view with pity and c<)nteni|)i

the marked deformity of the Europeans, whose mouths are compressed, their noses pinched,
tlieir cheeks shrunk, their hair rendered lank and flimsy, their bodies lengthened and
emaciated, and their skins unnaturally bleached by shade and seclusion, and the baneful
influence of a humid climate." In the countries of Europe, where some similarity of taste

may be expected, the tyranny of fashion, no less than that of habit and circumstance, has,

and always will have, its influence on the arts. Within the short space of even a few
months we have seen what is called the renaissance style of architecture imported from
France, drawing into its vortex all classes of persons; many of them among the higher
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ranks, possessed of education to have patronised be'ter taste; and in nrcliile-:ture, and some

other arts, no one solves the question of what is really right by saying that there have been

errors in the tastes of different ages.

2507. 'I'he specimens of Greek sculpture, whose beauty is founded in nature herself,

will throughout all time excite the admiration of the world ; because in this case, the

standard or type being nature, mankind generally may be supposed to be competent judges

of the productions of the art. But it is very different in architecture, whose types iu

every style are, as respects tlieir origin, uncertain ; and when we are asked whether there

be a real and permanent principle of beauty in the art, thougli we must immediately reply

in the affirmative, we are at the same time constrained to refer it to the quality of fitness.

If this were not the case, how could we extend our admiration to the various styles of

Egyptian, Grecian, Roman, Gothic, and Italian architecture? These at first appear, com-

pared with each other, so dissimilar, that it seems impossible to assign beauty to one without

denyinfj- it to the rest. But on examination each will be found so fitted to its end, that

such cause alone will be found to be the principal source of the pleasure that an educ;ited

mind receives from each style ; and that thence it arises, rather than from any certain or

definable combinations of forms, lines, or colours that are in themselves gratifying to the

mind or agreeable to the organs of sensation. If this be true, what becomes of the doctrine

of the German a-sthetical school, so vaunted of by self-constituted critics and reviewers,

who pass their judgment ex ca hedid on works they have never seen, and, strange to say,

are tolerated for a moment by the public? The truth is, the public rarely give themselves

the trouble to judge ; and unless led, which is easily done by the few, do not imdertake tlie

trouble of judging for themselves. That the Egyptian pyramid, the Grecian and the

Roman temple, tlie early Christian basilica, the Gothic cathedral, the Florentine iialace,

the Saracenic mosque, the pagoda of the East, are all beautiful objects, we apprehend none

will dispute ; but there is in none of them a common form or standard by which we can

judge of their beauty : the only standard on which we can fall back is the great fitness of

them, under their several circumstances, for the end projiosed in their erection.

2508. We are thus unavoidably driven to the conclusion that beauty in its application

to architecture changes the meaning of the word with every change of its application ; for

those forms which in one style are strictly beautiful on account of their fitness, applied to

another become disgusting and absurd. By way of illustrating this, let us only picture to

ourselves a frieze of Grecian triglyphs separating the nave and clerestory of a Gothic

cathedral. From what we have been taught to consider the type of the Doric frieze con-

nected with its triglyphs an idea of fitness immediately arises in the mind ; but we cannot

trace its fitness in a dissimilar situation, neither can we comment on such an incongruity

better than in the oft-quoted lines of Horace :
—

" Hiitnano capiti cervicem pictor equinam
Jimgere si velit, et varias iiidticere plumas
Undique coUatis meinLiris, ut turpiter atrum
Desiiiet in piscem mulier formosa supernfc ;

Spectatum admissi risum teneatis amici ?
"

The influence of circumstances in every age has imi)arted to each style of architecture its

peculiar beauty and interest ; and until some extraordinary convulsion in society give the

impetus to a new one, we are constrained to follow systems which deprive us of otiier

novelty than those of changes which are within the spirit of the universally established

laws of the art. Turn to the Gothic churches of the present day,— the little pets of the

church commissioners and clergy. What objects of ineffable contempt the best of them

are ! The fact is, the religious circumstances of the country have so changed that they are

wholly unsuitable in style to the Protestant worship. Had, with the scanty means afforded

to the architects, such a model as St. Paul's, Covent Garden, been adopted, we might have

seen a number of edifices in the country, though

" Facics non omnil)US una
Nee diversa taraeii,"

that might have been an honour to the age in which we live, and suitable to the circum-

stances of the times.

2.509. Unity and harmony in a work necessarily enter into that which is beautiful ; and

it will not therefore require any argument to show that from a mixture of styles in any

buildin"- incongruity and unfitness, and consequently a want of unity and harmony, must

be the result. Hence we cannot agree with those wise reviewers who advocate tlie pos-

sibility of amalgamating the arch with the severe Grecian style. We leave them to their

dreams, and trust that before we give them credence we may have some proof of their

practical power in this respect.

2510. Symmetry is that quality which, as its name imports, from one part of an assem-

bla<Te of parts enables us to arrive at a knowledge of the whole. It is a subordinate, but

nevertheless a necessary, ingredient in beauty. It is necessary that parts performing the

same office in a building should be strictly similar, or they would not ex vi termini be
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symmetrical ; so, v/licn relations are strictly established between certain parts, making one

the measure of another, a disregard of the symmetry thus induced cannot fail of destroying

beauty. But here again we have to say, that for want of attention to tlie similarity of the

parts, or neglect of the established relations on which the whole is founded, they have lost

their symmetry, and have thus become unfit for their purpose ; so tliat thus again we return

to fitness as the main foundation of beauty.

'J511, Colour abstractedly considered has little to do with architectural beauty, which ii

founded, as is scidpture, on fine form. We are here speaking generally, and are not inclined

to assert tliat the colour of a building in a landscape is unimportant to the general eflect of

that landscape, or that the colours used on tiie walls of the interior of a building are

unessential considerations ; but we do not hesitate to say that tliey are of minor consequence

in relation to our art. We believe it would be difficult to paint (we mean not in the

sense of tlie artist) the interior of the ban(iueting room at Whitehall, were it restored to

its original destination, and divested of the ruinous accessories which from its original i>ur-

pose have turned it from a ban([ueting room into a chapel,—we l>elieve, we say, that it would
be difficult to paint it so as to destroy its internal beauty. But as we intend to be short

under this head, we shall (juote a brochure touching on this subject published by us in 1837.

2512. One of the beauties tending to give effect to the edifices of Greece has been on
the testimony of almost all travellers, the colour of the materials whereof they are com-
posed. Dr. Clarke observes that a warm ochreous tint is diiiiised over all the buildings of

the Acropolis, which he says is peculiar to the ruins of Athens. " Perliaps," says the

author. " to this warm colour, so remarkably characterising the remains of ancient luiildings

at Athens, Plutarch alluded" (/« Vita Pericles) "in that beautiful passage cited by
Chandler, where lie affirmed tluit the structures of Pericles possessed a peculiar ami un-

piralleled excellence of churacter ; a certain freshness bloomed upon them and preserved their

faces uninjured, as if tltei/ possessed a never-fading spirit, and had a soul insensible to at/e." It

is singular tliat recent discoveries have incontestably proved that this species of beauty at

all events did not originally exist in them, inasmucli as it is now clearly ascertained tliat it

was tlie practice of the Greeks to paint the whole of the inside and outside of their temples
in party colours. It had been some time known that they were in the habit of painting

and picking out the ornaments on particular parts of their buildings ; but M. Scliaubert,

the architect of the King of Greece, found on examination that this fell far short of tlie ex-

tent to which this species of painting was carried, and M. Semper, another German arclii-

tect, has fidly corroiiorated the fact in his examination of the Temple of Tlieseus. Tlie

l)ractice v/as doulitless imported into Greece from Egypt, and was not to be easily alian-

doned, seeing the difficulty of falling away from the habits of a people whence it seems
certain the arts of Greece more immediately came. It is by no means uncommon for a

person to be fully alive to all the beauties of form, without at the same time having a

due feeling or perception of the beauty resulting from harmony in colouring. It is

therefore not to be assumed that the Greeks, though given to a practice which we would
now discourage, possessed not that taste in otlier respects which has wortiiily received

the admiration of posterity. The practice of painting the inside and outside of buildings

has received the name of polychromatic architecture, and we shall here leave it to the

consideration of the student as a curious and interesting circumstance, but certainly witli-

out a belief that it could add a charm to the stupendous simplicity and beauty of such
a building as the Parthenon.

251:5. After all that we have said of fitness, it will be expected that in decoration it shall

form a principal ingredient. By the term decoration we understand the combination of

objects and ornaments that the necessity of variety introduces under various forms, to

embellish, to enricii, and to explain the subjects whereon they are employed. Tlie art of

decoration, so as to add to the beauty of an object, is, in other words, that of carrying out

the emotions already produced by the general form and parts of the object itself. By its

means the several relations of the whole and the parts to each other are increased by new
combinations ; new images are presented to the mind whose effect is varietv, one great

source of pleasure. From these observations two general rules may be deduced in respect

of decoration. First, that it must actually be or seem to be necessary. Second, tliat

such objects must be employed in it as have relation to the end of the general object of

the design. We are not to suppose that all parts of a work are susceptible of ornament.

Taste must be our guide in ascertaining where decoration is wanted, as well as the quantity

requisite. The absence of it altogether is in many cases a mode of decoration. As in

language its ricliness and the luxuriance of images do not suit all subjects, and simjilicity

in such cases is the best dress, so in the arts of design many subjects would be rather

impoverished than enriched by decoration. We must therefore take into consideration the

character of the building to be decorated, and then only apply such ornament as is neces-

sary and suitable to that character. AVe may judge of its necessity if the absence of it

tauses a dissatisfaction from the void space left ; of its suitableness, by its developing the

character. History has recorded the contempt with which that decorator was treated who
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ornamented the senate house with statues of wrestlers, and the gymnasium with statues of

senators.

2514. By some the art of arehitecture itself has been considered notliing more than

that of decorating the buildings Avhlch protection from the elements induces us to raise.

2515. The objects which architecture achuits for decoration result from the desire of

producing varkty, aiialoai/, and allegory. We here follow Quatremere de Quincy. (Ei/cpr.

Method. ) The first seems more general than the others, as being common among all

nations that practise building. It is from this source we have such a multitude of cut-

work, embroidery, details, comjiartments, and colours, more or less minute, whicii are

found in every s])ecies of architecture. It would be useless for the most philosophical

mind to seek for the origin of these objects in any want arising out of the mere construc-

tion, or in any political or superstitious custom. Systems of conjecture might be exhausted

without arriving one point nearer the truth. Even in the most systematic of tiie ditterei.t

kinds of architecture, namely, that of the Greeks, we cannot avoid perceiving a great number
of forms and details whose origin is derived from the love of variety, and that alone. In a

certain point of view, thus considered, an edifice is nothing more than a piece of furniture,

a vase, an utensil, the ornaments on which are placed more for the pr.ii)ose of pleasing the

eye than any other. Such, for instance, are the roses of caissons in ceilings and sofites, the

leaves round the bell of the Corinthian capital, the Ionic volutes, and many otiiers, besides

universally the carving of mouldings themselves. These ornaments, drawn from tlie store-

house of nature, are on that account in themselves beautiful ; but it is their transference to

architecture, which in the nature of things can liMve but a problematical and conjectural

origin, tliat seems to indicate a desire to vary tlie surface. Unless it was the desire of

variety that induced them, we know not what could have done so.

2516 It has been well observed by the author we have just (juoted, that though the art

has been obliged to acknowledge that many of its decorations depend in their ai)i)lication

on such forms as necessity imposes, and in the formation of them on cnance, caprice, or

whatever the love of variety may dictate, yet in the disposition of them there must reign

an order and arrangement subordinate to tiiat caprice, and that at this point commences
tlie dillerence between architecture as an art subservient to laws which are merely de-

])endent on the pleasure imparted to the eye, and those whicji depend on the mere me-
chanical dis])osition of the building considered as a piece of furniture. Architecture, of all

tlie arts, is that which produces the fewest emotions of the minds of the many, because it

is the least comprehensible in regard to the causes of its beauty. Its images act indirectly

on our senses, and the impressions it seems to make appear reducible chiefly to magnitude,

harmony, and variety, which after all are not qualities out of the reach of an architect of

tlie most ordinary mind, and therefore not — at least the first and last— unattainable

where economy does not interfere to prevent the result to be attained.

2517. Analogy, the second of the objects by which decoration is admitted into arciii-

tecture, seems to be resultant from the limited nature of all human inventions in the arts,

and the power of being unable to invent except by imitation and alteration of the forms of

objects i)re-existtnt. It is most difficult to discard altogether what have been considered

tvpes in architecture, and that difficulty has so prevailed as to limit those types to their

most probable origin in the case of the orders.

2518. The reader will begin to perceive that our analogy in decoration tends upon trees

for columns, the ends of beams for triglyphs, and the like. 'Whatever truth there may he

in this analogy, it is now so established as to guide the rules of decoration that are in-

volved in it ; and it must be conceded, that if we are desirous of imitating the peculiar art

of any country, we have no liojie of success but by following the forms which the con-

struction in sucli country engenders; and we must admit that, as far as external circum-

stances can direct us, the architecture of Greece, which, modified, has become that of the

whole of Europe, and will become tliat of America, seems so founded on the nature of

things, that, however we may doubt, it would not be prudent to lead the reader away iVom
the consideration, and ))erha])s from a belief, that such is the truth. AVithout holdii.g

ourselves bound by the analogy of the types of the tree and the cross beam, which appear

to have guided the architects of Greece, we can without hesitation assert, that wlienever

those have been abandoned the art has fallen on the most flagrant vices ; witness the

horrors of the school of Borromini, where the beams are broken, pediments, which are the

gables of roofs, are broken into fantastic forms, and none of the jiarts seem naturally con-

nected with each other. The works of the school in question seem indeed so broken u)),

that the study of them would almost convince an im])artial and competent judge that the

converse of its practice is sufhciently beautiful to establish the truth of the types wliereou

we have here and before expressed our scepticism. "Situt," says De Qumcy, "que le genie

decorateur s'est cru libre des entraves de I'analogie, toutes les formes caracteristicjues se

sont contournees, perverte^s, et denaturees, au point qu'il y a entr'elles et celle de la bonne
architecture, plus de distance qu'entre celles-ci et les tyi)es de la primitive construction."

:.519. In the dccoratioi of architecture, neith?r of the other two means cmjiloycd are



844 PRACTICE OF AllCIIITECTURE. Book 111;

more important tlian tliat ocular languajre wliicli architecture occasionally employs in iti^

ornaments. 15y its use architecture is almost converted into painting, and an edifice l)e-

eomes a picture, or a collection of ])ictures, through the aid of the scul])tor. We shall

refer to no other building than the Parthenon to prove the assertion. Here the history of

the goddess is embodied in the forms of the building, and to the decoration thus intro-

duced the subordinate parts of the sculpture, if it be not heresy so to call them, is kept so

under that we are almost inclined to cry out against their not having been principals in-

stead of accessories. This is the true principle upon wliich buildings should be decorated

to im])ress the mind of the spectator with the notion of beauty, and the principle which,

carried out, no matter what the style be, will insure the architect his most ample reward,

reputation. The matter that is supplied by allegory for decoration in architecture may be

considered under three heads— attributes, fiyures, and paintings.

2520. The first takes in all those foliages, plants, flowers, and fruits, which from their

constant use in sacrifices were at last transferred from the altar to the walls of the temple.

The garlands, festoons, chaplets, and crowns which we find sculptured on temples seem to

have had their origin from the religious ceremonies performed in them; as do the instru-

ments of sacrifice, vases, the heads of the victims, paters, and all the other objects em-
ployed in the worship of the ancients. Thus, in architecture, these have become conven-

tional signs, indicating the destination of the buildings to which they are applied. From
the particular ap|)lication of some ornaments on temples we derive in the end a language

in the arts of imitation. It was thus that the eagle grasping in his talons the attribute of

Ju])iter, came to represent eternity and omnipotence ; the myrtle and dove of Venus, the

passion of love ; the lyre and laurel of Apollo, to point to harmony and glory ; the si)ear

and helmet of Mars, to represent war. Palms and crowns became the emblems of victory,

as did the olive the emblem of peace. In the same way the ears of corn of Ceres, the

serpent of Esculapius, the bird of Minerva, and the cock of Mercury were equivalent to

the expression of abundance, science, and vigilance. Instruments of the arts, sciences, in

short, all objects useful to the end for which an edifice is erected, naturally become signs of

that edifice ; but applied otherwise become absurd. What, for instance, could be more
ridiculous than placing ox sculls and festoons on the frieze of a Protestant church? — and

yet this has been done in our own days.

25i?l. Figures of men and animals come under the second head. The application of

these may be seen to their highest perfection in the Parthenon, to which we have already

alluded. They may be introduced in low, high, or full relief. In the last case their

situation is usually that of a niche. We shall say no more on the subject of figures than

that of course they must have relation to the end for which the edifice is erected, and if

not in that respect perfectly intelligible are worse than useless.

2522. The walls of Pompeii furnish ancient examjiles of the decoration obtained by the

aid of painting, as do the loggie of the Vatican and the ceilings of the Farnesina modern

examples of it. Herein the moderns have far surpassed anything we know of tlie ancient

application of painting. Sculpture, however, seems more naturally allied to architecture

than painting, and, except in purely decorative painting on walls and ceilings, the intro-

duction of it seems bounded within narrow limits. The rules as to fitness of the sid)jects

introduced, applicable to the first two heads, are equally so under that of painting.

Sect. II.

THE OROERS.

2.'i23. An order in architecture is a certain assemblage of parts subject to uniform esta-

blished proportions, regulated by the office that each part has to perform. It may be

compared to what organisation is in animal natiu'e. As from the paw of a lion his dimen-

sions may be deduced, so from a triglyph may be found the other parts of an example of

the Doric order, and from given parts in other orders the whole configuration may be

found. As the genus may be defined as consisting of essential and subservient parts, the

first-named are the column and its entablature, which, as its name imports, is as it were

the tabled work standing on the column. The subservient parts are the mouldings and

detail into which the essential parts are subdivided, and which we shall hereafter separately

consider. The species of orders are five in number, Tuscan, Doric, Ionic, Corinthian, and

Composite, each of whose mass and ornaments are suited to its character and the ex-

pression it is intended to possess. Thase are the five orders of architecture, in the proper

understanding and application whereof is laid the foiuidation of architecture as an art.

The characters of strength, grace, and elegance, of lightness and of richness, are dis-

tinguishing features of the several orders, in which those characters ought to be found

not only in the colunm employed, but should pervade the whole composition, whereof the
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column is, as it were, the repfulator. The mode of setting up. or, as it is teclinic.illy

termed, profiling ;in order, will be given in a subsequent part of this section. Here we
shall merely observe that the entablature is subdivided into an architrave, which lies

immediately upon the column, a frieze lying on the architrave, and a cornice, which is its

uppermost subdivision. The height of these subdivisions together, that is, the whole
lieight of the entablature, is one fourth that of the column according to the practice of the
ancients, who in all sorts of entablatures seldom varied from that measure either in excess

or defect. " Palladio, Scamozzi, Alberti, Barbaro, Cataneo, Delorme, and others," says
Sir William Chambers, " of the modern architects, have made their entablatures much
lower in the Ionic, Composite, and Corinthian orders than in the Tuscan or Doric. This,

on some occasions, may not only be excusable but highly proper ; particularly where the
intercohimniations are wide, as in a second or third order, in private houses, or inside

decorations, where lightness should be preferred to dignity, and where expense, with every
impediment to the conveniency of the fabric, are carefully to be avoided ; but to set

entirely aside a proportion which seems to have had the general approbation of the
ancient artists is surely presuming too far."

2.524. As rules in the fine arts which have obtained almost universal adoption are

founded on nature or on reason, we may be pretty certain that they are not altogether

empirical, albeit their origin may not be immediately apparent. The grounds on which
such rules are founded will, however, in most cases become known by tracing them to

first principles, which we shall here endeavour to do in respect of this very important
relation of height between the column and its entablature. We were first led into this

investigation by the perusal of a work by M. Lebrun, entitled TIteorie de VArcJiitectiire

Grecque et Romaine deduite de Panali/se des Monumens antiques, fol. Paris, 1807 ; but our
results differ very widely from those of Lebrun, as will he seen on reference to that work.

2525. One of the most obvious principles of proportion in respect of loads and supports,

and one seemingly founded on nature herself, is, that a support should not be loaded with
a greater mass or load than itself; or, in other words, that there should he an equality

between weights and su])ports, or, in the case in point, between the columns and en-

tablature. In respect of the proportion of the voids below the entablature between the

columns or supports, a great diversity of practice seems to have prevailed, inasmuch as

we find them varying from 1 "0.3 to 2-18, unity being the measure of the supports. Eebrun
makes the areas of the supports, weights, and voids eqvial to one anotlier, and in what
may be terined the monumental examples of the Doric order, such as the Parthenon, &c.,

he seems borne out in the law he endeavours to establish ; but in lighter examples, such
as the temple (Ionic) of Bacchus at Teos, where the supports are to the voids as 1 : 2-05,

and in the temple of Minerva Polias, where the ratio is as 1 : 218, he is beyond all

question incorrect : indeed there hardly seems a necessity for the limitation of the voids

he prescribes, seeing that, without relation separately to the weight and support, sta-

bility would be obtained so long as the centre of gravity of the load fell within the ex-

ternal face of the support. If it be admitted that, as in the two examples above men-
tioned, the voids should be equal to the supports jointly, we have a key to the rule, and
instead of being surprised at the apparently strange law of making the entablature one
fourth of the height of the column, we shall find that no other than the result assumed
can flow from the investigation.

2526. In fig. 861. let AB be the height of the column, and let the distance between the

columns be one third of the height of the column = CD. Now if

A B be subdivided into four equal parts at a, h, and e, and the hori-

zontal lines ad, be, and cf be drawn ; also, if CD be divided hori-

zontally into four equal parts, and lines be drawn perpendicularly

upwards intersecting the former ones, the void will be divided into

sixteen equal parallelograms, one half whereof are to i)e the measure
of the two whole supports BC and DE ; and DE being then made
equal to one half of CD, it will be manifest, from inspection, that

the two semi-supports will jointly be equal to eight of the parallelo-

grams above mentioned, or one half of the void. We have now to
place the entablature or weight AGHI upon the supports or co-

lumns, and equal to them in mass. Set up from A to F another
row of parallelograms, each equal to those above mentioned, shown
on the figure by AFKI. These will not be equal to the siqiports

by two whole parallelograms, being in number only six instead of
eight ; dividing, therefore, 8, the number in the supports, by 6, the
number already obtained, we have 1 •,S.'5.'3, &c., whicli is the height -. ^^^

to be assigned to AG, so tliat the weight may exactly et]ual tlie

supports, thus exceeding one quarter of the height of the support (or colimin) by ^M of

such quarter, a coincidence sufficient to corroborate the reason on which the law is

founded.
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2.-3'-'7, From an inspection of'tIie^//s. Shi, 862. 86;?, it appears that when the void is one

;liir(i the lieijflit of the suiipurts in widtli, the supports will

he 6" (iiaineters in height ; when one foui-th of their height,

they will i)e 8 cliametcrs high ; also that the intercolumni-

ation, called systylos or of two diameters, is constant by the

arrangement. When the surf.ice of the columns, as tiiey

appear to the eye, is equal to that of the entablature, and

the voids are equal to the sum of those surfaces, the height

of the entablature will always be one third of that of the

columns. Thus, let the diameter of the columns be=l,
their height = /e, their number = n. Then the surface of

the columns is nh; that of the entablature the same. As
the surface of the voids is double that of the columns, the

width of the intercohimniations is double the width of the

columns, that is, 2u diameters, which, added to the n dia-

meters'of the columns, gives 3n diameters for length of the

entablature; therefore, the surface of this entablature is

nfi, and its length being 3re, its height must l>e ^^ = - exactly.

2528. Trying the principle in another manner, let /ig. 864. be the general form of s

tetrastyle temple wherein the columns are assumed at pleasure 8 diameters in height.
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Fifi. S61. Fig. sns.

Tlien 4 X 8 = 32 the areas of the supports; and as to fulfil the conditions the three voids

are equal to twice that area, or 64, they must consequently be in the aggregate equal to 8

diameters, for^g* = 8, and the whole extent will therefore be equal to 12 diameters of a

support or column. To obtain the height of the entablature so that its mass may equal

that of the supports, as the measures are in diameters, we have only to divide .'32, the

columns, by 12, the whole extent of the facade, and we obtain two diameters and two
thirds of a diameter for the height of the entablature, making it a little more than one

quarter of the height of the column, and again nearly agreeing in terms of the diameter

with many of the finest examples of anti(]uity. If a pediment be added, it is evident, the

dotted lines .\C, CB being bisected in a and b respectively, that the triangles AEa, fcFB

are respectively equal to CDa and GhC, and the loading or weight will not be changed.

25.19. Siniilar results will be observed in fig. 865., where the height is ten diameters, the

number of columns 6, the whole therefore ISO, the supports being 60. Here
fg
=

3J
diameters will be the height of the entablature. This view of the law is further borne out

by an analysis of the rules laid down by Vitruvius, hook iii, chap. 2, ; — rules which did

not emanate from that author, but were the result of the practice of the time wherein he

lived, and, within small fractions, strongly corroborative of the soundness of the hypothesis

of the voids being equal to twice the su])])orts. Speaking of the five s|)ecits of temples,

after specifying the ditFerent ii.tercolumniations, and recommending the eustylos as the

most beautiful, he thus directs the formation of temples with that interval between the

columns. " The rule for designing them is as follows;— The extent of the front being

given, it is, if tetrastylos, to be divided into 11 i parts, not including the projections ot

the base and plinth at each end; if hexastylos, into 18 parts; if octastylos, into 24J
parts. One of either of these parts, according to the case, whether tetrastylos, hexa-

stylos, or octastylos, will be a measure equal to the diameter of one of the columns." ....
" The heights of the columns will be S\ parts. Thus the intercolumniations and the

heights of the columns will have proper proportion." In the same chapter he gives

duections for setting out ara;ostyle, diastyle, and systyle temple.s. The tetras ylos, he states,

is ) 1 i parts wide and 8^ high; the ar-^a therefore of the wliolefront becomes 1 1
.J
x 8^ = y7|.
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TliL" four columns are 4 x 8^ = 3-i, or very litth^ move tlian one tliird of the whole area ; the

nmaniing two tliirds, speaking in round numbers, being given to the intercolumnsor voids.

Tlie liexastylos (see _;?</. 865.) is 18 parts wide and 8.J high ; the whole area tlierefore is

]8 X 85= 153. Tlie six columns are 6x82=0!, or exaetly one tliird of the whole area;

tlie voids or intercolumns occupying the remaining two tliirds. The octastylos is 24^ parts

wide and 8^ high. Then 24^ x 8I =208^. The eight columns are 8x8^ = 68, being a

trifle less than one third of the area, and the voids or intercolumns about double, or the

remaining two thirds. The average of tlie intercolumns in the first case will be
''~

=2i^ diameters. In the second case —r-=2? diameters,
a * '

24i-
7

lu the third case

-=2^'\^ diameters.

2530. A discrepancy between practice and theory, unless extremely wide, must not be .allowed to interfere
with princi[)les, and therefore no hesitation is felt in submitting a synoptical view of some of the most cele-
brated examples of antiquity in which a comparison is exhibited between tlie voids and su)iports ; certain it

is tliat in every case thf former exceed the latter, and that in the earlier examples of (he Doric order, liie

ratio between them nearly approached equality. In comparing, however, the supports with the weights,
there is every appearance of that part of the theory beins; striitly true ; for in taking a mean of the six
examples of the Doiic order, the supports are to the weights as 1 : 1-16 ; in the five of the Ionic order as

1 : 105 ; and in the four of the Corinthian order as 1 : 1'04, a coincidence so remarkab'e tliat it must be
attributed to something more than accident, and deserves much more extended cousideratiou than it has
hitherto received.

Building. Order. .\uml-ei- of
Columns.

Su|i]iorts. W<.if;hls. \'ouls.

Temple uf Jupiter Neineus Doric 6 1-00 7!» 1 03
Parthenon _ . - - - — 8 1(0 1 (17 101
Temple at Bassae - - •

- — 6 ri'O 5-14 1-lG

Temple of Minerva at Snnium fi 100 IMO 117
Temple of Theseus at Athens - — G rno 113 \n
Tein|ile of Jupiter Panhelleuius — II 1 00 l--)'. '•3G

Temple of Hrectheus . - - Ionic G i-no 0-V9 \-n
Temple of Fortnna Virilis at Eome - — A 1 00 115 1-71

Tiinple on the Ivssus 4 l-(,0 Of)f) 1-2
Temple of Bacchus at Tecs — H l-Ol) 1-X5 '.'•05

Tfmi)le of Mnierva Pulias, Athens - 4 I 0;i 101 2 IS

Portic.) of Septiniius -Severus - Corinthian. G 1 00 o;i;i 1 ;!7

Maison Carrfeat Nismes G l-(,0 i'o 1-5S

Temple at Jackly . - . . _ G 1 00 o;)o i-r,2

Pantlieon at Rome - - - - — 8 ruo 143 1-84

If instead of taking the apparent bulls, of a column, tnat is, as a square pier, w(
about three quaiters (,f ) tliat of a square pier of the same diameter and lieiglit

;

the height ol the entablature will be one fourth of the height of the column ;

-. , „ k h
for I of 3 = 5.

Tiiere is a ciirious fact connected with the hypothesis which has been sug-
Ees'ed that requires notice ; it is relative to llie area of the points of support
for the edifice which the arrangement affords. In fig- SGii tlie hatched squ,ires

represent the plans of quarter piers of columns in a scries of intercoluinnia-

tions every way, such intercolumniations being i f two diameters, or lour

semidiameters ' These, added to the quarter piers, make six seinidiameteis,

wh se square 36 is therefore the area to he covered with the '*eight. The
four quarter piers or columiis=4, hence the points of support are -j'j of the area
= 01 ; 1, Now in the li-t (1583.) of the princiual buildings in EuiO(ie the mean
ratio is 01G8, differing only O'Oo? from the result here given ; hut if we select

the following buildings the mean will be found to difl'er much less.

Teiinile of Peace - I'c7

S. Paolo fuori ie Muiii- ll-i

S. Sabino . . 100 „. -

S. Fihppo Neri - - ClJU Sum = 474. Mean

—

IL

Fig. SGG.

MOULniNGS.

2531. The subservient parts of an order, called mouldings, and common to all the Romatv

orders, are eight in number. They are— 1. 'Vhcovolo, cc/iiuus, or quarter round, {tig. 867.)

It is commonly found lander the abacus of capitals; and is also almost always jjlaced

between the corona and dentils in the Corinthian cornice: its form gives it the appearance

of seeming fitted to support another member. It should be used only in situations above

the level of the eye. 2. The talon, ogee, or reversed ci/ma (Jig. 868.) is also, like the ovolo, a

moulding fit for the support of another. 3. Tiie cyma, cyina recti, or cymutium {Jig. 869.)

seems well contrived for a covering and to shelter other members; it is only used properly

for crowning members, though in Palladio's Doric, and in other examples, it is found

occasionally in the bed mouldings under the corona. 4. The torus (Jig. 870.), like the

astragal presently to be mentioned, is shaped like a rope, and seems intended to bind and

strengthen the parts to which it is applied; while, 5. The sco//« or trixliilns (J'y. 871.),

placed between the fillets which always accompany the tori, is usually bek;w the eye ; its

i;se being to separate the tori, and to contrast and strengthen the eH'eci of other mouldings

as well as to impart variety to the profile of the base. 6. The care.tto, mouth, or liulluu-
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wMSKlSl'

iaiBHiHiMi '^

I'm. 871. F;^'. 872.

Fig. 873. Fig. 8?4.

(//7. 872.) is chiefly used as a crowning moulding, like the cyma recta. In bases and
c.ipitals it is never used. By workmen it is fre<|ueiitly called a cu.sement. 7. Tlie astragal

(./?//. 8~S.) is nothing more than a small torus, and, like it, seems applied for the purpose of
binding and strengthening. The astragal is also known l)y the names of head and baguette.

8. 'Vhe fillet, listel, or annulet
(fi(j. 874.) is used at all heights and in all situations. Its

chief ofiice is the separation of curved mouldings from one another.

-2.5.32. In Grecian examples, tlie sections of mouldings are obtained by portions of an
ellipse, parabola or hyperbola, all parts of a conic section, so that they give a gre.iter

delicacy of outline than do the Roman examples. " These latter," writes J. B. Ripworth,
in his edition (IS26) of the work i)y Sir W. Cliambers on Civil Architecture, "produced
similar quantities of middle tint, light, and shadow ; the Greeks carefully avoided this

sameness, and judiciously and tastefully made the shadows to prevail distinctly. Hence
in all their works we find tlie result of a superior understanding of the principles and
effects of Ijglit and shade, which are opposed to each other, and relieved with grtat skill;

whereas, in the Roman style, being divided and broken, they are certainly less beautiful
and less capable of affording the cliarms of reflected liglit than the vestiges of Grecian art,

which by their well-

studied proportions

merit respect and imi-

tatioii." Sir William
ob.serves on these dif-

ferent mouldings that their inventors meant to express
someihing by their different figures, and that the
destinations above mentioned may be deduced not

only from their figures, but from the practice of the ancients in their most esteemed
works; the cyma and cavetto are constantly u>ed as finishings, and never ap])lied where
strength is required ; the ovolo and talon are always employed as su|)p<)rters to the
essential members of the composition, such as the modijlions, dentils, and corona; the chief

use of tile torus and astragal is to fortify the tops and bottoms of columns, and sometimes
of pedestals ; and the scotia is employed only to separate the members of bases, for which
purpose the fillet is likewise used not only in bases but in all kinds of profiles.

2533. The names of the Greek mouldings are the same as those already mentioned; and
there is another (^fig. 8746 ) called from its appearance a hird's-heak moidding, comprising
the outline of the echinus hollov/ed out below and then brought down with a curve
into the fascia. It is cliiefly used in the capital of an anta or pilaster, as in fig. 883,
Fig. 867b. is a quirked ogee, having a separation from the fascia above to obtain a depth
of shadow. Fig. 8686. is a quirked ovulo. Fig. S6~a. is used in the cap of tlie Doric
order. Fig. 869a., the cyma recta, used as tiie crowning member of a cornice, was often

elegantly decorate j. Fig. 868c'. is an ogee projecting furiher than the ordinaiy form.

Fig. 874c. is an outline of tlie base of the Choragic iMonument of Lysicrates at Athens,

showmg a combination of mouldings ; three of tlic mouldings being inverted. Examples
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of Greek cajiitals are given on pages 906 and 907, in addition to tliose In Figs. 883
and 887.

25?A. The simplest method of describing the contours of mouldings in Roman or

Italian architecture is to form them of quadrants of circles, as shown in Fijrs. 867
ti) 874. Wliere circumstances justify a variation, the ovolo, talon, cyma, scotia, and
caveefo, may be either described from the summits of equilateral triangles, or be

composed of portions of the ellipsis, but tiie section of the torus and astragal is always

semicircular.

ORNAMENTS OF M0ULD1NG&.

2535. In ornamenting the profile of an order, repose requires that some mouldings should

be left plain. If all were enriched, confusion instead of variety would result. Except for

particular purposes, the square inembers are rarely carved. There are but few examples

in the best age of tiie art in which the corona is cut ; indeed at this moment the only one

that occurs to us wherein work is in fine style is that of the three columns in the

Campo Vaccino. So where the ovolo al)ove and talon below it are carved, the dentil

l)and between them should be uncut. Scamozzi, in the third chapter of his sixth book,

inculcates tliat ornaments should he neither profuse nor abundant, neither are they to be

too sparingly introduced. Thus they will lie approved if applied with judgment and dis-

cretion. Above all things, they are to be of the most beautiful forms and of the exactest

proportions ; ornaments in buildings, being like tiie jewels used for the decoration of

princes and princesses and persons of high rank, must be placed only in proi)er situations.

Neither must variety in ornaments be carried to excess. We have to recollect that, being

only accessories, they must not obtrude upon but be kept subordinate to the main object.

'J'hus ornaments applied to mouldings should be simple, uniform, and combining not more
than two distinct forms in the same enrichment ; and when two forms are used on the same
moulding they should be cut equally deep, so that an uninterrupted appearance may be

preserved. Mouldings of the same form and size on one and the same profile should be

similar; and it is moreover a requisite of the greatest importance, so to distribute the

centres of the ornaments employed that the centre of one may fall exactly over the centres

of those below, of which the columns of the Campo Vaccino form an example for imitation

in this respect. Nothing is more offensive than, for example, to see the middle of an egg
placed over the edge of a dentil, and in another part of the same moulding to see them
come right, centre over centre, and the like negligent and careless distribution. This may
always be avoided by making the larger parts regulate the smaller. Thus where there are

modillions they must be made to govern the smaller ornaments above and below them, and

these smaller ones should always be subdivided with a view to centring with the larger

parts. The larger parts are dependent on the axes of the columns and their inter-

columniations ; but all these must be considered in profiling the order. It will of course

be necessary to give the ornaments such forms as may be consistent with the character of

the order they enrich. The enrichment of a frieze depends upon the destination of the

building, and the ornaments may have relation to the rank, quality, and achievements of

the proprietor. We do not agree with Chambers in condemning the introduction of arms,

crests, and cyphers, as an unbecoming vanity in the master of the fabric. These may often

be so introduced as to indicate the alliances of the family, and thus give a succinct history

of its connections. In Gothic architecture we know the practice induced great beauty

and variety. We have before observed, in Sect. I. of this Book (2520. ), that the instru-

ments and symbols of pagan worship are highly indecorous, not to r.ay ludicrous, on
edifices devoted to the Christian religion.

2536. In carving ornaiuents they must be cut into the solid, and not carved as if they

were applied on the solid, because the latter practice alters their figure and proportion. In

fact, every moulding should be first cut with its contour plain, and then carved, the most
prominent part of the ornament being the actual surface of the moulding before carving,

observing that all external and re-entering angles are kept plain, or have only simple leaves

with the central filament expressed on or in the angle. In the circular temple of Tivoli

the principle of'cutting the ornament out of the solid is carried out so far, that tiie leaves,

as usual in most examples of the Corinthian order, instead of being mere appliquees to the

bell of the capital, are actually cut out of it.

2537. The degree of relief which ornaments ought to have is dependent on their distance

from the eye and the character of the composition : these matters will also regulate the

degree of finish they ought to possess. There are some mouldings whose profile is in-

dicative of bearing weight, as the ovolo and talon, which by being deeply cut, though
themselves heavy in character, are thereby susceiitible of having great lightness imparted to

them, whilst such as the cyma and cavetto should not l)e ornamented deep in the solid. The
imitation from nature of the objects represented should be carefully observed, tiie result

whereof will impart beauty and interest to the work on whicli such attention is bestowed.

31
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CHARACTEliS OF THE OllDFKS.

25r?8. Ill the Eirst Book of tliis work, Sect. XI. (1.33, ct seq.) we have considered the

history of the five orders of arcliitecture; we shall here offer some general observations

upon them before proceeding to the detail of each separately. The orders and their several

characters and qualities do not merely appear in the five species of columns into which they

have been subdivided, but are distributed throughout the edifices to which they are applied,

the column itself being the regulator of the whole composition. It is on this account the

name of orders has been apiilied to the differently formed and ornamented supports, as

columns, which have received the names of the Doric, Ionic, Corinthian, Tuscan, and

Comi)osite orders, whereof the three first are of Grecian origin, and the two last, it is sup-

])osed, of Italian or Roman origin. Each of these, by the nature of its proportions, and

the character resulting from them, produces a leading quality, to which its dimensions,

form, and ornaments correspond. But neither of the orders is so limited as to be confined

within the expression of any single quality. Thus the strength indicated in the Doric order

is callable of being modified into many shades and degrees of that quality. We may satisfy

ourselves of thisin an instant by reference to the early compared with the later Doric

column of the Greeks. Thus the columns of the temple at Corinth are only four diameters

high, while those of the portico of Rh.ilip are six and a half.

^2539. As the Doric seems the expression of strength, simplicity, and their various modes,

so the Ionic, by the rise in height of its shaft and by the slenderness of its mass, as well

as by the elegance of its capital, indicates a quality intermediate between the grave solidity

of the Doric and the elegant delicacy of the Corinthian. Bounded on one side by strength,

and by elegance on the other, in the two orders just named, the excess of elegance in the

Corinthian order ends in luxury and richness, whereof the character is imprinted on it.

2540. We cannot here refrain from giving, in the words of the excellent Sir Henry

Motton, a quaint and homely, but most admirable description of these five orders, from his

Elements of Architectvre. " First, the I'uscan is a plain massive rural pillar, resembling

some sturdy, welllimbed labourer, homely clad, in which kind of coinparisons, Vitruvius

himself seemeth to take i)leasure." (Lib. iv. cap. 1. ) . . .
'• The Z^or/^'^e o/r/er is the gravest

that hath been received into civil use, preserving, in comparison of those tliat follow, a more

masculine aspect and little trimmer than the Tuscan that went before, save a sober garnish-

ment now and then of lions' heads in the cornice, and of trit/h/plis and metopes always in the

frize." ..." To discern him will be a piece rather of good heraJdry then of architecture,

for he is knowne by his place when he is in company, and by the peculiar ornament of his

frize, before mentioned, when he is alone." ..." The lonique order doth represent a kind

of feminine slendernesse ; yet, saith Vitruvius, not like a light housewife, but, in a decent

dressing, hath much of the matrone." ..." Best known by his trimmings, for the bodie

of this columne is perpetually chantled, like a thick-pleighted gowne. The capital! dressed

on each side, not much unlike women's wires, in a spiral wreathing, which they call the

Ionian voluta." ..." The Corint/iian is a columne lasciviously decked like a courtezan,

and therefore in much participating (as all inventions do) of the place where they were

first born, Corinth having beene, without controversie, one of the wantonest towns in the

world." ..." In short, as plainness did characterise the Tuscan, so, much delicaeie and

varietie the Corinthian pillar, besides the height of his rank." . . . " The last is the cow-

pounded order, his name being a briefe of his nature : for this pillar is nothing in effect but

a mellic, or an amasse of all the precedent ornaments, making a new klnde by stealth, and

though tiie most richly tricked, yet the poorest in this, that he is a borrower of his beantie."

Each of the orders, says De Quincy, is, then, in the building to wliich it is applied, the

governing principle of the forms, taste, and character of that system of moral order met

with in Grecian architecture which alone seems to have suited the physical order of pro-

portions with each part, so that what is agreeable, ornate, and rich is equally foun<l in the

whole as in the parts.

2541. On the two Latin orders we do not think it recessary to say more than that they

will be fully described in following pages. The invention of new orders must arise out of

other expressions of those (lualitles which are already sufficiently well and beautifully

expressed ; hence we consider, with De Quincy, to attempt such a thing would be vain.

Chambers thus expresses himself on this subject, without the philosophy of De Quincy,

yet with the feelings of a learned and experienced architect :
" The ingenuity of man has,

hitherto, not been able to produce a sixth order, though large premiums have been offered,

and numerous attempts been made, by men of first-rate talents to accomplish it. Such is

the fettered human imagination, such the scanty store of its ideas, that Doric, Ionic, and

Corinthian have ever floated uppermost, and all that has ever been producetl amounts to

nothing more than different arrangements and combinations of their parts, with some

trifiing deviations, scarcely deserving notice ; the whole tending generally more to diminish

than to Increase th.e beauty of t!ie ancient orders." .\gain :
" The suppression of parts ol
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the ancient orders, with a view to produce novelty, has of late years been practised amun"
us with full as little success ; and tliouj^h it is not wished to restrain sallies of imagination,
nor to discourage genius from attempting to invent, yet it is apprehended that attempts to
alter the primary forms invented by the ancients, and established by tlie concurring appro-
bation of many ages, must ever be attended with dangerous conse(]uences, must always be
difficult, and seldom, if ever, successful. It is like coining words, which, whatever may l)e

tlieir value, are at first but ill received, and must have the sanction of time to secure them
a current reception."

2542. In the progress of the five orders, from the Tuscan up to the Composite, taking
seven diameters for the height of the Tuscan column, and eleven for that of the Composite,
if the entablature be taken of the same absolute height in all, and at the same time in

height one quarter of that of the column, we shall have the height of tlie entablature in
terms of the diameter of the column, as follows :—

In the Tuscan order . ^ of | = 1^ entablature diameters high.

In the Doric order • ^ of f = 2 entablature diameters high.

In the Ionic order . | of 8 = 2| entablature diameters high.

In the Corinthian order \ of '-j" = 2,^ entablature diameters high.

In the Composite order \ of '-j' = 2^ entablature diameters liigh.

HEIGHT ANU DIMINUTION OF COI-UMNS.

2543. Vitruvius tells us that the ancients were accustomed to assign to tlie Tuscan
column seven of its diameters for the height ; to the Doric, eight ; to the Ionic, nine ; and
to .the Corinthian and Composite, ten. Scamozzi, the leader of the moderns, adopts
similar proportions. But tliese are not to be considered as more than an approximation to
the limits, nor as relating to the proportions between the heights and diameters of the
ancient Doric examples, whereof in our First Book we have examined certain specimens.
This work cannot be extended to a representation of the variety under which the orders
have appeared in their various examples of eacli order. The works in which they are
contained must be consulted for particulars of detail in this respect. Our intention is to

give general information on the subject, and to follow, with few exceptions, in that respect,

the jn-ecepts of Vignola, as tending to the most generally pleasing results, and as being
also tliose which have been adopted on the Continent for general instruction in the art.

2544. We have already spoken (2524, et sc/-) of the general proportion of the height of
the entablature to tliat of the colunni as one fourth, and, without returning to the discussion

of the propriety of that inoportion, will only here incidentally mention tliat Scamozzi, Bar-
baro, Albert!, and Palladio have not assigned so great a height to tlieir entablatures, chieflv

it appears, because they seemed to consider the slenderness of the columns in the more deli-

cate orders imsuited to the reception of heavy burdens. If, however, the reader will bear in

recollection what has been said at the beginning of this section relative to the supports and
weights, it will directly occur to him that the practice these great masters sanctioned is

not founded upon just deductions. Chambers seems to have had a glimpse of this theory,

but without any notion of its developement, when he says, " It mus,t be remembered that,

though tiie height of an entablature in a delicate order is made the same as in a massive
one, yet it will not, either in reality or in ajipearance, be equally heavy, for the (piantity of
matter in the Corinthian cornice A (Jiff- 875.) is considerably less than in the Tuscan
cornice B, and the increased number of parts composing the former of these will of course
make it appear far lighter than the latter." He was, however, nearer the exact truth
where he speaks in a previous passage of the possibility of increasing the intervals between
the columns.

2545. The diminution or tapering form given to a column, whereof all the authors find

the type, whether tridy or not, in that of the trimk of a tree, in the ancient examples, some-
times commences from the foot of the shaft, sometimes from a quarter or one third of its

height, ill which case the lower part is a jierfect cylinder. Though the latter method has

been mostly adopted by modern artists, tlie former seems more to have prevailed among tlio

ancients. Of the method of entasis, that is, of swelling columns as they rise, we have alreadv

spoken in the First Book (144. ). A curve of diminution, if we may so term it, in whicli the

lower pait does not much vary from the cylinder, but never much exceeding its boundary
for the height of one third upwards, is the best, and to something like that we now come.
Blondel {Resolution ihs qmxtre princlpaiix Prohleincs d\trc/iitecture) says, that the best and
simplest instrument for the diminution of columns is that invented by Nicomedes for

describing the first conchoid, which, applied at the bottom of the shaft, gives, by continued
motion, both the swelling and the diminution. Vignola had not strictly anticipated Blondel
in this method, which, it is said, was that used for tlie columns in the Pantheon ; but tiie

old master had come so near to it that we shall first describe Vignola's method, and thea

tliat proposed by Blondel. ^'ignola having already spoken of the common practice, says,

3 12
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(Stampani's edit. Dei cinque Ordiiii -iT Architethira, Roma, 1770, cap. 7. p. 51.), "In re-

spect of this second mode, it is my own discovery, and will be soon understood by the

figure, though not so well known as the first named. The measures of the column
liaving been fixed, namely, the lieight of the shaft and its upper and lower diameters,

from C (^fig- 876.), draw an indefinite line through D perpendicular to the axis of the

column. From A, the extreme point of the upper semi-diameter, to B, a point in the

axis, set off' CD the lower semidiameter. Through B from A draw the line ABE, cutting

the indefinite line CD in E, and from the point of intersection E and through the axis of

the column draw any number of rays, as EBa, whereon, from the axis towards the circum-
ference, setting off" the interval CD, any number of points aaa may be found, and through
them a curve being drawn gives the swell and diminution of the shaft.

5546. This method is so far defective as to require the curve to be drawn by hand on
the application of a flexible ruler through the points found. To remedy the defect, Blon-
del, who on investigation of the curve found it to be a conchoid, ajiplied the instrument
of Nicomedes for the jjurpose, the descrijition of which instrument here follows. The
height of the shaft and the upper and lower diametv-;rs of the column having been deter-

mined, as also the length {fig. 876.) of the line CDE, take three rulers, FG, ID, and AH,
of which let FG and ID be fastened together at right angles in G. From top to bottom
let a dovetail groove be cut down the middle of FG, and at E on the ruler ID, whose
length from the centre of the groove in FG is the same as that of the point of intersection

from the axis of the column, fix a pin. On the ruler AH set oft' the distance AB equal

to the lower semidiameter of the column CD, and at the other end of the ruler cut a slit

through it from H to K, the length whereof must at least be ei]ual to the diff'erence in

length between EB and ED, and its breadth sufficient to admit the pin fixed at E to pass

through the slit, and allow the ruler to slide thereon. Now, the middle of the groove in

the ruler FG being placed exactly over the axis of the column, the ruler AH in moving
along the groove will with its extremity A describe the curve AaaC, which curve is the

same as that produced by Vignola's method, except that the operation is performed by the

continued motion of the ruler All. If the rulers be of an indefinite size, and the pins at

E and B be made to move along their respective rulers, so as to be able to increase or

diminish at pleasure the lengths AB and DE, the instrument will answer for drawing
columns of any size.

2547. The diminution of the column as respects quantity is rarely in ancient examples
less than one eighth of the lower diameter of the column, nor often more than one sixth, as

will be seen in the subjoined examples. One sixth is the diminution recommended by
Vitruvius, and followed by Vignola, in all his orders, except the Tuscan. In the following

table the first column contains the order ; the second, the example ; the third, the height

of the column in English feet and decimal parts of a foot ; the fourth column shows its

diameter in similar terms ; and the fifth the ratio of diminution. The dimensions are from

Perrault, reduced here from French to English feet.
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Height of Dinmcter of
Ratio of

Diminution.Older. Examples- Coiumn in
Englisli Feet.

Column in
English Feet.

Doric Theatre of Marcellus . - . 22-386 3-198 0-200
Coliseum . - - _ . 24-384 2-865 0-077

Ionic Temple of Concord, now of Saturn - 38-376 4-485 0-182_ Temple of Fortuna Virilis . - - 24-340 3-109 0-125
Coliseum . . - - . 24-518 2-909 0-166

Corinthian Temple of Peace .... 52-400 6041 0-111
Portico of Pantheon - - . . 38-998 4-7'

6

0-106
_ Altars of Pantheon . . - . 11-548 1-4G5 0-133

Temple of Vesta .... 29-226 3-109 0-lU
Temple of the Sybil at Ti: )li 20-254 2-487 0133
Temple of Faustina - . . - 38-376 4-796 0-133
Tcmnle of the Dioscuri . . . 39-975 4-840 0-111

Basilica of Antoninus . . . - 39-442 4-752 0-106
Arch of Constantine . . . - 23-097 3-435 0-117
Interior of Pantheon .... 2!I-3I4 3-642 0-133
Portico of Septimius .... 39-442 3-632 0-125

Composite. Baths of Diocletian .... 37-310 3-553 0-200
Temple of Bacchus .... n-371 1-443 0-

1 1

1

Arch of Titus - - - . . 17-1(56 2-102 0-117
— Arch of Septimius Severus ... 23-097 2-877 117

2543. The recommendation of Vitruvius (lib. iii. c. 2.) to give different degrees of

diminution to columns of different heights has been comliated by Perrault in his notes on
tlie passage ; and we are, with Chambers, of opinion that l^errault is right in his judgment,
inasmuch as the proper point of view for a cohimn fifty feet high (Jig. 876. unshaded part)

ou^ht not to be at the same distance as for one of fif.een, the point being removed more
distant as the column increases in height, and therefore the apparent relation between tiie

upper and lower diameters would appear tlie same. For supposing A to be a point of view
whose respective distance from each cf the columns fg FG, is equal to the respective

iiciglits of each, the trianglesyAg FAG will l)e similar; and Ay, or Ah, which istlie.same,

will be to Ag, as W, or its equal AH, is to AG: therefore, if de be in reality to be as

DE is to BC, it will likewise be apparently so : 'or the angle dA.e will then be to the angle

l)Xc, as the angle DAE is to the angle IJAC ; and it' the real relations differ, the ap])arent

»iies will likewise differ. " When, therefore," observes Chambers, "a certain degree of

diminution, which by experience is found pleasing, lias been fixed upon, there will be no
necessity for changing it, whatever be the height of the colunm, provided the point of view
is not limited; but in close places, where the spectator is not at liberty to choose a proper

distance for his point of sight, the architect, if he inclines to be scrupulously accurate, may
vary ; though it is, in reality, a matter of no importance, as the nearness of the object

will render the image thereof indistinct, and, consequently, any small alteration iuiper-

eeptible." Our author afterwards adds: " It must not, however, be imagined that the

same general proportions will in all cases succeed. They are chiefly collected from the

temples and other public structures of antiquity, and may by us be employed in cl.urches,

palaces, and other buildings of magnificence, where majesty and graiitieur of manner should

be extended to their utmost limits, and wlure, the composition being generally large, the

parts require an extraordinary degree of boldness to make them distinctly perceptible from
the proper general points of view."

SUBDIVISION OF ENTABLATL'KES.

2549. We have spoken of the entablature as the fourth part of the height of the column.

In general terms, its subdivisions of architrave, frieze, and cornice are obtained by dividing

its height into ten equal parts, whereof three are given to the architrave, three to the frieze,

and four to the cornice ; except in the Roman Doric order, in which the whole height of

the entablature is divided into eight parts, of which two are given to tlie architrave, three

to the frieze, and three to the cornice. From these general proportions variations have

been made by different masters, but not so great as to call for particular observation, 'I'liey

deviate but little from the examples of antiquity; and the ease with which they may be

recollected render thein singularly useful.

MODE OF MEASURING THE ORDERS.

2550. Several methods have been used for forming the scale of equal parts, by which the

ortlers are measured; but they are all founded on the diameter of the column at the bottom
of tlie shaft; for those that use the module or semi-diameter as the measuring unit (which
nil have done in the Doric order) must still recur to the diameter itself. The authors have

also usually divided it into tliirty parts, but all concur in measuring by an unit founded

on the diameter. We shall follow the practice of Vignola in describing the orders, that

master dividing the diameter into two equal parts, of which ?dch is the unit of the scale for
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profiliiii? the order. The modnle for the two first orders, the Tuscan and Doric, is divided

into twelve i)arts or minutes; and for the Ionic, Corinthian, and Composite orders into

eigliteen parts, hy which minute fractions are avoided.

2551. For drawing or pro/il?nr/, as it is called, an order, the pro]ier way is to set out tlie

height of the leading parts and their projections, and then proceed to the subdivisions oJ

each. As a general rule, we may mention that it is usual to make projections of cornice.s

nearly or quite equal to their heights.

APPLICATION OF THE OUDEKS.

iJ552. The application of the orders among the ancients was exceedingly extensive.

Porticoes abounded about their cities ; their temples were almost groves of columns, with

which also were profusely decorated their theatres, baths, basilieaj, and other pui)lic

buildings, as were no less the courts, vestibules, and halls of their private dwellings. The
moderns have in a great measure imitated their example, and their use has very much
exceeded the limits of propriety. The maxim of Horace, " Nee Deus intersit," has in no
case been more violated by architects than in the unnecessary introduction of the orders on

the fa^-ades of their buildings. The test of fitness being applied to their employment is

the best that the young architect can adopt.

Sect. 1 1

1

THE TUSCAN ORDER.

"Z^b'.i. The reader, in fir/. 877., has before him t'le geometrical representation of the Tuscan
order and its details. A shows the

plan of the sofite of the cornice, and
IJ is a plan of the cajjital. The exam-
ple is from Vignola's profile, whereon
we consider it proper to remark, in

conformity with an opinion before ex-

pressed (25.S2, 25.'5.'5. ), that the ovolo

which crowns the cornice is an im-

proper moulding for the situation it

occu])ies. Tlie substitution for it of

a fillet and cyma recta would have

been much more suitable, and would
have also been more pleasant in

eflfect.

2554. " The Tuscan order," says

Chambers, " admits of no ornaments
of any kind ; on the contrary, it is

sometimes customary to reiiresent on
the shaft of its column rustic cinc-

tures, as at the Palace Pitti in Flo-

rence, that of the Luxembourg in

Paris, York Stairs In London, and
many other buildings of note. This
practice, though frequent, and to be
found in the works of many cele-

brated architects, is not always ex-

cusable, and should be indulged with
caution, as it hides the natural figure

of the column, alters its proportions,

and affects the simjilicity of the
whole composition. There are few
examples of these bandages in the,

''

remains of antiquity, and in general it will be advisable to avoid them in all large designs,
reserving the rustic work for the intercolumniatlons, where it may be employed with great
projjriety, to produce an opposition which will help to render the aspect of the whole
composition distinct and striking." Our author proceeds to observe, that " in smaller
works, of which the parts being few are easily comprehended, tiiey may be sometimes
tolerated, sometimes even recomn.ended, as they serve to diversify the forms, are produc-
tive of strong contrasts, and contiibute very considerably to the masculine bold aspect of
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the coiiipcsition." I^e Clcrc allows their propriety in the gates of citadels and prisons,

and also considers them not out of place tor gates to gardens or parks, for grottoes, foun-

tains, and baths. Uelorme made abundant use of them in several parts of the Thuilleries,

covering them with arms, cyphers, and other ei.richments. They are to be found in the

detail of the Louvre, with vermiculated rustics. l)e Chambrai, who banishes the Tuscan
order to the country, nevertheless admits that the Tuscan colunm may be consecrated to

the commemoration of great men and their glorious actions, instancing Trajan's colunm,

one of the proudest monuments of Roman splendour, as also the Antonine column.

2555. Having adjusted the size of the module with its subdivisions of twelve parts,

so that the paper or other material on which the order is profiled may contain the whole

of the order, it always being understood that the representation for practical purposes need

not include the whole heiglit of the shaft of the column, whose minutije of diminution

may form the subject of a separate drawing, the first step is to draw a perpendicular line

for the axis of the column. Parallel to the base lines are then to be drawn, according to

the dimensions (parts of the module) given in the table subjoined; and the begiimer, £.s

well as the more practised man, is recommended not to set up these as they are given

separately, but in every case to add the succeeding dimensions to those preceding rather

than to set them of!" one by one, which, on a small scale, causes minute errors in reading

off from the scale to become in the end large in amount. By the adoption also of

such a practice the work corrects itself as it jiroceeds. As the heights are set up, tlie

projection of each member from the axis of the column is to be set off, and this should

be always done on both sides at the same time, by wliich gulling of the paper from

the point of tlie compasses, and errors in other respects, are avoided. The Jig. 878. is

; —
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but the detail on a larger scale of the general representation exhibited in that preceding

The measures of each part are given in the following table.
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Table of the Pauts of the Tuscan Orbeb.

HeiRhts of Projection |

Sior-ldings wliereof the Parts are com posed.
Jlouliiiiigs in

Parts of a
from tlie Axis ofi

Column in Parts
Jlodule. of a Module.

Entablature.

Cymatium,
Quarter round
Astragal

4
1

27.«

and parts.
.
Fillet ....
Conge, or cavetto - 1

23 i

Cornice A, Corona - - - 5 221

16 parts. Drip ....
Sinking from corona, or

I 211

hollow ...
I

101

Fillet - - -. - 14

Bed moulding Ogee - - - - 4 13.1

Frieze B,

1 4 parts.
14 9.1 -

Architrave C,

1'2 parts.

Fillet. Fillet, or listel

Fascia. ( ^>"g'^'' "'" ''''"^^ '^"^'^"'^ "

2

2
lU

1 rascia - - - - 8
y-i

The height of the drip under the corona is taken on that

jneinber, and 1 hat of the hollow in the height of the

fillet.

Column.

("Fillet - - - - 1 14.!

Abacus. • Conge, or cavetto - 1 13.!

Capital D, [ Band - - - -

^ Ovolo ... -

Cymatium. •! Fillet - . - -

Conge, or cavetto -

2
3

131

131
12 parts.

1

4

101

1 9.!

Neck, or Hypotrachelion - - . 3 9-1

Shaft,

. , ,
( Bead - - - -

Astragal, or j,.j,^^ ....
neckmg. ,,° [ Conge, or cavetto -

1

2

11

10.1

1 9k
1 2 modules.

ci iv r Sliaft - - - -
Shaft. W> ^ ,

I Conge, or apophvge
1 1 mod. 8 parts.

2

y.l

l-i 12

Base, E,
Fillet - - ' -

- { Torus - - - .

1

5

13.!

16!
12 parts.

. Plinth - - - -

Pedestal.

6 icl

Cornice G,

6 parts.

^ r r 1 Listel - - - -
Lymatium. ] ,.

L ^ L Ogee .... 2

4

201

20
Die F, f Die, or dado

1 Conge, or ajjophyge

3 mod. 4 parts. 16!

44 parts. 2 16!

Base,
I

r Fillet - - -

1 Plinth .... 1 18.!

6 parts. 5 20?

2556. Vitruvius in this order forms the columns six diameters high, and makes their

diminution one quarter of the diameter. He gives to the base and cajiital each one module
in height. No pedestal is given by him. Over the capital he places the architrave of

timber in two thicknesses connected together by dovetailed dowels. .He however leaves

the height unsettled, merely saying that their height should be such as may be suitable to

the grandeur of the work where they are used. He directs no frieze, but places over the
architrave cantilevers or mutuli, projecting one fourth part of the height of the column,
including the base and capital. He fixes no measure for the cornice, neither does he give
any directions respecting the intercolumniations of this order. The instructions are not so
specific as those which he lays down for the other orders, and there have been various
interpretations of the text, which unfortunately cannot in any of the suppositions be tested
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on ancient remains. The whole heiijht, accoviling to tlie measuring unit winch we have

adopted from Vignol.i, is ]6 modiik-s and 3 parts.

2557. Palladio makes the height of his Tuscan column 6 diameters, and diminishes the

shaft one fourth of a diameter. The lieight of the base and capital are each half a diameter.

Jle provides no pedestal, but, instead tliereof, places the base of the column on a zoccolo,

c.r lofty plinth, whose lieight is equal to the diameter of the column. He leaves the inter-

columniation unsettled, merely luntiug tliat as tlie architraves are of timber, they, the

iiitercoluinniations may be wide. The whole height by him assigned to the order is 9

diameters and three quarters of the column. The whole height according to our scale is

1 9 modules and 6" parts.

2558. Serlio makes the column of the order 5 diameters exclusive of base and capital,

each of which are half a diameter in height, and his diminution is one (juarter of the

diameter. He gives half a diameter to the height of the architrave, and an etjual height

to the frieze and to the cornice. His pedestal is with a plinth and base, a die, and

cymatium, the whole being a third of the height of the cukimn. He gives no rules for the

intercoluniniations, though in book 4. he inserts a diagram wherein iiitercolunms ajipear,

merely saying that they are equal to 3 diameters. The total height according to our

measure is 19 modules and 3 parts.

2559. Scaiiiozzi makes the shaft of his column 6 diameters, and diminishes it one fourth

part of its diameter. The heights of the base and cajiital are each half a diameter. To
the entablature he assigns for height one fourth of the height of the column, including its

base and capital, less half its diameter. He jilaces a soit of triglyjih in the frieze, which

arises from a niisconception of the text of \'itruvius. The height of his pedestal is a fourth

part of that of the column, with base and capital, less half a diameter. The whole height

in our nieasiae is 21 modules and 9 parts.

Sect. IV.

THE DORIC ORDER.

2560. The Doric order of the moderns is of two sorts : mutular and denticular, the

former is represented in Jig. 879. A is a plan of the sofite of the corona ; B, a plan of the

-A

capital ; and C, a plan of the base. In the frieze the channelled projections arc called

trii/li/phs, and the spaces between them mctojju:, which should ui breadth be equal to ihcif
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heigfat. vhirli k tbat of the frieie. The shaft is osuallj channelled widi trentr ^^Us.
Orer the tri^jphs are <&strib«itie«l mmtaiu or madDIkias, and anodMT peculiarity is the
Lurtidaction of fmOde or Jraps, wliich decorate tbe :^ofite of the oorake and die feet of the
tri«:ljphs.

:i36I. Dariler, speakii^ of tbe tvo Doric entaUatuies giTen by Ylgnda, admires tbe
elegance of their compositioii, and scarcely knovs vfaidi of tbem to sdect as die most
beaadfiiL ^ Tbe first ' (or denCiciilarX bereafter inimediatdy salijtMned, says Chambers,
feUowii^ tbat antbor, " vfaiefa is entirdy antique, is tbe lightest, and consequently {bto-

perest iar interior decoration or obfects intended for near inspectkw ; die otb«, composed
by Vignola hinweif fiom Taiious fragments «t antiquity, b^i^ bcddor, and consisdng
of larger parts, seems better calculated for outside vwrks and places wboe tbe point of
view is either distant or unlimited. On ptdygocal plans, however, the mutule cornice
mest be avMded, because tbe so£tes of tbe ai^nlar mntules would form irregular and very
ifisagieeAie Inures : natber sfaoold it be employed in concaxes of small «tiTn<»«i^<i»ig Jix'

the same neason; nor in places wba\e frequent breaks a>« requisite, it being extraneiy
difficult, often imposdble, to prevent tbe mntules fitmi penetiaUi^ and mutilatin? each
other in Tarioos unsigfatlymanners ; and vfaerever this conuee is used on a eooTex surface,

tbe sides of die mntules must be made parallel, far it would be both disagreeable and un-
natural to see them fanader. and consequendy hexrier in front than where they spring out
of the mutule band.' We bare ekewfaeie observed that diere is very great difficultr in
Sstrifaming the parts of the Doric entablature, on accoont o^ the int^als between the
centres «f the tr^yphs, which necessarily confine the composer to intcsculumniatioas
JiTfsOile by three modules, thiK producing spaces whicfa are often too wide or too narrow
for his purposes.

5€ 1
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.- to a laig«» scale



Ch*.'. L the DORIC ORDER.

TaEU of PaITS of the Evr^ELATLiE C? THZ MrrTLUt Do«ic.

S53

D is the plan of a triglTph to double the scale.

E is the plan of the round or square gutlse.

¥ is the elevation of the triglyph and its guttse.

V.-iWiTiffs Kkonn/dH^ Parti me OABposed.

1

Kefght* of
j

Fares of a
Mmioie- 1

frjoi Axi* QC

Coiiona Lo Pacts

Fillet of the coroL.a I ,, 1

Cvma - - - . - 3 31

Fillet - - -
j 31

Cvina re^ersa - . . SC^

Corona - - 5, 30

Cornice A, Crma rerer^a . - 1 29i

18 uaxts. Mutiile . . 3 S^-

Drip
Gutta of the mutule -

-

-
i

i
-26

Echinus- or iioarter routid

Fillet -

- 2

1

4

Capital of the triglvph - - 11

Kiieze B.

IS parts.

Triglvph

L iletope -

- 1^

! Listel - . . 2 12

Architrave C^

1^ parts.

Capital of tlit gurti
Gutta
First fescia

- -
k

6

Second &seia - - - 4 10

i:o6;>. To obviate: the diSculties mentioned in i56l. rtiarive to the triglyphs. tisy fc»fw

often been omitted and the entablature left pljin. as in the Coliseum, at lloine. the eoUja-

uade> of St. Peter's of the Vatican, aad in many ot^ber buildings. This, says Chambers, is

an easy expedient ; but as it robs the ordta- of its principal eharacteristie distmcacm, the

remedy is a desperate one, and should only be anployed as a last resource.

2564. The E)oric orda- was used by the ancients in teniples dedicated to Mmem;, to

Alars, and to Hercules. In modem buildings. S«-lio (lib. iv c. 6.) re««^K*ds it ]
ehurclies dedicated to saints reraaikable by their soffering foe the Christian Cutfa. Le Clerc

suggests its use (or military buildings. - It may.'" says Chamljers, - be employed, in the

houses of generals, or other martial men. in mausoleums erected to their memory, or ia

triumphal bridges and arches built to celebrate their Tietones.'

S665. As the difierence becweea the mutular asd deuticalar Doric lies entbdy ia

tlie entablature, ^e give in ilie fjUovrir^ tal!; tr.e —l^'e _:" :'
; ,:. - .:' the order.

ol>serTing;. that froi:

sauie for each. Fiff.

I the capitals doM-nwarils. the measures assa^rned to taem are tiia

SSI. repn:sents the entablature o( the dendcclar Ducic and its parT%
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wliicli, with those of the capital, base, and pedestal, are in fig. 882. given to a largei

cale, as we have before represented the parts of the Tuscan order. The general table is

ubjoined : —

Members composing the Order.
Heights in

Parts of a
Module.

rrojcctions in

Parts of a
Module from

Axis of Column

Entabi.atuue.

Fillet of corona . _ 1 34
Cavetto . _ 3 31

Fillet - . .

.1

26
Cyma reversa - . - .30

Corona . . 4 281

A, Cornice, Drip - . _ I 27.1

1 S parts. Fillet - - . . . A 25
Gntta under the corona . . i 24.1

Dentil . _ 3' 15
Fillet . . _ \ 13
Cyma reversa - . . tj 1-4

Capital of triglyph - - 2 11

B, IVieze, 1r Triglyph . . 18 10,1

1 « parts. Metope - - 18 10
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Members composing the Order.
Heights in

Piirts of a
Module.

Projections in

Parts of a
Module frnir

Axis of Col'r.i.u.

T>istel 2 Ill

C, Arc!iitr;.ve, Capital of guttse - -
i

11

10 parts. Giitt^j

Fascia

COLUJIN.

- - 10
11

10

Listel . .
i \5\

Cyma reversa -

Band -

- - 1

14

D, Capital,

12 parts.

Ecliinus or quarter round . . % 1.",?

Three annulets

Neck of capital

- -

4

Ill

10

fOvolo . .^ 1 12

Astragal ! Fillet . -
2 ^U

(^
Conge - - H 10

SnAl'l OF THE Column, 14 modules.

K, I'ase,

1-2 parts.

A])ophyge or conge
Fillet -

Astragal

Torus

-

-

2

§

4

12

14
143

17

Plinth - - 6 17

Pedestal.

Listel . .
\ 23

F, Cornice,

6 parts.

Ecl)inus

Fillet -

Corona ;

-

1

\

2i

223

21i
21

.
Cyma reversa - - - U 18^

Die (3F THE Pedestal, 4 modules.

Conge . . 1 17

Fillet - - . 1

2
18

G, Base, Astragal . - 1 183

10 parts. Inverted cyma . . 2 19

Second plinth . . 2| 21

First plinth - - 4 211

2566. Vitruvius, with more clearness than in the others, describes the Doric order

(book iv. chap. iii. ). lu order to set out its proportions, he tells us, though not giving a

direct rule, that its pedestal is composed of three parts, the cymatium or cornice, the die,

and the base ; and that the base and cimalium are composed of many mouldings, whose
individual proportions, however, he does not give. He assigns no particular base to the

Doric order; but, nevertheless, places under half a diameter in height the attic base, whose
members are the plinth, small fillet, scoti i, and the upper ti/rus with its superior and inferiol

fillets, together with the apophyge of the cohinm. He gives to the projection of the base

a fifth part of the diameter ot the column. The height of the shaft he makes of 6 diameters,

and its diminution a sixth part of the diameter. The capital's height he makes equal to

lialf a diameter, and divides it into three parts, one for the abacus and its cymatium.
another for the eciiiniis and its fillets, tlie third for the hy potrachelium. lo the architrave he

assigns the height of one half diameter of the column, and to the frieze 50 parts of the module
^sjinidiameter divided into 30 parts), including the fascia, forming the capital of the tri-

glyphs. His cornice consists of 30 parts ot the module, and its projection 40. The whole
height which he gives to the order is, in the measure here adopted, i 7 modules and 20 parts.

'j:.i67. Palladio makes the Doric pedestal rather less than 2.i diameters of the colmnn,

dividing it into three parts, the base, die, and cymatium. To the die he assigns nearly a

diameter and one third of the column. To the cymatium a little more than one third of

the diameter. He uses the attic base to the order, but, for the sake of carrying ott' the

water, turns the jillnth into an inverted eavetto (guncio), ending in the projection of the '
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cvinatium of llic peilestal. 'lO the sliaft of the cohnnn he assigns various proiiortions,

diiecting that if afcoinpaiiied with pilasters, it should be of the height of 8-j^-, diameters,

and if entirely isolati'd, 7 or at most 8 diameters high. He cuts the sliaft into 24 flutes,

and diminishes it the tenth part of its diameter. The height of his capital is half a
diameter, and, Ike the annotators on \'itruvius, he decorates the neck or fripze, as they

botli call it, witli ruses, adding, however, other flowers, and making its projection a little

more than a fifth part of the diameter. To the architrave, frieze, and cornice he gives a

little more than one fourth part of the height of the column, so that the whole height ol

his order is in our measure '24 modules and a fraction above 2^ parts.

2568. Serlio makes the height of the pedestal of his column a little less than 3 dia-

meters, with its base, die, and cymatium. The height of the die is set up equal to the

diagonal of a square, formed on the plinth of the column. The height of the cymatium,

according to the strict text of Serlio, should not be less than that of the base ; but he

altogether omits any mention of its projection. His base is the attic base, to which he

assigns a projection of a (jiiarter of a diameter. The column is 6 diameters high, and has

20 flutes. His cajiital differs only from that of Vitruvius in its projectit)n, which is rather

more. The architrave and frieze do not much differ from those already described. 'J'he

projection given to the cornice is equal to its height. The whole height in our measures

amounts to 23 modules and 5 parts.

2569. The Doric order as described by Scamozzi is not very dissimilar to those already

described. The pedestal is by him made 2 diameters and a little more than a quarter, with

a base, die, and cymatium, and the projection barely a quarter of the diameter of the

column, to which he gives the attic base. His column is 7i diameters high, and the dimi-

nution a fifth part of the diameter. There are 26 flutes on the shaft, separated from each

other by fillets, whose width is one third of the flute. This author gives three differerit

sorts of capitals for the order : the first has three annulets ; the second has only the lower

annulet, the two upper ones being changed to an astragal ; the third, instead of the t«o
lower annulets, has a cyma reversa. Lastly, above the corona he places a cyma reversa,

and in the other parts does not vary much from the preceding authors, es])ecially in the frieze

and architrave, except that in the last he uses two fascife. To the cornice he assigns the

projection of five sixths of a diameter of the column. His whole entablature is a little less

than one fourth the height of the column, including base and capital. The whole height

of the order in our measures is 23 modules and 8 parts.

2570. In Jig. 883. the jirofile of the Greci;in Doiic from the Parthenon at Athens
is given. Though very diflerent to those we have

already described of this order, the resemblance is

still considerable. Its character is altogether sacred

and monumental, and its application, if capable of ap-

plication to modern ))ur))oses, can scarcely be made to

any edifice whose general character and forms are not

oftlie severest and ])urest nature. The various absurd

sitiif-tions in wiiich the Grecian Doric has been in-

troduced in this country, has brought it into disre-

pute ; added to wliich, in this dark climate the closeness

of the intercolunniiations excludes light, which is so

essential to the disjjlay of architecture under the cloudx

skies with which we are constantly accompanied in

high latitudes. 'ihe diameter of the columns in the

original is 6 feet 2-7 inches.

2571. Lest we may be reproaclied with neglecting

to submit to the student in this place (and the remark
equally a])plies to the following section on the Ionic

order) more examples of the Grecian Doric, we would
here observe that this work is not to stand in place of

a parallel of the orders. Nothing would have been
easier than to have placed before him an abundance
of exam])les; but they must be sought elsewhere,

inasmuch as the nature of our labours re(juires general, not special, information in

This res])ect. We have not, however, renair.ed in the first book (142, tt siq.) from entering
into details respecting the Grecian Doric, which we consider much more valuable to the
reader than would be tlie exhibition of a series of profiles of its principal examjiles. We
Have, moreover, at tliat jihice, suggested some criteria of their comparative anti(juity. W'e
tlo not think tlie nice copying of a profile into a modern work any other than a disgraceful

fxliibition oftlie 'vant of ability in the man, we cannot call him artist, who adopts it, and
sli-dl be much better pleased to leave tiic student in doubt, so tliat he may ajqily himself

f>n> re naU'i to Ihe matter which calls his genius into piny. Prom what we have said on
t/if urdcii in S.'ct. II. of tiiis Book, (252:i, t-t sc-<j.), relative to the o.der, and on iiiuuldiny.-

F.g. SS3.
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(253'2, et seq.), it imist be (luite clear tliat the variety of every order, keej>ing to first prin-

ciples, lias not b(i(;ii yet exhausted, neither is it likely to be so.

Table of the Pauts of the Grecian Dome (Parthenon).

Members composing the Oriier.

A, Cornice,

15-;i'i parts.

B, Frieze,

11 -88 parts.

Entablatuke.

Fillet - - - .

Echinus
Fillet, with sunk cyina reversa

Corona
Fillet - - - -

Capital of mutules

]Mutules

Bead and capital of triglyphs •

r Frieze (in metope)

1 Triglyph

f Fillet -

C, Architrave,
J
Ca]) of guttre

1 ""lO parts. 1 Guttffi

D, Capital,

U IG parts

Architrave below guttte

Column.

Abacus . _ -

Echinus ...
Fillets and hollows, with cavctto

Neck - - . .

L Groove or sinking

Shaft ....
First step or plinth

Second step or plinth -

Third step or plinth

Heiglits in

Parts of a Mo-
dule and Deci-

mals.

O-fJO

812
2-'iO

4-88

1-10

1-10

0-32

2 00

15 12
14 -88

1 -50

1 -(10

0-20

14-40

4-40

3 60
0-80

2 -20

0-16

20-.30[^'\'°P

Projections in

Parts of a
Motiule from

Axis of Colump

22-10

20-40

I 8 -98

18-80

18-fi6

11-46

II -40

1 2 -.50

12 40

1 1 -20

12-90

12 -GO

9-44

6-90

6-70

G-yo

9-;J8

\ at bottom 1 2 00
12-80

2 1 -80

30-84

2572. The minutiae of the Grecian Doric, as we have just observed, cannot be given in

a general work of this nature. In its smaller refinements it re(]uires plates on a much
larger scale than this volume allows. The reader, therefore, must be referred to S/uurfs

Antiquities of Athens (original edition), and the ]Hil)llcations of the Dilettanti Society, for

further information on the subject of the Grecian Doric. All that was here possible was to

<>;ive a general idea of the order. In the figure, E is the section of the capitals of the inner

cohinms of the teuiple on a larger scale. Dl) relate to the principal columns. F is a

section of one of the anta> or pilasters to double t'le scale of the capital. The centre inter-

coluiimiation 4 modules .['j'j, from axis to axis of columns. The principal Grecian Doric

examples are— the Parthenon, the temple of Theseus, the propylajum and the portico of

the .Agora at Atheir •. the temple of Mi-nerva at Sunium ; the temple at Corinth; of

Jupitei- Nemreus, iietween Argos and Corinth; temple of Apollo and portico of Philip m
the island of Delos ; the temple of Jupiter Panlielleiiius at Eglna,and of Apollo Epicurius

at Piiigalia; the two temples at Srlinus ; that of Juno Lucina and Concord at Agri-

gentum ; the temple at Egesta, and the three temples at Pajstuin. (See 142, tt seq.)

Sfxt. V,

THE IONIC OIIDER.

2573. Of the Ionic order there are many extant examples, both Grecian and Roman ;

and, excei)t the debased later examples of the latter, there is not that wide ditferen.e

between them that exists between the Grecian and Roman Doric. The Ionic has been^

considered as deficient in appearance as compared with the other orders, on account of
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the irregularity of its cajjltal, whicli, on the ri'tiirn, presents difficulties in use. Tlies.;

difficulties are not obviated by the practice of tlie Greeks, who made an angular volute on

each extremity of the principal facade, and then returned the face of the capital. With

all our resi)ect for Greek art, we think the expedient, though ingenious, a deformity

;

nlbeit, in the case of the type being a timber architrave, we must admit that the face of the

capital should lie in tlie direction of the superincumbent beam.

2574. In the example given {fig. 884.) we have, as in the examples of the preceding

oraers, selected the profile of Vignola as the most elegant of the moderns ;
and the reader

will here recollect that in the Ionic, Corinthian, and Composite orders, the module or semi-

diameter of the column is divided into 18 parts. In the figure, A is a plan of the sofite of

fhe cornice, and B a plan of the capital. The method of tracing the volute wdl be given

111 a subsequent figure : previous to which, as in the orders already given, we subjoin a table,

showing the heights and projections of the parts of the order.

Projections

Ileiplits ill Parts from .\xis of

Members corapoaihg the Order. of a Moiiulc. CiiKiniii ill Parts

of a Module.

Entablatuke.

Fillet of cyina - - - n 4G

Cyina recta - - - 5

Fillet - - - - 1

2 41

Cyina reversa - - - 2 40.^

Corona - - () .'58.1

Fillet of the drip . - 1 'J!)l

A, cornice.
Ovolo . . 4 -8-

34 parts.
Astragal . . 1 HJ

Fillet . - 1

i
24.1

Dentel fillet - . - l-i
21

Dentels . - 6 24

Fillet - . - 1 20

Cyma revcrsa - - - 4 m
B, Frieze - • - 27 15
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Members composing the Order.

1

Heights in Parts
of a Module.

Projections
from Axis of

Column in Parts
of a Module.

Listel . . H
1

20

C, Architrave,
'22i parts.

Cyma reversa -

First fascia

Second fascia -

- -

3

n
6

I9§

17

16

Third fascia - -
4J 15

D,
Capital on the side

. Capital on the coussinet, or

. . 19 20
cushion - 16 17i

CoLUJlN.

• Fillet - - . 1 20
Cyma reversa - . . 2 19^
Listel - - - . . 1 17.1

E, Capital,

1 7 parts.

Channel of the volute -

Ovolo

[
Bead

- -

3

5

2

1~

ls2

18

Astragal Fillet - - 1 17

i
Conge, or cavetto - - 2 15

{^above . . 15

Shaft of the column \ 16 mod. 6 parts. |

l^below - - - 18

Apophyge - - 2 18

Fillet - . - u 20
Torus - - - - . 5 22^
Fillet - . -

\ 20i
Scotia - - - . . 2 20

F, Base, Fillet - - - 1 22
1 9.^ parts. Two beads . . 2 221

Fillet - . .
1

22
Scotia - - - . . 2 21

Fillet - . -
\

24

1

Plinth - - 6 25

Pedestal.

Fillet - .
I 35

Cyma reversa - . H 34?
Corona . 3 33.1

G, Cornice, Fillet of the drip . 1 SO

11^ parts. Ovolo - - -

Bead -

- 3

1

291

27
Fillet - - - - . 1 26^
Conge - M 25

Die, 4 modules -
12i 1 mod, 7.

Conge . 2 25
Fillet - . 1 27

H, Base, Bead - . n 28
10 parts. Cyma reversa -

Fillet -

- 3

§

27i
31|

Plinth - - 4 33

The flutes in this order are separated by a listel.

2575. The letters to the leading divisions of the above table refer to the Jiff. 885.,

wherein the parts are drawn to a larger scale, and wherein 1 is the eye of the volute, pre-

sently to be described.

3K
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Fig. 8S5.

2.576. Fig, 886. shows the method of drawing the vohite, the centre of whose ey<', as it

5s called, is found by the intersection of an horizontal line from E, the bottom of t)i»
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echinus, with a vertical tVoin 1), tlic extremity of tlie cyina reversa. On the point of
intersection, with a radius equal to one part, describe a circle. Its vertical diameter is

called the cat/ietns, and forms the diagonal of a square, whose sides are to be bisected, and
through the points of bisection (see I, Jiff. 885.) the axes 1, 3 and 2, 4 are to be drawn,
each being divided into 6 equal parts. The points thus found will serve for drawing tlie

exterior part of the volute. Thus, placing the point of the compasses in the point 1, with
the radius ] D, the quadrant DA is described. With the radius 2A another quadrant may
be described, and so on. Similarly, the subdivisions below the points used for the outer
lines of the volute serve for the inner lines. The total height of the volute,is 16 parts of

a module, whereof 9 are above the horizontal from E, and 7 below it.

2577. Vitruvius, according to some authors, has not given any fixed measures to the

pedestal of this order. Daniel Barbaro, however, his commentator, seems to think other-

wise ; and, on this head, we shall therefore follow him. The height of the pedestal is made
nearly a third part (including its base and cymatium) of the height of the column. To
the base of the column he assigns half a diameter, and to the shaft itself nearly 8 diameters,

its surface being cut into 24 flutes, separated by fillets from each other. His method of

describing the volute is not now thoroughly understood ; and it is, perhaps, of little

importance to trouble ourselves to decyjjher his directions, seeing that the mode of forming
it is derived from mathematical principles, as well imderstood now as in the days of the

author. The architrave he leaves witliout any fixed dimensions, merely saying that it must
be larger or smaller according to the height of the columns. He prescribes, however, that
the architrave, frieze, and cornice should together be somewhat less than a sixth part of the
heiglit of the column, with its base and capital. The total height he makes the order,
according to our measures, is 25 modules and nearlv 9 narts.

• 2578. I'alladio gives to the pedestal 2 diameters and nearly two thirds of the height ol

the column. He adopts the attic, though without rejecting the Ionic base, and makes it

half a diameter high, adding to it a small bead, which he comprises in the height of the

shaft, which he makes 8 diameters in height. To the architrave, frieze, and cornice, taken
together, he assigns a little less than one fifth of the height of the column, including its

base and cajjital, and makes the projection of the cornice equal to its height. The total

height of the order, in our measures, is, according to him, 27 modules and nearly 8 parts.

2579. Serlio, in this order more than any of the others, varies from Vitruvius. To the
pedestal he gives, including base, die, and cymatium, a little more than a third part of the
height of the column, with its l)ase and capital. To the shaft of the column he gives

7 diameters, and diminishes it a sixth part of its diameter. His capital is that of Vitruvius,
as far as we can understand that master. His mode of constructing the volute differs from
other authors. His directions are, that having found the cathetus, which passes through
the centre of the eye, it must be divided into eight parts, from the abacus downwards, one
whereof is to be the size of the eye of the volute, four remain above the eye, and three

below tliat part comprised below the eye. The cathetus is then divided into six parts,

properly numbered by figures from 1 to 6. With one point of the compasses in I, and
the other extended to the fillet of the volute, he describes a semicircle, and so on with
semicircles consecutively from 2 to 6, whicli will ultimately fall into the eye of the volute.

We cannot speak in high terms of Serlio's method, and therefore have thought it unne-
cessary to accompany the description with a figure. It is rather a clumsy method, and wo
fear, if exhibited in a figure, woidd not satisfy our readers of its elegance. The height of
his architrave, frieze, and cornice together is a little

less than a fourth part of the height of the column,
including the base and capital. The whole height of
his order, in our measures, is 25 modules and 6 parts.

2580. Scamozzi directs that the pedestal shall be
with its base and cornice two diameters and a half of

the column. He uses the attic base, and, like Pal-

ladio, gives an astragal above the upper torus. To the

shaft of the column he assigns a height of little less

than 8 diameters, and makes its diminution a sixth

part of the diameter. He adopts the angular capital,

something like the example of that in the temple of
Fortuna Virilis. The height of his architrave, frieze,

and cornice is a little less tiian a fifth part of the

lieight of the cohnun, with its liase and capital. Tiie

total height of his order, in our measures, is 26" mo-
dules.

2581. The principal examples of the Grcc'an Ionic

are in the temples of ]Minerva Polias, of Krecthcus,

and the aqueduct of Hadrian, at Athens ; in tl">

temple of Minerva Polias at Priciie ; of Kacclnis at

;j K 2
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Teos ; of Apollo DidymcTus at Miletus ; and of the small temple on the Ilyssus, near

Atlu'tis, whereof in Jiy. 887. the profile is given, and below, a table of the heights and

projections of the parts. It is to be observed, that in the Cirecian Ionic volute the fillet

of tht; spiral is continued along the face of the abacus, whilst in the Roman examphis

it rises from behind the ovolo. Some of the Athenian examples exhibit a neck below the

echinus, decorated with flowers and plants. The entablatures of the early Ionic are

usually very simple. The architrave has often only one fascia, the frieze is generally plain,

and the cornice is composed of few parts. In Book I. Chap. II. (153, et scq.) we have

already examined the parts of the Grecian Ionic, and thereto refer the reader.

Table of the Parts of the Grecian Ionic in the Tejiple on the Ilyssus.

Heights in Projections in
Parts of a Mo- Parts of a

Members composing the Order. dule and Deci- Module from
mals. Axis of Column.

Entablature.

Fillet - - - • restored. restored.

Cyma recta . restored. restored.

Fillet - . restored. restored.

Cornice, sup- Echinus . 2-040 34-440

posed height Corona . 6-240 S3 -960

18-33 parts. Drip - , 4-680

Cyma reversa - . 2-700 20-520

Fillet - - 0-720

Echinus . 1-260 18-360

Frieze - 29-901 17-400

Fillet - . 1 -920 30-520

Architrave, Echinus . 2-520 20-100

33-66 parts. Bead - . 1-200 17 880

Fascia - " - 27 -600 17-160

Column.

Echinus . 2-0-10 19-860

Fillets, or beads of volutes 1-050

Channel . 7-320

Fillets, or beads of volutes 1-050

Capital, 19-32 Channel . 0-600

parts. Cathetus . - 17-550

Echinus . 4-650 18-960

Bead - . 1-080 17-250

Fillet - . 0-450 15-720

Conge - 1-080

Shaft - .
1 -, , .rvfa^'ove 15-360

17mod.7-110|j^^l^^^ 18-000

Apophyge . 1-080

Fillet - . 0-450 18-960

Bead - - 1-080 19-320

Base, 33-27
Horizontally fluted

Fillet .

torus 6-120
0-450

22 -500

22-500
parts.

Scotia . 6-000 21-840

Fillet . 0-450 23-640

Torus . 5-760 24-960

Plinth ... 11-880 26-520

The height from the top of tlie echinus to the centre of the eye of the volute is 15-72

parts. Total projection of the volute from axis of column, 27-90. The flutes are ellip-

tical on plan {Jig. 887.), and the distance between axes of columns, 6 mod., 3"24 pts.

2581a. An Ionic capital from the celebrated Temple of Diana, at Ephcsus, can now bo
seen at the British Museum, having been recovered during tlie explorations made in 1872,
by Mr. J. T. Wood. The shaft was 6 feet 1 in. diam., and a part of its base was found in situ.
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Sect. VI,

THE rOllINTHIAN OKBEK..

2582. For the Corinthian order, we must seek examples rather in Rome than in any part

tf Greece. The portico at Athens, and the arch of Hadrian at Athens, do not furnish us

with specimens of art comparahle with the three columns in the Campo A'accino, belonging,

as is generally supposed, to the temple of Jupiter Stator. Those in the temple near INIylassa,

and the Incantata, as it is called, at Salonica, do not satisfy tlie artist, as compared with

the examples in the remains of the temple of IMars Ultor at Rome, the temple of Vesta

it Tivoli, and others, for which the reader mny refer to Desgodetz.

25SC). The reader is again here reminded that the module or semidiameter is to be

Fig. 888.

divided into eighteen parts. In///. 888. is a representation of the Corinthian order, whose

measures are given in the following table :—

Jlembprs composing the Order.

Heights in

Parts of !i

Module.

Projections
from Axis in

Parts of a
Module.

Entablature.

Fillet of cornice I 5.3

Cyma recta 5 53

Fillet i
48

Cyma reversa n 45i
Corona . . - 5 46

Cima reversa - - - U 45i
A, cornice. Modillion . . - 6 44.-

36 parts. Fillet (remainder of modillion band) i 28^

Ovolo . . - 4 28

Bead 1 2.5

Fillet i 24^

Dentils 6 24

Fillet - - - - k 20

,
Cyma revcr^ia 3 I9|
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Members composing the OrJer.

B, frieze

i
C, architfMve,

I
27 parts.

D, cai)ital,

42 parts.

(fy. 890.)

Shaft,

1 7 modules

1 i
part.

K, base,

M^ parts.

F, Cornice,

llj parts.

Die,

9U, parts

G, Base,

14J parts.

fBead 1 and fillet j

\_ Frieze, 1 mod. 7;^^ parts liigli

Fillet - -
'

-

Cyma reversa -

Bead -

First fascia

Cyma reversa -

Second fascia -

Bead
Tiiird fascia

Colu:mn.

Ecliinus

Fillet

Lower member of ab.ictis

Inverted ecliiniis of tlie bell

Large volutes -

U])])er small leaves

Large leaves -

Lower leaves

Astragal

Fillet

Conge

Shaft
(Upper part -

L Lower part -

Apophyge
Fillet

Torus
Fillet

Scotia

Fillet

Two !)eads

Fillet

Scotia

Fillet

Torus
Plinth

Pedestal.

Fillet

Cyma reversa

Corona
Throat
Bead
Fillet

Frieze

Bead

Fillet

Conge
Die -

Fillet

Conge

Bead
Inverted cyma reversa

Fillet

'i'orus

Plinth

Hrights in

I'arts of a
Module.

2

I

.S

2

6
4

12

12

2

I

Projections
from Axis in

Tarts of a
Module.

2

.3

n

4

6

15

20

19f
17

1 «i

16-.J

15^

15

diagonally .'iS,

on plan ;>,'5^,

at top, 24J
at top, 20^

18

17

15

18

20

2Ii

22

20i
20
21^
22

21|

2U
2:i

25

3

3f?]i

33
J

32
303

26i

5
25:1

25

2CJ

S7\

26i
25
25

25

2fii

3

271

26i

30J
.S 32

i

6 Sl-'i
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IS 15 12 9 r, 3

Partt I

2584. Fig. 889. sliows the details of the entablature, &c. and also the profile and front

of the Corinthian modillion to a larger scale. On the profile is shown the caisson or sunk

panel on the sofite of the corona. The height is six parts, and the projection sixteen. As
seen in the figure, a distance equal to three parts and a half is taken for the height of the

t-inaller volute, and on this distance a scale of sixteen equal parts is made; the figure shows

the dimensions to be given to the small squares, whose angles serve as centres to describe

the curves. Having drawn the line AB, it is divided into four equal parts by lines per-

pendicular to it, which, meeting vertical lines from A and B, give the points, which serve

as centres for striking the curve of the modillions. The acanthus leaf which supports it,

as v.-ell as the curves which form the profile of the roses in the caisson, are also struck by
compasses.

2285. In Jiff. 890., which exhibits the method of drawing the Corinthian capital, one half

of the plan shows the capital in plan, and the other half of it laid down diagonally. Having
drawn the axis of the plan correspondent to the axis of the elevation of the capital, with a

radius equal to two modules, describe a circle, wliich divide into sixteen equal parts

Their lines of division will each correspond to the centre of each leaf. The vase of tht

capital is determined by a circle whose radius is 14^ parts. The figure shows the circles

which bound the leaves upwards on the vase.

258G. The elevation shows the heights whereon are carried the projections of the plan.
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Fig. 890.

Above the leaves come the sixteen volutes, whereof the eight larger ones support the foni

angles of the abacus, and the eight smaller ones support the flowers which decorate the

middle of the abacus. The volutes seen in profile may be drawn geometrically with the

compasses, but they are always more agreeable and easy when drawn by the eye with a

liand which feels the contours.

The difTerent parts of the capital are as follow : A, plan of the leaves and abacus ; R,

plan of the larger and smaller volutes ; C, the vase or body of the capital ; D, the first

tier of leaves ; E, the second tier of leaves ; F, the caulicolus ; G, the larger volute ; II,

the smaller volute ; I, the flower ; K, the abacus ; L, the lip of the vase.

2587. Vitruvius is scanty in the information he gives on the Corinthian order, and what
he says respecting it relates more to the origin of the capital and the like than to the i)ro-

portions of the detail. lie makes the capital only 1 diameter high, and then forms upon
the plan a diagonal 2 diameters long, by means whereof the four faces are equal accord-

ing to the length of the arc, whose curve will be the ninth part in length and its height

the seventh part of the capital. He foi'ms the order with a pedestal, with base and cornice,

as Daniel Rarbaro would have it. The whole height given to it in our measures is about

27 modules and 2 parts.

2588. Palladio uses the pedestal with its ordinary subdivisions, making it between a

third and fourth part of the height of the column, including its base and capital. To
the base he gives 1 module, the shaft of the column a little less than 8 diameters, and
places twenty-four flutes upon it, which two thirds downwards are channelled, and on the

other or lower third neatly fitted with convex pieces of segments of cylinders called cab-

lings, lie makes the capital ) diameter and a sixth in height, giving it two tiers of

leaves, caulicoli, and abacus. To the architrave, frieze, and cornice he assigns a little le s
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than a fifth part of the column, including the base and capital. The whole height given
to the order by this author is about 27 modules and 10 parts of our measures.

2589. Serlio makes his pedestal pretty nearly as the rest. To the base of the column
he ?ssigns half a diameter for the height, when that is about level with the eye, but when
much above it he directs all the members to be increased in height accordingly, as where
one order is placed above another, he recommends the number of parts "to be dimi-
nished.

^
To the shaft of the column he gives a little more than 7 diameters, and to

the capital the same height as that given by Yitruvius, whom, nevertheless, he considers
in error, or rather that some error has crept into the text, and that the aliacus ought not to
be included in the height. The height of the architrave, frieze, and cornice he makes a
little less than a fourth part of the column, including its base and capital. The whole of
the order, according to him, is 28 modules and a little more than I part of our measures.

2590. Scamozzi gives to the pedestal of this order the height of 3 diameters and ona
third, composing it with the usual parts of base, die, and cornice ; to the base of the
column the same height and mouldings as Palladio. To the shaft of the column he
assigns the height of 8 diameters and one third, and diminishes it on each side an eighth
part of its thickness at bottom. The capital is of the same height as that by Palladio. The
architrave, frieze, and cornice he directs to be a little less than a fifth part of the height of
she column. By our measures the whole height of his order is 30 modules and 20 parts.

Sect. VII.

THE COMPOSITE ounrii.

2591. Tlie Composite order, as its name imports, is a compound of others, the Corin-
tliian and Ionic, and was received into tlie regular number of orders by the Romans.
Philander, in his notes on Vitruvius, has described its proportions and character. Its

capital consists, like the Corinthian, of two ranges of acanthus leaves distributed over the
surface of a vase, but instead of the stalks or branches, the shoots a]i])i.'ar small and as

though flowering, adhering to the vase and rounding with the cajiital towards its

'.niddle. A fillet terminates the vase upwards, and over the fillet an astragal is placed,
and above that an echinus, from which the volutes roll themselves to meet the tops
of the upper tier of leaves, on which they seem to rest. A large acanthus leaf is bent
above the volutes, for the apparent purpose of sustaining the corner of the abacus, which
is dissimilar to that of the Corinthian order, inasmuch as the flower is not supported by a
stalk seemingly fixed on the middle of each face of the abacus. The principal examples oi
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the order are at Rome, in the temple of Bacchus, the arches of Scptlmius Seveius, of the
Goldsmiths, and of Titus ; also in the baths of Dioclesian.

C.592. Fig. 891. (see preceding page) is a representation of Vignola's profile of the order.
Its measures are subjoined in the following table : —

Members composing the Order.

A, Cornice,

3C parts.

B, Frieze,

27 parts.

C, Architrave,

27 jjarts.

Capital,

42 i)arts.

Column,
16 mod. 12 parts.

E, Base of co-

lumn, 18 parts.

Entablature.

Fillet of cornice

Cyma recta

Fillet

Cyma reversa

Bead
Corona
Cyma under the corona
Fillet

Cyma reversa

Fillet of the dentils

Dentils

Fillet

Ovolo

Bead
Fillet

Congo
Upright face -

Apophyge

f Fillet

Cavetto

Ovolo
Bead
First fascia

Cyma reversa

Second fascia

COLU.MN.

Echinus and fillet

Lower member of abacus
Volute
Bend of upper leaves

Upper leaves -

Bend of lower leaves -

Lower leaves -

Astragal

Fillet

Conse
{Ab

Be
Apophyge
Fillet

Conge
Fillet

Torus
Fillet

Scotia

Fillet

Bead
Fillet

Scotia

Fillet

Torus
Plinth

Above

lew

Heights in

Parts of a
Module.

Projections from
Axis in Parts of

a Module.

n 51

5 51

1 46
2 451
1

5

4.3a

43

n 41

I 33
4

32i
i 28

'[ 29
1 23
5 22

1 17

5 ICJ
3 15

I'S 15
7 22

1 22
2 20^
3 20
1

10 17
2 16§
8 15

2 20|
4 diagonally 32^

12 diagonally .30§

?j 24
9 22 <

n 'Mi
9 I9i

2 171

1 1 C.I

2 15^
15

6 mod. ] _' pai ts.

- 18
2 20

n 20

2 20

n 20
i}0

I

1 204
i| 20

i 2M
h 21J
\ 21i

2 203^

\
23

4 25
6 25
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Members composing the Order.
Heights in

Parts of a
Module.

PrDjctlioni from
Axis in Parts of

a Module.

Pedestal.

r Fillet .
s 33

Cyma rcversa - n 323

Corona . 3 311

F, Cornice, Cyma recta . >^ 28i

14 parts. Fillet -
h 26i

Cavetto - 1 25\
Frieze . 5 25

[ Bead - 1 27

r Fillet . 1 27'

Conge - li 2.5

Die, 94 parts. Die - - 883 2,5

Apopliyge
Fillet

- 2

1

27
27

r Bead . 1 27^

G, Base,

12 pavts.

Inverted cvnia rev

Fillet

Torus

ersa 3

1

3

30^
31

J

33

[ Plinth - 4 33

2593. Tlic flutes in this order are separated by a fillet between them, and are, wlien

U3cd, twenty-four in number.

i|

-C :>hn',,/'\,'-

r

— ^ 7 .,,

K- 18-

r'

Jy,

i8 ;s 13

2 WoJu'7!
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2594. Fig. 892. (see preceding page) shows the parts of the entablature, base, and pedestal

to a larger scale, aud^^. 893. gives, similarly, a more intelligible, because larger, represent-

< 30 (.ird

IHail ri'l III,- face I'lnu oil Ihe ini^le

I I I
I

I I I M I
I i K:

atioa ol tlie mode of setting up the capital, which, as wo have already obs 'ived, has only

tight volutes. In this figure A is the plan, as viewed frontwise ; B, that of the capital,

viewed diagonally ; C, the vase or body of the capital ; D, the first tier of leaves ; E, the

second tier of the same ; F, the volutes ; G, the flower ; H, the abacus.

2595. Vitruvius has not given any instructions on this order; we are therefore obliged

to begin our parallel, as in the other orders, with —
2596. Palladio, whose examples of it are light and much decorated. To the pedestal's

height this master assigns 3 diameters and three eightlis of the column, adding to it a

lower plinth of the height of half a diameter. He makes the base of the column half a

diameter 'n height, and assigns to the shaft 8 diameters and a little more than one fourth, and

cuts on it twenty-four flutes. The height of this capital is 1 diameter and a sixth, his

volutes being very similar to those he prescribes for his Ionic. Tlie architrave, frieze, and
cornice he makes a little less than a fifth part of the height of the column. The whole
height of his profile in our measures is 30 modules and 1 2 parts.

2597. Serlio seems to have founded his profile of this order upon the example in the

Coliseum at Rome. He makes the height of the pedestal a little less than 4 diameters of

the column. To the shaft of the column he assigns 8 diameters and a half. To the

lieight of the capital he gives 1 diameter, diflTering therein from his profile of the

Corinthian order in the disposition of the volutes and loaves. His entablature, which is a

little less in licight than one fourth of the colunui, he divides into tlu-ce equal parts for the
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avcliitrave, frieze, and cornice The total height of his profile in our measures is 32 mo-

dules and 9 parts, being much higher than that of Palladio.

L'598. Scamozzi's profile greatly resemhles that of Paliadio. His pedestal is 3 dia-

meters, and the base of his column half a diameter in height. The shaft of his coluniiv

without base or capital, is 8 diameters and one twelfth high, and the capital 1 diametei

and a sixth. The entablature is one fifth part of the column in height, and the whole

of the profile in our measures is nearly 29 modules and 7 parts.

Sect. VIII.

PEDESTALS.

2599. We think it necessary to devote a small portion of our labour to the consider-

ation of pedestals, on account of the great dlil'erence which exists in the examples of the

orders, and this we shall place in a tabular form, previous to the general remarks it will be

necessary to make.

Table showing the Height of Pedestals is ancient and modern Works.

Plinth in

Mouldings
above Die in Cornice in

Total
Height in

Minutes.
Minutes. Plinth in

Minutes.
Minutes. Minutes.

Palladio 2G 14 80 20 140
Doric

Scamozzi

Temple of Fortuna Vi-

30 15 68^ 221, 136,',

rilis 44 19^ 93? 23' 1803

Ionic Coliseum AA\ 9.i 8li 17 141^

Palladio 28-^ ^n 97| 211 IS'.'i

. Scamozzi 30 15 821 150

Arch of Constantine - l"i 29 153 29', 228

Coliseum 23 Hi
14^

78 19i
19

]31ij

150Corinthian
Palladio 2.3i 93

Scamozzi .",0 15 1321 22i 200

Arch of Titus 55 30 141 29 255

Arch of the Gold-

smiths 4G 2.^1 1441 25i 241

Composite Arch of Septimius Se-

verus 30 "01 1 40.1 29^ 182|

Palladio 33 17 133' 17 200

. Scamozzi 30 15 1121 22' 180

2600. The minutes used in the above table are each equal to one sixtieth of the diameter

of the shaft.

2601. Whether the pedestal is to be considered a component part of an order is of little

importance. There are so many cases that arise in designing a building, in which it

cannot be dispensed with, that we think it useful to connect it with the column and

entablature, and have consequently done so in the examples already given of the several

orders. Vitruvius, in the Doric, Corinthian, and Tuscan orders, makes no mention of

pedestals, and in the Ionic order he seems to consider them rather as a necessary part in

the construction of a temple than as belonging to the order itself.

2602. A pedestal consists properly of three parts, the base, the die, and the cornice.

" Some authors," says Chambers, " are very averse to pedestals, and compare a column

raised on a pedestal to a man mounted on stilts, imagining they were first introduced

merely through necessity, and for want of columns of a sufhcient length. " It is indeed

true," he continues, " that the ancients often made use of artifices to lengthen their

columns, as appears by some that are in the baptistery of Constantine at Rome ; the shafts

of which, being too short for the building, were lengthened and joined to their bases by an

undulated sweep, adorned with acanthus leaves ; and the same expedient has been made
use of in some fragments which were discovered a few years ago at Nismes, contiguous to

the temple of Diana. Nevertheless, it doth not seem proper to comprehend pedestals in
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the nun her of these artifices, since there are many occasions on which they are evidently

necessary, and some in which the order, were it not so raised, would lose much of its

beautiful appi>arance. Thus, within our churches, if the columns supporting the vault

were placed immediately on the ground, the seats would hide their bases and a good jiart

of their shafts ; and in the theatres of the ancients, if the columns of the scene had been
placed immediately on the stage, the actors would have hid a considerable part of theuj

from the audience ; for which reason it was usual to raise them on very high pedestals,

as was likewise necessary in their triumplial arches ; and in most of their temples the

columns were placed on a basement or continued pedestal (sti/hbata'), that so the whole
might be exposed to view, notwitiistanding the crowds of people with which these places

were frequently surrounded. And the same reason will authorise the same practice in our
churches, theatres, courts of justice, or other public buildings where crowds frequently

assemble. In interior decorations, where, generally speaking, grandeur of style is not to

be aimed at, a pedestal diminishes the parts of the order, which otherwise might appear
too clumsy ; and has the farther advantage of placing the columns in a more favourable

view, by raising their base nearer to the level of the spectator's eye. And in a second order

of arcades there is no avoiding pedestals, as without them it is impossible to give the

arches any tolerable proportion. Sometimes, too, the situation makes it necessary to

employ pedestals, an instance of which there is in the Luxembourg at Paris ; where, the

body of the building standing on higher ground than tlie wings, the architect was obliged

to raise the first order of the wings on a pedestal, to bring it upon a level with that of the

body or corps delogis of the building, which stands immediately on the pavement."
2G03. The dies of pedestals are occasionally decorated witli tablets or with sunk panels

whose margins are moulded ; but, generally speaking, such practices are to be avoided.

In very large pedestals the surface may be thus broken, as in single monumental columns,
which, at best, are but paltry substitutes for originality. Habit has reconciled us to view
with pleasure the Trajan and Antonine columns, the monument of London, and the co-

lumn of Napoleon in the Place Vendome at Paris, in each of which the pedestals are

ornamented in some way or other, so as to tell in some measure the story of the person
in whose honour they were erected, or, as in the basso-relievo of the London column, the

event which it records. But care must be taken when inscriptions are used to preserve

a rigid adherence to truth, and not to perpetuate a lie, as was the case in the monument
just named, against a most worthy portion of the people of the British empire.

2604. As respects the employment of pedestals, we should advise the student, except

under very extraordinary circumstances, to avoid the use of them under columns which
are placed at a distance from the main walls of an edifice, as, for example, in porches
peristyles, or porticoes,— a vice most prevalent in the Elizabethan architecture, or i-ather

the cinque-cento period, which the people of this day are attempting with all its ab-

surdities to revive. Here we must again quote our author. Sir William Chambers,
whose excellent work we have used above, and on which we shall continue to draw largely.

" With regard," he says, " to the application of pedestals, it must be observed, that

w^.iin columns are entirely detached, and at a considerable distance from the wall, as

when they are employed to form porches, peristyles, or porticoes, they should never be
placed on detached pedestals, as they are in some of Scamozzi's designs, in the temple
of Scisi ( Assisi) mentioned by Palladio, and at Lord Archer's house, now Lowe's hotel, in

Covent Garden ; for then they indeed may be compared to men mounted on stilts, as they

have a very weak and tottering appearance. In compositions of this kind, it is generally

best to place the columns immediately on the pavement, which may be either raised on a

continued solid basement, or be ascended to by a flight of fronting steps, as at St. Paul's,

and at St. George's Bloomsbury ; but if it be absolutely necessary to have a fence in the

intcrcolumniations, as in the case of bridges or other buildings on the water, or in a second
order, the columns may then, in very large buildings, be raised on a continued plinth, as in

the upper order of the western porch of St. Paul's, which in such case will be suflSciently

high : and in smaller buildings, wherever it may not be convenient or proper to place the

balustrade between the shafts, the columns may be placed on a continued pedestal, as they
are in Palladio's designs for Signor Cornaro's house at Piombino, and at the villa Arsieri,

near Vicenza, another beautiful building of the same master," The same author continues:
" The base and cornice ofthese pedestals must run in a straight line on the outside through-
out, but the dies are made no broader than the j)linths of the columns, the intervals between
th.em being filled with balusters, which is both really and ajjparently lighter than if the

whole petlestal were a continued solid." The author quoted then proceeds to caution the

student against-the emjiloyment of triangular, circular, and polygonal pedestals, and such
as are swelled and have their die in the form of a baluster, or are surrounded by cinctures.

These extravagances were rife in the age of Louis XV., but notwithstanding the zeal of

the jobbing upholsterers and decorators of the present day, who are the curse of all archi-

tectural art, we hope they will never be permanently revived in this country, though their

introduction has already proceeded to a considerable extent
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Sect. IX.

INTERCOLUMNIATIONS.

2605. An uitercolwmniatioii is the clear distance between two columns measured at the

lower diameter of their shafts. This distance must depend principally on the order em-
ployed : in the Tuscan, for example, the nature of its compobition allows a greater width

between columns than would' be admissible in the Corintliian order, independent of what

has already been stated in Sect. II. (25*24, et seq.) in respect of supports and loading; and

this because of the enrichments of the several orders requiring that they should take their

departures (to use a phrase borrowed from another science) from the axes of their re-

spective colunms. The ancient names (which are still preserved) of the different inter-

columniations are described by Vitruvius in his second and fourth books. They are— the

pycnostyle, wherein the sjiace between the columns is 1 diameter and a half, as its etymology

from TTVKvos and arvKos imports (thick in columns), an intercolumniation used only in the

Ionic and Corinthian orders; the sysfyle {avarvKos, with columns a little more apart),

wherein the interval between the columns is a little greater ; the eusti/le (^evaTvXos, or well-

contrived interval), wherein the intercolumniation is of 2 diameters and a quarter ; the

(liiisii/le (SiaffTvAos, with a more extended interval between the columns), having an inter

columniation of 3 diameters ; and the araeostyle (^apaioarvKos, with few columns), wherein

the interval is 4 diameters. In the Doric order the triglyphs necessarily regulate the

intercolumniations, inasmuch as the

triglyph should fall over the axis of

tile column ; hence the intercolumnia-

tions in this order are either systyle

monotrigly))h (that is, with a single tri-

glyph in the intercolumniation), or

].l diameter; diastyle, or of 2'\ dia-

meters; or arajostyle, which will make
the interval 4 diameters, as will be

immediately understood on refer-

ence to Jiy. 894. ; wherein A is the

sysytle monotriglyph intercolumnia-

tion of ,3 modules ; B, that of the dia-

style, or 6 modules; and C, the ar;co-

style, or of 8 modules. The inter-

columniation marked D serves for KiK. sgi.

tiie application of coupled columns, wherein the rule seems necessarily to be that the space

between the columns may be increased, so that the requisite number of supports accord-

ing to the order and intercolumniation is preserved.

KiK. 893.

'260r5. The mtervals of the Tuscan order are indicated mfig. 895., wherein A shows the

intercolumniation called eustyle of 4i modules; B, the diastyle of 6 modules; and C, the

ar:rostyle of 8. D, of 1 module, is the space of coupled columns.

The intercolumniations in this order are scarcely susceptible of rules ether than those we

have indicated in our previous discussion on the orders generally in Sect. II. (252.'3, e/ seq.),

wherein we have entered on the subject at such length that we refrain from saying more

in this place. We may, liowever, observe, that the application of the princii)les there

mentioned are so intimately connected with this section, that the separation of one from tlie

other would destroy all our scheme for keeping tlie student in the right path. Hereafter

the principles in question will be applied to and tested on arcades.
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2o"07. In/^. 896., of Ionic inter-

columniations, A is the eustyle ar-

rangement ; B, that of the diastyle ;

C, that of the araeostyle ; and D, that

of coupled columns.

2608. Fig. 897. is a similar ap-

plication of the intercolumniations to

the Corinthian order, wherein also A
exhibits the eustyle ; B, the diastyle ;

and C, the arasostyle intervals : D
also showing the space used of 1 mo-
dule for coupled columns.

2609. Sir William Chambers, for

whose observations we have much
respect, — and, indeed, to whose va-

luable labours we acknowledge our-

selves much indebted,— seems to have

had a distant glimpse of the doc-

trine of equal weights and supports,

but knew not exactly how to jus-

tify liis notions on the subject. He
therefore avoids the main question by
attributing the pycnostyle interco-

lumniation rather to necessity than

clioice ; observing, that " as the ar-

cliitraves were composed of single

stones or blocks of marble, extending

from the axis of one column to that

of another, it would have been diffi-

cult to find blocks of a sufficient

length for diastyle intervals in large

buildings." But this is a reason al-

together unsatisfactory, inasmuch as

we know that they were sufficiently

masters of masonry to have conquered any such difficulty. We are much more inclined to

agree wiih him when he says (always, however, reverting to the principle of equal supports

and weiglits), " With regard to the ara;ostyle and Tuscan intercolumniations, they are by
much too wide either for beauty or strength, and can only be used in structures where
the architraves are of wood, and where convenience and economy take place of all other

considerations: nor is the diastyle sufficiently solid in large compositions." These consider-

ations, however, may be always safely referred to the doctiines laid down in Section II.

of this Chapter, already alluded to; and, indeed, that reference is justified by tlie instruc-

tions of Vitruvius in the second chapter of his tliird book, wlierein he directs that the

tliickness of the column should be augmented in an enlarged intercolumniation : as, for

example, supposing the diameter of a column in the pycnostyle s])ocies to be taken one
tenth of the height, it should in an ara;ostyle be one eighth ; arguing, that if in an aracostyle

the thickness of the columns exceed not a ninth or tenth ])art of their height, they a])pear

too slender, and in the pycnostyle species the column at one eighth of its height is clumsy
and unpleasant in appearance. Upon this passage (^iiambers observes, " that the intention

of Vitruvius was good, but the means by which he attempts to compass it insufficient.

His design was to strengthen the supports in jiroportion as the intervals between them
were enlarged

; yet according to the method ))roposed by him this cannot be eflected,

since one necessary consequence of augmenting tiie diameter of the column is enlarging the

intercolumniation proportionably. Palladio and Scamozzi have however admitted this

precept as literally just, and by their manner of ajjplying it have been guilty of very con-

siderable absurdity." We are not at all inclined to admit the truth of the opinion of

Chambers ; for, again reverting to the doctrine of the supports and loading, which was un-

known to him, it is to be remembered that increase in the s-pace of the intercolumniation

immediately involves increase of weight in the load or entablature, and therefore seems
to demand increase of diameter to the supports. Palladio and Scamozzi were not there-

fore guilty of the absurdity laid to their charge.

2610. Among the other reasons for our adopting the practice of Vignola is that he has

observed so much uniformity in his intercolumniations, except of the Doric order, wherein

the triglyphs prevent it, aware as we are that the practice has by many able writers been

much condemned. Chambers even says that his practice in this respect is "preferable to

any other, as it answers perfectly the intention of Vitruvius, preserves the character of each

order, and maintains in all of them an equal degree of real solidity."



Chap T. INTERCOLUMNIATIONS 881

2()1 1. With tlie exception of the Doric order, wherein the most |>eifect arrangement of
the detail results from the interval produced by the ditriglyph, there can be no doubt that,

abstractedly considered, the diastyje and eustyle intercolumniations are very convenient
in use, and may be employed on most occasions, except, as just mentioned, in the Doric
order.

2612. In setting out the intervals between columns especial care must be taken that tlie

centres of modillions, dentils, and other ornaments in t!>.e entablature fall over the axes cf
tlie columns. It is on this account that Vignola gives about two diameters and a third to

the intervals in all the orders except the Doric, instead of two diameters and a quarter, as
rc()uired by Vitruvius; an alteration which removes the difficulty and greatly simplifies the
rules.

2613. Cases from many circumstances often occur where greater intercolumniations
than the eustyle and diastvle are too narrow for use, and the moderns, headed by Perrault,

have adopted an interval which that master has called arfEOsystyle. This disposition is

obtained without infringing on the law of weights and supports, to which we have already
so often alluded. In it the columns are coupled, as shown in the preceding figures, the in-

terval being formed by swo systyle intercolumniations, the column separating them being,

as Chambers observes, " apjjroached towards one of those at the extremities, sufficient room
being only left between them for the projection of the capitals, so that the great space is

Si diameters wide, and the small one only half a diameter." One of the finest ex-
amples of this practice is to be seen in the facade of the Louvre, (seejiff. 176.) which in

many respects must be considered as the finest of modern buildings. The objections of
l>loiulel to the ])ractice are not without some weight, but the princijial one is the extra
expense incurred by it ; for certain it is that it requires nearly double the number of
folumns wanted in the diastvle, besides which it cannot be denied that it causes con-
sidernble irregularities in the entablatures of the Doric, Corinthian, and Composite orders,

wliicii, however, are not apparent in the other two. It is, nevertheless, so useful in cases

of difficulty which constantly arise, that we should be sorry to exclude the practice alto-

getlier, though we cannot recommend it for unlimited adoption.

2614. A great many expedients have been employed to obviate the irregularity of the
motlillions in the Corinthian and Composite orders, arising from the grouping of columns.
We, on this head, agree with Chambers, whose instructions we subjoin in his own words :

" 'J'he simplest and best manner of proceeding is to observe a regular distribution in the
entablature, without any alteration in its measures, beginning at the two extremities of the

building, by which method the modillions will answer to the middle of every other column,
and be so near the middle of the intermediate ones, that the difference will not easily be
perceivable. The only inconvenience arising from this practice is, that the three central

intercolumniations of the composition will be broader by one third of a module than is

necessary for eleven modillions: but this is a very trifling difference, easily divided and
rendered imperceptible if the extent be anything considerable." In the Doric order, the

groui)ing of columns is not so easily managed, and therein our author recommends the
expedient employed by Palladio, in the Palazzo C-hiericato, and in the Pasilica at Vicenza.
In the last-named, the cou])led columns are only 21 minutes apart, thus making the space
between the axes 2 modules and 21 minutes, that is, 6 minutes beyond the breadth of a
regular metope, and 2 half-triglyphs. To conceal the excess, the triglyphs are 31 minutes
broad, and their centres are carried 1 minute within the axis of the cohuTin, and the
metope is 3 minutes broader than the others. These small diffi^rences are not percei)tible

without a verj critical and close examination of the distribution. In this arrangement
the attic base of Palladio should be emjiloyed, because of its small projection, and the
larger intercolumniation must be arjeostyle.

2615. Intercolumniations should be preserved of equal width in all peristyles, galleries,

porticoes, and the like ; but in loggias or porches, the middle interval may be wider than
the others by a triglyph, a modillion or two, and a few dentils, that is, if there be no
coupled columns at the angles nor groupings with pilasters, in which cases all the other
intervals should be of the same dimensions. It has been observed by Blondel, that on
occasions where several rows of columns are used, as, for instance, in the curved coloimades
of the piazza of St. Peter's, the columns ought as mu-ch as ]iossible to be in straight lines,

because otherwise the arrangement can only be understood by viewing it from the centre of
the figure employed. The observation is well worth the student's consideration, for the
resulting effect of a departure from this rule, as Chambers has pro))erly observed, is

" nothing but confusion to the spectator's eye from every point of view." The same
author condemns, and with justice, though in a smaller degree, the use of " engaged
pilasters or half columns placed behind the detached columns of single, circular, oval, or

polygonal jieristyles, as may be seen in those of Burlington House. Wherefore," he
says. " in buildings of that kind, it will perhaps be best to decorate the back wall of tht

peristyle with windows or niches only." We can hardly supjiose it here necessarv to

caution the student against the use of intercolumniations without reference to theabsolut*«

3L
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size of them : they must not be less than three feet even in small buildings, because, aJ

Sir \Villiam Chambers seriously says, " there is not room for a fat person to pass between

tliem."

'J61f). Before leaving the subject which has furnished the preceding remarks on mter-

coluinniations, we most earnestly recommend to the student the rc-jierusal of Section II. of

this Book. The intervals between the columns have, in tliis sectioi., been considered more

with regard to the laws resulting from the distribution of the subordinate parts, than witb

relation^to the weiglits and supports, which seem to have regulated the ancient practice :

but this distril)ution should not prevent the application generally of the principle, which

may without difficulty, as we know from our own experience, be so brought to bear upon

it as to ])roduce the most satisfactory results. We may be perhaps accused of bringing a

fine art under mechanical laws, and reducing refinement to rules. We regret that we

cannot bind the professor by more stringent regulations. It is certain that, having in this

respect carried the point to its utmost limit, there will still be amjjle opportunity left for

him to snatch that grace, beyond the reach of art, with the neglect whereof the critics are

,wont so much to taunt the artist in every branch.

Sect. X.

ARCADES AND ARCHES.

2617. An arcade, or series of arclies, is perhaps one of the most beautiful objects at-

tached to the buildings of a city which architecture aflbrds. The utility, moreover, o<

arcades in some climates, for shelter from rain and heat, is obvious ; but in this dark

climate, the inconveniences resulting from the obstruction to light which they otter, seems

to preclude their use in the cities of England. About public buildings, however, where

the want of light is of no importance to the lower story, as

in theatres, courts of law, churches, and places of jjublic amuse-

ment, and in large country seats, their introduction is often

the source of great beauty, when fitly placed.

2618. In a previous section (2524.) we have spoken of

Lel)run's theory of an equality between the weiglits and sup-

ports in decorative architecture : we shall here return to the

subject, as applied to arcades, though the analogy is not, per-

haps, strictly in point, because of the dissimilarity of an arch to

a straight lintel. In fi>j. 898. the hatched jiart AEMFDCOB
is the load, and ABGH, CDIK the supports. The line GK
is divided into six parts, which serve as a scale to the diagram,

the opening III being four of them, the height BH six, NO
two, and OM one. From the exact quadrature of the circle

being unknown, it is impossible to measure with strict accu-'

racy the surface BOC, which is necessary for finding by sub- ^ " '•

traction the surface AEMFDCOB; but using the common Fig. 898,

method, we have

AD X AE-— '^.^^'^''=
to that surface; or, in figures,

6 X 3 - -
4 X 4 X -7854 = 11-72.

Now the suports will be IK x IC x 2 (the two piers) = the piers; or, in figures,

1x6x2 = 1200.

That is, in the diagram the load is very nearly equal to the supports, and woidd have been

found quite so, if we could have more accurately measured the circle, or had with greater

nicety constructed it. But we have here, where strict mathematical precision is not our

object, a sufficient ground for the observations which follow, and which, if not founded on

something more than speculation, form a series of very singular accidents. We have chosen

to illustrate the matter by an investigation of the examples of arcades by Vignola, because

we have thought his orders and arcades of a higher finish than those of any other master

;

but testing tlie hypothesis, which we intend to carry out by examples from I'alladio, Sca-

mozzi, and the other great masters of our art, not contemplated by Lebrun, the small

diffirences, instead of throwing a doubt upon, seem to confirm it.

2{jl9. In Jig. 898. we will now carry, therefore, the consideration of the weights and

supports a step further than I^ebrun, by comparing them with the void space they sur-

round, that is, the opening HBOCI ; and here we have the rectangle HBCI = HB x HI,

that is, 6x4 = 24, and the semicircle BOC equal, as above, to
^

=6-28. Tiien

24 +6 -28 = 30 -28 is the area of the whole void, and the weight and support being 11-72 +
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I2 = 'i3"2, are a little more than two thirds the areas of the whole void; a proportion
whicli, if we are to rely on the approval of ages in its application, will be found near the
limits of what is beautiful.

2620. We shall now refer to the examples of Vignola alluded to ; but to save the repe-
tition of figures in their numbers, as referred to, each case is supposed in what immediately
follows as unconnected with tlie entablatures which they exhibit, it being our intention to
take those into separate consideration.

WifrrOl^TTQ nuHm'ftn i-TCT rti'nTf^r-"- -nxa

Fig. SS9. Fis- 100.

2621. Suppose the Tuscan example (Jiff. 899.) without an entablature, we have tlie

Supports, 9-75 X 3 = 29-25
The whole of rectangle above them, 4-2.5 x 9-5 = 40-375

T • u C-5xG-5x 7854 , „ „Less semi-arch, „ = 16-6

23-775

53 025 solid parts.

The area of the void is 16-6+ 9-75 x 6-5 = 79-97, whereof 53-025, the portion of solid

parts, is not widely different from two thirds.

In Vignola's Doric example, (Jiff. 900. ), again without the entablature, we have

Supports, 10-5x3 = 31-50

The_whole rectangle above them, 5-3 x 10-0 = 55*00
7x7x-78n4

'2Less semi-arch. = 19-24

35-76
67-26 solid parts.

The area of the void is 19-24+ 10-5 x 7 = 92-74, whereof 67-26, the portion of solid parts,

is not much different from two-thirds.

In the Ionic example (Jiff. 901.), still without considering the entablature, the following
will result :—

Supports, 12-64 X 2-66= 33 61

The whole rectangle above them, 10-88 x 5-2 =5657
J . , C-4xG-4x 7854 ,_„„
Less semi-arch, „ = 16-08

40-49

74-10 solid parts.

The area of the void is 1608 + 1 2-G4 x 7-1 = 105-82, whereof 74-10, the portion of
solid parts, dift'err. little in amount from two thirds of the void.

3 L 2
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Fig. 901.

Ill the Corinthian example (^fg, 902. ), not taking
foUowiii}' is the result :—

FiK. <J02.

into consideration the entablature, the

Supports, 14-11 xS -55 =
The whole rectangle above them, 1 1-;}:5 x .5 -88 = 66 -62

770x7 70x78.54
2

50 09

Less semi-arch, -' = 23-65

= 32-97

83-06 solid parts.

The area of the void is 23-65+ 14-ni x 7 -76 = 133-15, whereof 83-06, the portion of
solid jKirts, is somewhat less than two thirds of the void.

2622. Tile result which flows from the above examination seems to be that, witliout
respect to the entablature, the ratio of the solid part to that of tlie void is about (UKl.
Bearing tliis in mind, we shall next investigate the ratio of tlie sui)ports and weights, con-
sidering the entablature above the arcade as a part of the composition ; and still following
Vignola, whose examples, as we have above stated, do not so much difl'er from those of
other masters as to make it necessary to examine those of each, we will begin with tliat

architect's Tuscan arcade, without pedestals, exhibited in fg. 899. on the preceding page.
In this example, from centre to centre of pier,

The whole area, in round numbers, 17-5 x 95
Air „• I C5x0'5x 7854

rea ot semi-arch, —— 2

Rectangle under it, 9*75 >. 6'5

Entablature, 9-5 X 3-5

Leaves for the sujiporting parts - - - . - 53-1

In this example, therefore, the su})porting parts are ^'^, those supported 33, and the
voids 79. The ratio between the solid and void parts = -9, and tlie ratio of the supports
to the weights is 3^= 62.

Tiie distance between the axes of the columns is 9 modules and 6 parts ; the height of
the S(;mi-arch. 3 modules and 3 parts ; and between the crown of it and the under side of
the arcliitrave is 1 module; the whole height, including entablature, being 17 mot.ules
and a half.

- - - = 166-2

- =16-6

- =63-3

Tcital void. therefore 79-9

86 3
.- . _ 33-2
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2623. Following tlie same general method, we submit the Doric arcade (jfy. 300.)
without pedestal. Measuring, as before, from centre to centre of piers.

The whole area, in round numbers, 20-2 X 10 ... =2020
A >,£• • u 7x7x7354 , - „Area of semi-arch

^
- =19-2

Rectangle under it, 10-5 x7 - -=73-5

Total void, therefore, = 92'7

109-3

Entablature, 10 X 4-2 ------ 42 O

Leaves for the supporting parts - - - - - 67-3

In this example, therefore, the supporting parts are 67, those supported 42, and the
voids 92. The ratio between the solid and void parts is -85, and the ratio of the supports
to the weights is ||= -63.

The distance between the axes of the colimins is 10 modules, the height of the semi-arch
is 3 modules and 6 parts, and between the crown of it and the underside of the architrave

is 2 modules ; the whole height, including the entablature, being 20 modules 3.i parts.

2624. The Ionic arcade, without pedestal, is shown in jig. 901. The measurements,
as above, from centre to centre of pier,

The whole area, 22-64 x 10-88 in round numbers
. ... 6-4 xG-4x -7854
Area or senu-arch, — ,,

Rectangle under it, 12-64 x 7-1

- • = 246-3

= 16 1

= 89-7

Total void, therefore, = 105-8

140-5
- .' 52-2Entablature, 10-88 X 4-8

Leaves for the supporting parts - - - - -88-3
Hence, in the examjile, the supporting parts are 88, those supported 52, and the voids

105 ; so that the ratio of the voids to the solids, in this order, is -8, and the ratio of tlie

sui)p()rts to the weights does not materially differ from the other orders, being 5|= -q,

Tlie distance between the axes of the columns is 10 modules 16 parts, the height of the

semi-arch is 3.1 modules 3 parts, and between the crown of it and the under side of the

architrave is 2 modules ; the whole height, including the entablature, being 22 modules
13^ ))arts.

'n\'15. Fig- 902. represents the Corinthian arcade without pedestal. The measurement,
as before, is from centre to centre of pier.

The whole area, 25-2 x 11 -33, in round numbers - - = 288-5

Area of semi-arch,
^

=- 23-6

Rectangle under it, 14-11 X 7-76 =109*5

Total voids, therefore, = 133 1

155-4

Entablature, 10-36 X 5-6_ ----.. 58-0

Leaves for the supporting parts - - - .97-4
In the Corinthian example, therefore, the supporting parts are 97, those supported 5S,

and the voids 133. The ratio between the solid and void parts = -8, and the ratio of t"

supports to, the weights p=-59. The distance between the axes of tlie columns i;,

1 1 modules and 6 parts, the height of the semi-arch is 3 modules 1 6 parts, and between
tiie crown of it and the under side of the architrave is 2 modules S| parts; the whole
height, including the entablature, being 25 modules 3,1 parts.

2626. The laws laid down by Chambers for regulating arcades are as follow : — " The
void or aperture of arches should never be much more in height nor much less tlian

double their width; the breadth of the pier should seldom ex-ieed two thirds, nor be less

than one third of the width of the arch, according to the character of the composition,

and the angular piers should be broader than the rest by one half, one third, or one fourth."

..." The height of the impost should not be more than one seventh, nor need it ever be
less than one ninth of the width of the aperture, and the archivolt must not be more than

one eighth nor less than one tenth thereof The breadth of the console or mask, which
serves as a key to the arch, should at the bottom be equal to that of the archivolt, and
its sides must be drawn from the centre of the arch. The length thereof ought not to

be less than one and a half of its bottom breadth, nor more than double."
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2G'27. Tlie ratios that have been deduced by comparing the void and solid parts, if there

be anv reason in the considerations had, show that this law of making arches in arcades of

the hei'fht of 2 diameters is not empirical, the following being the results of the use of the

ratios in the arcade without, and that with pedestal, of which we shall presently treat. Thus

in the

Tuscan arcade without pedestal,

Doric arcade without pedestal,

Ionic arcade without pedestal,

Corinthian arcade without pedestal.

13-5 height

e-5 width

140
7

1.V.S3

710
18 00

7 76

Diameters. Diameters
17'5= 2-0; with pedestals,-n7c= 1 "84

= 2-0 —

= 2-3 —

100-^ uu
2''-0

2628. In the examples of the arcades with pedestals, we shall again repeat the process bj

rhich the results are obtained, first merely stating them in round numbers. i-Vy. 'Jo3 is a

a 10 '1 12 13 U Moiules

Ftg. 913

Tuscan arcade from Vignola's example, as will be tlie following ones. In this the wliole
area is 306, omitting fractions, the area of the void is 156, that of the entablature .'30,

and the supports 100. The ratio of the supjxjrted part (the entablature), therefijre,

*^ TO= '•5' and the supports and weights are very nearly efpial to the void The height of
the pedestal is almost 3 modules and 8 parts, the opening 9 modules 6 parts, and the
"width of tlie whole pier 4 modules and 3 parts.

The detail of tlie above result is as follows . —
The whole area, 22*30 X 13-75 - - - _ =306"62

Area of semi-arch,
^^^^^^-'^'-^ ^ 35.43

Below that, 12-75 x 9 75

Entablature, 13*75x3-66 -

Leaves for supporting parts

:121-12

Total voids, therefore^ : 156-55

150-07

: 50-82

99-75
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It will be seen tliat we have taken the numbers in the preceding paragraph without supply-

ing strictly the decimal parts that arise from the multiplication and subtraction of the

several portions comjiared. The coincidence of the hypothesis with the ajiparent law is nu

less remarlvahle in this example than it will be found in those that follow ; and, scep-

tical as we at first were on tiie appearances which ]H)inted to it, we cannot, after the ex-

amination here and hereafter given, do otherwise than express our conviction that, in cai ry.

ing out the principles, no unpleasant combination can result.

W U Vi 13 U 15 IG MoJuUm

2G29. Fig. 904. exhibits the Doric arcade, whose whole area from centre to centre of

columns is 374. The area of the void is 189, that of the entablature 62, and of the sup-

porting parts 112. The ratio of the entablature to the supports is therefore ^^^=-55, and

that of the supports and weights to the voids "9. The height of the pedestal is almost

5 modules and 4 parts, the opening 10 modules, and the width of a pier 4 modules and

9 parts.

As in the preceding example, wc think it will be useful to detail the process by which

the general results stated have been arrived at. It is curious and interesting to observe

tlie similarity between the cases. It is scarcely possible to believe that accident could

have produced it. INIay not the freemasons of the middle ages have had some laws of this

nature which guided their operations ? But we will now proceed to the calculation.

The whole area, 25 4 x 14-75

. r •
J

lirOxlOOx-7854
Area ot semi-arcn,

Below thai, 12 75 x 9*75

= 39-27

= 150-00

Total voids, therefore,

= 374-65

= 189-27

Entablature, 14-75 X 4-25 . . , . -

Leaves for supporting parts - • - - - 122-70

Herein, as before, the general result in the preceding paragraph has been given in ro-and
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liiiiiil>ers, that tlic inind of the reader may not l)e distracted from the general proixjrtioiis.

'J'he detail a<i;aiii corrcihorates the hypothesis, as in the preceding subsection was pred.calcd,

ftiid the i'urtlier we proceed, as will be prebcatly seen, its truth becomes more manlfe,t.

14 15 16 17 le ilodules

Fig. 905.

i!630. The Ionic arcade with a pedestal is shown in /ig. 905. The whole area is 44 8

between the axes of the columns; that of the void, 228. The entablature's area is 7.'5,

and tlie supporting parts 146. The ratio, therefore, of tlie load to the sujiport is 7i?i=
'•'''

and supports and weights are very nearly equal to the void. The height of the ])edestal is

6 modules, the opening II modules, and the width of a pier 4 modules and 12 parts.

Once more returning to the detail on wliich the above proportions are based, and wliieh

in this as in the following example we think it better to supply, observing, as before, that

the numbers above stated are given roundly, we shall have in the Ionic arcade.

Whole area, 28-66 x 15-66 -

A c • u 11x11x7^54Area or semi arch,

13elow it, 16-5 X 11

Entablature, 15-66 x 4-7

Leaves for supporting parts

= 448-81

= 47-01

= 181-50

Total area of voids, therefore, =228-51

220-30
= 73-50

146-80

Whence it will be seen that the round numbers first given are shown to be sufficiently

accurate for exemplification of the law, and that the further we examine the hypothesis the

more closely we find it connected with the theory of weights and loads that has occupied a

\ery considerable portion of tliis Book, and M'hich we hope may not have had the effect of

exiiausting the reader's patience. We trust we shall have his pardon for pursuing the course

we luve taken.
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Fig. 906.

2631. Fiff. 906. is an arcade with pedestals of the Corinthian order. Its total area is

5-'8, that of the void 284, the area of the entablature 84, and that of the suj)porting
parts 159. Hence, the ratio of the load to the support is ^*(,= -52, and the supports and
weight are equal in area to the void within a very small fraction. The height of the
pedestal is 6^ modules, the opening is 12 modules wide, and the width of a pier is

4 modules and 9 parts.

^Ve here close the curious proofs of a law whose existence, we believe, has never been
suspected by modern architects. It was clearly unknown to Rondelet, and but for the
work of Lebrun already quoted, we might never have been led to the investigation of it.

Tiiat author himself, as we believe, did not entertain any notion of it.

In the Corinthian arcade with pedestal we have

Whole area, 32xl6*5- - - - - - =528 '00
12xI2x-7854

Area of semi-arch,

Below it, 19x 12

Entablature, 16-5 x 5-09

Leaves for supporting parts

56-05

= 228-00

Total area of voids, therefore, = 284 -05

243-95
= 84-10

159-85

Thus, again, the law seems to be borne out, and to prove that the assumptions we have
been making are not those of empiricism.

2632. In fff. 907. are collected the imposts and archivolts used in the arcades cf the
difft-rent orders.
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2333. We are not of the opinion of Sir William Chambers in respect of the arcades

which ^'ignola has given ; that author liad not, we think, critically examined their comjio-

sition, and we confess we do not tliink his own examples are improvements on those of tlie

master in question; but we are willing to admit that in the examples of arcades with
pedestals, they would have been much improved by assigning a greater height generally

to the plinths of the pedestals, which are, doubtless, much too low, and might be well

augmented by adding to them a portion of the dies of the pedestals.

'2634. Great as is our admiration of Palladio, we do not think it necessary to say more
relative to his arcades, than that he has given only designs of arches with pedestals, and
that their height is from one and two thirds to two and a half of their width. His piers

are generally 3i| modules, except in the Composite order, wherein they are 44 modules.
'263j. Scamozzi makes his Tuscan arch a little less than double its width, increasing the

height gradually to the Corinthian arch with pedestals to nearly twice and a half the

width. He diminishes his piers as the delicacy of the order increases, his Corinthian

piers being only 3| modules in width. We do not, however, think it necessary to dwell
longer on tliis part of the subject, and shall close it by observing that the impost of the

arch should not much vary from half a module in height, and that the width of the

archivolt, which should touch the sliaft of the column or pilaster in the geometrical ele-

vation, at its springing, is necessarily prescribed by the width of ])ier left after sotting out the

column u])on it. Where columns are used on piers, their projection must be such that tlie most
prominent member of the impost should be in a line with the axis of the column on the

transverse section. In Ionic, Comjiosite, and Corinthian arcades, however, it may jiroject

a little beyond tiie axis of the columns, to avoid the disagreeable mutilations which are

otherwise rendered necessary in the cajiitals. Arcades should project not less than their

width from the front of the wall which backs them." With regard to their interior deco-

ration," says Chambers, " the portico may either have a flat ceiling or be arched in va-

rious manners. Where the ceiling is flat, there may be on the backs of the piers, pilasters

of the same kind and dimensions with the columns on their fronts ; facing which ])ilasters

there must be others like them on the back wall of the j)ortico. Their projection as well

as that of those against the back of the piers may be from one sixth to one quarter of their

diameter. These pilasters may support a continued entablature, or one interrupted and
running across the portico over every two pilasters to form coolers ; or the architrave and
frieze only may be continued, while the cornice alone is carried across the portico over the

jjilasters as before, and serves to form compartments in the ceiling, as is done in the vestibule

of the Massini palace at Rome, and in the great stable of the King's mews, near Charing
Cross,"— no longer in existence, having been destroyed to make way on its site for the

execrable mass of absurdity to which tne government who sanctioned it have facetiously
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given th(! name of National Gallery. Chambers thus continues: — " Where the portico

is arched, either with a semi-circular or elliptical vault, the backs of the piers and the

inner wall of tlie portico may be decorated with pilasters, as is above described, supporting

a regular continued entablature, from a little above which the arch should take its spring,

tliat no part of it may be hid by the projection of the cornice. The vault may be enriched

with compartments of various regular figures, such as liexagons, octagons, squares, and

the like, of which, and their decorations, several examples are given among the designs

for ceilings." Of these we shall hereafter give figures in the proper place. " But when
the vault is groined, or composed of flats, circular or domical coves, sustained on pen-

dentives, the pilasters may be as broad as are the columns in front of the piers, but they

must rise no higher than the top of the impost, the mouldings of which must finish and

serve them instead of a capital, from whence the groins and pendentives are to spring, as

also the bands or arcs-doubleuux which divide the vault."

2636. In the examples of arcades, we have followed those given by Chambers, as ex-

hibiting a variety which may be instructive to the student, and at the same time aflbrd

hints for other combinations. Fig. 908. is one of the compositions of Serlio, and is ar.

Fig. 908.

expedient for arching in cases where columns have been provided, as in places where the

use of old ones may be imposed on the architect. The larger aperture may be from
4i to 5 diameters of the column in width, and in height double that dimension. The
smaller opening is not to exceed two thirds of the larger one, its height being determined

by that of the columns. Chambers thinks, and we agree with him, that this sort of dis-

position might be considerably improved by adding an architrave cornice or an entablature

to the column, by omitting the rustics and by surrounding the arches with archivolts. It

is not to be inferred, because this example is given, that it is inserted as one to be followed

except under very peculiar circumstances. Where an arrangement of this kind is adopted,

care must be used to secure the angles by artificial means.

2637. Fig. 909. is given from the cortile of the castle at Caprarola by Vignola, a struc-

ture which in the First Book of this work we have (346. ) already mentioned. Tlie height of

the arches is somewhat more than twice their width. From the under side of the arch to

the top of the cornice is one third of the height of the arch, the breadth of whose pier is

equal to that of the arch, and the aperture in the pier about one tliird of its breadtli.

2638. A composition of Bramante, executed in the garden of the Belvedere at Rome, is

given at ^^. 910. The arch in height is somewhat more than twice its width, and the

Fig. 910.
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breadth of the pier equal to the opening. By dividing the latter into twelve jiaits we
have a measure which seems to have prevailed in the mind of the architect, inasmuch as

two of them will measure the parts of the pier supporting the archivolts, four the space

for the two columns, two for the intervals between the niche and the columns, and four for

the niche. Half the diameter of the arch measures tlie heiglit of the pedestal ; the columns

are of the height of ten diameters, and their entablature one quarter of the height of the

columns. The impost and archivolt are each equal to half a diameter of the column.

26r^9. Fiq. 911. is an example whose employment is not uncommon in the designs of

Palladio, and was considered by our great countryman Inigo Jones to be worthy of his

imitation. The arch may be taken at about twice its width, and the pier not less than

one nor more than two thirds of the width of the aperture.

FiR. 912. Fig. 913.

2640. The example in fig. 912. is from the hand of Vignola, and was executed for one
>f the Borghese family at Mondragone, near Frascati. In it the arch is a little more
n height than twice its width, and the breadth of the pier columns supporting the arcli

ncludes a little less than the width of the arch itself. We are not quite satisfied in having
lere produced it as an example, though, compared with the following one, we scarcLly
inow whether we should not on some accounts prefer it.

2641, The last, example {fig- 913.) is one by that great master, Palladio, from the basilica

it Vicenza. From the figure it is impossible to judge of its beauty in execution, neither

;an any imitation of it, unless under circumstances in every respect similar, produce the

sensation with which the building itself acts on the spectator; yet in the figure it appears
Tieagre and nothing worth. We can therefore easily account for the conduct of the critics, as

;hey are called, who, never having seen this master's works, indulge in ignorant speculations

jf the pictorial effects which his compositions produce. Though not entirely agreeing
ivith Chambers in his concluding observations on arcades and arches, we may safely

;ransfer them to these pages. " The most beautiful proportion," he observes, " for com-
sositions of tliis kind is, that the ajierture of the arcli be in height twice its width ; that

;he breadth of the pier do not exceed that of the arch, nor be much less ; that the small

jrder be in lieight two thirds of the large columns, which height being divided into nine

)arts, eight of them must be for the height of the column, and tlie ninth for the height of

;he architrave cornice, two fifths of wliich should be for the arcliitrave and three for tho

:ornice. The breadth of the archivolt should be equal to the superior diameter of the
imall columns, and the keystone at its bottom must never exceed the same breadth."

Sect. XI.

OPvDEKS ABOVE ORDERS.

''642. Vltruvius, in the fifth chapter of his book " On the Forum and Basilica," in both
which species of buildings it is well known that orders above orders were employed, thus
instructs his readers:— " The upper columns are to be made one fourth less tlian those
oelow" {quarta parte mhiores quam inferiores sunt cmistitiienda:), " and that because the latter,

jeing loaded with a weight, ought to be the stronger ; because, also, we should follow the

practice of nature, which in straight-growing trees, like the fir, cypress, and pine, makes
:he thickness at the root greater than it is at top, and jjreserves a gradual dimiiuition

diroughout their height. Thus, following the example of nature, it is riglitly ordered that

Dodies which are uppermost should be less than those below, both in respect of height and
;hicknebs." It is curious that the law thus given produces an exactly similar result to that
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laid dowr. by ScamozzI, p. 2. lib. v. cap. li., whereon we shall have more presci fly to speak.

Gailiani, Chambers, and others have considered the above-qnoted passage of Vitruvius in

connection with another in chap. vii. of the same book, which treats of the portico and other

parts of the theatre, wherein the author states, after giving several to this question unim-

portant details, " The columns on this pedestal" (that of the upper order) " are one fourth

less m Ae/<//i<" (quarta parte minores uhitudine sint) " than the lower columns." The reader

will here observe the word altitudhie is introduced, which does not appear in the passage

first quoted ; and we beg him, moreover, to recollect that the last quotation relates entirely

to the scene of the ancient theatre, in which liberties were then taken with strict architec-

tural proportion as much as they are in tliese later days. Those who think that because

Vitruvius interlarded his work with a few fables, he is therefore an author not worth

consulting, as ephemeral critics have done in respect of that great master of the art, Pal-

ladio, may opine we have wasted time in this discussion ; but, adopting the old maxim of

Horace, " Non ego paucis ofFendar maculis," we shall leave them to the exposure which,

with the instructed architect, their own ignorance will ultimately inflict on them, and to

the enjoyment of the felicity attendant on a slight knowledge of the subject a person is in

the habit of handling.

2643. We will now place before the student our own reading and explanation of the

passage of Vitruvius relative to the use of orders above orders, and attempt

to show what we conceive to be its real meaning. In Jiff. 914. the diagram

exhibits an Ionic placed above a Doric column : the entablature (which

however does not belong to the consideration) being in both cases one

fourth of the height of the column. Inasmuch as in our previous rules

(following Vignola) it will be recollected that the module of the Doric

order is subdivided into twelve, whilst that of the Ionic is subdivided into

eighteen parts, we must, for the purpose of obtaining an uniformity of

measures in both orders, reduce those of either to the other to obtain si-

milar dimensions. Instead, therefore, of measuring the upper order by itself,

which would not afford the comparison sought, we shall have to reduce

its established measures to those of the lower one, or Doric, and this, as

well as the measurement of the lower order itself, is taken in modules and

decimal parts of its semidiameter. Thus, the lower order being 2 modules

at its bottom diameter and 1 -666 modules at its upper diameter, the

mean, without descending to extreme mathematical nicety, may be taken

at l-83;3, which multiplied by the height, 18 modules = 32-994, the area of

a section through the centre of the column. Now if the upper columns

are to be the same thickness at the bottom as the lower ones are at the top,

that is, 1 -666 module of the lower order, their u])per diameters will be 1 -387

(that is, five sixths of the lower diameter), and the mean will be 1 -^'IG,

which, multiplied by 16, the height, = 24-416 the area of a section down
the centre of the column, and just one fourth less than that of the lower

column. The investigation tends to show us tliat we should not lightly

treat the laws laid down by Vitruvius and his followers at tlie revival of

the arts, for we may be assured that in most cases th< y are not empirical,

but founded on proper principles. We cannot, however, leave this point

without giving another reason, which is conclusive against Chambers's

construction of the passage ; it is, that supposing the upper column's lower

diameter to be the same or nearly so as the lower column's upper diameter,
""

if the fourth part had relation to the height instead of the bulk, we should have had tlie

absurdity in the illustration al)ove given, of an Ionic column in tlie second order onlj'

six and three quarters diameters high, whilst tlie lower or Doric is nine diameters in lieiglit.

2644. Scamozzi, we doubt not, thought as we have expressed ourselves on this subject, and

we here translate the words he uses in the eleventh cli;ipter of his sixth book (second part).

" Hence it is more satisfactory, and they succeed better and are more pleasing to the eye,

when these columns (the upper ones) are made according to their proper diminution, so

that the lower part of the upper column may be just the thickness of the u]iper part of the

lower one, and so from one to the other, as may be seen in the Ionic order of the Tiieatre

of Marcellus and other edifices ; and this is the reason and natural cause that it is the same

as though out of a long and single tree the shafts were cut out one after the other."

264,5. The laws of solidity seem to require that where more than one order is used, tlie

strongest is to occupy the lower situation ; thus the Doric is placed on the Tuscan, tlie

Ionic on the Doric, the Corinthian on the Ionic, and the Composite on the Corinthian ;

though, with res])ect to the last, we find examples of importance wherein the reverse has

been the case. Two tiers of columns should not be of the same order, neither should an

intermediate order be omitted; such, for instance, as placing the Ionic on the Tuscan

column, or the Corinthian on the Doric ; for by this practice many irregularities are,

iutroduced, especially in the details of the members.
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2fi4(). Frontwise tlie axes of the ui)|)er and lower columns must be in the same vertical

plane, but viewed in flank this is not aljsolutely necessary ; they should not, however, deviate

too mucii from it. In the theatre of Marcellus the axes of the upper columns are nearly a

foot within those of the Doric below tliem ; but circumstances retjuired this, and there is

no great objection to the practice if the solidity of the structure be not lessened by it.

Ciianibers observes that the retraction should never be greater than at the theatre of

ISIarcellus, where the front of the plinth in the second order is in a line with the top of the

shaft in tiie first. When the columns are detached, they should be placed centrally over

each other, so tliat the axes of the upper and under ones may form one continued line, by
which means solidity is gained as well as a satisfactory result to the eye. As to the false

bearings of the bases of the upper order on the profile, this is a matter neither really aftijct-

ing stability nor the appearance of the design.

2647. In England there are not many examples of orders above orders, while on the

Continent the practice has not been imcommon ; but it is always a matter of great difficulty

so to arrange them as to avoid irregularities where triglyphs and modillions in the same
design meet in the composition. We have used the figures of Chambers for our illustration

here, because they are nearly coincident witli the rules of Vitruvius and Scamozzi, and we
Khali now place them before the reader, observing that the irregularities alluded to are

almost altogether avoided.

2648. Fig. 915. exhibits the Doric over the Tuscan order. The intervals A, B, and C
are respectively 2|, A\, and 6^ modules ; and A', B', and C, 3, 5}^, and 8 modules of their

order. The entablature of the lower order is Si modules, the column, including base

and capital, being 14 modules high ; and the entablature of the upper order is 4 modules
high, the column with its base and capital being 1 6 modules in height.

2649. The distribution of the Doric and Ionic orders is given in fig. 916., wherein the

intervals A, B, and C are respectively 3, .5.^, and 8 modules ; D, "7 module; and A', B', C,
and D' respectively 4, 7, 10, and 1^ modules. The Doric order in this example is 20
ir.9dules high, whereof i are assigned to the entablature; the Ionic 22 modules high,

whereof 4 l)elong to the entablature.

2650. In fig. 917. is represented the Corinthian above the Ionic order; the intervals

A, B, C, D are respectively 5, 6, 7, and 1 modules, and those of A', B', C D' respectively

6-4, 7 '6, 8-8, 1-6 modules ; the lower order is 22i modules high, 18 being given to the

column with its base and capital ; and the upper or Corinthian order is 24i modules high,

whereof 20 belong to the height of the column, including its base and capital.

2651. The last (^fig. 918.) is of the Corinthian order above and Composite below. In

the lower order the intervals A, B, C, D are 4§, 6, 7, and 1 modules respectively, and

A', B', C, and D', in the upper order, 6, 7-6, 8-8, and 1-6 modules respectively. The
wliole height of the Corinthian order is 25 modules, whereof 5 are given to the ental)latnre,

the Composite order here is 24J modules, of which 20 belong to the column, including the

base and capital.

2652. We insert the observations of Chambers relative to the above four figures, which.
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as we have adopted them, shall be in his own words. " Among the intercoluniniations

there are some in the second orders extremely wide, such as the Ionic interval over the

Doric arasostyle ; the Composite and Corinthian intervals over the Ionic and Composite
ara;ostyle, which, having a weak meagre appearance, and not being sufficiently solid,

excepting in small buildings, are seldom to be suffered, and should seldom be introduced.

'l"he most eligible are the eustyle and diastyle for the first order, which produce nearly

the diastyle and arzeostyle in the second." Speaking of the use of pedestals in orders

above orders, the author thus proceeds: — " Many architects, among which number are

Palladio and Scamozzi, place the second order of columns on a pedestal. In compositions

consisting of two stories of arcades this cannot be avoided, but in colonnades it may and

ought ; for the addition of the pedestal renders the upper ordonnance too predominant, and
the projection of the pedestal's base is both disagreeable to the eye and much too heavy a

load on the inferior entablature. Palladio, in the Barbarano palace at Vicenza, has placed

the columns of the second story on a plinth only, and this disjjosition is best ; the height of

the plinth being regulated by the point of view, and made sufficient to expose to sight the

wliole base of the column. In this case the balustrade must be without either pedestals or

half balusters to support its extremities, because these would contract and alter the form
of the column ; its rail or cap must be fixed to the shafts of the columns, and its base made
level with their bases ; the upper torus and fillet of the columns being continued in the

interval, and serving as mouldings to the base of the balustrade. The rail and balusters

must not be clumsy ; wherefore it is best to use double-bellied balusters, as Palladio has

done in most of his buildings, and to give the rail a very little projection, that so it may
not advance too far upon the surface of the column, and seem to cut into it. In large

buildings the centre of the baluster may be in a line with the axis of the column ; but in

small ones it must be within it, for the reason just mentioned. The heiglit of the balus-

trade is regulated in a great measure by its use, and cannot well be lower than three feet,

nor should it be higher than three and a half or four feet. Nevertheless, it must neces-

sarily bear some proportion to the rest of the architecture, and have nearly the same relation

to the lower order, or whatever it immediately stands upon, as when a balustrade is placed

thereon chiefly for ornament. Wherefore, if the parts are large, the height of the balustrade

must be augmented, and if they are small it must be diminished ; as is done in the Casino
at Wilton, where it is only two feet four inches high, which was the largest dimension that

could be given to it in so small a building. But that it might, notwithstanding its lowness,

answer the intended purpose, the pavement of the portico is six inclies lower than the bases

of the columns, and on a level with the bottom of the plat-band that finishes the basement."
We must here leave this subject, recommending the student to an intimate acquaintance

with the various examples that have been executed, and further advising him to test each of

tin* examples that may fall under his notice by the principles first adverted to in this section,

as the only true means of arriving at a satisfactory result.
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Sect. XII.

ARCADES ABOVE ARCADES.

'2fi5'S. As the disposition of one arcade upon another is, under certain regulations, subject

to the same huvs of voids and solids as tlie simple arcade of one story, which iias formed the

siibjec' of a previous section, we shall no furtlier enter into the rules of its combination

than to offer a few general observations on the matter in question ; and herein, even with

the reproach of a want of originality, we shall draw largely on our much-quoted autlior,

Clianibers, whose language and figures we are about to use. So sound, indeed, is the

doL'trine of Chambers in this respect, and so well founded on what has been done by those

w horn we consider the greatest masters, that we should not be satished witiiout transferring

bis dicta to these pages, and that without any alteration.

2654. " The best," says Chambers, " and, indeed, tlie only good disposition for two
stories of arcades, is to raise the inferior order on a plinth, and the superior one on a

pedestal, as Sangallo has done at the Pall.izzo Farnese ; making both the ordonnances of

an eejual height, as Pa'.ladio has done at the Basilica of Vicenza."

2635. " Scamozzi, in the tliirteenth chai)ter of his sixth book, says that the arches in the

second story should not only be lower, but should also be narrower, than those in the first

;

supjjortiiig his doctrine by several specious arguments, and by the practice, as he says, of the

ancient aichitects in vaiious buildings mentioned by him. In most of these, however, the

superior arches are so far from being narrower, that they are either equal to or wider tlian

the inferior ones. In fact, his doctrine in this particular is very erroneous, entirely con-

trary to reason, and productive of several bad conse(]uences ; for if the u))per arches be

narrower than tlie lower ones, the piers must of course be broader, which is o])posite to

all rules of solidity whatever, and exceedingly unsightly. The extraordinary breadth of

the pier on each side of the columns in the superior order is likewise a great deformity ;

even when the arches are of ei|ual widths it is much too considerable. Palladio has, in the

Ciiritd at Venice, and at the Palazzo Thiene in Vicenza, made his upper arches wider than

the lower ones, and I have not hesitated to follow his example ; as by that means the

weight of the solid in the superior order is somewhat diminished, the fronts of the upper
piers bear a good proportion to their respective columns, and likewise to the rest of the

composition."

2656. " In a second story of arcades there is no avoiding pedestals. Palladio has,

indeed, omitted them at the Carita, but his arches there are very ill jiroportioned. 'i'lie

extraordinary bulk and projection of these pedestals are, as before observed, a considerable

defect ; to remedy wliieh in some measure they have been frequently employed without

bases, as in the theatre of Marcellus, on the oiitside of the Palazzo Thiene, and that of tlie

Chiericato in Vicenza. This, however, helps the matter but little ; and it will be best to

make them always with bases of a moderate projection, observing at the same time to

reduce the projection of the bases of the columns to ten minutes only, that the die may be

no larger than is absolutely necessary ; and in this case particular care must be taken not

to break the entablature over each column of the inferior order, because the false bearing

of the pedestal in the second order will by so doing be rendered far more striking, and in

reality more defective, having then no other support than the projecting mouldings of the

inferior convce. There is no occasion to raise the pedestals of the second order on a

plinth, for as they come very forward on the cornice of the first order, and as the point

of view must necessarily be distant, a very small part only of their bases will be hid from
the eye."

2657. "The balustrade must be level with the pedestals supporting the columns; its

rail or cornice and base must be of equal dimensions, and of the same profile with theirs.

It should be contained in the arch and set as far back as possible, that the form of the arch

may appear distinct and fminterrujjted from top to bottom ; for which reason, likewise, the

cornice of the pedestals must not return nor profile round the piers, which are to be con-

tained in straight perpendicular lines from the imjjosts to the bases of the pedestals. The
back of the rail may either be made plain or sunk into a ])anel in form of an oj)en surbase,

for so it will be most convenient to lean upon, and it siiould be in a line with or somewhat
recessed within the backs of the piers. The back part of the balustrade may be adorned
witli the same mouldings as the bases of the piers, provided they have not much projec-

tion ; but if that should be considerable, it will be best to use only a jjlinth crowned with

the two upper mouldings, that so the approach may remain the more free."

263S. In fij. 919. is a Doric nbove a Tuscan arcade, from the example given by
Chambers, whereon, before giving the dimensions of the different parts, we shall merely

obsfrve of it that tiie voids or arcades themselves are in round numbers to the solids as 295

to 205, being vastly greater. We are inclined to think that the voids in this case are rather

too great in volume, and that, had they been reduced to one half their height exactly, the
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Fig. 919.

proportions would have been somewliat more pleasing. It is

true that a trifling irregularity would liave been introduced

into the triglyphs of the upper order, or rather the metopae

between them; but that might have been easily provided against

by a very trifling alteration in the height of the frieze itself

This fault of making the voids too lar.ije pervades Chambers's

examples, and but that we might have been thought too pre-

suming we should have slightly altered the proportions, little

being requisite to bring them under the laws which we have

thought to be founded on reason and analogy. We have indeed

throughout this work refrained from giving other than approved

examples, preferring to confine ourselves to observations on

them when we have not considered them faultless.

2659. In the figure the clear width of the lower arcade is

7§, and its height 141 modules. The width of each pier is 1

module. Of the upper arcade the width is 9;\, and the height

18-233 modules. The width of the piers is I ^ module each.

The height of the plinth of the lower order is 11 module, that

of the column, including base and capital, 141 modules, the

entablature 3.^. The height of the pedestal of the upper order

is 3 "733 modules, of the column with its base and capital 16,

and of the entablature 3-733 modules. In the proportions

between the voids and solids above taken the balustrade is not

considered as a solid, because, in fact, it is nothing more than

a railing for the protection of those using the upper story.

As we have expressed our desire to give the examples of others

rather than our own, we feel bound to recommend the student

to set up the diagram in question, with the simple alteration of reducing the solids

nearly to an equality with the voids, which may be done with sufficient accuracy by as-

signing to the lower arcade a module less in width than Chambers has done ; and we
venture to say that he will be surprised at the difference, as regards grace and elegance,
which will result from the experiment. It is to be understood that no change is proposed
in the other dimensions of the ordonnance, the width of piers, orders, entablatures, all re-

maining untouched.

2660. In fig. 920. we give another example from Chambers, which, in our opinion,
requires a rectification to bring it into proper form. Herein the lonip is used above
the Doric arcade, and the voids to the solids are as 3-33 to 2-98, being much more
than equal to them. In this, as in

the former example, we should have
preferred a greater equality between
the solids and voids, though in that

under consideration there is a nearer
approximation to it.

2661. In the figure the clear width
of the lower arch is 81, and its height
1 6| modules ; the width of each pier
is 1 module. Of the upper arcade
the width is IQl, and the height 201
modules. The width of the piers is

1 \ module each. The height of the
plinth of the lower order is l\ module
that of the column, including the base
and capital, ] 6\ modules, and of the
ental)lature 4 modules. The height
of the pedestal of the upper order 4
modules, of the column, including
base and capital, 18 modules, and of
the entablature 4, and of the balus-
trade above it 31.

2662. The dimensions of the Ionic
and Corinthian arcades in fig. 921.
are as follow : — Clear width of
lower arch 9 modules, its height 1 8^
modules. The width of each pier is

1 module. Of the upper arcade the
width of an arch 1.53 modules, and its

height 23 modules. The width of
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the piers is IJ module each. The lu-ight of the plinth to the lower order is IS module;
of the column, including base and capital, 18 modules; the

entablature 4i modules. 'I'he pedestal of the upper order

is
4.J

modules liigh; column, including base and capital, 20

modules; entablature 4.J modules; and, lastly, the balus-

trade is S? modules in height.

2663. Fig. 922. is an arrangement adopted by Palladio

in liis basilica at Vicenza, being the dimensions, or nearly,

of the arcades on the flanks. The intermediate ones are

much wider. In the basilica, however, the entablature

breaks round the columns of the orders. The width
between the axes of the columns of the lower order is 15

of their modules. The arch is 15 modules high and 7g
wide. The order wherefrom the arch springs is 10| modules
high; from axis to axis of the small columns in the lower
arcade is 9 modules. The height of the plinth is U module,
of the principal columns, including bases and plinths, 165

modules, and of their entablature 4 modules. In the upper
arcade the distance between the axes of the principal

columns is 1 8 of their modules. Their pedestals are 4
modules high, the columns, including bases and capitals, 1

8

modules, and entablature 4 modules high. The width of the

arch is 9§ modules, and its height 20^ modules. The height
of the small columns is 1 1 •TS.'J modules high, including
their entablature.

2664. The use of arcades above arcades seems from its

nature almost confined to public buildings, as among the
ancients to their theatres and amj)hitheatres. In the in- Fir. 922.

terior quadrangles or courts of palaces they have been much employed on the Continent,
and in the magnificent design made by Inigo Jones for the palace' at M'hitehall are to
be found some very fine examples.

Sect. XIII.

BASEMENTS AtiT) ATTICS.

2665. When the order used for decorating the facade of a building is i)lnced in the middle
wr second story, it is seated on a story called the basement. The proportion of iis height to
the rest must in a great measure depend on the use to which its apartments are to be
appropriated. " In Italy," observes Chambers, " where their summer habitations are very
frequently on that floor, the basements are sometimes very high. At the palace of Porti,
in Vicenza, the height is equal to that of the order placed thereupon ; and at the Thiene,
in the same city, its height exceeds two thirds of that of the order, although it be almost
of a sutticicnt elevation to contain two stories ; but at the Villa Cajira, and at the Loco
Arsieri, both near Vicenza, the basement is only half the height of the order ; because in

both these the ground floor consists of nothing but offices." It may hence be gathered that
no absolute law can be laid down in reference to the height of a basement story. Yet we may
state, generally, that a basement should not l)e higher than the order it is to support, for it

would in that case detract from the principal part of the composition, and, in fact, would be
likely to interfere with it. Resides which, the principal staircase then rccjuires so many steps
that space is wasted for their reception. " Neither," says Chambers, " should a basement
he lower than half the height of the order, if it is to contain apartments, and consequently
have windows and entrances into it ; for whenever that is the case the rooms will be low,
the windows and doors very ill formed, or not proportional to the rest of the composition,
as is observable at Holkham : but if the only use of the basement be to raise the ground
floor, it need not exceed three, four, or at the most five or six feet in height, and be in the
form of a continued pedestal."

2666. Basement stories are decorated generally with rustic work of such various kinds,
that we fear it would be here impossible to describe or represent their varieties. INIany
are capriciously rock-worked on their surface, others are plain, that is, with a smooth sur-
face. The height of each course, including the joints, should on no account be less than
one module of the order which the basement supports ; their length may be from once and
it half to thrice their height. As respects the joints, these may be square or chamfered
oir. When square joints are used, they should not be wider than one eighth part of the
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height of the rustic itself, nor narrower than one-tenth, their depth not exceeding their

width. When the joints are chamfered, the chamfer should be at an angle of forty-five

degrees, and the whole width of the joint from one third to one fourth of the height of the

rustic.

2667. The courses are sometimes (often on the Continent) laid without showing vertical

joints ; hut, as Chambers says, this " has in general a bad appearance, and strikes as if the

building were composed of boards rather than of stone. Palladio's method seems far pre-

ferable, who, in imitation of the ancients, always marked both the vertical and the hori-

zontal joints ; and whenever the former of these are regularly and artfully disposed, the

rustic work has a very beautiful appearance." We shall presently make a few remarks on
the subject of rustics ; but here, to continue and finish that more immediately under con-

sideration, have to add, that when a high basement is used, it is not uncommon to crown it

with a cornice, as may be seen in Jig. 909. ; but the more common practice is to use a plat-

band only (as mjig. 911.), whose height should not be greater than that of a rustic exclu-

sive of the joint. Of a similar height should be made the zoccolo or plinth ; but this may,
and ought, perhaps, to be somewhat higher. When arches occur in basements, the plat-

band, which serves for the impost, should be as high as a course of rustics, exclusive of the

joint ; and if the basement be finished with a cornice, such basement shoidd have a i-egularly

moulded base at its foot ; the former to be about one thirteenth of the whole height of the

basement, and the base about one eighteenth, without the plinth.

2668. The Attic — which is used instead of a second order where limits are prescribed

to the height of a building, examples whereof may be seen at Greenwich Hospital, and in

the Valmarano palace, by the great Palladio, at Vicenza— shoidd not exceed in height

one-third of the order whereon they are placed, neither ought they to be less than one
quarter. Bearing some resemblance to a pedestal, the base, die, and cornice whereof they

are composed may be proportioned much in the same way as the respective divisions of

their prototypes. They are sometimes continued without, and sometimes with, breaks

over the column or pilaster of the order which they crown. If they are formed with
pilasters, such ought to be of the same width as the upper diameter of the order under
them, never more. In projection they should be one quarter of their width at most.

They may be decorated with sunk moulded panels if necessary ; but this is a practice

rather to be avoided, as is most especially that of using capitals to them — a practice much
in vogue in France under Louis XV.

2669. We now return to the subject of the rock-worked rustic, whereof, above, some
notice was promised. The practice, though occasionally used by the Romans, seems to have

had its chief origin in Florence, where, as we have in a former Book (329.) observed, each

palace resembled rather a fortification than a private dwelling. Here it was used to excess
;

and if variety in the practice is the desire of the student, the buildings of that city will

furnish him with an almost infinite number of examples. The introduction of it gives a

boldness and an expression of solidity to the rustics of a basement which no other

means afford. In the other parts of Italy it was sparingly applied, but with more
taste. Vignola and Palladio seem to have treated it as an accident productive of great

variety rather than as a means of decoration. The last-named architect has in the Palazzo

Thiene carried it to the utmost extent whereof it is susceptible. Yet, with this extreme
extent of application, the design falls from his hands full of grace and feeling. To imitate

it would be a dangerous experiment. De Brosse failed at tlie Luxembourg, and produced
an example of clumsiness which in the Palazzo Pitti does not strike the spectator.

2670. Rustics and rockwork on columns are rarely justifiable except for the purpose of

some particular picturesque effect which demands their prominence in the scene, or street

view, as in the gateway at Burlington House in Piccadilly,—of which a good view, with

the house itself, is to he seen in the " Builder" for ISj'l, p. 559. It was pulled down
about 1867.

Sect. XIV.

PILASTERS.

2671. Pilasters, or square columns, were by the Romans termed antte, by the Greeks

parastatce. This last word implies the placing one object standing against another, a suffi-

ciently good definition of the word, inasmuch as in ninety-nine cases out of a hundred they

are engao-ed in or backed against a wall, or, in other words, are portions of square columns

projecting from a wall.

2672. It is usual to call a square column, when altogether disengaged from the wall,

a pillar or pier ; and we are inclined to think, notwithstanding the alleged type of trees,

that the primitive supports of stcne buildings were quite as likely to have been square

3 .M 'J
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as round, and tliat the inconvenience attendant upon square angles niay liave led the

earliest builders to round off tlie corners, and gradually to bring them to a circular plan.

Isolated pillars are rarely found among the examples left us by the ancients; the little

temple at Trevi furnishes, indeed, an examjile, but not of the best period of the art. The
principal points to be attended to in their use are their projection, diminution, the mode
of uniting the entablature over them with that of their columns, and their flutings and
capitals.

267.S. In respect of the projection of pilasters, Perrault says they should project one half,

and not exceed that by more than a sixth, as in the frontispiece of Nero, unless circumstances
require a different projection. The pilasters of the Pantheon project only a tenth part of their

width ; and sometimes, as in the forum of Nerva, they are only a fourteenth part. But when
pilasters are to receive the imposts of arches against their sides, they are made to project a
fourth part of their diameter ; and this is a convenient proportion, because in the Corinthian
order the capital is not so much disfigured. Hence, when pilasters are made to form re-en-
tering angles, they should project more than half their diameter. IVIany and various opinions
have been formed on the propriety of diminishing pilasters. Perrault, with whom we incline

to agree, thinks that when one face only i)rojects, pilasters should not be diminished.
Those at the flanks of the portico of the Pantheon are without diminution. But when
pilasters are on the same line as columns, we want to lay the entablature from one to the
other without any projection, in which case the pilaster must be diminished in the same
degree as the column itself, speaking of the front face, leaving the sides undiminished, as in

the temple of Antoninus and Faustina. When the jiilaster has two of its faces projecting
from the wall, being on the angle, and one of those faces answers to a colunm, such face is

diminished similarly to the column, as in the portico of Septimius, where the face not cor-

responding to the column receives no diminution. There are, however, ancient examples
where no diminution is practised, as in the interior of the Pantheon, where it is so small as
not to be very apparent, being much less than that of the column, as is also the case in the
temple of Mars Ultor, and in the arch of Constantine. In tht'se cases, the custom of the
ancients is sometimes to ])lace the architrave plumb over the column, which brings it

within the line of the pilaster. This may be seen in the temple of Mars Ultor, in the
interior of the Pantheon, and in the portico of Se))timius. Sometimes this excess is divided
into two parts, one whereof goes to the excess of projection of the architrave above the
column, and the other half to the deficiency of extent above the pilaste"-, as in the forum of
Nerva. The whole matter is a problem of difficult solution, which Chambers has avoided,
but which, with reference to the examples we have cited, will not be attended with diffi-

culty to the student in his practice.

•2G74. We have above seen that pilasters, when used with columns, are subject to the
form and conditions of the latter. As to their flutings we are left more at liberty. In
the portico of the Pantheon we find the pilasters fluted and the columns plain. This,
however, may have been caused by the difficulty of fluting the latter, which are of

granite, whilst the pilasters are of marble. On the other hand, we sometimes find the
columns fluted and the pilasters plain, as in the temple of Mars Ultor, and the portico of

Septimius Severus. Generally, too, it may be observed that when ))ilastors ])roject less than
half their diameter, their return faces are not fluted. In respect of the number of the flutes,

if the examples of the ancients were any guide, there could have been no fixed rule, for in

ihe portico of the Pantheon, the arch of Septimius SL'vcrus, and that of Constantine, seven
flutes only are cut on the pilasters, whilst the flutes of the pilasters in the interior of the
Pantheon are nine in number. This, however, is to be observed, that the flutes must
unvays be of an odd number, except in re-entering pilasters, wherein four are placed ii^stead

i)f tiiree and a half, and five instead of four and a half, when the whole pilaster would have
lime. This is done to prevent the ill effect which would be producrd in the capital by the
bad falling of the leaves over the flutes.

2675. We shall hereafter give from Chambers some representations of pilaster capitals,

which, except as regards their width, resemble those of the order they accompany. The
practice of the ancients in this respect was very varied. .Among the Greeks the form of the
pilaster capital was altogether different from that of the column, .seeming to have no
relationship to it whatever; but on this point the student must consult the works on CJre-

cian antiquities, an example whereof will be found in Jiu. 883.
2676. A pilaster may be supposed to represent a column and to take its place under

many circumstances ; and, notwithstanding all that was said on the subject by the Abbe
Laugier, many years ago, against the employment of pilasters altogether, we are decidedly
of ojjinion that they are often useful and important accessories in a building. It would be
difficult to enumerate every situation wherein it is expedient to use pilasters rather than
insulated or engaged columns. In internal apartments, where the space is restricted, a co-
lumn ajjpears heavy and occupies too much room. The materials, morever, which can be
obtained, often restrict the architect to the use of pilasters, over which the projections of

the entablature are not so great ; indeed, as the author in the Encyclopedic Methoiliqite ob-
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serves, a piliister may be considered as a column in bas-relief, and is thus, from the

diminished quantity of labour and material in it, simpler and more economical in appli-

cation. That in houses and palaces of the second class the decoration by pilasters is of

great service jnay be amply shown by reference to the works of Bramante, San Gallo,

Palladio, and the other great masters of Italy, no less than in this country to those of

•Tones, Wren, and Vanbrugh.

2G77. In profiling the capitals of Tuscan and Doric pilasters there can of course arise

no difficulty ; they follow the profiles of those over the columns themselves. In the capitals,

however, of the other orders, some difficulties occur : these are thus noticed by Chambers.
" In the antique Ionic capital, the extraordinary projection of the ovolo makes it necessary

either to bend it inwards considerably towards the extremities, that it may pass behind the

volutes, or, instead of keeping the volutes flat in front, as they commonly are in the an-

ticjue, to twist them outwards till they give room for the passage of the ovolo. Le Clerc
"

C Tra'ite d'Architecture) " thinks the latter of these expedients the best, and that the

artifice may not be too striking, the projection of the ovolo may be considerably diminished,

as in the annexed design "
(_/?>/. 923. ),

" which, as

the moulding can be seen in front only, will

occasion no disagreeable effect."

2fi78. " The same difficulty subsists with re-

gard to the passage of the ovolo behind the an-

gular Ionic volutes. Le Clerc therefore advises

to open or spread the volutes sufficiently to leave

room for the ovolo to pass behind thcin, as in

the design " (Jiii. 924.)" annexed; which may
be easily done, if the projection of the ovolo is

diminished. Inigo Jones has in the Banqueting

House made the two sides of the volutes parallel

to each other, according to Seamozzi's manner,

and at the same time has continued the ovolo

in a straight line under them, so that the volutes

have an enormous projection ; which, added to

the other faults of these capitals, renders the

whole composition unusually defective and ex- Vv^.vi:,. fv.'j'n.

ceedingly ugly."

2679. " What has been said with regard to the jjassage of the ovolo behind the volutes

in the Ionic order is likewise to he remembered in the Composite ; and in the Corin-

thian the lip or edge of the vase or basket may be bent a little inwards towards its ex-

tremities, by 'vhich means it will easily pass

behind the volutes. The leaves in the Corin-

thian and Composite capitals must not project

beyond the top of the shaft, as they do at San
Carlo in the Corso at Rome, and at the Ban-
queting House, Whitehall ; but the diameter of

the capital must he exactly the same as that of

the top of the shaft. And to make out the

thickness of the small bottom leaves, their edges
may be bent a trifle outwards, and the large

angular leaves may be directed inwards in their

approach towards them, as in the annexed de-

sign "
iJig- 925.), " and as they are executed in

the church of the Roman college at Rome.
When the small leaves have a considerable

thickness, though the diam.eter of the capital is

exactly the same as that of the shaft, in eacli

front of the Composite or Corinthian pilaster

capital, there must be two small leaves with
one entire and two half large ones. They must
be either of olive, acanthus, parsley, or laurel,

massed, divided, and wrought, in the same
manner as those of the columns are, the only
difference being that they will be somewhat broader."

2680. It is desirable to avoid the use of pilasters at inward angles penetrating each
other, because of the irregularity such practice produces in the entablatures and capitals.
One break is quite as much as should be ever tolerated, though in many of the churches in
Rome they are multiplied with great profusion of mutilated capitals and entablatures

;

" than which," observes Chambers, " nothing can be more confused or disagreeable."

FiK. 925.
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'26SI. Neither should columns be allo\yed to penetrate each other, as they do in the

TOurt of the Louvre, inasmuch as the same irregularity is induced by it as we have above

.loticed in the case of pilasters.

Sect. XV.

CAKVATIDES AND PEHSIANS.

C(>82. The origin of taryatides we have in the First Book (165, etseq.") so far as regarns

o\ir own opinions, explained, and in that res])ect we shall not trouble the reader. Our object

ill this section is merely to oft'er some observations on the use of them in modern practice.

The figures denominated Persians, Atlantes, and the like, are in the same category, and we
shall not therefore stop to inquire into their respective merits ; indeed, that has already been

sufficiently done in the book above alluded to. The writer of the article in the En-

cyclopedie Met/iodiqiie has, we think, thrown away a vast deal of elegant writing on the sub-

ject of caryatides ; and using, as we have done, to some extent, that extraordinary work,

M-e think it necessary to say that we cannot recommend anything belonging to that article

to the notice of the reader, except what is contained in the latter part of it, and with that

we do not altogether agree.

2683. The object, or apparent object, in the use of caryatides is for the purpose of support.

There is no case in which this cannot be better accomplished by a solid support, such as a

column, the use of the attic order, or some other ecjuivalent means. But the variety in

fjuest of which the eye is always in search, and the picturesque effect which may be in-

(luced by the emjjloyment of caryatides, leads often to their necessary employment. The
))lain truth is, that they are admissible only as objects necessary for an extreme degree of

decoration, and otherwise employed are not to be tolerated. There can, as we imagine,

be no doubt that the most successful application of these figures as supports was by Jean
Gougeon in the Louvre; as was the most unfortunate in the use of them in a church
in the New Road, which at the time of its erection was much lauded, but which we hope
will never be imitated by any British architect.

2G84. As to the use of what are called Persians or male figures, originally in Persian
(h esses, to designate, as Vitruvius tells us, the victory over their country by the Greeks, the

observations above made equally apply, and in the present day their application will not
bear a moment's suspense in consideration.

2685. We have been much amused with the gravity wherewith Sir William Chambers,
n jt with his usual sound sense, treats the claims of the personages whose merits we are dis-

cussing ; he says, " Male figures may be introduced with propriety in arsenals or galleries of

armour, in guard-rooms and other military places, where they should represent the figure^

of captives, or else of martial virtues ; such as strength, valour, wisdom, prudence, fortitude,

and the like." He writes more like himself when he says, " There are few nobler thoughts
in the remains of antiquity than Inigo Jones's court" (in the design for the great palace at
Whitehall), " the effect of which, if properly executed, would have been surprising and
great in the highest degree." {See Jig. 207.)

2686. What is called a terminus, which is, in fact, nothing more than a portion of an
inverted obelisk, we shall not observe upon further than to say that it is a form, as applied
to architecture, held in abhorrence. For the purpose, when detached and isolated, of sup-
porting busts in gardens, it may perhaps be occasionally tolerated : further we have no-
thiiig to say in its favour. Those who seek for additional instruction on what are called
termini, may find some account of them, as the boundary posts of land among the Romans,
in books relating to the antiquities of that people.

2687. We shall now proceed to submit some examples of caryatides for the use of those
whose designs require their emi)loyment. Fiff. 926. is from a model of IMichael Angelo
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Buonarotti, and is extracted from tlie Tnathe on Civil Architecture, by Sir William

Chambers, as are the succeeding examples.

2688. Figs. 927. and 928. are also designs by Michael Angelo, which, tliough not

assigned for a building, are well adapted for the purpose under certain conditions.

2689. Fig. 929. is the design of Andrea Biffi, a sculptor of Milan, in the cathedral of

which city it is one of the figures surrounding the choir. The statue possesses mucn grace,

and was admirably suited to the edifice wherein it was employed.

2690. Fit/. 9.'30. comes from Holland, having !)een executed by Artus Quellinus in the

judgment-hall of the Stadthouse at .Amsterdam.

-Fig. S30. Fig. 9.-.I. Fig. Uj'i Fig. U3.\ Fi^. 934.

2691. Fiff. 9:31. is by Michael Angelo, and is at the Villa Ludovisi at Rome.
2692. Fiff. 932. is from the design by the last-named master for the monument of Pope

Julius, whereof we have had occasion already to make mention in the First Book of this

work. (335.)
2693. Fig. 933. is a representation of one of the celebrated caryatides by Jean Gougeon

in the Swiss guard-room of the old Louvre at Paris, and does not deserve less admira-
tion than it has received. The scale on which this and the preceding figures are given

does not admit of so good a representation as we could wish.

2694. Fig. 934. is from the arch of the goldsmiths at Rome, being thereon in basso

rilievo, but considered by Chambers as well as ourselves a suitable hi.it for carrying out

the purpose of this section.

Sect, XVL
BAMISTKADES AND BALUSTERS.

2695. A baluster is a species of column used as an ornamental railing in front of

windows, or in arcades, or on the summit of a building, whose professed object is the

protection of its inhabitants from accidents : analogously, too, it consists of a capital, shaft

and base.

2696. The baluster is not found in the works of the ancients, and we believe it owed
its introduction in architecture to the restorers of the arts in Italy, in which country a vast

variety of examples are to be found. They made their first appearance in the form of
stunted columns, not unfrequently surmounted by a clumsily-shaped Ionic capital. The
term is said to have had its rise (with what truth we cannot pronounce) from the Latin
balaustium, or the Greek Ba.XavaTi.ov, the flower of the wild pomegranate, to which in form
the architectural baluster is said by some to bear a resemblance. The writer in tiie

Encyclopedie Methodique has taken the opportunity, in the article " Balustre," of launching his

anathema against the use of it, but we by no means agree with him ; and instead of calling

it, as he does, " une invention mesquine," we incline to think that it was almost the only
invention of the modern architects that deserves our admiration. It is true that the form
has been abused in every possible shape ; but we are not, in art more than in morals, to

arrive at the conclusion that anything is bad because it has been abused and misapplied.

Such, then, being the case, we shall proceed in a serious vein to consider its proportions,
founded on the best examples that have come to our hands. We must first premise with
J. F. Blondel, that balusters and balustrades, which last are a series of the first, should in

form and arrangement partake of the character of the edifice. They have even been in

their species so subdivided as to be arranged under as many classifications as the orders
themselves, a distinct sort having been assigned for employment with each order. We are
not quite certain that such an arrangement is necessary, but are rather inclined to think it

fanciful ; though we are quite willing to allow that where the lighter orders are employed,
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the balustrades to be used over them are susceptible of a more minute and lighter suh-

division of their parts.

2697. Tlie "-eneral rules to be observed in the use of the balustrade are, that its balusters

be of an odd number, and that the distance between them should be equal to half their

larger diameter, from which will result an equality between the open and solid spaces. Blou-

del disapproves of a half baluster on the flanks of a subdivision of a balustrade: in this we

dissent from him, and would always recomr.ncnd its adoption if possible. In respect of the

detailed proportions of the balusters themselves, we are to recollect that the subdivisions

are of the capital, the shaft or vase of the baluster, and its base. For proportioning these

to one another, Chambers (and we think the proportions he uses not inelegant) divides the

whole given height into thirteen equal parts, whereof the height of the baluster is eight,

that of the base three, and of the cornice or rail two. If the baluster is required to be less,

he divides the height into fourteen parts, giving eight to the baluster, four to the base, and

two to the rail. He calls one of these parts a module for the measurement of the rest, and

that measure we think convenient for adoption in this work. The module he divides into

nine parts.

2698. Balusters intended for real use in a building, as those employed on steps or stairs,

or before windows, or to enclose terraces, should not be less than three feet in height, nor

more than three feet six inches ; that is, sufficiently higli to give security to the persons using

them: but when merely used as ornamental appendages, as in crowning a building, they

should bear some proportion to the parts of the building. Chambers says that their height

never ought to exceed four fifths of the height of the entablature on which they are placed,

nor should it ever be less than two thirds, without counting the zoccolo or plinth, the height

of which must be sufficient to leave the whole balustrade exposed to view from the best point

of sightfor viewing the building. We can scarcely admit these rules to pass without noting

the examples in Palladio's works, which give a much greater latitude for variety. When
balusters fill in between the pedestals, as in the facade of the Palace Chiericato at Vicenza,

the balustrade's height is of course regulated by that of the pedestal itself; but in the

court of the Porti palace the crowning balustrade is not higher than the cornice of the

entablature on which it stands. The same proportion is observed in the atrium of the

Carita at Venice. In the Valraarana palace the height of the balustrade is equal to that

of the entablature of the small order. It is true that in a few instances this master made
the height of the balustrade equal to that of the whole entablature, and Inigo Jones has in

some instances followed his example ; but this was not the general practice either of the

one or the other.

2699. We have already said that the baluster generally varies in form, so as to be

appropriate to the order over which it is used. It is moreover to be observed that the

baluster is susceptible of a pleasing variety of its form by making it square instead of cir-

cular on the plan, whereof examples are given in Jigs. 9.'38, 9;59, and 940. ; but when the

situation requires an expression of solidity, almost all the circular examples we submit to

the reader may be changed from a circular to a square form on the plan, and thus as re-

quired we may obtain the character suitable to their respective situations. These changes,

from one to another form in details of this description, are in their adoption much nio.e

the index to the capacity and genius of the architect than the restless and capricious longing

after variety recently exhibited in some of the latest works produced in the city of London,
Tvorks which reflect no credit on the age in which we live. In Jig. 935. is given a baluster

Fig. 035. Fig. 937.

suitable to the Tuscan order; and using the module of nine parts above mentioned, the

foliowinc is a table of its dimensions :
—
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Rail,

2 modules.

lialustcr,

8 modules.

Pedestal,

3 modules.

Fillet

Corona
Quarter round

Fillet

Abacus
Cvma revers:i

Neck
Astragal 1

Fillet j '

("entre of belly

From same to astray

Astragal T

Fillet j "

Inverted cyma
Plinth

Inverted cavetto

Fillet

Astragal

Plinth

Dpiglits in

I'urts of a

Module.

3
-

4§
- 1§

5§
4

- 5

- H
. 27
- 9

n

.
6h

- 5
-

. 5

• 15

Projections in

I'.irts of a
Module from
Centre of

Baluster.

27.1

24i

lU

H

13

101 fillet

13

24

'2700. Infy. 936. is given the form of a baluster suited to the Doric and Ionic orders, of

which also the table of dimensions is subjoined :
—

1

Members.
lleitTlitsm

Pnrts of a
Modjle.

2

Prnjpctions in

Parts of a
Module from
Centre of
Baluster.

Fillet .... 27

Rail,

2 modules.

Cyma reversa . . -

Corona . . . -

Quarter round . . -

.Fillet . . - -

7

4

22

Abacus . . - - 5% 11

Echinus . . - - ^
Fillet .... 1

1 Neck . . . - 5 5
1

Baluster,

8 modules.

Astragal 1

Fillet J '

Centre of belly . . -

From same to astragal

3

o ;•

9

i'4

Astragal .... 2

Fillet .... 1

Inverted cavetto .
,

6" 10 ^upperpart)

Fillet .... V.2

Plinth .... -h
12!

f Fillet .... H
Pedestal,

i
3 modules.

i

Inverted ogee ...
Fillet ....
Astragal ....
Plinth

5

n

15 23^

2701. A suitable baluster for the Corinthian or Composite order is exhibited in Jig. 937.,

nrhereof the measures are as follow :
—
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Heights in

Projections in

Parts of a
Hlj-mbers. Parts of a

Module.
Module from
Centre of
Baluster. .

' Fillet . !§ 26J
Echinus . 2j
Fillet 1

Rail,
Corona _

6i 2i\
1 2 modules. Cyma reversa - SJ

Astragal 1

Fillet J

2

Abacus . 5 10.^

Echinus - 3
Fillet 1

Cavetto J

" 4
Neck _ 5 4?
Astragal 1

Fillet ] * n
Baluster,

8 modules.
Centre of belly

From same to astragal

Astragal
\

Fillet J "

" 27
9

n

12

Scotia - n ^3 (at top)

Fillet - 1

Astragal . s§

Plinth - 6 12

Fillet 1

Astragal j
-•"a

Pedestal, Inverted cyma recta - . M
3 modules. Fillet . 1

Astragal . 4
Plinth - 15 2:5

2702. The Tuscan baluster (Jig. 938.) is suitable for terraces and basements: its rail

lliiil
Fig. 938. Fia. 939. Fig.-JMO. Fip. 941 Fig. 912. Fig. 943.

and pedestal may be the same height as in the Jig. 935. Its principal measures being ag

follow :—

Baluster

5 modules.

Abacus
Cyma reversa

Neck
I

Fillet J

fat top 1

Rustic belly -I t

tat bottom J

Bottom of belly 1

FUlet J

Inverted cavetto and fillet

Plinth

Heights in

Parts of a
Module.

27

s

Projections in

Parts of a
Module from
Centre of
Baluster.

6

3

n

3
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Other forniB of Tuscan balusters are given in jigs. 939. and 940., but it is not ne-
cessary to give the detail of the parts, as the proportions are sufficiently preserved in the
figures.

2703. The double-bellied baluster is used in situations where greater li<rhtness is

required from the smallness of the parts and the delicacy of the profiles. 'ITie proportions
for the bases and rails need not vary from those already given. Perhaps they need not be
quite so large.

2704. Fiff. 941. is an example of a double-bellied baluster, suitable to the Doric order.
Its parts are as follow : —

Baluster,

8 modules.

Projections in
Height iu Parts of a

Members. Parts of a Module from
iModule. Centre of

Baluster.

Abacus - - - . 4i 8
Echinus

|
Fillet I ' +4

Upper part - - - -
24f

^4 neck

l8 bellv

Middle part - - - . ^ 6 centre

Lower part - - - - 24|
8 belly

.4 neck
Fillet j

Inverted echinus/

Plinth .... ^ 8

2705. li\Jiff. 942. we give an example of the double-bellied baluster for the Ionic order,
»nd its measures are subjoined :—

Projections in
Heights in Parts of a

Members. Parts of a Module from
Module. Centre of

Baluster.

r Abacus - . - _ H 9
Fillet and cyma reversa ^h

Upper part . . - - 30^
f4i neck

.9 bellvBaluster,

10 modules.
^Middle part - - - - 9 7^ centre

Lower part - - - _ 30^
9 belly

4\ neck
Inverted cyma and fillet 4*

Plinth . . - . H 9

2706. The last example we shall give of the double-bellied baluster (Jig. 943.) is suit-
able to the Corinthian order. The measures are as follow :—

: Members.
Heights in

Parti of a
Module.

Projections in
Parts of a

Module from
Centre of
Baluster.

Abacus - - . 5 II

Echinus and fillet - _ 4
Neck ,

5h H
Astragal and fillet - -

B.qlustor,

12 modules.

Upper part...
Middle

Lower part - . -

Fillet and astragal -

-

~9

6

29

H
4

1 5^ at to))

In at belly

fll at belly

. o^atbottonj

Neck ... _ 5A
Fillet and inverted echinus - .

Plinth - 5 11
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270T. We do not deem it necessary to give any examples of the scroll and Guiiociie

balustrades, which were so much in vogue during the reigns of Louis XIV. and

Louis XV., though the present taste seems almost to require it. As that taste has been

mainly generated by house decorators, as they are called, and upholsterers, these gentiy

will soon find out another means of amusing the public, by driving them out of fashion

and finding all that is beautiful in some renovated and equal absurdities.

i-'TOS. We have already observed that the intervals between balusters should not be more

than half the diameter of the baluster at its thickest part ; to this we may here add, that

tliev should not be less than one third of that diameter. The pedestals for supporting ilu-

rail ought neither to be too fretjuent nor too far apart ; for in the first case they imjjart a

heavy appearance to the work, and in the last the work will seem weak. Seven or nine

balusters are good numbers for a group, besides the two half ones engaged in the pedestals.

The disposition, however, and number of the pedestals depend on the places below of the

piers, columns, or pilasters, for over these a pedestal must stand ; and when, therefore, it

happens that the intervals are greater than are required for the reception of nine balusters,

the distance may contain two or tliree groups each, flanked with half balusters, and the

width of the dies separating the groups may be from two tliirds to three quarters the width

of the principal pedestals. The rail and base should not be broken fjy projections, but

run in unbroken lines lietween the pedestals.

2709. When the principal pedestals stand over columns or pilasters, their dies should not

be made wider than the top of the shafts, and on no accoiuit narrower;

indeed, it is better to flank them on each side when the ranges are long h ^<^
with half dies, and give a small projection to the central pedestal, and ^

to let the base and rail follow the projection in their profiles. This

practice will give real as well as apparent solidity to the balustrade.

2710. Fiy. 944. shows the application of a balustrade to a jjortion

of a staircase, and herein the same ))ro|iortions are observed as on

level ranges. Some masters have made the mouldings of the difl'erent

members of the baluster, follow the rake or inclination of the steps;

but the practice is vicious : they should preserve their horizontality, as

exhibited in the figure, in which, at A and B, is also shown the me-
thod in which the horizontal are joined to the inclined mouldings

of the base and rail. In the balustrades of stairs the spaces between

the balusters are usually made narrower than they are on level beds

;

and Le Clerc recommends that the height of the plinth should be

equal to that of the steps ; but this is not absolutely lequired, though

it must on no account be less.

27 IL The bulbs or bellies of balusters and their mouldings may be

carved and otherwise enriched : indeed, in highly decorated interiors,

this seems requisite.

2712. The following observations as to the heiglit of statues placed upon balustrades,

are from Sir William Chambers: — "When statues are placed upon a balustrade their

height should not exceed one quarter of the coliunn and entablature on which tlie balus-

trade stands. Their attitudes must be upright, or, if anything, bending a little forwards,

but never inclined to either side. Their legs must be close to each other, and the draperies

close to their bodies, for whenever they stand straddling with bodies tortured into a variety

of bends, and draperies waving in tlie wind, as those placed on the colonnades of St.

Peter's, they have a most disagreeable effect, especially at a distance, from whence they
appear like lumps of unformed materials, ready to drop upon the heads of passengers.

The three figures placed on the pediment of Lord Spencer's house, in the Cireen Park,
which were executed by the late ingenious Mr. Spang, are well composed for the purpose."

2713. " The heights of vases placed upon balustrades should not exceed two thirds of

the height given to statues," says the same author. We are not altogether averse to the

application of either statues or vases in the predicated situations, but we think the greatest

discretion is required in their employment. When it is necessary to attract the eye from
an indispensably obtrusive roof, they are of great value in the composition ; but we shall

not further entor on this point of controversy, for such it is, inasmuch as many object to

their use altogether, and have considerable reason on their side. We must, however, briefly

state the ground of objection, and Chambers's answer as respects statues. There are, he
says, some " who totally reject the practice of placing statues on the outsides of buildings,

founding their doctrine, probably, upon a remark which I have somewhere met with in a

French author, importing that neither men, nor even angels or demi-gods, could stand in

all weathers upon the tops of houses or churches."

2714. "The observation is wise, no doubt," (we doubt the wisdom of it,) "yet, as a

piece of marble or stone is not likely to be mistaken for a live demi-god, and as statues,

when properly introduced, are by far the most graceful terminations of a composition, one

of the most abundant sources of varied entertainment, and amongst the richest, most



Chap. 1. rEDIAIENTS. 909

durable, and elegant ornaments of a structure, it may be boped they «"ill still continue to

be tolerated." We fear that if the only reasons for their toleration wtre those assigned by

'.he author, their doom would soon be sealed.

Sect. XVII.

PEDIMENTS.

2715. A pediment, whose etymology is not quite clear, consists of a portion of tlie

horizontal cornice of the building to which it is applied, meeting two entire continued

raking cornices, and enclosing by tlie tlirce boundaries a space which is usually plain,

called the tympauum. It is not, however, necessary that the upper cornice should be

rectilinear, inasmuch as the cornice is sometimes formed by the segment of a circle. The
arrangement in question was the Homim fastigium, and is the Yrench fronton. Tlie Greeks
called pediments asroi, or eagles ; why, this is not the place to inquire. The origin of the

pediment, according to authors, seems to have arisen from the Lncli:)ed sides of the primitive

hut. Tliis is a subject, however, which in the First Book (subset. 5.) has been already

considered, and we shall therefore in this section coniine ourselves to its employment in the

architecture of the day.

2716. Of the varied forms which, by masters even of acknowledged talent, have been

yiven to the pediment, whether polygonal, with curves of contrary flexure, with mixed

forms, broken in the horizontal part of the cornice or in the raking parts of it, or reversed

m its office with two springing inclined sides from the centre, we propose to say no more

than that they are such abuses of all rules of propriety, that we shall not further notice

them than by observing that in regular architecture no practice is to be tolerated where

the pediment is composed otherwise than of two raking unbroken and one horizontal

unbroken cornice, or of the latter and one continued flexure of curved line. To these

only, therefore, we now apply ourselves.

2717. Generally, except for windows and doors, the pediment ought not to be used,

but as a termination of the whole composition ; and though examples are to be found

without number in which an opposite practice has obtained, the reader, on reflection, will

be convinced of the impropriety of it, if there be the smallest foundation for its origin in

the termination of the slant sides of the hut.

2718. The use of the pediment in the interior of a building is, perh.ips, very questionable,

thouo-h the greatest masters have adopted it. We tliink i* altogether unnecessary : if the

pyramidal form is desirable for anv particular conihlnatio" of lines, it may be obtained by

,1 vast number of other means than that of the introduction ot tne pediment. Hence we
are of opinion that the attempted apology for them in Sir William Chambers's work, isalto-

getlier weak and unworthy of him, and only to be exjjlained by that master's own practice.

2719. Vitruvius ordains that neither the modillions nor dentils which are used in the

horizontal cornice should be used in the sloping cornices of a pediment, inasmuch as they

re])resent parts in a roof which could not appear in that pot'tion : and the remains

generally of anti<juity seem to bear him out in the assertion ; but the Roman remains seem

to bear a different testimony to the validity of the law, and to our own eyes the trans-

gression affords jileasure, and we should recommend the student not to feel himself at all

bound by it; for, as Chambers most truly observes, " The disparity of figure and enrich-

ment between the horizontal and inclined cornices are such defects as cannot be compen-

sated by any degree of propriety whatever, and therefore to me it appears best, in imitation

of the greatest Roman and modern architects, alway? to make the two cornices of the

same profile, thus committing a trifling impropriety to avoid a very considerable deformity."

2720. Different si/.ed pediments in the same fsj^ade are ^
to be avoided ; but as respects their forms in ranges of

windows and niches a pleasing variety is often oiitained by
making them alternately curved and rectilinear, as in the

temple at Nlsmes and in the niches of the Pantheon at

Rome.
2721. In the horizontal part of a cornice under a pe-

diment the two upper mouldings are always oniitted, and

the intersection of the inclined with the horizontal lines,

supposing the inclined members of the cornice to be of the

same height as those which are horizontal, will not fall into

the profile {fig- 945.) whereof A B and BC are the lead-

ing lines. To obviate this inconvenience, some architects

have made a break in the cymatium and fillet, as shown
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ill the fifftir''. But this is a bad practice, and to it wc prctcr cither making tlie cyma and

(Diet liigher, as the dotted line AU indicates, or altogether lowering the height of the cyma

on the horizontal line If the inclined cornice is joined on each side by horizontal ones, the

best expedient is to give only such small projection to the cyma as that it may meet the

inclined sides.

27'22. The heights of pediments should be regulated by their lengths, independent of the

consideration of climate. (See Book II. Chap. HI. Sect. IV. 2027.) Thus, when the base of

the pediment is short, the height of the pediment may be greater; and when long, it should

be diminished ; for in the former case the inclined cornice leaves but scanty space for the

tympanum, and in the latter case the tympanum will appear overcharged. From one fifth

to one quarter of the length appears to have been agreed on as the limits ; but we subjoin,

from a work bv Stanislas L'Eveille {Considerations siir les Frontons, 4to. Paris, 1824), the

method which we consider the best for determining the height of a pediment, observing, by

the way, that a strict adherence to the ordinary rules for finding the height may produce

the absurdity of a pediment higher than the columns by which it is borne, a condition

which would not at all accord with the view we have taken of t!;c orders in Sect. II.

Chap. 1. of this Book. In fig. 946. we have a synoptical view of pediments of vanoun
extents, and as the letters applied to the central pediment will apply to all the rest, we
shall restrict our description to that. Suppose the points a and b to be the extremities

of the fillet of the corona. Then, with a radius equal to ab, from the points a and b,

describe the arcs ar, bx, and from their intersection x with the same radius let the arc ayh

be described. From y, as a centre, with a radius equal to the height of the horizontal

part of the cornice, describe the portion of the circle ff/, and from a and b draw thereto

tangents intersecting in y. Then yb and ya will be the proper inclination of the fillet of

the corona to which the other members of the inclined parts will necessarily be parallel.

272,'^. We conclude this section by the words of Chambers. " The face of the tympan
is always placed on a line perpendicular with the face of the frieze ; and when large, may
be adorned with sculpture, representing the arms or cypher of the owner, trophies of

various kinds, suited to the nature of the structure, or bas-reliefs, representing either

allegorical or historical subjects ; but when small it is much better left plain."

Siitr. XVI 11.

CORMCKS.

2724. In many cases the fa9ades of buildings are erected without any of the orders

appearing in the design, other, perhaps, than those which are applied as t'le dressings of

windows, niches, or doors. The palaces of Florence and Rome abound with such examples,

in most of which the edifice is crowned with a cornice, which adds dignity to the building,

producing a play of light and shadow about it of the utmost importance as regards its

picturesque effect. The moderns have generally failed In this fine feature of a building,

and it is only within the last few years, in this country, that a return to the practice of the

old masters, a practice properly appreciated by Jones, Wren, Vanbrugh, and Burlington,

lias manifested itself. If a building be entirely denuded of pilasters and coluums, and

there are very few common instances that justify their introduction, it seems rational to
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(leJuce the proportion of the height and profile of its cornice from the proportions that

would he given to it if an order intervened.

2725. If we consider the height of the crowning cornice of a building in this way, and

as the portion of an entablature whose height is, as in the case of an order, one fifth of that

of the building, we should immediately obtain a good proportion by dividing the whole

height into 25 parts and giving two of them to the height of the cornice. For the

entablature being one fifth of the whole ,, — ^^.

height, and its general division being into
| ^^gv^^^^

10 parts, four whereof are given to the
^ -^ ^^~j

cornice, we have for its height the -1*5 of i = 3''g P^^^I^^^V" ^Ij' ^F"^^^^?^^ 'IS^
''^

= ^?5, or the twelfth and a half part of the ^SS5

total height of the building = 0-08.

Now there are circumstances, such as

when the piers are large, and in other

cases when the parts are not very full in

their profiles, which may justify a de-

parture from the strict application of this

rule ; but it will be seen that in the

following ten well-known examples the

Firf. 347.

practice has not nuich differed from the ^-r _'ZZ17:
"

theory, nearly the greatest deviation beiii

in the celebrated cornice of the Farnese

palace, which is here placed (Jig. 947.) as

an extraordinary work of art in connection

with the building it crowns, 'i'lie ex-
liil!£j;yil|lljl|||

amples alluded to are as follow, and we
sl'.all begin with tiiose of earlier date,

the diminution in heigiit being almost a clironological table of their election, with the

exception of those by Palladio :
—

In the Spannocchi palace, at Siena, the cornice is ^^ of the whole height of building,

or 33^= -081.

In the Picolomini palace, at Siena, tlie cornice is -jj^ of the whole height of building,

or |^ = -074.

In the Pojana palace, built by Palladio, at Pojana, in the Vicentine territory, the cornice

is -,2^ of the whole height of building, or -j'^ = 071.
In the Strozzi palace, at Florence, the cornice is ^^^ of the whole height of building,

or r?g = -06'J.

In the Pandolfini palace, at Florence, by Raffaelle, the cornice is -j^^g of the whole
lieight of building, or J^g = '069.

In the Villa Montecchio, by Palladio, the cornice is
-f|2j

of the v.hole height of building,

or ^= -009.

In the Villa Caldogno, by Palladio, the cornice is j^^ of the whole height of building,

or
I,
= -069.

In another villa by Palladio, for the family of Caldogno, the cornice is -^5 of the whole
height of building, or .fW-066.

In the Farnese palace, at Rome, the cornice is -^^ of the whole height of building, or -j'^

= -059.

In the Gondi palace, at Florence, the cornice is j57_. of the whole height of building, or 3-5

= 057.

From these examples it appears that the mean height of the cornices under consideration

is something more than one fifteenth of the height of the building, and experience shows
that, except under particular circumstances, much more
than that is too great, and much less too little, to satisfy

an educated eye. The grace beyond the reach of art

is, if we may use an Ilibernicism, in the ])ower of few,

but the l)ounds have been passed with success, as is

testified in the Farnese palace. It may be objected to

the system that we have generally adi)])ted in this work,
that we are too mucli reducing the art to rules. But
this is a practice of wliich the painter is not ashamed
in the proportions of the human figure, and we must
remind our reader and the student that nil rules are more
for the purpose of restraining excess than bounding the
flights of genius.

2726. Fit;. 948. is an entablature by Vignola, which
possesses great beauty, and has been often imitated in

various ways for crowning a building; this must be con-
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sidcred more in relation to a building than a mere cornice, and requires rustic quoins, if

possible, at the angles when used. Chambers, speaking of this example, says, that " when

it is used to finish a plain building, the whole height is found by dividing the height of

the whole front into eleven parts, one of which must be given to the entablature, and the

remaining ten to the rest of the front." We suspect that the smallness which is assigned

by this author to its height has been induced by some error, and that a better rule would

be induced by assigning to the cornice its proper height, according to the laws above

liinted at, and proportioning the rest of the entablature from the cornice thus obtained.
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Fig. 951. Fijj.gaO.

2727. In Jipx. 949, 950, and 951. are given three examples of block cornices (the

second being by Palladio), whose proportions the figures sufficiently show without here

giving a detail of their parts. The height of either should not be less than one fifteenth of

the height of the building.
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Fig. JM. Fis- 954. Fig. 9.53.

2728. Figs. 952. and 953. are block cornices, which we have adopted from Chambers,
the first being from a palace at Milan, and the other, by Kaffiielle, in a house in the

Ijungara at Rome. The height of these, says the author, and we agree with him, need
not exceed one sixteenth part of the wliole front, nor should either be less than one
eighteenth. Fig. 954. is what is called an architrave cornice, which was frequently employed
by the old masters. It seems well adapted to the entablatures of columns bearing arches,

being rather in the nature of an impost ; but it is useful, changing it to suit the order in

cases where the height does not admit of the whole of the entablature being used over the
order.

Sect. XIX

PROFILES OF nOORS.

2729. One of our objects in this work has been to impress throughout on the minds of

our readers that architecture does not depend on arbitrary laws; and though we may not
have proved satisfactorily to the student that the precise laws have been exactly stated, we
trust we have exhibited sufficient to show and convince him that there was a method and
limit in the works of the ancients which in the best times prevented the artists from falling

on either side into excess.

2730. In./?_(/. 955. we give a door with its architrave, frieze, and cornice, without re-

lation to mouldings, but merely considered in the masses. Its proportions correspond
v.'itli those most usually adopted ; that is, its height is twice its width, the entablature is

one fourth of the height of the opening, and the architraves on each side, together, two
.sixths of the width. The opening, therefore, measuring it in terms of the width of the
architrave, will be C parts wide and 12 high, and its area consequently 72 parts. Now
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'ace two thirds of this area ; for iij) to the toj) of the opening each

irchitrave heing equal to 12, the sum will be 24 ; and tlie entabla-

ture being 8 wide and 3 (one fourth of twelve) high, 8 x 3 = 24;
ivhich added to 24 for the architraves gives 48 for the solids, and

|5 = §, as above stated. The same analogy does not seem to hold
in respect of doors and windows, of making the voids equal to the

iup])jrts and weights, as in intercolumniations ; nor indeed ought
ive to expect to find it, for the conditions arc totally different,

inasmuch as no door can exist except in a wall, whereas the office

jf columns is connected with the weight above onlj'. \Vc trust,

therefore, we have shown enough to keep the reader's mind alive

to some such law as above developed, without insisting very strongly

an a minute attention to it in detail.

2731 . We shall now, before submitting any examples of doorways F's- 955.

to the reader, touch upon some important points that must be attended to; the first of which
is, that all gates and doors, independent of all other considerations, must be of sufficient siz»

For convenient passage through them. Hence internal doors must never be reduced undci
2 feet 9 or 10 inches, and their height must not be under 6 feet 10 inches or 7 feet, so as lo

admit the tallest person to pass with his hat. These are minimum dimensions for ordinary
houses in the principal floors; but for houses of a superior class, which are provided with wh.-it

may be called state apartments, widths of 4, 5, and 6 feet, foldmg doors and the like, will not

be too great for the openings, and the heights will of course be in proportion. The entrance
doors of private houses ought not to be under 3 feet 6 inches, nor ordinarily more than
6 feet in width ; but in public buildings, where crowds of people assemble, the minimum
width should be 6 feet, and thence upwards to 1 or 12 feet. No gate should be less than

9 feet wide; and when loaded waggons or carts are to pass through it, 11 or 12 feet

will not be too much. As a general observation we may mention that all doors should open
inwards, for otherwise the person entering pulls the door in his face, which is an inconvenient
mode of entering a room. Also when the width of a door is greater than 3 feet 8 inches

it should be formed in two flaps, by which three advantages accrue : first, that the door
will not occupy so much space for opening; second, that each door will be lighter; and,

third, that the flaps will more nearly fold into the thickness of the wall. Chambers pro-

perly says, " That in settling the dimensions of apertures of doors regard must be had to

the architecture with which the door is surrounded. If it be placed in the intercolumniation

of an order, the height of the aperture should never exceed three quarters of the space

[)etween the pavement and the architrave of the order; otherwise there cannot be room for

the ornaments of the door. Nor should it ever be much less than two thirds of that

space, for then there will be room sufficient to introduce both an entablature and a

pediment without crowding ; whereas if it be less it will appear trifling, and the inter-

columniation will not be sufficiently filled. The apertures of doors placed in arches are
egulated by the imposts, the top of the cornice being generally made level with the top
)f the iinpost; and when doors are placed in the same line with windows, the top of the
iperture should be level witii the tops of the apertures of the windows ; or if that be
lot practicable without inaking the door much larger than is necessary, the aperture
nay be lower than those of the windows, and the tops of all tlie cornices made on the same
evel."

27.^2. To say that the principal door of a building should if possible be in the centre of
the front would seem almost unnecessary ; but it is not so, perhaps, to inculcate the necessity

of its being so situated in connection with the internal arrangement of the building as to

lead with facility to every part of it, being, as Scamozzi observes (Parte Secunda, lib. vi.

c. 4.), like the mouth of an animal placed in the middle of the face, and of easy communi-
cation with the inside. In the internal distribution the doors should as much as possible

be opposite one another on many accounts, not the least whereof is the facility thus given
to ventilation ; but such a disposition also gives the opportunity of a far better display of
a series of rooms, which on occasions of fetes imparts great magnificence to the apartments.
In this climate it is well to avoid too great a number of doors, and they should never, if

it can be avoided, be placed near chimneys, because of subjecting to draughts of air those
who sit near the tire. Generally the doors in a room should be reduced to the smallest

number that will suit the distribution, and the practice of making feigned or blank door.s,

though sometimes necessary, should if possible be excluded.

2733. The ornaments with which doors are decorated must of course depend on the

building in which they are used ; and as this is a matter in which common sense must
direct the architect, it is hardly necessary to say that the ornaments applied to them in a
theatre would ill suit a church.

2734. The composition and designing of gates and their piers must of necessity suit the

occasion, as well as the folding gates attached to them, for the enclosure of the parks.

3 N
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gardens, and otliur ])laccs they aru to servo. There are few finer examples in the hii^lic

class of tliis species of design than the celebrated gates at Hampton Conrt.
273r). The evil days on which we have fallen in this country, in respect of the arts, pre

clndes the hope of again seeing the doors of our buildings ornamented with bassi relievi an(
bronze ornaments, a practice connnon among the ancients no less than amon"- the reviver
of the artr,

; witness the doors of St. Peter's, and, above all, those monuments of the art, thi

doors of the ba|)tistery at Florence by Lorenzo Ghiberti, wherein art rises by belmr madi
only subservient to tlie holy purpose to which it is the mere handmaid. In the rnentioi
of doors those of San Giovanni Laterano at Home must not be omitted ; they have the credi
of having lieen the enclosures to the temple of Saturn in the ancient city.

2736. The manuficture of doors has been already sufficiently noticed in the Secon
Book; and it therefo:e only remains for us to subjoin a few examples, which, we thinlc
among many others, deserve the attention of the student.

'J737. Fig. 9.5G. is an external doorway designed and executed by Vignola, at Caprarola
not a great distance north of Rome ; it must speak for itself: if the reader be of oui
mind, he will see in it a beautiful handling of the subject; but we cannot further answer foi

our opinion, knowing as we do that some of the reviewers of these days may find out thai
it possesses no msthctic beauties. There are cases where imitation has been permitted; ant
the sanction for our opinion is, that it has been imitated by one whom we and all other
hold in reverence at Greenwich Hospital, though, as we think with Chambers, for tli:

worse. " The aperture is in the form of an arch, and occupies somewhat more than twt
thirds of tlie whole height. It is adorned with two rusticated Doric pilasters and a re-
gular entablature. The height of the pilasters is 16 modules, that of the entablature 4,
The width of the aperture is 7 modules, its height 14, and the breath of each pier ii

:{ modules." To the detail of Chambers we have to add that the void in this example,
which has no analogy to that which as a general rule we gave in the commencement ol

the section, is about one third of the area of the whole design, the void beino- to such area
as 7-,57 to 20-88.

27.38. Fig. 957. is a design by the last-mentioned master, in which the void is as nearly
as possible equal to one third of the area, (he supports another, and the weights the othei
third : in other terms, the aperture occupies two thirds of the whole height and one ha'l
of the whole breadth, being, in fact, a double square. Its entablature lias an alliance with
the Tuscan order, and the cornice is e(]ual to one fifteenth of the wliole height of the door.
These two examples are especially external; those which follow are from their i ature
applicable in general form to either external or internal doorways.

2739 Fig. 958. is a doorway in the Cancellaria at Rome, and is from the design of
Vignola. Tlie width is one half --^ ._ .

.

the height, and the height of the ^'Ifer--^^' ^

e^ntahlature is equal to one third
of the height of the aperture. Tlie
l>readth of the architrave is one
fifth of theapertuie's width, and the
pilasters below the consoles are
half as broad as tlie arcliilrave.

It is heavy, as might have been
expected from the jiroportion be-
tween the voids and tlie solids.

2740. Fig. 939. is a design by
Michael Angelo Buonarotti, and it's

aperture miv be twice its height.

Fig. 9C0.
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he whole entablature a quarter of its height, and the architrave one sixth of the width

)f the aperture. Tlie face of the pilasters or columns at the sides^ must be regulated

)y the lower fascia of the architrave, and their breadth is to be a semidiameter.

2741. Fig. 9C0. is by Vignola, and is in the Farnese palace at Rome.
_
The opening is

:wice the width in height, and the entablature is three elevenths of the height of the aper-

ture, one of the foregoing elevenths being given to tlie architrave. The whole of the orna-

ment on the sides is, inchiding architraves and pilasters, equal to two sevenths of the width

Df the aperture. The cornice is Composite, with modillions and dentils, and the frieze is

enriched with a laurel band.

274 2. Fig. 961., another of the examples given by Chambers, is believed to be by

Cigoli. The void is rather more in height than twice its width. The impost of the nich

is equal to half a diameter, the columns are ratlicr more than nine diameters high, anu

rusticated with five square cinctures. The entablature is not so much as one quaitei oi

the height of the column, and its tablet is equal to the width of the aperture.

Fi«.96l. Fig. 96Vi. Fig. 963.

2743. Fig. 962. is by Inigo Jones, and the aperture may be twice as high as it is wide.

The architrave may be a sixth or seventh of the width of the aperture, the top of it being

level with the astragal of the columns, which are Corinthian, and ten diameters in height.

They must be so far removed on each side from the architrave as to allow the full projec

tion of their bases. The entablature may be from two ninths to one fifth of the columii,

and the pediment should be regulated by the rules given in Sect. XVII. (2722.).

2744. Fig. 963. is by Serlio. The aperture may be a double square, or a trifle less

;

the diameter of the columns a quarter of the width of the aperture, or a trifle less ; their

hein-ht 8 to Sk diameters ; the entablature about a quarter of the height of the cotuinus.

and the pediiiient should be drawn in conformity with the directions in Sect. XVI 1.

Sf.ct. XX.

WINDOWS.

2745. Windows, of all the parti of a building, are those wliich require the greatest nicety

in adjustment between the interior and exterior relations of tliem. 1'he architect who
merely looks to the effect they will produce in his facades has done less than half his work,

and deserves no better name or rank than that of a mere builder. It seems almost use-

less to observe that the windows of a building should preserve the same character, that

those in each story must be of the same height, and that the openings must be directly over

one another. Blank windows are, if possible, to be avoided, they always indicate that

the architect wanted skill to unite the internal wants of the building with its external de-

coration. Windows, moreover, sliould be as far removed as the interior will permit from

the quoins of a building, because they not only apparently, but really, weaken the angles

when placed too near tlu-m.

2746. Vitruvius, Palladio, Scamozzi, and Philibert de I'Orme, besides many other mas-

ters, have given different proportions to them as connected with the apartments to be

lighted. That these should be different is indicated by the different places in which tliose

masters have written. Nothing, indeed, seems so much to disallow general laws as the

proportion of windows to an ajiartment; according to the climate, the temjierature, the

3x2
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Iciifjlh of tlie (lays, the general clearness of the sky, the wants and customs of commerce
aiui of life generally. In liot climates the windows are always few in numi)er and small m
dimension. As we ajjproach those regions where the sun has less power and the winter is

longer, we observe always an increase in their size and number, so as to enable tiie in-

habitants to take as much advantage as possible of the sun's light and rays. It seems,

therefore, almost impossible to give general rules on this subject. VV^e shall on this account

endeavour, in the rules that this section contains, to confine ourselves to the sizes which
seem suitable in this climate, as resuects the proportion of light necessary for the comfort
of an apartment.

2747. It is a matter of experience that tlie greatest quantity of light is obtained for an
apartment when lighted by an horizontal aperture in the ceiling. Of this a very extra-

ordinary verification is to be found in the I'antheon at Rome. This edifice, whose clear

internal diameter is 142 feet 6 inches, not including the recesses behind the columns, is

nearly 74 feet high to the springing of the dome, which is semicircular. The total clear

number of cubic feet in it may therefore be taken in round numbers at l,9;54,4GO cubic

feet. Those who have visited it well know that it is most sufficiently and pleasingly

liglited, and this is effected by an aperture (the eye, as it is technically called,) in the crown
of the dome, whicli aperture is only 27 feet in diameter. Now tlie area of a circle 27 feet

in diameter being rather more than 572 feet, it follows that each supertlcial foot of the

area lights the astonishing quantity of nearly 3380 cubic feet. Independent of all consi-

derations of climate, this shows the amazing superiority of a liglit falling vertically, where
it can be introduced. But in a majority of cases the apertures for light are introduced in

vertical walls ; and the consecjuence is, that a far greater area of them tor the admis-
sion of light becomes necessary. In considering the question it must be premised that

a large open space is supposed before the windows, and not the obstructed light which
it is the lot of the inhabitants of closely-built streets to enjoy. Again, it is to be recollected

that in the proportioning of windows it is the apartments on the principal floor that are to

be considered, because their width in all the stories must be guided by them, the only va-

riety admissible being in the height. In this country, where the gloom and even darkness

of wet, cloudy, and foggy seasons so much prevails, it is better to err on the side of too

much rather than too little light, and when it is superabundant to exclude it by means of

shutters and blinds. We are not very friendly to the splaying of windows, because of the
irregularity of the lines whicli follows the practice; but, it must be admitted, it often be-

comes necessary when the walls are thick, and in such cases a eons'iderahle splay on the

inside increases the light in effect by a great diminution of shade. It is well, if possible,

to have an odd number of windows in an apartment : nothing wherein contributes more
to gloom than a pier in the centre.

2748. We do not think it necessary to advert to the rule of Palladio for the dimensions
of windows given in the first book of his work, chap. 25. ; because, were it true for the
climate of northern Italy, it would not be so for that of Great Britain ; neither are we at

all satisfied with that which in his practice Sir William Chambers says he adopted, and
which is as follows, in his own words :

—" I have generally added the depth and height'

we suppose width " of the rooms on the principal floor together, and taken one eighth
part thereof for the width of the window ; a rule to wliicli there are few objections: ad-
mitting somewhat more light than Palladio's, it is, I apprehend, fitter for our climate than
his rule would be." This rule is empirical, as indeed is that on which we place most
dependence, and to which we shall presently introduce the reader, being ourselves inclined

to the belief that in the lighting a room there is a direct relation between the area of the

aperture admitting the light and the quantity of cube space in the room. Indeed the law
which we are about to give is one founded on the cubic contents of the apartment ; and if

the results bore a regular ratio to that quantity, the discussion would be at an end, for we
should then have only to ascertain the cubic contents, and, knowing liow much an area of

light one foot square would illuminate, the division of one by the other would supply tiie

superficies of windows to be provided. Our own notion on this subject is, that I foot su2)er-

ficial of light in a vertical wall, supposing the building free from obstruction by high
objects in the neighbourhood, will in a square room be sufficient for 100 cube feet if placed
centrally in such room. It will, however, immediately occur to the reader, that this rule

cannot in many cases satisfy the recjuirements of an apartment as respects the quantity of

light necessary for its proper illumination. The subject is beset with numerous difficulties,

which to overcome requires the greatest skill. In the case of an ai)artment, long as com-
pared with its width, it is well known to every practic-al architect that windows of the same
collective area at either of the narrow ends of such apartment will light it much more
effectively than if the same area of light were admitted on either of the long sides, and most
especially so, if it should happen that on such long side there were a pier instead of a window
in the centre of such side. In illustration of what we mean, let us refer the reader to the
ball room at Windsor Castle, an apartment 90 feet long, 34 feet wide, and 33 feet high.

Tbis room is lighted from the northern narrower side by a window nearly occupying the
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n'idtli, and is supplied by an abundance of liglit. Hut bad the same quantity of Hgbt been

admitted from eitber of tbe long sides of tbe room, so many masses of sbadow would have

been introduced tbrougb tbe interposition of piers, tbat its efiect would bave differed most

widely from tbe cheerful and airy aspect it now presents. We bave taken this as an

example that more presently occurs to us, but tbe reader from bis observation will bave no

d)*ticulty in supplying instances in corroboration of our impressions on this subject.

But we shall now proceed to give, in the author's own words, tbe rules of which we
have sjjoken. Tbat author is Robert IMorris, and the work quoted i.«- Lectures on Archi-

lectiire, cunsistiiig of Utiles fninded on Harnionic/t and Arii/inieticul Proportions in Bnildiiu/.

London, 8vo. 1 7.'54. " There are rules, likewise, for proportioning of light according

to tbe magnitude of the room by which any room may be illuminated, more or less,

according to the uses of them, and at tbe same time preserve an external regularity;

(vhich, as it is on an uncommon basis, I shall explain to you as well as I conveniently

can. Let the magnitude of the room be given, and one of those proportions I have

proposed to be made use of or any other ; multiply the length and breadth of the room

together, and that product multiply by the height, and tbe square root of that sum will

be the area or superficial content in feet, &c. of the light required."

«r lireaJth Iti//.

FiK- %t. Kig. yC).

2749. "Example. Siqipose a room {fig. 964.), whose magnitude is tbe arithmetical

iroportion of 5, 4, and 3, and is 20 feet long, \G feet broad, and 12 feet high, tbe cube or

jroduct of its length, breadth, and height multiplied together is 3840, the square root of

vhich sum is G2 feet. If the height of the story is 12 feet as before mentioned, divide

bat 62 feet into three windows; each window will contain 20 feet 8 inches of superficial

ight, and those will be found to be 3 feet 2.1 inches broad, and 6 feet 5 inches high, which

ire windows of two diameters."

2750. " Let us now suppose anotlier room on the same range whose height is 12 feet, as

he preceding example is, and its proportion {fig. 965.) shall be tbe cube. Tbe product of

bat cube is 1728, and its root is 41 feet 4 inches, or thereabouts: divide that 41 feet

I inches in two parts for two windows, and each will be 20 feet 8 inches of superficial

ight, and those will bo two diameters in height, and the magnitude the same as the pre-

eding room."
2751. " For example sake, I will only suppose one more room {fig. 966 ) u]ion the same

ange, and 12 feet in heigbt, ^-

I'iiose proportion shall be the

rithmetical of 3, 2, and I ;

bat is, its height being 12

L-et, the breadth will be 24

nd length 36, the product of

hose numbers multiplied to-

;ether will be 10368, and its

oot 101 feet 8 inches, or

hereabouts : divide this room
iito five windows, each win-

low will have 20 feet 4 inches

uperficial light, and the mag- "^ •*'•
^"'"''' ' "*

litude will be near or equal to V'f:. "''.';.

he others, and if the proportion be 6, 4, and 3, and coved, tbe light is tbe same."
2752. "There is," says the author, rather perhaps simply, "but one objection to this

ule to make it universal for all kinds of proportioned rooms on the same floor, and that

s, the square root doth not always happen to be exact enough for to make them alike; but
us the variation will be so small, it may be made use of; and if tbe area something exceeds
he standard of the principal room, tbat room may be converted to a use which requires
nore than standard light, and the necessities of families sometimes require it. 13ut, how-
ver, the rule will serve for the purpose near enough for any practice."

. .. _-

.'i'iiiik

/ iiiiii
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2753. " If you extend the rule to larger rooms, the same methods will be preserved

wen if the height be continued through two stories, if the upper windows be made square

and to have two tire " (tiers) " of windows. Let us suppose tlie room (J!ff. 967.) with two

tire of windows in height, to be 50 feet long, 40 feet wide, and .SO feet high, the arith-

metical proportion of 5, 4, and 3, the product of those numbers multiiDlied together will be

60000, the square root of which sum is 245 superfical feet ; divide that sum for the tire
"

(tiers) " of windows into three parts, or take one third of it, and that makes the attic or

square windows 81 feet 8 inches superficial light; divide this into 5 windows, and they are

4 feet and half an inch square, and the five lower windows, consisting of 16:5 feet 4 inches

superficial light, being what remains out of the 245 feet, the root, each of these windows is

4 feet and half an incli by 8 feet 1 inch, or two diameters, which 245 feet, the whole sum
of the square root of the room, will sufficiently illuminate the same."

2754. The extreme piers should not, if possible, be less than half the width of the

principal piers. This cannot always be obtained, but a much less width causes great

irregularity, and that more especially when one of such end piers falls opposite a chimney
breast, besides causing a great mass of shadow on the other side of the chimney, which
has a tendency towards making the room dark and gloomy.

2755. Windows in the same story should be similar. There may be an occasional de-

viation for a great central window, but such deviation must be used with much caution.

Another practice, most properly reinobated by Chambers, is that of intermitting the archi-

trave and frieze of an order in tlie intervals between the columns to make room for windows
and their enrichments, as on the flanks of the Mansion House in the city of Ixmdon ; a

liractice from which Sir Christopher Wren was, unfortunately, not exempt, as may be

noticed in St. Paid's Cathedral.

2756. What are called Venetian windows are occasionally allowable, when so ranged

and introduced as not to interfere with the composition, — a task often difficult to effect.

They should not be much repeated, as in the front at Ilolkham, where they become actually

disgusting. Though in the examples which follow there be two which are composed
with semicircular-headed centres, we do not approve of the general use of examples de-

signed on such principles, and would advise the student rather to study the composition ol

the Venetian window, when required, as in Jip. 968.,

which we do not present as one of beauty, but rather

of propriety, where the want of light to the apartment
renders a Venetian window expedient. The method
of making sashes, shutters, and the other accessories of
windows has been described in a previous section ; we
therefore proceed to offer a few of the most celebrated

examples of windows. It is not necessary, after the

investigation relative to the voids and solids of doors,

to pursue the inquiry into the relative proportions of
windows as respects that part of the subject. They
are, in a measure, in regard to windows, subject to

the same principles, and this, by trial, will be immedi-
ately apparent to the student ; and we therefore shall

Tjot stop for such investigation.
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'2757. Fie/. 9G9. is after the lower story of windows at St. Piiter's at Rome, by Michael

Angelo, and is rather less than the double square in height. Tiie architrave is one seventh

Fig. 9G9. Fi^'. 970.

of the aperture's width, being the same as that of the pilasters. The length of the consoles

is one third of the width of the aperture, and the entablature one quarter of its height.

2758. Fiff. 970. is from the INIattei palace at Rome, and is the design of Bartolomec
Ammanati. It possesses, though rather heavy, considerable beauty, and well deserves the

attention of the student. Chambers, from whom we have selected many of our examples
in tills and others sections, says, " the parts made somewhat less would succeed better, as

would also a pediment instead of the sloped covering at top :
" but we entirely disagree

with him, and are of opinion that what he proposes would ruin the design.

Fig. 971. F,f. 972.

2759. Fiys. 971. and 972. are the compositions of Rernardo Buontalenti. The aper-

tures are a double square, or something less, the arcliitraves a sixth or seventh of the

apertures, and the pilasters may be about the same. The height of the entablature .should

not be more than a quarter that of the aperture, nor much less. The greatest length of

the consoles should not exceed half the width of the aperture, nor should their least length

be less than one third of it.

2760. Fit/. 973. is from the old Louvre at Paris, and is by the celebrated Tierrc I.c.cot,
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al)l)ot of Clugiiy in the rei,<!;ns of Francis I. and Henry II. Its proportions are not much
dissimilar from tlie two last examples.

Fli'. 975. FiK. 974. Fig. 975.

2761. Fig. 974. is a window constantly used by Palladio. Tlie opening is a double

square, the breadth of the architrave equal to one sixth of the aperture, and the frieze and

cornice together equal to double the height of the architrave. The breadth of the con-

soles equal to two thirds the width of the architrave. The breaks over the consoles in tlie

hod mouldings of the cornice are perhaps not strictly correct, but are deviations from pro-

priety which may be tolerated. The breaks in the upper vertical parts of the architrave

would perhaps be better omitted. The practice generally should be avoided, except in

cases where a greater length of cornice is wanted for the purpose of filling the bare walls

to wliich the windows are applied.

2762. Fi(j. 975. is from the Banqueting House at Whitehall, by Inigo Jones. Th«
aperture is a double square, the entablature one fourth of its

height, and the architrave somewliat more than one sixth of its

width.

276,'?. Fig. 976. is by Michael Angelo, and executed at the
Farnese palace at Rome. It possesses all the wildness and
fancy of the master, and though abounding with faults, is

redeemed by its grandeur and originality.

2764. In fig. 977. is given the design by Ludovico da Cigoli
of a window from the ground floor of the Renuccini palace
in Florence. It can scarcely be properly estimated without its

connection with the fa9ade, to the character whereof it is in

every respect suitable.

2765. Fig. 978. is a design of Palladio, nearly resembling
tliat executed in the Barbarano palace at Vicenza. It has
been imitated by Inigo Jones, and perhaps improved on by him,
in the flanks at Greenwich Hospital.

Fi«. W6. Fig- 9-. 7.

Mg. 978. T\g. 979.

2766. Fig. 979. is also by Palladio, and executed by him in the Porto palace at Vicenza.
2767. Fig. 980. is the design of Raffaclle Sanzio, and worthy of the reputation of that
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great painter and architect. It is executed in tlie I'andollini palace at Florence, on the

principal floor. The height of the aperture is a very little more than t\\ i x> its width, tlu;

architrave is one seventh the width of the aperture. The columns, m hich arc Ionic, are

FiR. 9Mn. Fis- 981.

9 diameters high, and should be as much detached from the wall as possible. The distance

of them from the architrave of the window is a quarter of a diameter, which is also the

distance of the entablature from the top of the same architrave. The total height of the

entablature is two ninths of that of the column, and the height of the pediment is one

quarter of its base or somewhat less. The pedestals are one quarter of the height of the

whole order.

2768. Fiff. 981. is one of the windows of the Bracciano palace at Rome, by Bernini.

The aperture is more than a double square, and the architrave about one sixth the widtii

of the aperture. The entablature is only one fifth of the htiglit of the columns, in-

cluding their sub-plinths, and the pediment is less in height than one quarter of its extent.

ijiil-iiiift

Fig- 982- Fig. 983.

2769. Fig. 982. is from the principal floor of the Palazzo Thiene at Vicenza. 'Dit:

aperture is two and two tenths of its width in height ; the columns are nine diameters hi<Tn,

and one quarter engaged in the wall. The under sides of the Ionic capitals are level with
the top of the aperture, having angular volutes with an astragal and fillet below the volute.

Tlie bases are Tuscan, and there are on each shaft five rustic dies of a^i equal breadth.
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wliosc inner sides are on a line with the sides of the aperture, and their projection equal to

that of tlie plintli of the base, that is, one fiftli of a diameter of the column. The keystones

incline forwards towards the top, and they are hatelied, only the surface being left rougli,

as are likewise the dies on tlie columns, except at tiieir angles, which are labbed smootli.

The entablature is Ionic, the architrave consisting of only two fasciaj, the frieze swelled,

and the dentil l)and placed immediately on the frieze, without any intervening mouldinjrs,

a jjractice not very unusual witli Palladio. 'I'he pedestals are rather more than one third

the height of the columns. The dies and balusters stand on the platband of the basement,
which was done to diminish the ])rojection.

'-'770. Fi<i. i)S;}. is a design by Inigo Jones, which has been much used in this countr\.

!t is ratiier higher than a double square. The width of the architrave is one fifth that of

tlie aperture, and the rustics are a trifle less than the third of it. The entablature is two
ninths of the height of the opeiimg, and the height of the iiedestal is -j-g'g, or nearly so, of

the height of the aperture and pedestal taken together.

2771. Fig. 984. is the design of a Venetian window by Colin Campbell, the compiler

of the three first volumes of the Fitruviiis Biitannicus ; and

2772. Fig. 985. is very similar to the Venetian windows in the west facade of the Horse

Guards, executed by Kent. It is perhaps as favourable an exam])le of this species of

window as can be produced.

Sect. XXI.

NICMES AND STATUES.

27*73. A niche is a recess constructed in the thickness of a wall for the reception of difTerent

objects, such as statues more especially, but occasionally also for that of busts, vases,

and tripods. Vitruvius makes no mention of niches, and but for an inscrijjtion published

by Visconti in the Monumenti Gabini we should not have known that they were by the

ancients called zotheca, or places for the reception of a figure. Our English word niche is

evidently derived from the Italian nicchio, a shell.

2774. In the early Greek temple the niche is not found ; at a later period, as in the
monument of Philopappus, we find a circular and two quadrangular-headed niches occupied
in the time of Stuart by statues ; and it does not seem improbable that in the Gymnasia,
Agora, Stadia, &c. of the nation mentioned, the use of the niche was not uncommon. But
the different forms of the ancient tomb, and the early methods of sepulture, would soon
suggest to the Greeks and Romans the use of the niche, especially in sucli tombs as were
devoted to the use of a particular family. These sepulchres, whose subdivisions were
called columbaria, had their walls ornamented with small niches for the reception of
cinerary urns, or those containing the ashes of the dead. In these, a large-sized niche
occupies the principal place in the apartment, and in this was deposited the urn or sarco-
phagus of the head of the family.

2''75. The small temples (fcrf/c!/7a) of the Romans are often found decorated with niches;
and in the small building on the Lake of Albano, generally supposed to have been a

Nympheum, we find each side of the interior dressed with six niches, whose height sufli-

ciently indicates tiiat they were provided for the reception of statues. In the tcrrple of
Diana, at Nismes, in the South of Fiance, which is now considered to have been a portion
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of ThcrmEe, as the great aqueduct ran near it, the inferior has two sidis decorated with six

Corinthian columns, and in the wall between each column is a niche (calK'd tabernacle by
the moderns). Each is placed on a pedestal, and at ihe sides have ])ilastei!j alternately

surmounted by segmental and triangular pediments. We do not, ho" ever, consider it

necessary to enumerate the various Roman works wherein the niche finds a place, and shall

therefore do no more than refer the student to the Pantheon, the temple of Peace, the arch
of Janus, at Rome, and to its exuberant employment at Palmyra, Daalbec, and Sj alato.

The buildings cited will furnish him with examples of all sorts and characters.

2776. The dresses of niches seem to bear an analogy to those of windows and doors in

their form and decoration ; the niche may really be considered as an opening in a wall,

and indeed there are, in the arch of Claudius Drusus, now the Porta IMaggiore, at Rome,
openings used as niches, in which an object placed may be seen from either side of the

wall. It therefore appears not improper to dress the niche with the ornaments which
custom has sanctioned for doors and windows. The author of the article " Niche"' in the

Encyclojiedie Methodique, has divided niches into three classes. The first are such as are

square on the plan, and either square or circular-headed. These are the sim])lest, and are

without dressings of any sort. Second, sucli as are square on their plans, and with S(|uare

heads, but ornamented with dressings, or crowned with a sim])le platband supported by two
consoles. In the third class are included all niches whose plan and heads are semicircular,

either ornamented with festoons, or with dressings, or with columns and entablature.

These, says the author, are to be introduced into buildings according to their several cha-

racters, from simple to highly enriched, as requisite.

2777. Some architectural authors have laid down positive rules for the proportions of

.niches. According to others the proportion is found in a niche twice and a half its width
in height ; and indeed this produces a proportion not inelegant. But in considering the
classes separately, they have divided the width of the niches invariably into twelve parts.

To a niche of the first class they give twenty-eight of such i)arts ; to one of the second
class, thirty ; and to one of the third class, thirty-one parts. This reduction, however, of

the proportions of a niche seems to us to jiartake of empiricism ; and we would rather

always trust to an educated eye than to rules which sei'm to have no basis on fitness and
propriety. It is, moreover, to be recollected that all rides of art can be considered only a?

mean tci-ms, serving more as approximations than positive laws for the guidance of the

artist in the diflferent combinations he imagines.

277S. The use of tiers of niches over each other is condemned by J. F. Blondel, unless

separated by a line of entablature between them, which may seem to indicate the existence

of a floor ; otherwise, he o))serves, one figure seems to stand on the head of another.

This, however, is an abuse of reasoning ; not that it is to be understood that we think the

practice very allowable. The recommendation of this master in respect of the relation

between niches and the statues that are to occupy them is worthy of attention. He
opposes, and we think with great propriety, the placing a statue without a jjlinth in the

niche. The ]>linth is, indeed, necessary to the good effect of every statue ; and to pretend

that the imitation in marble could or ever was intended to be mistaken for the object it

imitates, would be to leave behind all those matters of convention in art for which the

spectator is well prepared. In architectural decoration, no less than in the abstract imita-

tion of the objects of sculpture, no one is desirous of believing them natural and living, but
only as models of imitation.

2779. The following observations are from Chambers, relative to the size of the statues

used in niches. " The size of the statue depends upon the dimensions of the niche ; it

should neither be so large as to seem rammed into it, as at Santa Maria iNIaggiore, in

Rome, nor so small as to seem lost in it, as in the Pantheon, where the statues do not

occupy above three quarters of the height of the niche, and only one half of its width.

Palladio, in arched niches, makes the chin of his statues on a level with the top of the im-
post (s])ringing), so that the whole head is in the coved part. In the nave of St. Peter's, at

Home, the same proportion has been observed, and it has a very good efi'ect. 'I'he distance

between the outline of the statue and the sides of tlie niche should never l)e less than one
third of a head, nor more than one half, whether the niche be square or arched ; and when
it is square, the distance from the top of the head to the sofHtc of the niche should not ex-

ceed the distance left on the sides. The statues are generally raised on a plinth, the heiglit

of whicli may be from one third to one half of a head; and sometimes, Avhere the riiches

are very large in proportion to the architecture they accompany, as is the case when an
order comprehends but one story, the statues may be raised on small pedestals, by which
means they may be made lower than usual, and yet (ill the niche sufhciently, it being to be
feared lest statues of a proper size to fill such niches should make the columns and entabla-

ture appear trifling. The same expedient must also be made use of whenever the statues

in the niches, according to their common proportions, come considerably larger than those

placed at the top of the building. A trifling disparity will not be easily perceived, on an-
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count of tlie distance between tlieir respective situations; but if it be "rent, it iias a

very bad efl'ect ; and tlicrefore this must be well attended to and remedied, either by the

above-mentioned method, or by entirely omitting statues at the top of the building, leaving

the balustrade either free, or ])lacing thereon vases, trophies, and other similar ornaments."

Further on in the same work, the author says tliat " niches, being designed as repositories

for statues, groups, vases, or other works of sculpture, must be contrived to set off the

tilings they are to contain to the best advantage ; and therefore no ornaments should ever

be introduced within them, as is sometimes injudiciously practised, the cove of the niche

being either filled with a large scollop shell, or the whole irside with various kinds of pro-

jecting rustics, with moulded compartments, cither raised or sunken, or composed of dif-

ferent coloured marbles, for all these serve to confuse the outline of the statue or group.

It is even wrong to continue an impost within the niche, for that is of considerable dis-

advantage to the figures, which never appear so perfect as when backed and detached on a

|)lain smooth surface. An excess of ornaments round the niche should likewise be avoided,

and particularly masks, busts, boys, or any representation of the human figure, all which
serve to divide the attention, and to divert it from the principal object."

2780. " The depth of the niche should always be sufficient to contain the whole statue,

or whatever else it is to contain, it being very disagreeable to see statues, or any other

weiglity objects, with false bearings, and supported on consoles or other jjrojections, as is

sometimes done, and in the case of niches, the side views become exceedingly uncouth ; foi

in these a leg, an arm, a head, in short, those parts alone which project beyond the niche

a|)|)ear and look like so many fragments, stuck irregularly into the wall." AVe trust wc
shall be excused for this and many other long quotations from Chambers, on account of the

strong common sense with which they abound, though not always expressed in the most
elegant language tliat might have been selected.

2781. We conclude the section with a few examples of niches, whose general propor-

tions are sufficiently to be derived from the figures which represent them, and wliicli,

tlicrefore, will not require our more minute description in this place, the diagrams them-

selves being the more useful mode of submitting the suljject to the student.
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2782. Fir;. 986. is the simple niche, square and circular in the head and in the plan ; in

the latter we have before, as a general rule, given the proportion of its height as twice and a

half that of its width ; but the former, or the sciuare-headed one, may be a double square,

yet it never should exceed in height twice and a half its width.

2783. Fi(/. 987. is a common form of using the niche where the opening of windows
with which it is accompanied requires a correspondent square recess for the niches, as also

in interiors where the leading lines may require such an expedient.

2784. FiQ. 988. shows the method of introducing niches in a rusticated basement, which

is often reciuisite. The rustics are received on a flat ground, in which the niche is formed.

The reader is not to understand that any of the

figures are intended as models for imitation, but
merely as modes on which, in using them, he may
so work as to reduce them to his own views in

the design whereon he is engaged.
2785. Fit/. 989. is from the plate of Palladio's

Egyptian Hall, and exhibits the violation of Cham-
bers's excellent maxim of not allowing the impost
to be continued round the springing of the niche.

If niches are merely introduced for i)lay of light

and shadow without reference to their reception
of statues, the practice of this abuse may be to-

lerated ; but certainly not iu cases where statues

are to be placed in them.
2786. Fiff. 990. is the niche accompanied by

entablature, pediment, architraves, consoles, and
pedestals, as in the windows wiiich have already

Kig. 9uf<. Fie mi.
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heon given, and their proportions will serve as a guide in this; the only difFercnce being

that a niche is inserted within the architrave of the opening.

2787. Fi(j. 991. is imitated from one of the niches of the Tantheon, for the details

whereof the reader may refer to Desgodetz.

Sect. XXII.

CHIMNEY VIECES.

2788. It is not our intention to devote much of a space, necessarily restricted, to the

consideration of designs for chimney pieces ; not because we consider them unworthy of the

serious attention of the student, nor because the ever-varying fashion of the day seems to

create a desire for new forms, but because they come under the category of doors and win-

dows (strange as it may seem) in respect of the relation of the void to the solid parts. We
are not aware that any view of this nature has heretofore been involved in the consideration

of them, but we are not the more on that account to be driven from our hypothesis. The

examples of chimney pieces that have been given by Chambers, and, before him, by old

Serlio, were but fashions of their respective days ; and if it be possible to establish some-

thing like a canon on which they might be designed, we apprehend it would be useful to

the student.

2789. A chimney piece is the ornamental decoration applied to the aperture of a chimney

opening, and it seems but reasonable that in its general distribution it should be subject to

those laws which regulate the ornaments of other openings. The forms and fancies into

which this ornament of a room may be changed are infinite, and we therefore consider that

if its appendages can be drawn into a consistent shape we shall be of service in the few

1
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Fig. 991.

remarks subjoined. In fg. 992. the chimney opening tc be decorated is 4 wide and

3 feet 6 inches high; its area is therefore ecjual to 4 : x 3 : 6=14 feet. The principle

here recommended is to make the two supjiorting pieces ecjual to one half of that area, or

seven feet, and the suj'ported piece B equal to the other half. Now, as the height is 3 : 6,

we shall have 575 = 2 for the width of the two piers, that is, each will be one foot wide. By

the addition of these to the width of the opening, the dimension becomes six feet ; and as

B is to contain seven feet superficial, it follows that | = 1^ is the height of B that it may
contain 7 feet.

2790. In fq. 993. we have shown the method of developing the principle ; in it the

supports, load, and void l)ear the same relation to each other as in the preceding figure.

The entablature is divided into three equal parts for the architrave, frieze, and cornice, and

trusses are placed on the pilasters by the sides of the architrave. The tablet is of course

not absolutely required, and the trusses may be formed of leaves instead of being plain, as

here shown.

2791. Flq. 994. is another mode of using the proportions given in fig. 992., and upon

it, as well as that last given, we have only to observe, they are not introduced as specimens

of desio-n, but solely with the view of illustrating a principle. The projection of chimney-

pieces should not generally be greater than the whole width of the support, nor less than

lalf.

2792. We wish we could give some rule for adjusting the size of a chimney opening to

that of the room it is to warm. !\Iorris, in his Lectures on Architecture, before quoted,

imagined that he had found out one, and he speaks with confidence on tlie results which

follow its use ; but we confess we are not satisfied with them. We nevertheless sliould

be wronf in omitting it, and therefore give his words for the consideration of the student.

The first rule is as follows:— " To find tlie height of the oi)eninir of the chimney from any

"iven magnitude of a room, add the length and height of the room together, and extract

the square root of that sum, and half that root will be the height of tlie chimney." The

second rule is as follows ;
— " i"o find the breadth of a cliimnev from my givi'n inagnitudt-
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of ;i room, add the leiif^tli, bieadtli, and height of the room together, and extract tlie square

root of that sum, and half that root will be the height of the chimney." The third rule he

gives is, " To find the depth of a chimney from any given magnitude, including the breadth

and height of the same, add the breadth and height of the chimney together, take one

fourth of that sum, and it is the depth of the chimney." His fourth and last rule is, "To
lind the side of a s(juare or funnel proportioned to clear the smoke from any given dejith

of the chimney, take three fourths of the given depth, and that sum is the side of the

square of the funnel. Observe, only, that in cube rooms the height is equal to the breadth,

end the foregoing rules are universal." The rules given by Chambers are extremely vague

and general. lie says that " in the smallest apartments the width of the aperture is never

made less than from three feet to three feet six inches ; in rooms from twenty to twenty-

four feet square, or of equal superficial dimensions, it may be four feet wide ; in those of

twenty-five to thirty, from four to four and a half; and in such as exceed these dimensions,

the aperture may be extended to five or five feet six inches ; but should the room be

extremely large, as is frequently the case of halls, galleries, and salons, and one chimney of

these dimensions neither afford sufficient heat to warm the room nor sufficient space round

it for the company, it will be much more convenient, and far handsomer, to have two
chimney pieces of a moderate size than a single one exceedingly large, all the parts of

which would ajjpear clumsy and disproportioned to the other decorations of the room."

It is well so to place the chimney as that persons on entering a room may at once see it.

In this climate a cheerfulness is imparted by the sight of a fire ; but it is not to be so

placed as to be opposite a door, neither ought it, if possible to be avoided, to be so placed

as to have a door on either side of it. There are, however, circumstances under which
even the last-named category cannot be avoided, but it is always well if it can. The fact

is, that the further the door can, generally speaking, be removed from a chimney, the better;

and the architect must, if the plan admit It (and he ought so to distribute his parts), avoid

all cross draughts of air in a room. Angular chimneys are only admissiljle in small rooms
where space and other considerations permit no other means of introducing a chimney.

We can hardly think it necessary to say, with Chambers, that "whenever two chimneys are

introduced in the same room they must be regularly placed, either directly facing each

other, if in different walls, or at equal distances from the centre of the wall in which they

both are placed. He observes, however, with a proper caution to the student, that " the

Italians frequently put their chimneys in the front walls, between the windows, for the

benefit of looking out while sitting by the fire ; but this must be avoided, for by so doing
that side of the room becomes crowded with ornaments, and the other sides are left too

bare ; the front walls are much weakened by the funnels, and the chimney shafts at the

top of the building, which must necessarily be carried higher than the ridges of the roofs,

liave, from their great length, a very disagreeable effect, and are very liable to be blown
down." All these objections, however, may be easily answered, and the fimnels collected,

or shafts, as they then become, be, with skill, made even ornamental to a building. It is

in cases like these tliat the power of the architect above the artisan is manifest.

2793. Where the walls of a building are sufficiently thick, their funnels rise within the

thickness of the walls, but in walls of a mean thickness this cannot be accomplished, for

imder such circumstances the walls and chimney pieces will necessarily jiroject into the

rooms, and if the break be great, the effect is luipleasaiit ; but this may always be obviated

by making arched recesses on each side, which, in commoner rooms, may be occupied by
presses or closets, thus enabling the architect to carry the cornice unbroken round the
room, a point which should never be forgotten, inasmuch as by the cornice or entablature

of the apartment being carried round it without a break, which gives the celling an unbroken
and regular form, a regularity is preserved infinitely more satisfactory to the eye than the

disagreeable appearance of a broken, and, we may say, disjointed cornice.

2794. Of the materials employed in the construction of chimney pieces, nothing more is

retjuislte than to say that the costliness of the material must follow the wealth of the

founder of the building. Marble, however, is the material usually employed, and the

various sorts known are not unfrequently intermixed, so as to produce a pleasing eflTect.

When the aid of the sculptor is called in, much latitude is allowed in the proportions ; but
on this head we hope we may, without prejudice, deliver our opinion, that the effect has
never amounted to anything like what might have been expected from his extraneous aid

:

and the solution is easy : his object is not to produce a work in harmony with the apart-

ment, but rather to exhibit his own powers.

2795. In the external appearance of chimney shafts, so as to group them with the
building to which they belong, no architect can be put in competition with Sir John Van-
brugh. Those of Blenheim, Castle Howard, and other of his buildings, exceed all praise,

and deserve the closest investigation of the student. They become in his works, as they
always should do, parts of the building, inseparably connected with it, and their removal
would detract from the m.ijesty of the structure with which they are connected. On this

point we are certain that the best advice that can be given to the student Is a constant
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contemplation of the works of Vanbiugh. In these days there seems to he a return to

good feeling in this respect ; and we hope it will, for the credit of the English school, be

followed lip.

Sect. XXIII.

STAIRCASES.

2796. A staircase is an enclosure formed by walls or partitions, or both, for the reception

of an ascent of stairs, with such landings as may be necessary. Of the construction of

stairs we have treated in previous sections ; this will be confined to general observations on

them and their enclosures.

£797. Scarcely any subdivision of a building is of more importance, as respects the

character of the architect and the comfort and pleasant occupancy of it by his employer, than

its principal and subordinate staircases. Tliere is, moreover, no part, perhaps, in which
more room is left for architectural and picturesque dis])lay. In our own country there

are some extraordinary examples of great i)eauty produced in staircases on comparatively

small scales ; whence the student may learn that without great space he may produce very

imposing effects. One of these may be still seen, thougli in a very neglected state, as are

most of the buildings attached to the collegiate church of Westminster, at one of the pre-

bendal houses there built by our great master Jones. It is a specimen of his consummate
^kill as an artist, and well worth the attention of the student, if he can obtain admittance to

view it ; but if he cannot, we may refer him to some plates executed from drawings made
by us many years since, and published in the first and best edition of Illustrations of the.

Public Buildings of London (Lond. I8'28). The extreme space occupied by the staircase in

question does not exceed 24 by 23 feet; and within these small dimensions he contrived a

staircase fit for a palace. So highly did the late Sir John Soane think of this bijou that he

had a series of drawings made to illustrate its parts, and exhibited them in his lectures at

the Royal Academy.
2798. It is almost unnecessary to impress upon the student that an excess rather than a

deficiency of light is requisite in a staircase, and that it should be easily accessible from all

parts of the building. Those laws upon which the ease of persons ascending and descending

depend will form the subject of two subsections shortly following (2804. and 28 14.), to whicli

we particularly recommend the reader's attention. They are of the utmost importance,

and we record with surprise that they have not been attended to by architects generally of

late years. We have crept up staircases in houses of consequence, which deserved little more
than the name of ladders, and we are sorry to say that this defect is found even in the works
of Chambers himself; but never in those of Jones and Wren. We shall with these re-

marks proceed to further observations on the subject, which has already been partially

touched upon in 2170. et se(j.

2799. We know little of the staircases of the Greeks and Romans, and it is remarkable that

Vitruvius makes no mention of a staircase, as an important part of an edifice ; indeed his

.silence seems to lead to the conclusion that the staircases of antiquity were not constructed

with the luxury and magnificence to be seen in more recent buildings. The best preserved

ancient staircases are those constructed in the thickness of the walls of the pronaos of

tem])les for ascending to the roofs. Of this sort remains are found in several peripteral

temples. That of the temple of Concord at Agrigentum is still entire, and consists of

forty-one steps. According to Pausanias, similar staircases existed in the temple of the

Olympian Jupiter at Elis. They were generally winding and spiral, like the inside of a

shell, and hence are called scale a lumaca by the Italians, and by the French escaliers en

limafon. Sometimes, as in the Pantheon at Rome, instead of being circular on the plan,

they are triangular; so were they in the temple of Peace, and in the baths of Dioclesian.

28CX). Very few vestiges of staircases are to be seen in the ruins of Pompeii ; from which
it may be inferred that what there were must have been of wood, and, moreover, that few
of the houses were more than one story in height. Where they exist, as in the building at

tlio above place called the country house, and some others, they are narrow and incon-

venient, with steps sometimes a foot in height. Occasionally, too, we find private stairjases

mentioned, as in the description of Pliny's Tusculan villa, where one was placed by the side

of the dining room, and appropriated to the use of the slaves who served the repast.

2801. The author of the article " Escalicr" in tlie Euci/c. Method, observes that the mag-
nificence of the staircase was but tardily develoijcd in modern architecture, and that it owed
much of its luxury to the perfection to whicii a knowledge of stereotomy brought the

science of masonry. The manners loo and the customs of domestic life for a length of

time rendered unnecessary more than a staitcasu of very ordinary description. Thus in

the earliest palaces the staircases seem to have hpeii constructed for the use of the inha-
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bitants only, possessing in fact no more beauty than we now jrive to a back staircase. Tliey

are for tlic most part dark, narrow, and inconvenient. Even in Italy, which in tlie splen-

dour of its buildings preceded and surpassed all the other nations of Europe, the staircase

was, till a late period, extremely simple in the largest and grandest palaces. Such are the

staircases of the Vatican, Bernini's celebrated one being comparatively of a late date. The

old staircases of the Tuilleries and of the Louvre, though on a considerable scale, are, from

their simplicity, construction, and situation, little in unison with the richness of the rest

of these palaces. And this was the consequence of having the state apartments on tiie

ground floor. When they were removed to a higher place, the staircase which conducted

to them necessarily led to a correspondence of design in it.

2802. It will be observed that our observations in this section are confined to internal

staircases. Lar<Te flights of steps, such as those at the Trinita de" Monti and AraceH at

Rome, do not come within our notice, being unrestricted in their extent, and scarcely

subject to the general laws of architectural composition. In these it should however be

remembered that they must never rise in a continued series of steps from the bottom to the

summit, but must be provided with landings for resting places, as is usually the case in the

iialf and quarter spaces of internal stairs. An extremely fine example of an external flight of

stairs may be cited in those descending from the terrace to the orangery at Versailles. For

simplicity, grandeur, design, and beauty of construction, we scarcely know anything in

Europe more admirable than this staircase and the orangery to which it leads.

2803. The selection of the place in which the staircase of a dwelling is to be seated,

requires great judgment, and is always a difficult task in the form.ation of a plan. Palladio,

I lie great master of the moderns, thus delivers the rules for observance in planning them,

that they may not be an obstruction to the rest of the buildmg. He says, " A particular

place must be marked out, that no part of the building should receive any prejudice by

them. There are three openings necessary to a staircase. The first is the doorway that

leads to it, which the more it is in sight the better it is ; and 1 highly approve of its

being in such a place that before one comes to it the best part of the house may be seen,

for although the house be small, yet by such arrangement it will appear larger: the door,

however, must be obvious, and easy to be found. The second opening is tliat of the win-

dows through which the stairs are lighted ; they should be in the middle, and large

enough to light the stairs in every part. The third opening is the landing place by which

one enters into the rooms above ; it ought to be fair and well ornamented, and to lead

into the largest places first."

2804. " Staircases," continues our author, " will be perfect, if they are spacious, light,

and easy to ascend ; as if, indeed, they seemed to invite people to mount. They will be

clear, if the light is bright and equally diflTused ; and they will be suflKciently ample, if they

do not appear scanty and narrow in proportion to the size and quality of the building.

Nevertheless, they ought never to be narrower than 4 feet "(4 feet 6 inches English *), "so

that two i)ersons meeting on the stairs may conveniently pass each other. They will be

convenient with respect to the whole building, if the arches under them can be used for

domestic purjjoses ; and commodious for the persons going up and down, if the stairs are

not too steep nor the steps too high. Therefore, they must be twice as long as broad.

The steps ought not to exceed 6 inches in height ; and if they be lower they must be so to

long and continued stairs, for they will be so much the easier, because one needs not lift

the foot so high ; but tliey must never be lower than 4 inches." (Tliese are Vicentine

inches. ) " The breadth of the steps ought not to be less than a foot, nor more than a foot

and a half. The ancients used to make the steps of an odd number, that thus beginning to

ascend with the right foot, they might end with ihe same foot, which they took to be a

good omen, and a greater mark of respect so to enter iiUo the temple. It will be suflficient

to put eleven or tliirteen steps at most to a flight before coming to a half-pace, thus to help

weak people and of short breath, as well that they may there have the opportunity of

resting as to allow of any person falling from above being there caught." We lio not ])ro-

pose to give examples of other than the most usual forms of staircases and stairs; their

variety is almost infinite, and could not even in their leading features be compassed in a

work like this. The varieties, indeed, would not be usefully given, inasmuch as the forms

are necessarily dependent on the varied circumstances of each plan, calling upon the

architect almost on every occasion to invent pro re nata.

2805. Stairs are of two sorts, straight and winding. Before proceeding with his design,

the architect must always take care, whether in the straight or winding staircase, that the per-

son ascending has what is called headway, which is a clear distance measured vertically from

any step, quarter, half-pace, or landing, to the underside of the ceiling, step, or other part

immediately over it, so as to allow the tallest person to clear it with his hat on; and this is

the minimum height of headway that can be admitted. To return to the straight and

ivinding staircase, it is to be observed, that the first may be divided into t\ro Jlights, or be

• The Vicentine foot is about 13-G inches English.
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FiK- •A.'-. Fig. 096.

lade quite square, so as to turn on tlio four sides round a close or open newel, as injiff. 99.5.

1 which the former is the case, light being obtained by windows in the walls which enclose

lie newel ; or, asm Ji;/. 996. : in which case, the newel is open, and the light may be received

ither from a verticil light above, or from side windows in the walls. Palladio says these

wo sorts of stairs were invented by Sig. Ludovico Cornaro, a gentleman of much genius,

rho erected for himself a magnlKcent p;daee at I'adua.

2806. Of winding or spiral stairs, some are circular on the i)lan, either open or with a

olid newel ; others elliptical, also with open or solid newels. Those witli tlie open newel

lie ])referable, because of their allowing the staircase to be lighted additionally, if re<iuisite,

)v the light obtainable from above ; besides which, persons passing up and down may see

ach oth.er. Palladio thus directs the setting out of spiral staircases. " Those," he says,

' which have a newel in the middle are made in this manner. The diameter being divided

nto three parts, two are given for the steps, and the third is for the newel ; or, otherwi^,e,

he diameter may be divided into seven parts, three of which are for the newel and four

"or the steps. " Thus," he says, " was made the staircase of the column of Trajan at Home ;

uid if the stairs are made circular," (that is, the treads segments of circles on the plan,)

'they will be handsomer and longer" (of course) "than if made straight."

2807. " But as it may happen that the space will not give room for these measures,

he diameter may be reduced and divided according to the plates." The essence of these

ilans, omitting the step whose plan is segmental, we here subjoin.

2S08. Fig. 997. is a plan and section of a staircase with a solid newel, in which the

A'hole diameter is divided into twelve parts, and of these four are given to the neuol,

tad the rsmainder divided equally between the steps.

O
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2P09. Fiff. 998. is the plan and section of a spiral staircase witli an ojien newel, wherein
tlie tlianieter is divided into four jiarts, two being given to the newel, and tlie remainder
C(|iially divided between the stejjs.

'J810. Fig. 999. is the plan and section of an elliptical staircase with an open newel. The
conjugate diameter is divided into four parts, wliereof two are given to the conjugate
diameter of the newel, and the remainder one on each side to the steps.

281 ]. In fig. 1000. the same staircase is given, but with a solid newel, and of course re-

quiring many openings on the sides to light it.

2812. It is not the difficulty of multiplying the examples of staircases which prevents

our proceeding on this head, but the space into which our work is to be condensed. Enougli
of example has been given, by using portions of the exanii)les, to meet every case, the deco-
ration being dependent on the design of tlie architect, and the distribution on his good sense

in the application of what we liave submitted to him.

2813. There is, however, one imjiortant jjoint in the construction of a staircase to wliich

we must now advert, and that is easiness of ascent. iJlondel, in liis Caurs d'Arc/iiUctnif,

was, we believe, the first architect who settled the projier relation between the height and
width of steps, and his theory, for the truth wliereof, though it bears much appearance of

it, we do not pledge ourselves, is as follows.

2814. Let X ^ the space over which a person walks with ease upon a level ])lane, and
^ = the height which the same person could with e(]iial ease ascend vertically. Then if// he
;he height of the step, and w its width, the relation between /( and w must be such tluit

when w = x, h=0, and when h — z, w=0. 'I'hese conditions are fulfilled by equations of the

form h = ^ (x — w) and w = x — 2h. Blondel assumes 24 (French) inches for the value of

X, and 1 2 for that of z. We are not sufficiently, from experiment, convinced that these are the

proper values; but, following liiin, if those values be substituted in the e(] nation /i = ^ (24 — w),

and w = 2-i — 'dh : if the height of a step be 5 inches, its width should be 24— 10 = 14 inches,

and it must be confessed that experience seems to confirm the theory, for it must he ob-

served, and every person who has built a staircase will kiiovv the fact, that the merel>
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reducing the height of the risers witliout giving a correspondent width of tread to the step

is inconvenient and unpleasant.

Srct. XXI v.

2815. Economy has worked so great a change in our dwellings, that their ceilings are,

of late years, little more than miserable naked surfaces of plaster. This section, therefore,

will possess little interest in the eye of speculating builders of the wretched houses erected

about the suburbs of tlie metropolis, and let to unsuspecting tenants at rents usually about
three times their actual value. To the student it is more important, inasmuch as a well-

designed ceiling is one of the most pleasing features of a room.
2810". There is, perha|)s, no type in arcliitecture more strictly useful in the internal distri

bution of apartments than that derived from timber-framing ; and if the reader has understood

our section on floors, he will immeiliately see that the natural compartments which are formed
in the carpentry of a floor are such as suggest panels and ornaments of great variety.

Even a single-framed floor with its strutting or wind-pieces between the joists, gives us

the hint for a ceding of coffers capable of protiucing the happiest efflct in the most insitj-

niticanr room. If the type of timber-framing he applied to the dome or hemispherical

ceiling, the iiiterties between the main ribs, diminishing as they ai)proach the summit,
form the skeletons of the cotters that impart beauty to the Pantheon of Agrippa. We
allude thus to the type to inculcate the principle on which ornamented ceilings are designed,

being batibfieJ tnat a leference to such type will insiue propriety, and bring us back to llial

;i O 2
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(hncss wliicli, in the early ])ait of tliis Book, we have consklered one of tlie main ingre.

dieiits of heaiity. If tlie panels of a ceiling be formed uitli reference to this jjrinciiile,

namely, how they might or could be securely framed in the timbering, the design will be

fit for the purpose, and its eflect will satisfy the spectator, however unable to account for

the pleasure he receives. AVhether the architrave be with plain square panels between it

and the wall, as in the temples of the Egyptians, or as at a later period decorated with cofl'ers,

for instance in the Greek and Roman temple, the jirinciple seems to be the same, and verilies

ihe theory. The writer of the article " Plafond" in the Encyc. Meth. has not entered into the

subject at much length, nor with the ability displayed in many other parts of that work
;

but he esjiecially directs that where a ceiling is to be decorated on the plane surface with

painting, the compartments should have reference to the construction. With these preli-

minary observations, we shall now proceed to the different forms in use. Ceilings are either

Hat, coved, that is, rising from the walls with a curve, or vaulted. They are sometimes,

however, of contours in which one, more, or all of these forms find emjjloyment. When a

coved ceiling is used, the height of the cove is rarely less than one fifth, and not more than

one third the height of the room. This will be mainly dependent on the real height of

the room, for if that be low in proportion to its width, the cove must be kei)t down ; when
otherwise, it is advantageous to throw height into the cove, which will make the excess of

the height less apparent. If, however, the architect is unrestricted, and the proportion)!

of the room are under his control, the height of the cove should be one quaiter oi

the whole height. In the ceilings of rooms whose figure is that of a i)arallelogram,

tiie centre part is usually formed into a large flat panel, which is commonly decorated

with a flower in the middle. When the cove is used, the division into j)anels of the ceil-

ing will not bear to be so numerous nor so heavy as when the ceiling appears to rest on

the walls at once, but the same sorts of figures may be employed as we shall jjresently

give for other ceilings. If the apartment is to be highly finished, the cove itself may be

Fig. 1001.

Ul. Fig. 1005.

decorated with enriched panels, as in the fys. 1001, 1002, 100.'5, 1004, 1005, 1006. In all

ceilings it is desirable to raise the centre panel higher than the rest, and the main divi-

sions representing the timbers in flat ceilings should, if possible, fall in the centre of the

piers between the window s.

'2817. Fiy. 1007. shows the ceiling of a square room in two ways as given on each side

of the dotted line, or it may be considered as representing the ends of a ceiling to a roon^

wliose form is that of a parallelogram. The same observation applies to ./>','/*'• 1 (^0,S. and

1009. The sofites of the beams should in aU eases approach the width they would l»s
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Fix 1007. Fit;. 'OOS. Fig. 1009.

considered as the sofites of architraves of the columns of the order to which the cornic«

belongs, and they may be decorated with guiloclies, as \n Jiy. 1010., or with frets. (^See the

word " Fret" in Glossary.)

Fig. 1010.

2818. In the two following figures (101 1. and 1012.) are given four examples of rooms
which are parallelograms on the plan, and above each is a section of the compartments.

miî tT-f It-

1

1—^—

J

.—

1

Fib'. 1011 fiy. 1012.

2819. As to the proportion of the cornice, it ought in rooms to be perhajjs rather less

than in halls, salons, and the exterior parts of a building; and if the entablature be taken at

a fifth instead of one fourth of the height, and a proportional part of that fifth be taken for

the cornice, it cannot be too heavy. Perhaps where columns are introduced it will be better

to keep to the usual proportions. Chambers, if followed, would make the proportions still

lighter than we have set them down. He says that if the rooms are adorned with an entire

order, the entablature should not be more than a sixth of the height nor be less than a

seventh in fiat-celled rooms, and one sixth or one seventh in such as are coved ; and that

when there are neither columns nor pilasters in the decoration, but an entablature alone,

its height should not be above one seventh or eighth of those heights. He further says

that in rooms finished with a simple cornice it should not exceed one fifteenth nor be less

than one twentieth, and that if the whole entablature he used its height should not be more
than one eighth of the upright of the room. In the ceilings of staircases the cornices must
be set out on the same principles ; indeed in these, and in halls and other large rooms, the

whole of the entablature is generally used. In vaulted ceilings and domes the panels are

usually decorated with panels similar to those m fcjs. 1001, 1002, 100.",, 100-J, 1005, 1006".,

but in their application to domes they of course diminish as they rise towp.rdi.' the eye of

the dome. (See 2837.)

XXV
riiorou'noNs of koo.ms.

2S20. The use to which rooms are appropriated, and their actual dimensions, are the

principal points for consideration in adjusting the proportions of apartments. Abstractedly

considered, all figures, from a s([uare to the ses(juialteral jjroportion, may be used for the

plan. Many great masters have carried the proportion to a double sijuare on the plan ;

but except the room be subdivided by a break the height is not easily proportioned to it.

This objection does not however apply to long galleries which are not restricted in length,
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on wliicli Chambers remarks, " that in thi.s case the extraordinary length renders it im-

possible for the eye to take in the whole extent at once, and therefore the comparison be-

tween the height and length can never be made."

2821. Tlie figure of a room, too, necessarily regulates its height. If a room, for exannple,

be coved, it should be higher than one whose ceiling is entirely flat. When the plan is

scjuare and the ceiling flat the height should not be less than four fifths of the side nor

more than five sixths ; but when it leaves the square and becomes parallelogramic, the

height may be equal to the width. Coved rooms, however, when square, should be as high

as they arc broad ; and when parallelograms, their height may be equal to their widtli, in-

creased from one fifth to one tliiid of the difference between the length and width.

2822. The height of galleries should be at least one and one third of their width, and at

the most perhaps one and three fifths. " It is not, however," says Chambers, " always

possible to observe these proportions. In dwelling-liousfs, the height of all the rooms ou

the same floor is generally the same, though their extent be different ; which renders it

extremely difficult in large buildings, where there are a great number of different-sized

rooms, to proportion all of them well. Tlie usual method, in buildings where beauty and
magnificence are preferred to economy, is to raise the halls, salons, and galleries higher

tlian the other rooms, by luaking them occupy two stories ; to make the drawing-rooms oi

other largest rooms with flat ceilings; to cove the middle-sized ones one ttiird, a quarter, or

a fifth of their height, according as it is more or less excessive ; and in the smallest apart-

ments, where even the highest coves are not sufficient to render the proportion tolerable, it

is usual to contrive mezzanines above tliem, which afford servants' lodging-rooms, baths,.

jwivdering -rooms " (now no longer wanted !) " wardrobes, and the like ; so much the more
convenient as they are near the state apartments, and of private access. The Earl of

Leicester's house at Holkham is a masterpiece in this resjiect, as well as in many others

:

the distribution of the i)lan, in particular, deserves much commendation, and does great

credit to the memory of Mr. Kent, it being exceedingly well contrived, both for state and
convenience."

2823. In this country, the coldness of the climate, with the economy of those who build

su])eradded, have been obstacles to developing the proper proportions of our apartments
;

and the consecjuence is, that in England we rarely see niagnificence attained in them. We
can point out very few rooms whose height is as great as it should be. In Italy, the rules

given by Palladio and other masters, judging from their works, seem to be sevenfold in

respect of lengths and breadths of rooms, namely, — 1. circular ; 2. square ; 3. the length

equal to the diagonal of the square ; 4. length ecjual to one third more than the siiuare ;

5. to the s(]uare and a half; 6. to the stjuare and two thirds ; or, 7. two squares full. As
to the height of chambers, Palladio says they are made either arched or with a ])lain

ceiling
:

' if the latter, the height from the pavement or floor to the joists above ought to be
equal to their breadth ; and the chambers of the second story must be a sixth part less

than them in height. The arched rooms, being tliose eommoidy adopted in the principal

story, no less on account of their beauty than for the security afforded against fire, if S(iuare, .

are in height to be a third more than tlieir breadth ; but when the length exceeds the
breadth, the height proportioned to the length and breadth together may he readily found
by joining the two lines of the length and breadth into one line, which being bisected,

one half will give exactly the height of the arch. Thus, let the room be 12 feet long

and 6 feet wide, -^ = 9 feet the height of the room. Another of Palladio's methods of

proportioning the height to the length and breadth is, by making the length, height, and
l)readth in sesquialteral proportion, that is, by finding a uimiber which has the same ratio

to the breadth as the length has to it. This is found by multiplying the length and breadth
together, and taking the square root of the product for the height. I'hus, supposing the

length 9 and the breadth 4, the height of the arch will be -\/9 x 4 = 6, the height required
;

the number 6 being contained as many times in 9 as 4 is in 6.

2824. The same author gives still another method, as follows : — Let the height be
assumed as found by the first rule ( = 9), and the length and breadth, as before, 12 and 6.

INIultiply the length by the breadth, and (iivide the jiroduct by the height assumed; then

-j-- = 8 for the height, which is more than ihc second rule gives, and less than the first.
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CHAP. II.

PIUNCIPLES OF PROPORTION.

Sect. I.

GENERAL REMARKS.

2825. In undertaking to point out some of the mechanical methods of obtaining pro-

portions of length, briadih, and iieight, in plans and elevations, as traceable upon geometric
representations of the design, we would recall the reader's attention to tlie admirable re-

marks on tlie true n;itiiie of proportion made by the author of this Encyclopa'dia in

Sect. I of the first chapter in this book.
28'26. But, however just those remarks may l)e, they do not, any more than any of the

mechanical means, result in success in the building as executed and seen in perspective.

The ever varying relation between tlie sides of a mass, such as a Greek tumple, can hardly
be supposed to be at every moment equally beautifid in proporiion, and the finest mediieval

structure equally owes the satisfactory etfect which it produces to the spec'ator's judicious

choice of his point of view. Some very judicious observations on the rectification of pro-

portions according to the position of the spectator are given by Janus Pennetliorne, in his

Klemetits mid Mathematical Vrinclphs of the Gieek Architects, 8vo , London, 1844.

2827. Before the probable effect in execution of an intended design can be ascertained,

the designer must have well mastered the routine of drawing, as explained in the several

sections on Duawing, Perspective, and Shadows, given in this work. He should like-

wise have familiarised himself with the varying eft'ects of the changes resulting from points

(if view and alteration of light upon some building of whicli he may have opportunities to

make studies in the usual Geosietric Drawings (explained 2490a. et seq. ), so as to become
imbued with that sense of general fitness of parts to the whole, which is meant by having the
" compasses in one's eye."

2828-2837. The simpler such a building may be, the easier it will be at first to begin to

at(|uire the power of anticipating correctly the etfect in a design if it be executed : that

power can then be applied to designs of more complicated cliaractcr resulting from the

various methods, which we are about to ])oir.t out, of obtaining proportions.

Sect. II.

HORIZONTAL AND VERTICAL COMBINATIONS OF BUILDINGS.

2838. The different elements of a building are ranged by the side of or above each other,

and in designing an edifice both these combinations must be kept in mind, though in the

study of the subject, in order to lighten the labour, they may be separately considered.

The two species of disposition are horizontal, as in plans, and vertical, as in sections and

elevations.

2839. As respects horizontal disposition of the elements of a fabric, beginning with

columns, their distance in the same edifice should be equal, but that distance may be varied

as circumstances require. In buildings of small importance, the number is reduced as

much as possible, on the score of economy, by increasing the distance between them ; but

in public buildings they should be introduced in greater number, as contributing to the

greater solidity of the edifice by affording a larger mimber of points of support. They
ought not, however, to be at all introduced excejjt for the formation of porticoes, galleries,

and the like subdivisions. The least distance at which they can be properly placed from a

wall is that which they are ajiart from one another. This distance, indeed, suits well

enough when the columns are moderately wide apart ; but when the intercolumniations

are small compared with their height and the diameter of the columns, tlieir distance from

the walls in porticoes must be increased, otherwise these would be much too narrow for

their height, affording shelter neither from the sun's rays nor from the rain. On tliis

account, under sucli circumstances, they may be set from the walls two or three times the

distance between the axes of the columns. From this arrangement will result an agreeable

and suitable projjortion between the parts.

2810 The ceiling of a portico may be level with the under side of the architrave, or it
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.T.a)- he sunk tiie clo))tli of the architrave, which may return in a direction towards the walls,

thus I'onning sunk p:\nvh in the ceiling, or the sinking of the panels may be as much as

the whole height of the entablature, whose mouldings should then be carried round them.

When several ranks of columns occur in a portico the central part is sometimes vaulted, the

two central columns of the width being omitted. The method of disposing pilasters in

res|)ect of their diminution has been treated of in a former part of this work. (267 1, vt seq.)

2841. The exterior walls which enclose the building should run as much as ]);)ssible in

straight continued lines froni one angle to another ; a straight line being the sliortest that

can be drawn. The internal walls, which serve for subdividing the building into itsseveial

ai)artments, .should, as much as may be, extend from one side to the opposite one. Where

they are intercepted by openings, they should be connected again above by lintels or otlier

means.

2S42. In /iff. 1013. is shown the method of Forming apian or horizontal distribution, aiid

combining it with, the vertical distribution in the section

and elevation. The thing is so simj)le that it can hardly

want explanation. The equidistant jjarallel axes being

drawn and cut at right angles by similarly equidistant

ones, the walls, according to the required accommoda-
tions, are ])laced centrally upon the axes ; and tlie

columns, ])ilasters, &c. upon the intersections of the

axes, 'i'lie doors, windows, niches, and the like are then

placed centrally in the interaxes, which must be bisected

for that ))urpose. Above and below the horizontal com-
bination the s.ctlon and plan are to be drawn. These
vertical combinations are infinite, and from every plan

many sections and elevations may be formed. The figure

exhibits a building of one story only, with a central

apartment occupying the heiglit of two stories. But on

the same j)lan a building of two or more stories may be

designed. These may have two tiers of jjorticoes, one
above the other, or one only on the ground story, form-

ing by its covering a terrace on the first floor ; or a

j)ort;co might receive on its columns the walls of the

next story, and thus beccmie reces.sed from the main
front. So, again, the stories may be equal in height, or

of different heights, as circumstances may require. The
most usual jiractice is, above a basement to make the

succeeding story higher; but above a princii)al floor the

height of succeeding ones is diminished. The method
of ))lacing orders above orders does not require that any
addition should be made to what has been said on that

Kul)ject in Chap. I. Sect. 11. of this Book, and by the

same metliods arcades over arcades may be conducted.

2843. Not the least imjiortant of the advantages re-

sulting from the method of designing just submitted to

the reader is the certain symmetry it ))roduces, and the

prevention, by the use of these interaxal lines on each
floor, of the architect falling into the error of false

bearings, than which a greater or more dangerous fault

cannot be committed, more especially in jjubiic build-
ings. The subterfuge for avoiding the consequence of
false bearings is now a resort to cast iron, a material
beneficially enough empli_>yed in buildings of inferior

rank ; but in those of the first class, whurein every part
should have a proper point of supjjort, it is a practice

not to be tolerated. Neither should the student ever
lose sight, in respect of the ties he employs in a building,

of the admirable observation of Vignola on the ties and
chains projjosed by Tibaldi, in his design for the bap-
tistery at Milan :

" Che le fabbriehe non si hanno da
sostenere colle stringhe ;

"— Buiklings must not depend
on ties for their stability. The foregoing figure is from
Durand's Precis d'Aichi/ecfure. We now submit, in _/?</.

1018., an illustration of the principles of interaxal division Fi^. 1013.

from the celebrated and exquisite Villa Capra, near Vicenza, by Palladio, wherein it will be
seen, on comparing the result with what has actually bei.n executed, how little the design
varies from it. It will from this also be seen how entirely and inseparably connected witli
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thu !ioii:oiitiil are the vertical combinations in tlie sec-

tion and elevation, the voids falling over voids, and the

solids over solids. Whatever the extent of the build-

ing, if it is to be regular and symmetrical in its compo-

sition, the principles are a])plicable, and that even in

buildings where no columns are used ; for, sujjposing

them to exist, and setting out the design as though

they did exist, the design will prove to be well pro-

portici'.ed when they are removed. The full ai)pH-

cation of the principles in question will be seen in

tlie works of Uurand, the Precis and Coins lUArchitec-

ture, which we have used freely ; and where we have

had the misfortune to differ from that author, we have

not adopted him.

'-'844. The student can scarcely conceive the infinite

number of combinations whereof every design is sus-

ceiitible by the employment of the interaxal system

liere brought under his notice; neither, until he has

tested it in many cases, will he believe the great

mastery in design which he will acquire by its use.

In the temples and other public buildings of the an-

cients, it requires no argument to prove that it was the '

vital principle of their operations, and in the courts, f-

cava'dla, &c. of their private buildings it is sufficiently

obvious that it must have been extensively used. That

its use in the buildings of those who are called the

CJothic architects of the middle ages was universal, a

glance at them will be sufficient to prove. The system

of triangles which appears to have had an influence on

the jjroportions of the early cathedrals may be traced

to tlie same source (see the early translation of Vitru-

vius by Ca'sar Cesarianus), and indeed, followed uj) to

that source, would end in the princii)ie contended for.

'2845. It is impossible for us to prove that the

interaxal system was that upon which the revivers of

our art produced the astonishing examples many
whereof are exhibited in our First Book ; neither

can we venture to assert that it was that upon which

our great master Palladio designed the example above

given, unquestionably one of his most elegant works;

but, to say the least of the coincidence which has been

proved between the actual design and the theory upon

which it appears to have been founded, it is a very

curious, and, if not true, a most extraordmary circum-

stance. Our belief, however, is, that not oidy Pal-

ladio but the masters preceding him used the system

in (juestion, and that is strengthened by the mode
(not strictly, we allow, analogous) in which Scamozzi,

in the tenth chapter of his third book, directs the

student to adopt in buildings seated on plots of ground

whose sides are irregular.

2846. To Durand, nevertheless, the public is

greatly Indebted for the instruction he has imparted

to the studeiit in his Precis iTArchitecturt more espe-

cially, and we regret that in our own country the art

is treated by its professors too much in the manner

nf a trade, and that the scramble after connnissions

\\.^s prevented their occupation upon works similar to

those which have engaged the attention of professors

oa the continent. The fault, however, is perhaps not,

after all, so much attributable to them as to a govern-

ment, whatever the party in power, till within the last

live vears (nay perchance even now) totally indifferent to the success of the fine arts, whose

palmy days here were under the reign of the unfortunate Charles. Our feelings on this sul>-

ject, and love for our art, betray us perchance too much into expressions unsuitable to the

subject under consideration, and thereon we entreat, therefore, the patience of our readers,

knowing " we have a good conscience."

-S-i'i Our hmits preclude the further enlargement on this part of tiie subject, which in

D

n
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detail would occu))y the iia<,a's of a separate work, and which, indeed, from its nature,

could not be exhausted. We trust, however, enough has been given to conduct the student

on the way to a right understanding of this part of the laws of composition.

Kect. hi.

SUKHIVISIONS ANH apartments of BUII-DINGS and THKIK rOINTS OK SUri'Olll.

2848. The subdivisions, apartments, or portions whereof a building consists are almost ai

many as the elements that separately compose them : they niay be ranked as porticoes,

porches, vestibules, staircases, halls, galleries, salons, chambers, courts, &c. &c. All these

are but spaces enclosed with walls, open or covered, but mostly the latter, as the case may
require. When covered, the object is accomplished by vaults, floors, terraces, or roofs.

In some of them, columns are employed to relieve the bearing of the parts above, or to di-

minish the thrust of the vaulting. The horizontal forms of these apartinents— a general

name by which we shall designate them, be their application what it may— are usually

s(]uares, parallelograms, ])oiygons, circles, semicircles, &c. ; their size, of course, varying

with. the service whereto they are applied. Some will require only one, two, or three inter-

axal divisions ; others, five, seven, or more. It is only these last in which columns become
useful ; and to such only, therefore, the system is usefully applied. The parts whereof we
speak may belong to either public or private buildings : tlie former are generally confined

to a single story, and are covered by vaults of equal or dillerent spans ; the latter have

usually several stories, and are almost invariably covered with roofs or flats,

'2849. When columns are introduced into any edifice to diminish the action of the vaults

and increase the resistance to their thrust, the choice of the species of vault must be well

considered. If, for exarnplft, the vaulLof a s<]uare apartment {fig. 1015.) of five interaxal

FiB. 1015. Fis. 1016. FiK 1017.

divisions be covered with a quadrangular dome, or, in other words, a quadrantal cove,

mitred at each angle, twelve columns would be required for its support. If the vault were
cylindrical {fig. 1016.) eight columns only would be necessary ; but if the form of the

covering be changed to the groined arch {fig. 1017.), four columns only will be required.

Supposing a room of similar form on the plan contained seven interaxal divisions each way,
twenty columns must be employed for the coved vault, twelve columns for that whose
covering was semi-cylindrical, and still but four for thegroined vault. It is olivious, therefore,

keeping economy in mind, that the consideration and well weighing of this matter is

most important, inasmuch as under ordinary circumstances we find it possible to make four

columns perform the office of twelve and even twenty. Here, again, we have proof of the

value of the interaxal system, whose combinations, as we have in the previous section ob-

served, are infinite. But the importance of the subject becomes still more interesting when
we find that economy is inseparable from that arrangement whose adojition insures stability

and symmetry of the ])arts. These are considerations whereof it is the duty of the archi-

tect who values his reputation and character never to lose sight. If honour guide him not,

the commission wherewith he is intrusted had better have been handed over to the mere
builder,— we mean the respectable builder, who will honestly do his best for his employer.

2850. What occurs in square apartments occurs ecjually in those that are oblong, for the

first or square is but the element of the last. If it happen that from the interaxal divisions

contained in the length of an oblong or ])arallelogram, the subdivisions will not allow of three

bays of groins, it does not follow that the arrangement must be defective, for one may be

obtained in the middle bay. In subdivisions of width, allowing five interaxes, at least four

columns would be saved, and in those of seven interaxes eight columns might be dispensed

with. {See fig. 1018.)
2851. When the subdivisions on the plan, supposing it not square, take in five interaxes

wliichinthe longitudinal extent of the apartment include several bays of groins, whose num-
ber must always be odd, one column is sufi^cient to receive each sin-inging of the arch, but

in those of seven interaxal divisions two columns will be necessary. (See////. lOli), A.)

2852. If the vaulting be on a large scale, its weight and thrust are necessarily increased.
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and the columns may be changed into pilasters connected with the n'air. walls, as in

f.'j. 102J., or as II in the preceding figure.

2853. The height of the apartment from the floor to the springing of the arches will be

found three interaxes in apartments whose horizontal combination is of five interaxcs,

and four and a half for the height to springing of sucli as are of seven interaxal divisions oa

the idan. Where the combinations are different in the adjoining apartments tlie heights

just mentioned afford the facility of lighting tlie larger one above the crown of the lower

one. as at B in _/?(/. 1019.

2854. Sometimes the springing is from the walls themselves, as at C,fg. 1019., instead

of from the columns as at L. The first of these arrangements should be permitted only

when en suite witii the apartment there is another, D, wherein the springings are from
columns. When the apartment is the last of the suite, the sjiringings must be from piers

or columns, one interaxis at least from the wall. If all these matters are well understood,

as also the sections upon the orders, and ii])on the different elementary parts of a building,

a graphic combination has been established by which we shall be much aided in the com-
position or design of all sorts of buildings, and enabled, with little trouble, and in a much
shorter period of time than by any other process, to design easily and intelligently. To do
more distinguishes the man of genius from the man who can be taught only up to a certain

(Joint.

Sect. IV.

COMBINATION OF THE PARTS IN LKADING FORMS.

2855. Having shown the mode whereby the parts of a building are horizontally and verti-

cally combined in the several apartments, which may be considered the grannnar of com-
position, we shall now show its application in the leading forms or great divisions of the plan.

Keeping in mind the advantage, ui)on which we have before touched, of arranging the walls of

buildings as nuich as possilile in straight lines, we should also eijually endeavour to dis))ose

the, jirincijial apartments on the same axes in each direction. Upon first thoughts the stu-

dent may think that a want of variety will result from such arrangement, but upon proper
reflection he will in this respect be soon undeceived. The combinations that may be made
of the different principal axes are, as above stated, numberless, that is, of those axes whereon
tile ))arts may be advantageously pl;iced so as to suit the various purposes to which the

builciinjj is destined, paying also due regard to the nature r.'i the ground whereon the

tabric is to be erected
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tiS56. Let us, for example, take a few only of the

combinations which may be formed from the simple

scjuare, as in the first sixteen diagrams of Jiff. 1021.,

by dividing it in both directions into two, three,

and four parts. The thick lines of the diagrams

may be considered as representing either walls or

suits of apartments, in which latter case the open

spaces between them become courts. In reference

also to the vertical combinations connected with the

tlisijositions in (juestion, some parts of them may con-

sist of one, other jjarts of two and three stories, as

well for additional accommodation of ;he whole build-

ing to its purpose as for producing variety of out-

line in the elevation. If, as in some of the dia-

grams, we omit some of the axes used for the divi-

sion, sucli omissions produce a new series of subdivi-

sions almost to infinity. By this method large edifices

may be most advantageously designed ; it enables us

to apply to the difi'erent leading axes the combinations

suitable to the destination of the building. Considered

lio-.vever as merely an exercise for the student, the use

of it is so valuable that we do not believe any other

can be so beneficially employed by those masters who
profess to teach the art. We have not gone into the

subdivisions of the circle in detail, contenting ourselves

with the two most obvious dispositions. These are

susceptible of as great variety as the square, oliserving

however that the leading axes must be concentric.

2S57. Following up the method just proposed, let

us imagine a design consisting of a certain number of Fij;. 1021.

similar and dissimilar parts placed in certain relations

to each other. Now, having fixed clearly in our mind the relative situations of the several

parts and tlie mode by which they are connected witli each other, we shall have a distinct per-

ception of the work as a whole. We may abbreviate the expression of a design by a few

marks, as in_;?_f/. 10ii2., wherein the crosses represent square apartments, and the sim])le lii.es

are the expressionsof parallelograms, whose relative lengths may be expressed by the lengths ol

the lines. The nest step might l)e to ex-

pand these abbreviations into the form 1

given \n Ji<j. 102.'5., on which we may indi- '

cate by curves and St. Andrew's crosses,

as dotted in tlie diagram, the way in which
the several apartments are to be covered.

2858. We may now proceed with the

design; but first it will be well to consider

one of the ai)artments, for which let one of

tlie angles B be taken (see y/f/- 1024. and
10125.). Suppose it, for instance, to be five

or any other numl)er of interaxal parts s(iuare. This, then, will be the width of theapartments
whose forms are that of a parallelogram ; and inasmuch as in this apartment the diameter
of the vault will be diminished by two interaxes, which results from the use of the four

angular columns, the groined vault will be of the width of three interaxes, and the same
arrangement will govern the rest of the apartments. In the centre an open court is at-

tendant on the disposition, as indicated by the diagram. The section which is the result

of the combination, subject however to other regulation in the detail, is given under the

plan of the figure, and the elevation above it entirely depends upon, and is regulated by.

the joint combination of the plan and section. The example is given in the most general

way, and with the desire of initiating the student in the theory of his art. The buildina

here instanced might serve some public purpose, such as a gallery for the reception ol

painting or sculpture, or at least give the hint for one ; but our object is not to be mis-

understood,— we seek only to give the tyro an insight into the principles of comi)osition.

2859. It is not our intention to enter further on the variety which follows the method of

designing, of which the foregoing are only intended as hints ; but we cannot leave the

subject without submitting aiu>tlier example for the study of the reader. Our desire

is that of establishing general i)rinciples, whereof fig. 1026. is a more comjilete illus-

tration than those that have preceded it. The abbreviated form of the horizontal disposition

is shown at A, and in B it is further extended, and will be found to be very similar to that

of No. 15. mfiij. 1021. In the example the interaxal divisions are not drawn through the

+
Fi(!. 1022.

+

+
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;)laii, but it will be immediately seen that tlic space allotted to the whole width of the

ipartments is three in number. In the centre a circular apartment is introduced and

covered with a dome, which might have been raised, in the vertical combination, another

story, and thus have added more majesty to the elevation. And here we repeat, that in

SSi^\-^HV-s>^^xW\\<i\\i.\^
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designing Luililings of more than one story, (for it cannot be too often impressed on tlie

iiiind of tlie student), the combination of the vertical with the horizontal distribution will

suggest an infinite variety of features, which the artist may mould to his fancy, althou^li it

must be so restrained as to make it subservient to the rules upon which fitness depends.

2859a. We close tliis portion of the subject with an example in perspective from Durand.
'I'he general plan, A,Jig. 10.'6., will be found similar to No. 11 in^^. 1021., and the dis-

tiibution may be a good practice for the student to develope. It is an excellent example
for exhibiting of what plastic nature are the buildings which the vertical combinations will

idi.iit as based on those which are horizontal.

Sect. V.

GENERAL PlilNCIPLES OP PROPOIITION.

(The following pages of this section were originally compiled by the late Edward Cresr
for his Encyclopctdia of Civil Engineering, published by ftlessrs. Longmans, wlio have now
deemed it preferable to place it in this edition of Gwilt's Encyclopadiu of Architecture^

as being in every respect a more suitable place for it.) (1867).
That brancli of the i)rinciples of architecture which is most intimately connected with

the arcliitect's practice, the /;r')/»or</o«/«^ of masses, or the arrangements for the supports ol

an edifice, must be the ol)jects of his unwearied study and attention. We shall, tlierefore,

here endeavour to point out, as briefly as possible, the jicneral features which in this respect

belong to the two oldest divisions, viz. the Greek, and the Roman, architecture.

That part of Greece which lies to the south of Thes.saly, near the foot of Mount Othrys,
is supposed to have contained the capital of Hellen, who left his kingdom to his three sons
.AIolus. Dorus, and Xuthus, the second son becoming the founder of the Dorian race, and
tlie youngest tliat of the Ionian.

Architecture can hardly be .said to have existed as a science until the Dorians perfected

that style, which we find in the temples and other buildings scattered throughout those
islands and countries in the Mediterranean Sea which received Doric colonies. The
dwellings of these early civilisers of mankind were plain and simple; the laws of Lycurgua
forbade the use of any carving or decoration, their doors being fashioned only with the saw,

and their roofs by the axe ; but in their temples and public edifices, they were encouraged
to bestow more labour and superior workmanship : the Dorian architecture appears
never to have undergone any great change ; the same style, and almost the same proportions,
are found in most of the examples that have been spared us.

These people spread a knowledge of the arts of construction wherever they settled ; and
we find them at a very early period in the northern districts of Greece, under the Olympian
ciiain of mountains, in the island of Crete, on the eastern side of the northern coast, on which
IS situated tlie town of Cnossus with its harbours, Heraeleum and Apollonia, at which
latter j)laces their religious rites were celebrated. After having overrun Thessaly, they sent
fr.im thence a colony to the district of Driopis, called the Doric Tripolis, between CEta
and Parnassus, from the union of the three cities Bajum, Cytinium, and Erineus, and,
subsequently, when Acyphas was added, Tetrapolis.

The country next occupied by the Doric tribes extended from the river Sperchius
beyond (Eta to Parnassus and Thermopylce, but the most important of their migrations
was that called the Return of the Heraclida;. After this period they were for a short time
driven into Attica, where they received protection from Theseus, and when again settled in

the Peloponnesus, they sent out colonies to Rhodes, Cnidus, and Cos, led by princes of the
Heraclida from Argos and Epidaurus. Another colony from Troezen was established at

Halicarnassus. The towns which composed the Tripolis of Rhodes, together with Cnidus,
Cos, and Halicarnassus, formed the Doric league called Hexapolis, but after the separation
of the latter place, Pentapolis : this league met on the Triapian promontory to celebrate the
rites of Apollo and Ceres. A colony was sent from Lindos to Telos ; others from Cos,
Nisyrus and Calydna ; from Argos to Carpathus, now the island of Scapanta ; from
Cnidus to Syme, a town of Asia Minor; from Megara a migration took place, which
settled at Astypale.i, one of the Cyclades ; and others to Anaphe, Thera, Phalegandros,
IMelos, Myndus, Mylasa, Cryassa, Synnada, and Noricum in Phrygia.

The Rhodians founded Gagse, and Corydalla in Lycia, on the shores of Asia Minor

;

I'liaselis on the confines of that country ; Pamphylia ; and Soli in Cilicia. According to

I'hucydides, about 713 years before Christ, Antiphemus led a colony from LindLi.s, aud
founded the town of Gela in Sicily.
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Corinth sent out numerous colonies from Lecha?um in the Cresce.in Gu'f, which founded

Syracuse about 760 years before Christ ; Molycrion, Chalcis, towns of MoVm ; Salicum in

Acarnania ; Amhracia and Anactoriiun in Epirus ; Leucadia, now the island of St.

Maura, which was formerly joined to the continent by a narrosv istlimus ; Corcyra, on the

coast of Epirus; Epidamnus in Macedonia; ApoUonia Potidcea, with several others.

Issa, an island in the Adriatic, was peopled from Syracuse. Megara, situated between

Corinth and Athens on the Sinus Saronicu.s after it became a part of the territory of llie

HeraclidiB, sent colonies to Astaciis in Bithynia and Chalcedou, another city in that pro-

vince opposite to Byzantium, Selymbria in Thrace, and Heraclja in Pontus, celebrated

lor its naval power.

Megara also colonised Hybla in Sicily, famous for its wild thyme and honey, which

people founded Selinus. Sparta founded Tarentum iibout 700 years before Christ, whicn

at one time comprised thirteen tributary cities witiiin its g )vernment, and could muster

100,000 foot and :5000 horse.

From Gela, which was colonised from Lindus in the Island of Rhodes, originated

Agrigentum, a place of considerable importance at the time the Cretan Phalaris obtained

the sovereignty ; indeed Crete and Rhodes jointly may be said to be the founders of

Agrigentum.
In following the progress of the Heraclidje along the shores of the Mediterranean to the

Pillars of Hercules, we find wherever they settled those beautiful examples of construction

in masonry which we can never be weary of admiring and studying. The temples in the

Doric style in Sicily are of great beauty, and they may be some years anterior to those now
remaining in Greece, but the difference cannot be very great : those at Syracuse and
Agrigentum were constructed from the spoils ol)tained when Iliero defeated the Carthaginian

general Hamilcar at Himera, and those at Atliens were not built till some time after the

defeat of Xerxes; but by some of the historians it is said that both battles were fought on the

same day, that whilst Hiero was obtaining his independence, the Persians were overthrown

at Salamis. Some time, however, elapsed after these victories before the Athenians and other

states of Greece which had been engaged in the war recovered their i)rosperous condition
;

and it was not until the time of Pericles, which is nearly 50 yeais after the building of the

temples at Agrigentum and Syracuse, that the restoration of the Parthenon and other

public buildings throughout Greece was undertaken. The teni])les at Selinus are said to

iiave been built when the city was founded, G'20 years before Christ, and it is asserted they

were entirely destroyed when the inhabitants deserted the city 'J50 years after its foun-

dation : could this be proved, they would rank among the first erected.

The Propylea at Athens was built by Mnesicles in the 85th Olympiad ; and a few years

afterwards, when Pericles governed, Ictinus com])leted the Parthenon, and probably the

temjile of Theseus. The temples at Surnum and Phygalia were also the work of that

renowned architect, and are deservedly ranked for their proportions and execution among
the most graceful productions of Greek architecture. The temple of Jupiter Panhellenius

in the Island of Egina was founded by Eaciis before the Trojan war, but the ruins we
now admire no doubt may be referred to the time of Pericles.

The source of those beautiful effects which have received the almost instinctive admi-
ration of every age and country can only be traced by correct measurement, and a careful

observation of the proportions of the masses, which will almost irresistibly convince us that in

temples and fronts of porticoes one general law prevailed, and was applied to all tetrastyle,

hexastyle, and octastyle arrangements, based upon the proportion of a cube. This is found
to govern most of the designs executed from the time of Pericles to the death of Alex-
ander, the golden age of Greek art, when sculptors, painters, archit.cts, and engineers were
called forth to vie with each other in their several branches, and worknit'n of skill and in-

genuity were found to embody the suggestions of their imagination ; and the results would
lead us to suppose that the acme of perfection was attained, for since that period none of

the productions either in sculpture or arcliitecture have equalled those of the Greeks in the

simple elegance of their design, or the excellence of their execution.

Titrastyle Porticoes with four columns exhibit the sim])lest, and perhaps the earliest,

ai)plication of the Doric order; the entire fagade is comprised within a square, the height

being divided into three portions, the upper constituting the entablature, and the

other two-thirds being divided eqtialiy between the supports and their three intercolumnia-

tions, making the latter a little more than a diameter. \Ve may imagine the square diviiied

in its height and width by 8, making altogether 64 compartments of eijual area ; the upper
8 devoted to the pediment will have, when the inclined sides are set out, a diminution of one-

iialf their area, four whole squares being rejected in those parts above the pediment, the

area of the tymi)aiium being oidy equal to four. The entire mass is thus reduced to the

area of 60 of these s()uares, which are thus dis|)osfd of; 20 are given to the supports,

or 5 cubes to each coluinn, 20 are divided between the three intercolunmiations,

and the remaining 20 constitute the load supported ; thi- columns are 5 diameters in

beight, aJid bear no more tiian their own weight, a due liaiinony being obtained through-
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Fig. 1027. TBTRASTYLE PORilCOES.

out ; the eye is satisfied that the load cannot distress its suiiports, and the spaces between

thi' supporting masses are again proportioned and made equal to either, so that we have a

triple division,— one, the per-

pendicular arrangements of the

sujjports, another their just

distribution or equal distances,

and the third, the entablature

pro|)ortioned to the strength

that is to carry it, all of which

ire comprised within the boun-

dary of a square. The tetra-

Btyle porticoes that remain are

not numerous, and none are

perfect ; three have been se-

lected, which will enable us to

test the idea we have attempted

to define. First.that at Eleusis,

the entire width of which is

20 feet 6 inches, the height

21 feet 6 inches ; and if we
reject half the height of the

pediment we shall have a

square : the united dia-

meter of tlie columns only

v.iries 5 inches in width

from those of the intercolum-

niations.

If we divide the height into three, rejecting, as already observed, half the pediment, which

in this case is 1 foot Ji inch, we have for the height of the square 20 feet 4 inches, whilst

the entire width is 20 feet 6 inches, a difference not very great : this divided into three, and

giving two-thirds to the height of the columns, would make them only 13 feet 6 inches and

8 seconds, whilst they really are 14 feet 2i inches in height. In this exainple the entire

height, which we may call 21 feet 5| inches, is divided into three, two parts of which

constitute the height of the columns.

In the Temple of Themis at lihamtitis, the width is 20 feet 1 1 inches, and the height

the same, the diameters of the columns being in excess 3 inches only above the width of

ihe intcrcolumniations.

Ill the Doric Portico at Athens, the entire height equals nearly the width.

Hkxustyle Porticoes. — The practice of the Dorian architects, in setting out a temple

uith six columns in front, appears sometimes to have been to divide the width into twelve

parts, the height without the pediment being made equal to eight of them; thus forming

a fa9ade within a parallelogram or a square and a half: as the ninth division in height cuts

the pediment in half, we have thirty-six squares for the entablature or mass supported,

being the same quantity found in the six columns and the five intcrcolumniations; at other

times we find the entire width divided into nine parts, and six given to the height, one of

which indicates the pediment, thus rising a nintii : if a circle be described in the tympanum,
and a horizontal line drawn through the centre, cuttmg off' a twelfth of the height, the

remaining \}^ being divided into three equal parts, the upper third, or entablature, being

the part supi)orted, the remaining? are divided between the columns and their interspaces;

thus making the columns equal to | of the height comjiriscd between the centre of the

tympanum and the platform upon which they were placed.

If we take each of these nine parts as 5 feet, we have 45 feet for the width, 30 for the

height, including the 5 feet for the rise of the pediment, wliich if we divide by the horizontal

line, to obtain its true area or quantity, we shall have 2 feet 6 inches for its mean height,

and 6 feet 8 inches for that of the level entablature : for as we have observed, these two

dimensions, wliich make 9 feet 2 inches, must be equal to half the height of the columns, or

the whole will not be divided into three parts ; or, which is the same thing, the height from

the centre of the pediment must be divided into three parts, and the upper division taken

for the entablature. These proportions are exceedingly siinple in their application ; if it

were intended that the columns and the spaces between them shoidd be ecjual, half the width

of the fa9ade, or 22 feet 6 inches, should be distributed among the intcrcolumniations,

and the other half divided among the columns.

The Temple of Theseus at Athens is one of the best preserved as well as the most admired,

and was probably erected soon after the Tarthenon ; it is of Pcntelican marble, adorned

with admirable scuqitures. The total width of its hexastyle portico is 45 feet, and its height,

msteadof 30, is 31 feet; the extra foot, which prevents it being an exact square and a half, is

given to the pediment, which probably has undergone some change, as it rises much mate

than the ninth of its whole extent.
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Fig. 1028. HE.\AsrvLE rouricoES.

Feet. In.

5 9-75

1 0-45

2 8-55

2 8-9

18 8-8

The lieiglit of the pediment is - -

level cornice

frieze ...
architrave

columns

and of the entire facade - - - 31 0-4

Feet. In.

half the pediment - - - - 2 10-875

the level entablature - - - 6 5*9

making together a dimension nearly equal to half the lieiglit of the "I . a-~^-
columns. j

'I'he fa9ade of this beautiful temple is divided equally into three parts ; J
is given to the

entablature, and the other two to the columns and their intercolumniations. The outer

columns are 3 feet 4 -85 inches in diameter, and all the others 3 feet 3-4 inches. The middle
intercolumniation is 5 feet 3-95 inches, the next two each 5 feet 4-05 inches, and those

towards the angles 4 feet 6-35 inches. The diameters taken together are 20 feet, and the

intercolumniations 25 feet, so that the columns and their spaces are not in equal proportions:

the former would have required a diameter of 3 feet 9 inches, which would have made
them nearly five diameters in height, instead of what they are; they would have been heavier,

it is true, but more in accordance with the early examples.

The Hexastyle Temples at Rhamnus, Suiiium, Eyina, Eleusis, and Phygalia, are not suffi*

ciently perfect to enal)le us to decide whether our principles would apply to them ; but
from the judgment we can form from their remains, they appear to have been all comprised

in a square and a half, and their entablatures and pediments in the proportion of a third

of the whole.

The Hexastyle Temple at Segesta in Sicily is sufficiently perfect to enable us to judge of

its entire proportions.

Its total length is -

and height - - -

or the whole facade is bounded by a square and a half.

The height of the columns is

entablature

pediment -

Feet. In.

- . 7G
- - ;o 8

Feet. In

- 31
- 11 4
- 8 4

Total 50 8

3P
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ri( t. In.

Half tlie beight of the pediment is - - - - 4 'J

entablature - • - - 1 1 4

Total tiL'ight of superincumbent mass - - - 15 6

which is exactly one-half of 31 feet, the height of the columns; so that we have, as far as

hel'iht is concerned, J
for the superincumbent mass or ejitablature, and § for the colun.ns

and their intercolumniations.
Fept.

Tlie columns have their united diameters - - - 37

The intercolumniations ditto - - - - - 39

so that they are not in exact equality, although the difiTerence is not considerable.

At Aqriqeiitum are the remains offour llexasiyle Temples.—That of Juno Lucina is witlieut

its cornice and pediment: the diameter of the columns is 4 feet 6 inches, and the entire

width is 55 feet. The united diameter of the six columns is 26, and of the five intercolum-

niations '29 feet.

The Temple of Concord is in width .57 feet, and in height 38 ; or it is comprised within

square and a half.

The height of the columns is - -

entablature

pediment

Feet. In.

23

8

7

Feet

38

In

- - 3 6
- - 8

Foet. In.

33 6

13

9 6

56

Half the height of the pediment is -

The height of the entablature

which is equal to half the height of the column - - 11 6

Thus one-third of the entire height is given to the entablature or mass sujiported. Th<j

united diameter of the columns is 28 feet, and that of the intercolumniations 29 feet, the

latter being a little in excess.

Temple of Hercules.— The total width is 84 feet, and height 56, which is a square and a

half.

The height of the columns is -

entablature

pediment . - -

INIaking a total height of -

The united diameter of the columns is 43 feet, and that of the intercolumniations 4 1 feet.

The height of the entablature and half pediment is in this case 17 feet 9 inches, instead o(

16 feet 9 inches, as it should have been to have equalled half the height of the columns.

Temple of Castor and Pollux is imperfect, but the total width is 45 feet, of which the

diameters of the six columns occupy 24 feet, and the intercolumniations 21. The licight of

the columns is about 20 feet, and that of the entablature 8 feet, as measured on the flank.

This temple nearly agrees in width with the temple of Theseus at Athens, but its pro-

portions vary ; there is not sufficient remaining to judge of its entire form.

At Selhius are the remains of five hexastyle tem.ples. In one the total extent is 51 feet,

of which the united diameters of the colunuis occupy 24, and that of the five inter-

columniations 27 feet. The height of the entablature is about 1 1 feet, but that of the

columns and pediments has not been yet ascertained.

The second temple is in width 77 feet 6 inches, the diameters of the columns occupying

37 feet, and the five intercolumniations 40 feet 6 inches ; the height is 50 feet 8 inches, so

that the whole facade is included in a parallelogram, having a height not quite equal to

two-thirds its extent, or a square and a half.

The height of the columns is

entablature

pediment - - -

In all - - - - - 50 8

«Fhich is a foot le.ss than the required height.

In this example there is not an exact correspondence between the columns and what they

viupport : the entablature and pediment occupy 13, the intercolumniation 12, and the

Ft. In.

29 4

13 4
8
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columns 1 1 parts out of the whole number, 3C, into which the parallelogram may be sup-

posed to be divided.

The third temple is not sufficiently measured to enable us to examine into its propor-

tions ; the total width is 79 feet, of which the united diameters of the six columns occupy

3<i feet, and the five intercoliimniations 43 feet.

The fourth temple is in width 84 feet 9 inches, and in height 56 feet 6 inches or a squart^

and a half

The height of the columns being

entablature

pediment

In all the lieisht is - -

The height of half the pediment is -

the level entablature

Making a height equal to half that of the columns, viz.

Feet. In.

34

11 G

11

Ft.

56 6

In.

- - 5 6
. - 11 6

17

Thus the heights are in just proportion, one-third bemg given to the entablature and

pediment, and the other two-thirds to the columns and their intermediate spaces, which

are in the proportions of 44 feet 9 inches for the columns, and 40 feet for the five inter-

columniations.

The fifth temple is 81 feet in front, the six columns occupying 37 feet 8 inches, and the five

intercolumniations 43 feet 4 inches. The height of the column is 31 feet, and the entabla-

ture 15 feet 6 inches, or one-half the height of the column, so that, without the pediment,

the entablature in this example would constitute a third ; and if the pediment had only risen

7 feet 6 inches, to make the general proportion a square and a half, these columns would
have had more to sustain than any other example we have yet referred to.

Octastyle Temples.— We will now apply these principles to a facade with eight columns,

and endeavour to follow the same system. We have already had a square, and a square

and a half, as the form or figure within which the design was comprised ; the portico of

four columns being circumscribed by the one, and that of six by the other ; and as in the

octastyle there are double the number of columns contained in the first, a double square ia

required to comprise it, that the same relative proportions may be obtained.

OCTAST\LE PORTICOES.

After the width of the fa9ade is determined, it is divided into sixteen parts, and ten are set

out for the height to the top of the tympanum of the pediment ; which generally rising a

ninth of the extent, two divisions will serve to denote it, and if a circle be inscribed in the

tympanum, and a horizontal line drawn through the centre, we shall have a parallelogram
16 squares in width, and 9 in height.

Six squares in height will determine the under side of the entablature, which, if divided
equally between the columns and their intercolumniations, would give 48 .squares to eacli,

which are precisely the proportions of the exami)le we are about to exainine.

3 P 2
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The Parthenon or Temple of Minerva at Athens is admitted to have tlie most beautiful

proportions of all octastyle Greek examples ; its entire width, measured in the front of the

of)lumns at the base, is 100 feet 9 inches, and its height to the centre of the tympanum, from
the level of the platform on which tlie columns are placed, 51 feet '21 inches, 20 inche.s onlv

beyond what it should be to accord with the rules laid down. Dividing this height into

three parts, we have in round numbers 17 feet 1 inch for each : the height of the

entablature and half pediment is 1 7 feet, and that of the columns 3-J feet 2 inches, precisely

one-third of the heiglit being devoted to the entablature, the lower two-thirds being divided

between these and their intercolumniations ; adding all the diameters together, we have
49 feet 6 inches ; the intercolumniations being 51 feet 3 inches, or only 1 foot 9 inches iii

excess for the latter: hence if a parallelogram or double square be divided into 40^ squares,

and 13^ be given to the columns, the same quantities to the intercolumniations, the en-

tablature and its pediment, we should have the general proportions of the Parthenon, the
difference before alluded to being too slight to produce any effect on the eye in so large a mass.
The height to the centre of the pediment is 51 feet 2.1 inches, consequently the width to make
It an exact double square should have been 102 feet 5 inclies, instead of 100 feet 9 inches:
and this difference may have been occasioned by the difficulty of setting out the triglyphs

or from the idea that the width, as measured along the corona, should have some con-
sideration, and a mean be established.

As we have before observed that the Parthenon is considered perfect both in its design
and execution, a more detailed account of its construction and mouldings will be the best

illustration that can be offered on the sulyect of Greek masonry, premising that in the pre-
sent instance it is all of the finest marble from Pentelicus.

The Doric Column varies considerably in its proportions, some not being more than four
diameters in height, whilst in other examples they are from that to six and a half: those
we are now considering are formed of twelve l)locks; on the upper and lower bed of each
are described two circles, the circumference of the outer being 9 inches from the edge,
whilst the inner circle is only 20 inches in diameter. The space between these is not
polished, but left rough as from the chisel, and a little sunk for the purpose of retaining

UOKIC CAl'lTALS, SELINUNTUM.

a fine mortar or cement. In the centre of each block is a square hole, measuring 5\ inche.i

on each side, sunk 3 inches in depth ; in these were inserted pieces of hard wood, 6 inches

in length, to steady the blocks, and keep them from being displaced, particularly at the

time the flutes were worked, or the exterior was undergoing the process of polishing.

The outer columns are 6 feet 3-^ inches in diameter at bottom, and the others 6 feet

Ifj inch, the upper diameter of tiie latter being 4 feet 9^ inches : their total height is .'54

feet 2^5 inches, or nearly five diameters and a half; the diminution is not regular, there

being at a certain height a swelling or entasis, which improves the outline, and destroys

that meagreness which is the result of a straight line. The angular column is a little more
in diameter, that it may not appear less than the others, which are not so surrounded
by air.

The shafts have generally twenty flutes, uniting in an arris, and not with a square fillet

between them, as in the other orders ; they are elliptical in some examples, as at Paestuni,

where their number is 16 and 24; the heads are variously finished. The capital of this

order varies in its height from ^ to | of the lower diameter of the columns, and the
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abacus is sometimes more than \ longer than that width, all these proportions depending

more upon the height of the column than upon its lower diameter.

SELINVXTtM.

Under the abacus is the echinus or ovolo, which is beautifully turned, or cut like the

bell or profile of a flat cup, under which are usually from 3 to 5 annulets. The contour

Fig. 1035. DOKIC CAPITALS. SELINUNTUM. Fig. 1037. DORIC CAPITALS.

or profile of the echinus is a portion of a curve formed by the section of a cone. Where
the capital is placed on the column is another sinking, and sometimes three ; and the true and

delicate manner in which these lines are cut gives a charm that more elaborate sculpture fails

in attaining.

The architrave of the Parthenon, which extends from the centre of one column to that

of the other, is in three thicknesses, showmg two joints on the softite. The frieze is admirably

contrived not to overload the architrave ; the triglyphs are each in a single block, 3 feet

wide and 2 feet 3 inches in thickness. On each side is a perpendicular groove 1.^ inch

deep, into which the sculptured metopes are slipped, the clear width between tlie triglyphs

being 4 feet S-l^^ inches, and the angular one 3 inches less : at the back of the metopes, and

between the triglyphs, is a hollow space, from 8 to 14 inches deep. The metope is held to

the hack of the frieze by a metal cramp in the form of an H, 2 feet long, and attached on

each side to the adjoining triglyph by others 17 inches in length. The cornice is in one

thickness ; the angular block covers two mutules, each of the others one space and a

mutule. For further particulars of the construction of the Parthenon, and for several

dimensions omitted by Stuart, the writer must refer to some notes he added a few years

after his return from Athens to his wife's (Mrs. Cresy) translation of "Tiie Lives of cele-

brated Architects, ancient and modern, by Francesco Milizia," 2 vols. 8vo. 1826.

In the Doric Order we may trace a reason for tlie direction given to the several lines,

whether perpendiculir or horizontal ; and although there is great variety in the form of

the members, yet wlicn examined in detail, nothing will be found to disturb the unity
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of Ae de^a. T^ voids are niedj adjusted to the sidids, and all those parts, as tiie

liiliiwi' and b^jphs, itrfended as supports, are striated pexpendieiilarlj, vhDst those sup
pueted are deeorated with iimiilwas and mouldings miming horiajutallv, and indicatuw
rest or repose. The iadipfd lines of the pedimeirt are the only exeeption to this rule, and
Iher are eoaqwsed of loa^dtadinal membets, placed eonsisteiitlj widi their use, tiz^ that of
tarovii^ off the vater from the roof: so vdl-eombined a vfatde, canasting of ports all

expression tfaor otilitT, deserres our admiiatioo : erea the annnl^if^ imAiy the prhnnti
of the capital Jrwlicatg so isasy rinrtnres to bind the tops of die perpai£eiilar flutes
together, bicare tie e iji .-. .i^ii or cup-like i^ase is placed betveen the siiaft and the ab^nis.

T^^ J

—This style seems Terj nearly coeval with the Doric : it is jnpposed by
to be of i^chaif or^m, by others of Persian ; both Greeks a^d

Fofsians ntay hare couti ibuied to its fbrmatioa ; the tarm Ionic vas applied to it by Mtro-
vins, fiaa its beii^ first ased by the infadiitants of Ionia ; the few perfect examples xe-

Miiiiiing are of die greatest beauty, both in design and exemtioa.
The dores of Asia Minor, in die reign of Hedoo, the son of Codros, vere taken pa»-

vrwion ofby a mnnher of Greeks, vfao eommeneed their migration about a t>MMt^"d years
befise Christ ; after tliey had pased from Attica, they first mixed vith the inhabitants of
Carta and the LelegesL Helen die son of Deoealion, vfao leigned in nithia, stoated be-
tween the rirers Fenens aad Asopns, havii^ left hb Idi^dom to his ddest son, the others
*ui^ fat settlements efaevhere: Dbm estaUisfaed himielf in the neigfaboarfaood of
Fnitassac and Xntfaos in Attica, where he married' the daughter of Eredidiens, the sore-
re%fi of ;%thews and had by her two aoos Aclwu* and lo.

Jo with a Bomber of fiiUoweis ftaa AdieiH went into the Peloponnesiis and estaUttfaed
hinnelfat .£gialBS,a place on Ute ie»-Afsm h/mg between Elk and Sicyonia; here be
tarried the daughter of SeiiHiinlia, kii^ of thtf district, at wbo*e death he succeeded to
his domimaas; lo boilt HeBce, »id called the inhabitants lonians. Some time after lo
was recalled to Athens to rnmHuwd the troops in a war gainst the Thracians, orer whom
he obtaiiied a rictory : die Atheniaas in cooicqaenee des^nated thems^Tes lonians. Attica
wa* divided by lo among fiivr tAes, Ae Gdontes, the Argades, the .X^cores, and the
Hopletes, the names of his fimr sons, or accovfing to Straboi, kbovoers, aitiKMM, priests, and
guards.

When Ereefathens £ed, Cecrops, his eldest son, mcceeded, and Xndms his od^er son,
was Amen out of Attica ; in the cwmtji he aflawaids inhabited he built four towns
CEnoe, Harathon, Probaliatfaas, and Tricorytfaas, after which he died at .Sgialos; bis son
A«fcnts Oen passed into lartwria and Tbeanly, when he recovered his Ctthet's dominions;
hi* two aom Arekmdar and Arrfiiteles wcstt into Argos, where they married two daughters
«£Dm mi, one of Ae loyal family of Argos. The Lacedamomans and iEgeans were
called after Achzns Acfaaeaas, imtil the retom of the Heradidae, when they were driven out,
and abided to flee to iEgialm and into Attica, where the lonians again received them on

At the dcadi of Cbdms, las yoimgest son NileiH embarked with all the lonians into
Asia, where Acy occupied e^it of the loman cities, vie. Jdetos, Epbesm, Myus. Teas
Priene, I .ehedd«, Erythne, aad Ctaumene; Ae other four fimndcd by the lonums wcra
Cokqihoe, Fhocsea, Samos, and Chios. The lomans formed themselves into twelve states,

beeaaae. arrnrding to Hcrodotns, they were previously so divided a the Pdopcnnesns; the
names cf die cities fntm whence they were fjeeted were Pelkne near SScyon, .£gira and
£ga^ Bora, Hdate, Xjpam, Ryps, Patne, FharK, OicsDos, Dyme and Tritsta, the b«t

The infajliftzHU of Adbens who migsratcd fiwrn the Prytanenm were the most noble
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among the louians. though all who c«lebn»tetl the Aplurian fcstiTsl. from which alone the

L'.phesi:in and Colophonians wore esoluded. won; aftorw-ards called lonians.

The appellations Doric, lor.ic. and Corinthian are derivovi from Vitnivius: but it ap-

pears doubt tul wiiether those terms wer« current among the Greeks: that author

S'isorts that the first is the mo>t ancient ;
•• for Dorus, the son of Hellen, and the nvmph

(.>rseis, built the temple of Juno at Argos of this ortler when he reigned otct the wliole c-f

Achiii.i and Peloponnesus : tltat many temples afterw:irvis eroete»l throughout Greece were
ot" the Doric order, but by commiuui of tlie Delphic or.icle in a gx?ner:d assembly of the

dirtorent states of Greece, thirteen colonies were sent into Asia, who built the cities

before mentioneil, and erected temples ; among the first they dedicated was one to ApoUu
I'anionias, having Doric proportions, and another to Diana, in which some variations was
made. The first «-:ts of a mascidine proportiim, the other temiuine. and the latter was the

invention of the Ionian settlers, and afterw.irds called firom them Ionic.

But if it Iv dithcult to trace the Ionic order to its origin, we may analyse its projHirtions.

and compare thorn with that order which prevailetl so universdly in Greece, which will

load us to remark that a very great change toi^k place when the rules tliat gtiided the

l\iiio builders wore laid ;iside : at no otlier jH'riod were such niateri,il alterations made in

the prxiportions of the mavises, the ovdumns, entablatiin.'s, and intercolumniations ; to the

Oorinthian, so univers;illy usotl in later times by the Uom;uis, the feminine proportions

« ore applitnl which are statovl by Vitnivius to have commenced with the Ioniai)s.

There is of Cxuirso much fable in .-dl the accounts that have reached us upon these imjxtr-

taiit ch.mges. hut among them is one which seems to carry witli it some sombK^nce of truth,

and which is .is follows.—"when Hormogenes was employed to erect the temple of

Ivicchus at rev»s, accv>rding to Vitnivius. the marble was prep.uvd fi.ir one in the Dv^ric

style : but the architect changed his mind, frvnn the idea that other prv>portions. aftorwanls

calloil Ionic, were more suitable for the pur^K>so. almost inducing the inferetice that Henno-
gxMios wasthe i-.iventor of those delicate prviportions ; he appears umjuostionably to have dis-

played great skill and ingenuity in all his designs, and to h,->ve entert;une\l the opinion tliat

sjicrinl buildings should not l>e constructotl with IXiric pTv>iK»rtions^ as they obliged the

iidoption of fidse and in^xmgruous arnuigements^'

To obtain more delicate prviportions, without Sstcrificlng the great principle of nvaking the

woiffht supportovl ov^ual to its siipjxirts. would seem at first ditKcult : in the ex.imple of

the Doric order we have seen this practice uni^vrs:Uly adoptovl, and it is ei]ually evident

in the Ionic, though not exactly at\er the same metluvl ; the columns and their entabl.ntiires

or what thov carrv, agree in iiuautity. but their distribution is ditlerent. The sjpiare or

fi;;ure which Knuids the Ionic f«\"ade is divide\l into four iv.irts, ore of which is given to the

entablature, a sovvnd to the columns, and the other two. or one half, are distributed anioiig

the intcrcolumniations.

In the quantity of m.iterial fl>r constructing the two ^a^;eties of temples there is a cv>t>-

sidoniblo diirorence, the IXiric revjuiring one-third more than the Ionic ; fi.>r example, in a

Doric totnistyle portico whore the area was 1:^, four jvirts would Iv given to the entablature,

lour to the cv>lumns, ;md four to the intorivlumniations. In the Ionic three pitrts would l>e

ri^iniivd fl->r the entablatures, and thrw for the cv^lumits. six Iving allowovl t\->r the intcr-

columniations : thus one temple would have eight, .and the other six |vwts solid out of

twelve, ivnsoiiuently. with a given ijuantity of materials, two very difvrent jvrticoes

niisiht Iv built, without making any change in the pTV>ixirtions wiiich the columns

l>ear to their entablatures- Hemu»genes c\>uld cvwstruct with the same materi.al a nmch
'arjrer temple in the Ionic stylo th;ui in the Doric : .and supiH*sing the dimensioivs already

iiviiied upon, there would Iv a s.»ving of lalniur and material : fixnn the imjvrtect

>-<.itc of the Ionic temples remaining, it is scarvvly passible to enter into a thorvnigh exami-

nation of their pn^ivrtions ; that on the llissus at Athens, measutovl by StUiurt, no longer

exists, but its dimensions, given by that very ,aceurate delineator, may serve our purjx^se

AS an example of a totnistyle jK>rt(Cv>. Its entire width was IS tvot T^ inches, and height

to the top ot" the level cv>rni<.-e in fnnit IS feet -Ij inches, to which must Iv addcvl that of

the tv\npanum of the povliment : luuhiplyinSr the width by the height of the entablature and
half the povliiucnt. which togv^ther is ,> feet T inclu>s and 10 jvsrts. we have for the arx\» of

the portions supportcvl lOo tlvt -t inches a:ul 9 fvirts ; the quantity cv^nt.iined in the four

i-v>lunms is fv>und by multiplying their unitovl diameters, T feet 1 inch and T fvfirrs. with

their height. 14 tlvt 9 inches and 4 p.irts, giving a prvnluct of UV5 feet 4 inches auvl 9 jvmts

as their are.a. 'Die tmitovl interc\>lumniations in this example are 1 1 feet t> inches suui d

parts, which multiplioil by the height of the cvdumns is ITO feet 1 inch and i> jvarts for the

area ; -JO fwt 7 inches and 9 parts le.-~s th;m it wouUl have Iven had it equallei.1 the quantity

contaiiKsl in the cv'>hnuns and their ontablatuiv. or Iveen one-half the entire .area of the fsn^ade.

The port ivV of this elog^mt example of Ionic was nearly a square without the jHxliment,

and the supiH>rts and supfvrtevl are in ex.act .accctrviance -as to quantity, whilst the inter*

lolumniations aiv al>out Ij times the qiutntity cvMitaiiKxl in the cvUumivs, iuste»*d v4

.louble. Departing a little from the proiKUtions betore us, let us endeavour to set out a
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IONIC TETUASTYLE TEMPLES.Fig. 1030.

portico, as alreatly done for the Doric order, having the same number of columns, and like

the tetrastyle eustyle of Vitruvius, divide each side of the square which circumscribes it

into 11^ parts, premising that the pediment rises a ninth and one side of the square passes

through its centre. The side of the S(]uare being divided into 11^ parts, 1 is given to the

diameter of the columns, 3 parts to the middle intercolumniation, and 2\ to each of the

others; thus the sites for tiie columns are obtained: dividing the upright sides of tlie

square into the same number of parts, 81 are given to the height of the column, and the

remaining 3 to the entablature and half pediment.

Multiplying lli by the same, we have for the entire area 132j, which if divided into 4 is

33 and a fraction for the columns, the same for the entablatures, and double that for

the intercolumniations : the columns being four in number and 8^ diameters in height,

their area will be 34 parts; the intercolumniations being 7^ in their unitjd width, that

multiplied by 8^, their height, gives 63^ for their area, and the entablature hemg 3 high

and Hi in width, we h;ive for its contents 3-Ji ])arts, giving a result of nearly a fourth

for the entablature as well as for the columns, and a half for the intercolumniations. 15y

making some allowance for the diminution of the columns, an exact agreement between

the quantities might be obtained ; those in the intercolumniations would then be found

equal to those in the entablature and its supports, or half the entire square devoted to solid

and the other half to voids : had the columns of the temple on the Ilissus been about 1 inch less

in diameter, its proi)ortions would liave been in close accordance with those of the figure,

where the 4 columns occupy 38 squares, the entablature the same number, and the inter-

colurnniations 76.

hnic Hexastyk. Temple of Erechtlieus at Athens This highly-enriched example, executed

in the finest marble, is in height without the pediment 26 feet 6] inches, and in width,

measured along the front of the corona, 40 feet 6 inches, so that this portion is comprised

within a square and a half or nearly so : the lower diameter of the columns is 2 feet 3^
inches, and the upper 1 foot 11 j-^ inches, giving a mean of 2 feet \{^ inches; their collected

diameters are 12 feet 9 inches, whilst that of the intercolumniations at the s.ame level is 23

feet Ifj inches, nearly double the space occupied by the columns. The height of the en-

tablature without the pediment is 4 feet 1 \\ inches, and its superficial content on the faco

190 feet, and adding 8,5 feet for the area of the tympanum, we have altogether 2' 5 feet-
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Fig. 1040. IONIC HEXASTYLE TEMPLES.

supposing the tympanum to rise a ninth of its base ; the height of the columns is 21 feet

7i inches, and their united mean diameter 12 feet 9 inches, which being multiplied together

produce 275 feet 8 inches, or nearly equivalent to the area of the mass they support, lo
obtain the exact quantity of mass and void, the mean diameters of the columns as well

as of the intercolumniations should be taken ; the greater the probable delicacy of ex-

ecution, the greater is the necessity for the architect to balance his quantities exactly. In

the subject now under consideration the whole is comprised within a square and a half; the

supports and the entablature are equal, and the intercolumniatious as much as the two to-

gether or one-half the whole. The height of the architrave is 2 feet l^gg inches ; that

of the frieze 1 foot 1 1^ inches, and the level part of the cornice 10^-^| inches.

Roman Tetrastyle. Ionic Temple of Fortuna Virilis.—The width is 33 feet 6 inches, and

htight, including half the pediment, 37 feet 1 inch, comprising an area of 1 242 feet 4 inches,

one quarter of which, 313 feet 1 inch, nearly agrees with the quantity contained in the

entablature as well as in the columns which support it ; their height is 27 feet, and their

united diameters 12 feet 4 inches, which multiplied together produce 333 feet for the area of

ihe supports. The height of the entablature with halt the pediment is 10 feet I inch : this

multiplied by its width, 33 feet 6 inches, gives 337 feet 10 inches for the area of that supported

:

the intercolumniations are together 21 feet 2 inches, which multiplied by their height, 27 feet,

gives 571 feet 6 inches for their area, about 100 feet less than the quantity comprised in

the coUmins and entablature.

Without the pediment this facade is nearly square ; its proportions rank very high in

the estimation of all admirers of Roman arcliitecture ; it has, however, undergone many re-

parations before the stucco was put upon the columns ; they \vere lighter, as was the entab-

lature, the upper members of the cornice being somewhat heavier than is usual in the

early examples of this order ; if divested of these additions, and giving a trifle more to the

intercolumniations, we shall obtain hnlf the area for the columns, and a quarter for each of

the other divisions ; at present the columns equal in quantity the mass they carry.

If it be required to draw a tetrastyle portico in exact accordance with the rules laid

down, after forming the square each side should be divided into 12 parts, or 144 squares,

arranged like those of an abacus : one of these divisions on the base would become the dia-

meter of the column, and nine their height, the other eight on the base would be devoted to

the intercolumniations, and the upper three of the height to the entablature. Tlie columns, 9

diameters in height, would thus comprise 36 squares, the intercolumniations 72, and the

entablature and half pediment 36 ; consequently the columns and entablature would be

equal in quantity, and the intercolumniations half the whole, or equal to the contents of

the supports and supported.

Roman Hexastyle. Corinthiim, Maison Carrie at Sismes. — This beautiful temple has

undergone several restorations; its entire width and height to the apex of the pediment is

43 feet 8 inches, from wliencc it has derived its i;amc. The height of tlie columns, includ-
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in" base and capital, is 29 feet 6 inches, that of the entablature 6 feet 9 iiulies, and of the

pediment 7 feet 5 inches ; taking away half the height of the i)ediinent, we have 39 feet

11 inches and 6 parts, which may be considered as 40 feet; this multiplied by the width

produces for the entire area 1746 feet 8 inches. The superficial content of pediment ano

entablature, 456 feet 8 inches, is obtained by multiplying the entire width by 10 feet 5^

inches, the height of the entablature and half the pediment, which sujjerficies is only 20 feet

2 inches more than a quarter of tlie whole. The united diameter of the six columns is

1 7 feet 6 inches, and that of the intercolumniations 26 feet 2 inches, so that they are in

the proportions to each other of 2 and 3, the whole being 5, one having an area of

515 feet 9 inches, the other 772 feet ; when added together they are nearly three times the

area of the part supported.

The proportion between the columns and intercolumniations of the temple at Assinsi is

also similar, the height of the columns is 32 feet 10 inches, and the total width of the six

52 feet, which dimensions multiplied together produce 1707 feet 4 inches, one-fifth being

341 feet 6 inciies nearly.

The area of the columns is 684 feet, and that of the intercolumniations 102:5 feet 4 inciies,

giving a jiroportion of two-fifths and three-fifths. The entablature, pediment, and pedestals

upon which the columns are placed seem to have undergone a change since their erection.

If the whole extent of an hexastyle portico be divided into 18 parts, and one be called the

diameter, to obtain the same proportions as those laid down for a tetrastyle portico, the height

up to the centre of the pediment must include 12 only of tliose parts, which would give a

portico of a square and a half, comprising 216 s(}uares ; the 6 columns, each 9 diameters

in height, would requite 54 ; the 5 intercolumniations, double that number, or lOS, and the

entablature and half pediment 54.

Ronvin Octnstyk.— The Pantheon at Rome, which has a portico of 8 columns, is one of

the best examples that can be selected for examination. The total width is 109 feet 10

inches; the diameters of the eight columns 39 feet 5 inchos, and the seven intercolumnia-

tions 70 feet 5 inches, or nearly in the proportion of 1 to 2. The height of the columns is

46 feet 5 inches, and that of the entablature and half ])ediment 23 feet 2.1 inches, togethei

69 feet 7^ inches, nearly a square and a half, the area of which is 7647 feet 2 inches.

Fig. 1041. OCTASTYLE POHTICO OP THE PANTHEON.

The united diameter of the columns, 39 feet 5 inches, multiplied by their height, gives

1829 feet 7 inches, and tlie collected intercoluinniations multiplied by the same height will

be 3268 feet 6 inches : multiplying 109 feet 10 inches by 2,"i feet 2' inches, we obtain for

the area of the entablature and pediment 2549 feet, which, rejecting parts of an incli, will,

when added to the two other calculations, make up a sum agreeing with the entire area.

The supported is

The area of columns
of intercolumniations

ToKether

1S29-7
1

3268-6
j

Feet.

2549

5098

7647
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A line drawn through the centre of the pediment, another at half the height of
the columns, and a third under the entablature, would divide the height into three
equal portions, proving that, in this example, the Romans made the part supported one-
third of the whole, and divided the other two between the columns and their intercolumni-
^tions. The shaft of each column is cut out of a single block of granite ; they are not
sufficiently delicate to be exactly in the proportion of half the quantity contained in the
intercolumniations

; but if allowance be made for their diminution, the difference is not
very great. The whole width being 109 feet 10 inches, the third, 36 feet 7 inches and 4
parts, is nearly a mean between the collected diameters of the top and bottom of the shaft,

making the intercolumniations double the quantity contained in the supports, or equal to
that of the supports added to the mass they carry. The whole would then be divided into
four, as in theprevious examples of the Ionic, and two portions given to the intercolumniations.

ITie Pantheon Portico is a double square without the pediment, or nearly so, the length
of the level cornice, which crowns the entablature, being double the height of the order :

this, no doubt, was the outline cf the proportions before the heavy pediment was placed
upon it, which in all probability was heightened beyond the ordinary rise of a ninth, for

the purpose of concealing the wall behind it. The Roman proportions are frequently
made independently of the pediment; the tetrastyle porticoes are a square, the hexastyle a
square and a half, and the octastyle, as in this instance, a double square without it.

To set out an octastyle portico, in which half the pediment should be comprised within
the double square, after dividing the width into 24 and the height into 12, which multi-
prKd produce 288 squares, 72 are given to the column, the same "to the entablature ana
half pediment, and double that, or 144, to the intercolumnations, or proportions similar to
those laid down for the tetiastyle and hexastyle porticoes. Tlie columns in such a case
would be nine diameters in height, the entablature and half pediment three : supposing the
latter to rise a ninth of tiie span, the remainder would be distributed among architrave,
frieze, and cornice.

We have endeavoured to show the proportions required in a tetrastyle, hexastyle, and
octastyle portico among the Dorians, the lonians, and their followers the Romans : the
square and a half, or the double square, were the outlines or boundary figures from whence
the other proportions were deduced.
The great difference of character in the Doric and Ionic designs arises from the distance

at which the columns are placed, which affects the proportions of the entablature laid

upon them, as well as that of the columns themselves ; where these are six diameters in

height or consist of six cubes, they are made to carry the same quantity, whatever may be
their distance apart, and where drawn out to nine diameters, they have only their own
weight to support ; but the form given to this weight, or the proportions of architrave, frieze,

and cornice, vary, as the intercolumniations are of one or more diameters.

It has been too generally considered that the orders derived their projjortions from the
lower diameter of the columns, without reference to their application : this has produced a
variety of design, but at the same time occasioned a great departure from the true principles,

and led to very important errors. The Tuscan, the Doric, the Ionic, the Corinthian, and
Composite orders have been laid down in modules or measures of various kinds, which the
young architect has adopted as mere isolations, regardless of the many other considerations

which have stamped beauty on his model ; hence we have imitations, but soul is wanting.
The Doric order is treated of as so many diameters in height according to its age, and the

entablature is said to be heavy or light, as it was of early or late execution; the other
orders have been chronicled in a similar manner, and architecture has been fettered, and its

great principles lost, or at least neglected : it is true that the outline which bounds the
figure has undergone but few changes, but the subordinate parts or the fiUing-in are sus-

ceptible of interminable variety. An object inscribed within a circle is perhaps the
most easily compassed by the eye, next that within the square, and when a building
is vast, and distance is necessary to comprise a view of the whole, the double square;
beyond this the ancients seem seldom to have gone for the proportions of their fa9ades, or
of a portico intended to be seen in front. After the masses were proportioned, their de-

corations were more various than the buildings themselves ; no two are perfectly alike,

but the great difference is in their ornaments and enrichments, or in the number of diameters
contained in the height of the columns.

The Parthenon and Pantheon porticoes are both octastyle, each admitted to be as beau-
tiful as they can be— one the perfection of sober grandeur, the other of cheerful lightness;

one Greek Doric, the other Corinthian, both comprised within a double square, and having
their columns equal in quantity to the mass of entablature they support: wiiere, then, is the

difference between the two examples? It results, as we have already seen, from the mate-
rial in the one occupying two-thirds, and in the other only half the entire area. In

the facade of the Parthenon the eye has one-third void only to contrast with the solid

matter, and in the Pantheon half, which proportions seem to have been established bv the

lonians, and usually adopted by the Romans.
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In proportioning the arcliitravp, iVicze, and cornice, care must be taken that no more
is laid upon the columns than their own bulk : when the latter are one diameter apart,
this quantity will be greater in height than when they are further distant; so that
the greater the intercolumnlation, the lighter in appearance will be the entablature, the
columns still bearing the same weight, nor need they be incieased after it is ascertained
that they are competent to their duty : to do so would be to employ material in excess
ivhich it should be the aim of an architect to avoid.

If we now examine the portico of the Pantheon, we cannot fail to perceive the agreement
existing between the parts supported and their supports.

The mean diameter of the columns is - - . _

Their height, including capital and base - - - .

The solid content of each - . . . . .

Consequently the cube of the whole 8 is -

The mean width of the architrave and frieze is - . .

Their height ----...
The solid contents of the entire length, 110 feet, is -

The mean width of the cornice is 7 feet, length 114 feet, height 3-6 feet,"

and its cubical contents

ft. in.

- 4 7
- 46 5
76.5 106

6027

ft. in.

- 4 3
- 6 8-3

3125 11

2793

The solid content of entablature 5918 11

which leaves little more than 100 cubical feet of difference between one and the other j

and if the crown moulding returned on the flank be comprised, the quantity contained in
the entablature would equal that of the eight columns.
The pediment Is omitted altogether in tills calculation, it being in reality, though not

in appearance, an additional load for the eight columns beyond their regular entablature,
which is of marble, and weighs probably 452 tons ; the granite columns with their marble
bases and capitals are something more than that qnantity, and these, including the entabla-
ture and pediment, probably contain upwards of 1000 tons of material.

The Capitals of the Caliimns nffhe Pa7ithenii ure admitted to rank among the best examples
found In Home : though not so highly and elaborately worked as those which decorate the
columns of the temple of CJuplter Stator) the Dioscuri, yet they are remarkable for the

CAI-ITALS OF THK PANTHEON.
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elegant arrangement of the ornaments: further details will be found in Taylor &

Cresy's Architectural Antiquities of R&me, whence the dt tails here given have been selected.

Fig 1045. CAPITALS OF PANTHEON. Fig. 1047.

Although the llomtJis did not improve the arts wiiich the Greeks had spread among
fi^era, by the introduction of the arch they materially altered the character of the archi-

tecture practised before the time of the Republic ; this feature alone pixiduced entirely
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A building, tbongn enbrdj dermd of atnament, maty be rendeied bemtifbl by die

justness of its proportion, and tbe richest ettifiee wanting in this never can excite admiia-

tioo : &9ades having but height and breadth, these two dimensaoos most be eqnal to each

uther, if ve adopt the symmetrical proportions prescribed by Tiuuvius, fiir be olHerves

~ the square includes the human figure either lying don or standing in an erect posture^

the arms being stretched out.* Temples, triumiriial arches and other bwildii^ left as fay^

the Greeks and Ramans veie decidedly dedgned upon this prinople, as were most ofAe
facades of the religions stractnres erected since die £dl of the Roman eaqiire.

In the " Songe de Poliphile,* originaUy published in Italian by A!dgs in the year 1499^

are some observations oo setting oat a &fade. which convey stmie idea of the pdmciples

adopted fix- the fiarmation of a perfect and hannaaioas design on die revival of Roman
architeetDre.

- Draw a square figure, dirided by three petpecfcnlar and diree butiiuMlal fines, at

equal distances from eadi odier, farming saxtewn squares ; on the tufi of the square add a
half square, whidi. similaily divided, makes altogedier tw«nty-lbur squaws : in die lowcs'

square draw two diagonals, cmssii^ eaght squares in the same mannpr ; dwn fimn a looBei^e

abo^e the great square, tracing within it four lines cm the firar principal points that separate

the four sides of the vwd."
After uiuleistanding this figure, I thought within myselfwhat can modem ardiitects do^

who esteem thonsdves so learned without letters or principles? They neither know roles

rior dimensions, and dierefore corrupt and defenn all sorts of Imildii^^ bodi pubiie and
private, despisii:^ nature, who teaches them to do widl if they wonld imitate her:

^uod workmen, besides their science,may enrich dieir work atber by adding to or dfanintshii^

thereftom, the better to please die eye, but the mass dmuld remain entire, with which all

should be made to harmootse. By the mass is understood the body of the edifice, which,

without any ornament, shows the knowled^ and spirit of the master, fitr it cs easy to

embellish afto- any invention ; the distribution and arrangement <c£ the parts is also a matter

•f consideration ; hence vre may condude that any workmen or dieir apprentices know
bow to ornament a wiKk, bat to invent lies ouly in the heads of the wise.

Taking from tbe square and a halC the knenge and the diagonal lines lenes die dirve

perpendicular and the three horirontal, except that in the middli^ which terminates in the

centre of the perpendicular, catting it into faur parts or pottians ; by this rale will befiMond

two perfect squares, one above and one below, each containing fiwr small squares, which
iorm the openi:^ or docurway ; now ifyou take die diagonal of die lower square, it wiO ^bcw
roa what thickness must be given to the centre of the portioo ; ifyou cany it straight, the

line will sore to denote the ardiitrave : and the pcunt of die centre of the upper squane

will show you the centre of the ardi or ctirve to be given to thedoor ; twnmig a semiorcfte

it will rest on the transnose lin^ which cuts the square and a haM' into tvo equal parts ; but
if done by any othar means 1 do not esteem it perfect. This method was invented by an-

stent and exp«t masons, and ofasened in dieir ardies and vaults, to give them both grace

nd solidity ; the pedestal oo whidi the columns rest cwmmenciK at the level of the ptav>e-

ment by a pUnth^ arid the whole is a faot hi^ fiamrAed with mooldiiiigs ; one portioa

is divided into ardutrave, frieae, and conuce, die latter bong sometiiii^ more dian the

othos ; that is to say, if the architrave and frieze eoafcuned five paorts, the eoraioe dinald
be six. xTbe whole twenty-four squares fimn a square and a half; then divide the aqpper

half into six parts by five horimntal and five perpendGcolar fines, and draw a line from the
centre of the fifth transverse to the corner of the great perfect square, where die ardtitrave

eommoices ; then draw it pmpendicular on the key of the ardiivult, and it will show ytou

the height to he given to die frwatz^iece above^ die extremities of wbidi sfamld unitie and
relate to die projectkxi of the cymatinm and its inoa]hfii^&. ^^

Gemerai iVcacrjiies.—It would appear that all the principal KOcnan triumpkal'arelKS widi
ni^le openings were a squarei, (ather compriai^ or exdudiii^ tbor attics : that the eentre

from whence the ardiivolt was strudc was the centre of the square, or if the fei(«de was
more than a square, as the arch of Tkajan at Aneooa. then where the two dia^wals erassed

the centre was fixed. The width of the opetung is generally half die entire extent^ sone-
times three pans out of seven.

These triumphal ardies were generally surmounted by a groap of figur^^ or tlae car and
horses of the cooqueror, accompanied by ids eompanioDS in arms and the tnaphks obtained

trom the enemy ; these, as duown on several medals, appear to be equal in he%ht to | of
:be mitire e«fifiee upon vrfaich they are plaeed, die attic and entablature representing ^ and
the columns and pedestals the other |; and as the fixmer are nearly equal in dteirhe^ht, it

follows that the horse and hcs rider, or the car and its triumphant beni), weie doable the

height of the pedestal on whidi they were placed* far so we waacy consider the atdc
wlucfa eootained the inscription, the body of the arch beii^ a perfect sqiuarei, and in can«e&
proportion, widtout the attic. The depdis of dMse arches varied ; dut of Cowstanriiae aft

Rome is nearly the same as the width of the great centre opanii^; many «£ the

others are kss than that ptoptKtion; but it seexKS that the cube was dae anea^ue that
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boundeJ the propor-

tions, as shown in tig.

1053. Tlie several

Roman examples se-

lected differ In ar-

rangement, but not

in iiiinciple, from the

description given by

Poliphile: takeaway

the pedestals on which

Ihe columns are

placed, and then four

squares in height in-

clude half the tym-

panum, and eighteen

squares the entire

figure, 6 of which

may be considered as

devoted to the arch,

and the other 12 to

•jupports : or, if we
comprise the whole

facade in 20 squares,

and abstract the 8

which belong to the

opening between the

pedestals, we have 4

for each pier or sup-

port, and 4 for the en-

tablature, the supported being only ^ the quantity contained in the two supports : resistance

to the arch, or its thrust, requires a different arrangement from that of a portico, but we
nevertheless find definite proportions made use of, and a double quantity given to masses
wliich have to bear weight as well as resist thrust.

The Arch of Augustus ut Rhn'mi has the height of its order determined by the length

of the frieze.

The Arch of Augustus at Austa resembles that of Titus in arrangement; it is a perfect

square comprising the attic.

ARCH OF AUGUSTUS AT RIMINI.

»i;Cll OK Al'OUSTl'S, AT AOSTA.
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The Arch of Sereins at

Pu!a is a perfect s<)uare,

without attic, like that of

Titus.

The Arch of Titus at

Rome, raised by the senate

and Roman peojile to com-
memorate the coniiuest of

Judcea, is one of the best

examples of proportion that

remain: built of white

marble, it is a monument
of constructive art, some
of the blocks being 9 feet

square, and 2 feet thick; the

arch is composed of eleven

voiissoirs 16 feet dee|).

For a detailed account

of its construction and or-

nament the reader is re-

ferred to the " Architectural

Antiqultieg of Rome.

"

The proportions are a

square, as is the opening

of the archway, up to the

springing; and not a double

square, as described by
Seiho. The pedestals are

in height nearly half the

opening of the archway,

which Palladlo observes

w.istiie ordinary proportion

c;iven by the ancients. The entire length of the upper member of the cornice in this

example is 48 feet, wiiich dimension corresponds with the entire height, almost to a fraction:

the width of the opening is 1 7 feet 6 inches, a trifle more than one-third of the entire width :

bounding the fat/adc by a parallelogram, excluding the attic, and drawing two diagonals,

ire obtain the centre froia which the arch is struck, which rule will apply to the other

Fig. 1051. AKCII OF ilEBGIUS AT POLA.

Fie. iLO.' AliCU OK TJIM. Al' KOMJi.

3Q
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trhnnplml arches with a single opening, though varying materially from the principles

S!! down by I'aliphile, and adopted by Serlio and other architects at the navwal of Itahan

architecture. 'Ihe Arch '

of Titus is a square com-

prisiii'j; its entire facade ;

thatofPoliphile a square

up to the under side of

the entablature; conse-

quently, the opening of

the triumphal way is in

width half the height

to the top of the impost

upon which the arciiivolt

rests, while in the more

ancient the entire aper-

ture without the arch is

a square.

In the Arch of Poli-

phile the entablature and

pediments are nearly

equal in quantity to each

of the piers upon which

they are carried ; and the

piers themselves are in

width only one quarter of

the whole breadth of the

facade : it will be found,

liowever, that nearly the

same proportions exist be-

tween sui)ports and sup-

ported in both examples.

The Arch of Augustus

at Susa lias a single

arch : proportion a square

to the top of the entabla AnCH OK ADGUSTUS AT SUSA.Fig. 1053.

ture, opening a square to the springing: width divided into four, two given to the opening

and one to each pier, which has a three-quarter column at the angle: aUic as high as piers

are wide.

la arches with three openings, as those of Septimus Severus and Constantine, these

Kg. I05f AliCU OF SErllllCS SEVBBU3, AT KOXX.
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occupy f>ni'-hi(f the width, and the piers the other : where the diagonals of the figure

cross is the centre, fVoiii wliioh the principal arcli is struck.

The Arch of Tnijan at Rfu^ventiim.— Circle struck from the centre which describes th«

archivolt ; comprises all wilhin it except the attic : division of width into seven, two for eacb

pier, three for centre ; attic half the height of the order.

Fij. I055. ARCH OF TRAJAN AT BENBVENTUM.

In the foregoing examples, we have attempted to show that the beauty which beloiig.s

to form in arciiitecture rests upon one principle based on the laws of nature, and that the

fi'st element in a good design is the proportion of the parts as well as the whole: nothing

h:is more misled the critics upon this subject, as well as architects themselves, than im-

plicitly following the rides laid down fir drawing the orders. In treating upon tlic

antique, they have frequently been right as far as regards the letter, but essentially wrong

in the spirit. The laws of nature do not vary, nor do our organs of sense or perception,

and what was apparently fit and proper in the opinions of the Greeks is equally so at the

present day : in their sculptures we never find a man represented carrying more than his

own weight, and such laws ought to be our guide.

After the destruction of the Roman empire, the character impressed upon architecture

by the Greeks was lost : other styles arose in succession, which have been designated as

Byzantine, Romanes(iue, Lombardic, Saxon, Norman, Saracenic, and Pointed. The five

first retained the semicircular arch, and only differed in the quantity of material em-

ployed : for examples of the three first-mentioned we must refer to a work entitlid

" Architecture of tlie Middle Ages at Pisa," by Edward Cresy and G. L. Taylor, containing

measurements made in 1817.

3 y 2
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CHAP. III.

MEDI.EVAL ARCniTECTURE.

Sect. I.

THE STYLE IN GENERAL.

The question tliat first naturally arises is, What is Gothic or Mediasval architecture?

Altlioiigli Hickman, in his essay mentioned on page 971, gave a sketch in which he wislied

to show the differences between Classic and Gothic architecture, the first real attempt at

defining the char.icter of Medifeval art seems to have been made by the late A. W. I'ugin,

who, in his True Principles of Pointed or Christian Architecture, 1841, enunciated tlie fol-

lowing principles, which have formed the keynote for the various works and lectures on
the subject since written and delivered:—

I. There should be no features about a building which are not necessary for convenience,

construction, or propriety. II. All ornament should consist of enrichment of the essential

construction of the building. III. The smallest detail should have a meaning or serve a

purpose. IV. The construction itself should vary with the material employed. V. The
design should be adapted to the material in which it is executed. VI. Pointed architec-

ture does not conceal her construction, but beautifies it. VII. I'laster, when used for

any other jiurnose than coating walls, is a mere modern deception. VIII. A flat roof is

contrary to the spirit of the style. IX. A splayed form is necessary for piers, arches,

basimoulds, strings, and copings. X. All mouldings of jambs are invariably simk from

tlie face of the work. XI. Large stones destroy proportion. XII. The jointing of

masonry should not appear to be a regular feature. XIII. A joint in tracery shoidd

always be cut to the centre of the curve where it falls. XIV. The external and internal

anpe;irance of an edifice should be illustrative of. and in accordance with, the purjjose for

which it is destined. XV^. It is a de'ect to make the two sides of a design corres|)ondeut

if their purposes differ. XVI. The jjicturesque effect of the ancient buildings results

from the ingenious methods by which the old builders overcame local and constructive

difficuities. XVI 1. The elevation should be subservient to the plan. XVIII. Details

are multiplied with the increased scale of the building.

These principles, with the addition of the subject mentioned in the next paragraj)]!,

seun to form the creed of the most advanced foreign archaologisis, such as IVI. VioUet le

Due, for the onsideration of the spirit of the style has been neglected in favour of an in-

vestigation of details by French and German writers on architecture.

" Internal altitude," writes Pugin in the same work (p. 60.), " is a feature which would
add greatly to the efliect of niiiny of our fine English churches, and I shall ever advocate
its iitroductioa, as it is a characteristic of foreign pointed architecture of which we can av ail

ourselves without violating the jirinciples of our own peculiar style of English Ciiristian

architecture, from which 1 would not depart in this country on any account. I once siood

on the very edge of a precipice in this respect, Irom which I was rescued l)y the advice and
arguments of my respected and reveied friend Dr. Rock, to whose learned researches ami
observations on Christian antiquities I am highly ind bted and to whom I feel it a bounilen
duty to make this pulilic acknowledgment of the great benefit 1 have received from his

advice. Captivated by the beauties of foreign pointed architecture, I was on the verge

of departing from the severity of our English style, and engrafting portions of foreign

detail and arrangement. This I feel convinced would have been a failure ; i'or although
the great jirinciples of Christian architecture were everywhere the same, each country had
some peculiar manner of developing them, and we should continue working in the same
parallel lines, all contributing to the grand whole of Catholic art, but by the very varieiy

increasing its beauties and its interest."

This author claimed for pointed architecture the merit of its having been the only phaso
of art in which the "principles" had been carried out, and is supported, witli some reserva-

tions, i)y Viollet le Due. Our space is too litnited to discuss that assertion ; the student who
desires to investigate the sul)ject must refer to Pugin's publication for his arguments, and
must guard against being captivated by the one-sided illustrations given as " contrast."
For an assertion of the .same general princii)les in regard of Classic and Modern architeciure,

the reader is referred to the chapter on Bkauty in Akchitkcxuke, in the present work
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(par. 2492, ct seq-), written, we are inclined to consider, before the publication of Pugin's

propositions.

A more strictly arcliitectiiral definition of the term Gothic architecture has been deduced

from the writings of various investigators, as being that combination of art and science in

building which followed the adoption, during the middle ages, of broken arches for vaults,

o]ieniugs, and ornaments, in lieu of the previously existing arches of continuous lines.

The term Gothic architecture, according to such writers, does not acknowledge as its

legitimate productions any structures that are point vaulted and point arched, point

vaulted but not arclied, point arched l)ut not vaulted, or neither arched nor vaulted, unless

they conform to rules approved by the builders in north-western Europe (and especially

in England) during the middle ages. These regulations are, in effect, nine :— I. Day-

light must not fall upon any apparently horizontal plane surface, however small, except

pavements, steps, seats, and tables. II. Every arch must be moulded within a chamfer,

or at least be chamfered. III. Every t'mposf must follow the plan of the arch or arciies

wliicli it receives. IV. Every pillar must be an assemblage of juxtaposed shafts or mould-
inn's. V. Every p/er must be polygonal, or at least circular in plan. VI. Every inse must
follow the plan of the pillar or jiier to which it belongs, or at least be eitiier polygonal

(preferably octagonal), or cylindrical if under o shaft. \ 1 1. All decora'ioii must be worked
within the jilane of the walling to which it bciongs, except in the cases of bases, bands,

ca])itals, cornices, copings, and dripstones. VIII. Roofs of high pitch and Hying buttresses,

spires, and pinnacles, tracery and foliation, are incidental, ratlier than peculiar, features.

IX. The continuous arch may be exceptionally employed when it, with the rest of the

building in which it occurs, exhibits sulimission to the preceding regulations.

Tiiese regulations were observed to tiie north of the Loire and of tlie Alps, which was

the seat of what may be designated nriyinal Gothic. South of those boundaries we have

to deal with wh.it may be designated imitaliie Gothic, to which, as a matter of course,

appends itself one of tlie two divisions, Ciiristian and Mahomcdan, of Pointed art. V/e

take it for granted that tlie reader is already convinced tliat the Romanesque and Byzan-

tine perfect develoi)ments of Roman construction do not become tranvitional to oriyinal

or imitative Gothic arciiitecture merely by the introduction of the pointed arch as a mere
foni, independent of the regulations above enumerated. On the contrary, they become
new sli/les, with their own periods of transition and development ; wliich, by those writers

who do not feel that the architecture of the Mahomedans has been as consistent as that of

north-western Europe, are at present considered as mere solecisms, deserving to have the

e|)ithets appointed Romanesque and pointed Byzantine given to them.

These regulations, therefore, define the diH'erence between Gothic and Pointed architec-

ture. Tluy exclude from the title of Gothic those branches of the transition from Ro-
manesque art which, in Germany, Italy, and the Spanish peninsula, were, whatever the

period migiit be, merely imitation Gothic ; as they also exclude any branch of the pointed.

Byzantine school, which was employed by the Normans in Sicily, or by other Christian

conmiunitles.

The readers who are desirous of considering this subject more in detail are referred to

Fieeman, History of Architecture, 1S49, wherein Chapter I. Part II. treats ujjon the
" DeKnition and Origin of Gothic Architecture;" and concludes with the observation :

" We may tlien define Gotliic architecture as a style whose main principle is verticality, a

princii)le suggested by the pointed arch, and carried out in its accompanying details." A
writer in the Arc/iocoloyical Journal, for February 1847, has expressed his notion that "it

would be very possible to build a thorouyhly good Gothic church, taken entirely from ancient

examples, without a single pointed arch throughout;" a principle which would astonish

most of the talented practitioners of the present day.

An eminent amateur has written a very studied and elaborate explanation of what he

considers to constitute Gothic architecture. " I believe," says Mr. Ruskin, in Stones of

Venice, Vol. II. Chap. VI., after a short inquiry into tlie mental power or expression,

"that tlie cliaiacteristic or moral elements of Gothic are the following, placed in the order

of their importance : — I. S.ivageness ; II. Changefulness ; III. Naturalism; IV. Gro-

tesijueness ; V. Rigidity; and VI. Redundance. These characters are here expressed as

I)eloaging to the building. As belonging to the builder they would be thus expressed :

—

I. Savageness, or rudeness; II. Love of change ; III. Love of nature ; IV. Disturbed

imnorination ; V. Obstinacy; and VI. Generosity. Tlie withdrawal of any one, or any two,

will not at once destroy tiie Gothic character of tlie building ; but the removal of a majority

of tliem will." He then proceeds to examine them in their order; but our limitid sjiace

prevents our following him word for word, and we have found it necessary to curtail some
of the following paragraplis.

In defining its outward form, he states that the most striking feature is that it is com-
posed of pointed arches. " I shall say then, in the first place, tliat Gothic architecture is

that which uses, if jiossihle, the pointi'd arcli for the roof jiropcr ;" and subsequently adds,

•* Our definition will stand thus ; Gothic architecture is that which uses the pointed arch
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for tlie roof proper, and tlie gable for tlie roof mask. "—"All good Gothic is notliiiig more
than the develoiinient in various ways, and on every conceivable scale, of llie group forn-ied

Iiy \hn jioiiiled arcli for tilt hearing line below, and the (/alle for ilit protecting line abo\e
(fg. lO'JC). The subject of the masonry of the pointed arch has
been discussed in Cli;ipter XI. of Volume I. (of his work), and
tlie conclusion deduced, that of all possible forms of the pointed

,1 arcli (a certain weight of material being given),

/ \ that generically rejjresented in fg. 1057. is the

/ \ strongest. But tbe element of foliation must

/ ^^^\ enter somewhere, or the style is imperfect; and
//^ \\ our final definition of Gotliic will, therefore,

// \\ stand thus:— Foliated arcliitecture, which uses
*"

the pointed arch for the roof proper, and the
Fig. 1056.

„^|j]g f^j. j,jg j.^^j. ,^^3gi,_.. Fig. 1057.

The figure 1057, though of the outline as given by Mr. Ruskin, really exhibits the stone
arch erected in granite across the chancel of the Bruen Testimonial Church at Carlow,
designed by the late J. Derick (Builder, 1854, p, 34.). The trefoiled arch exercises a
force within the building neutralising the outward thrusting force of the lancet arcli, tlie

two forces producing a state of rest.

"A few plain and practical rules," continues Blr. Ruskin, "will determine whether a
given building be good Gotliic or not, and if not Gothic, whetlier its architecture is of a
kind which will probably reward tbe jiains of careful examination :—I. Look if the root'

rises in a steep gable, high above the walls. If it does not do this, there is somethin<r
wrong; the building is not quite pure Gotliic, or has been altered. II. Look if the priii^
cipal windows and doors have pointed arches, with gables over them. If not pointed
arches, the building is not Gothic ; if they have not any gables over them, it is either not
pure or not fii.St- rate. If, however, it has the steep roof, the pointed arch, and gable all
united, it is nearly certain to be a Gothic building of a very fine time. III. Look if tiie

arches are cusped, or apertures foliated. If the building has met the first two con-
ditions, it is sure to be foliated somewhere ; but, if not everywhere, the parts which are not
unfoliated are imperfect, unless they are large bearing arches, or small and sharp arches in
groups, forming a kind of foliation by their multiplicity, and relieved by sculpture and
rich inouldings. If there be no foliation anywhere, the building is assuredly imiierfeit
Gothic. IV. If the building meets all the' first three conditions, look if its arches
in general, whether of doors and windows, or of minor ornamentation, are carried
on true shafts with bases and capitals. If they are, then the building is assuredly
of the finest Gothic .style. It may still, perhaps, be an imitation, a feeble copy, or a i:ad
example, of a noble style ; but the manner of it, having met all these four conditions, is
assuredly Hr.st-rate. If its apertures have not shafts and capitals, look if they are plain
openings in the walls, studiously simple, and unmoulded at the sides. If so, the buildlii"
may still be of the finest Gothic, adapted to some domestic or military service. But if the
sides of the window be moulded, and yet there are no capitals at the spring of the arch, it

is assuredly of an inferior schuol."
" Tbe next tests to be applied are in order to discover whether the building be good arclii-

tecture or not
; for it may be very impure Gotliic, and yet very noble architecture ; or it

may be very pure Gotliic, and yet, if a copy, or originally raised by an ungifted builder,
very bad architecture :— I. See if it looks as if it had been built by strong men; if it has
the sort of roughness, and largeness, and nonchalance, mixed in places with the exquisite
tenderness, which seems always to be tlie sign-n anual of the broad vision and massy power
of men who can see past the work they are doing, and betray here and there something like
disdain for it. If it has not this character, but is altogether accurate, minute, and scrupu-
lous in its workmanship, it must belong to either the very best or the very worst of schools

:

the very best, in which exquisite design is wrought out with untiring and conscientious
care, as in the Giottesnue Gothic; or the very worst, in which mechanism has taken the
place of design. On the whole, very accurate workmanshij) is to be esteemed a bad sign.
n. Observe if it be irregular, its ditVerent jiarts fitting themselves to difterent purposes,''no
«>ne caring what becomes of them so that they do their work. III. Observe if all the
traceries, capitals, and other ornaments, are of perpetually varied des'gn. IV. Lastly,
/ffiflrf the sculpture. Preparatory to reading it, you will have to di.scover whether it is
legible (and, if legible, it is nearly certain to be worth reading). The criticism of the
building is to be conducted precisely on the same piinciples as that of a book ; and it must
depend on the knowledge, feeling, and not a little on the industry and perseverance of the
reader, whether, even in the case of the best works, he either perceives them to be great, or
feels them to be entertaining."

"The larietg of the Gothic schools," says Mr. Ruskin, in another portion of the same
M'oik, "is the more healthy and beautiful, because in many cases it is entirely unstudied,
aud results, not from mere love of change, but from pracical necessities. It is one of the
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cliief virtues of tlie Gothic builders, that they never suffered ideas of outside symmetries
and consistencies to interfere with tlie real use and vahie of what they did. If they wanted
a window they opened one; a room, they added one; a buttress, they built one; uttt-riy

retrardless of any established conventionalities of external appearance. Every suceessi\e

architect employed upon a great work built the pieces he added in his own way, utterly

regardless of the style adopted by bis predecessors. These marked variations were, bow-
ever, oaly ])ermiited as jmrt of tlie great system of perpetual change which ran through
every member of Gothic design, and rendered it as endless a Held for the beholder's inquiry

as for the budder's imagination ; change, which in tlie best schools is subtle and delicate,

and rendered more delightful by intermingling of a noble monotony, in the more barbaric

Bchools is somewhat fantastic and redundant; but, in all, a necessary and constant condition

of the life of the sci\ool. Sometimes the variety is in one feature, sometimes in another:
it may be in the capitals or crockets, in the niches or the traceries, or in all together, but
in some one or other of the features it will be found always. If the mouldings are constant,

tlie surface sculpture wdl change; if the capitals are of a fixed design, the traceries will

change; if the traceries are monotonous, the capitals will change; and if ever, as in some
fine schools, the early Knglisii for example, there is the slightest approximation to an
unvarying type of moiddings, capitals, and floral decoration, the variety is found in the

disposition of the masses, and in the figure sculpture."

Sect. 1 1.

PEKIODS OF GOTHIC AKCHITECTUUE.

The divisions of Gothic architecture in England, as made by King, Dallaway, JMillei \

and others, have been used in Book I. Chap. III. ; !)ut their subdivisions and nomenclature
have been discarded by later investigators ; and many tables have been put forward of
divisions and subdivisions. Thus, Britton's nomenclature (1807) was, English 1189-1272;
decorated English 1272-1461; highly decorated, or florid, English 1461-1509; debased
Englisli 1625. Millers's division ( 1S07) was early English 1200-1300; ornamented
English I;K)0-1460; and florid English 1460-1537, as adopted herein in Book I. E.
Siiarpe classifies the style as, Roina>ies(jiie—Saxon period until 1066; Norman 1066-1145,
Gul/iic—transitional 1145-1190; lan< et 1190-1245; geometrical 1245-1315 ; curvilinear

1315-1360; and rectilinear 1360-1550.
Tiie following table introduced by Rickman, Attempt to Discriminate, §-c., shows bis

nomenclature and the duration of the periods ; these names have maintained themselves,
Li consequence of their general appropriateness, from 18 19 to the present time :—

Kings. Date.

William I.

William II.

Henry 1.

Stophen.
Henry H,

Richard I.

John.
Heuiy III.

Edward I.

Edward II.

Kdward 111.

Richard II.

Henry IV.
Henry V.
Henry VI.
EdHan I IV.
Edward V.
Kicliard HI.
Henry VII.
Henry VIII.

10r,6

1087
1I"U
1135

n54 to llf9

1189
1 1 09
121U

1272 to 1307

1307

1327 to 1377

1377

131.U

Mil
14 -'2

H6I
1483
14H3

1485
1509 to 154G

Name of Period. Remarks.

Early English.

Decorated
English.

rERPENDICULAR
English.

Prevailed little more than 124
years ; no remains really known
to be more than a few years
older Chan the Conquest.

Prevailed about 118 years.

Continued perhaps 10 or 15 years
later

; prevailed little more than
70 years.

Prevailed about 109 years.
Few, if any, whole l)nildings exe-
cuted in this stjlc later than
Henry VIII.

This style used in additions and re-
buildmgs, but often much debased,
as late as 1630 or 1G40.

The reign of Richard I. was the chief period of the transition from the Norman to the
early English style; that of Edward I. for the change from the early English to the
decorated style (the Eleanor crosses belonging rather to the latter, than to the former,
style); while in the latter part of the long reign of Edward III. the transition to the
perpendicular style commenced, and was almost completed by the time of fJic accession of
lliclard II.
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Similar tables of the duration of styles in foreign countries have been given in the section

Pointed Architecture, in Book I.

Hickman, in describing the style to which he gives the name " decorated," especially

classes under that style tlie tracery in whicii '-the figures such as circles, trefoils,

•liiatretbils, &c., are all worked witli the same moulding, and do not always regularly

join each otiier, but touch only at points; this," he says, "may be called geometrical

tracery." The Rev. G. A. Poole, Ecclesiastical Arch-.tecture, 1848, remarks that "a very

large proportion of the buildings in wiiich this k.nd of tracery is used, belongs to

tluT previous period, called early English. The examples which miglit have been sup-

j)osed to clear up the difficulty only make it greater. Thus, in speaking of the chapter-

bouse at York, wliich has splendid geometric tracery, he says, " The chapter-house

is oi decorated character; " yet the chapter-house is clearly of a character which prevailed

duriii"- a considerable part of that period wiiich Hickman assigns to the early English

style. The general tendency has likewise been, of late, to range with the early English

by far tlie greater proportion of those examples which answer to Hickman's detinition of

geometrical decorated ; a few of the later examples only being treated as transition from

e.irly English to decorated. The mouldings, it is true, are generally of perfectly early

En"-lisli character, and so are the clusters of foliage, the bosses, and other ornamental

appendages. Instances occur in which the siinjile early English lancet was used during

the period of the geometrical tracery. How, then, are tlie two styles, if they be two, to be

separated, in a system which is in part chronological? How are they to be united, in a

system which is also in part founded on similarity of parts?

" it is, however, jjerliaps the most perfect of all the styles ; for its tracery has the com-

pleteness and precision of the perpendicular, without its license and exuberance; while_ its

ininor details partake of the boldness and sliarpness of the early English, which need not

fear to be compared with the ornamental accessories of any subsequent style. Besides the

intrinsic beauty of this style, it is imjiortant as aHbrdlng the first full development of tracery

and of cusi)ing, with all their power of enriching large windows, and of bringing together

several lights as one whole."
" In jjursuing the study of mediwval architecture, it may be held as an axiom," writes

Brandon, Analysis of Gothic Architecture, " that personal inspection of the old churches of

England is the only inea>i& by which it can be possilde now, eitlier to ai)preciate the genius of

our mediseval arcliitects, or to syiupathise with the s,pirit which animated theiu. But it is

])robable that even experienced observers may sometimes be misled by a practice of occa-

sionally assimilating work in a later style to some already existing portion of an incomplete

general design. Indeed it forms a strongly marked exception to tlie usual practice ; for it

was a general rule with the builders of the middle ages never to fall back upon a jiast

era of their art, even when engaged in completing structures of a bygone age." He tlien

describes tlie proceedings in this resjiect at St. Alban's Abbey Church, at Westminster

Ahbi-y, and at Fotheringay Church, Northamptonshire.

The early English character of Westminster Abbey Church has been so well preserved

throughout, that in many cases it requires a close inspection before it is possible to detect

the presence of decorated or of i)erpendicular work. Thus the windows in the aisles

erected by Henry V. are very decidedly of early decorated character ; the customary

octagonal and moulded cap of the perpendicular period occupy the place of the corre-

sponding circular and foliated members, which, had the windows really been erected some

liundred years earlier, would assuredly have surmounted the boltels placed in their jambs.

Fig. 1059. VVESTJnNSTER ABBEY ; I'lLLAIiS OF NAVE (T„ EASTEKB
BAVS, DECOUATED—M, WESTEItN BAYS, PElil-ENDICULAK.)

In the earlier plans of the nave piers four shafts stand clearly detached from the main

body of the pier, Ji(/. 1058. ; but subsequently the pier was worked with eight shafts,

J^^. 1059. (L) ; and," later still, with eight shafts, /y. 1059. (M) all attached to the central
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mass, indicative of the altered fashior. of the day, in wliich detached slialts, once such a

favourite feature, were entirely discarded. In the piers they worked the bands of tlie l.'Stli

century (N) with the niouhlings peculiar to tlie

]5tii (O). Fiyures 1060, both drawn to the same
scale, show how they departed both from tlie

outline and size of the original. In the triioria,

the early English design is equally apparent ia

the earlier and later portions of the work ; liut

the mouldings in each are true to tluir styles.

Although tiie groining is tolerably in keeping
throughout, yet iu the aisles and in the later

portion of the vaulting, the original spring and height of the ridge

rib has been preserved, while to the elegant acutely pointed lancet

of the earlier groining an obtusely pointed arch has been jire-

ferred, which, consequently, it has been necessary to stilt. Biandon
gives illustrations of the early English and perpendicular arcades

under the windows, a feature which, tliougli long disused and sup-

planted by a system of panelling, is yet followed out. " I am not

aware," writes the Rev. J. L. Petit, " whether sufficient attention

has been given to the attempts occasionally made by the medi;eval

architects to assimilate their work to the portions erected in an

earlier style. In some instances, as in tiie cIk irs at Ely and

Lincoln, this is done without sacrificing any of the distinctive features of the style then in

list ; l)ut in lieverley Minster, and in Whitby Abbey, the case is different. In the latter,

the whole of the early Englisii arrangement of the clioir, as regards its lancet windows,

is continued in the transept, though the ornaments with wiiich it is enriched show that

this part clearly belongs to the decorated period. The triforium in the former is uniform

throughout the whole church, for the same is continued in the decorated work, except the

disuse of marble in the shafts."

The same system of using previous ideas, but working them out with later details, is

exemplified in the Sketch Book of Wilars de llonecort, an architect of the middle of the

llUh century. In comparing his sketches with drawings from the original works, their

extreme inaccuracy and contempt of detail is evident. lie sketched them because he saw
there was something in the general ariangement which, with alterations, might become
useful. He therefore drew each with his own improvements to it. As to the details, Wilars

did not want theui, for he was perfectly convinced that those of his own time were better

than anything previously executed. The reader will find reviews of this wurk in the

Builder for 1858, with some woodcuts of the illustrations.

Besides this (]uestion of assimilation of style, there arises that of shnilariti/ of work in

different buildings, resulting from the supeiintendence or design of one master mind ; but

this is so extensive a subject that in our limited space we dare not do more than name it

for the attention of the student or reader. Another interesting important point is that of

the transition from one period into another, such as the decorated into the perpendicular.

A envious exam|)le of this exists in the chiu-ch at Ellington, in Wiltshire, an account of

which, with woodcuts, is given by Tarker, in the 6th edition of Hickman's Attemjit, 1862.

Sect. IXL

MOULDINGS.

It will probably surprise many of our readers that even so late as 184.'), the statement
was made that '• but little acquaintance with mouldings is evinced in the works of most
modern architects." Such was the opinion expressed by F. A. Paley, when he published
his very useful Manual of Gothic Mouhliiu/s. " Viewed as an inductive science,'' he writes,

"the study of Gothic mouldings is as curious and interesting in itself as it is important in

its results. Any one who engages actively in it will be amply repaid, if only by the en-
larged views he will acquire of the ancient principles of effect, arranginient, and composi-
tion. But the curves, the shadows, and the blending forms, are really in tliemselves

extremely beautiful, and will soon become the favourites of a familiar eye ; though viewed
without understanding they may seem only an unmeaning cluster of holes, nooks, and
shapeless excrescences. Perhaps few are aware that any group can be analysed with i)er-

fect ease and certainty ; that every member is cut by rule, and arranged by certain laws of
combination. The best work on Gothic mouldings which could possibly be written will

do no more than set him in the right way to obtain a knowledge of the subject by his own
research. The look of a moulding is so very different in section, projected in a reduced size
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on paper, from its appearance in perspective reality, that the same form seen in the one

may scarcely be recognised in tlie other.

' Gothic architi'ctiire revelled in the use of mouldings ;—and yet, tnouldings are merely

tlie ornamental adjuncts, not. the essentials, of architecture. Some huildi.igs of tlie best

periods were quite devoid of tiiem, whence it is evident tliat they are not necessary even

to a perfect design. Boldness and simplicity produce effects, different indeed in tlieir kind,

yet not less solemn and striking than richness of detail. If the uniformity in theii

use had not been very strict and close, it had been a liopeless task ever to master tlie

subject; indeed, if there had not been a sys/eTO of moulding, there would have been no-

tliinit to investigate. But so little did the mediteval masons depart from the fixed con-

ventional forms, that we often find a capital, a base, or an arch mould of perfectly the same
profile in an abbey or a cathedral wliicli we had copied in our note-buok from a village

cliurch at the other end of tlie kingdom, so that we might almost suspect that the very

same working drawing had been used for both."—Thus far we have quoted from.Paley, to

wiiose work we shall again lune recourse in tlie furtherdevelopment of this section; but in so

condensed a form, that it should not prevent the student from himself possessing so invaluanle

a. work, of which a third edition was issued in 1865, with an accession of illustrations.

We must now attempt to give some i !ea of the nonunclatnre of mediaeval mouldings.
" The most complete specimen," writes Professor Willis, in his Architectural Nomenclature

of the Middle Ayes, 1844, "is that preserved to us by William of Worcester, or Botoner,"

wlio was born in Bristol, in 1415, and is now best known by a manuscript note book re-

maining in the library of Corpus Christ! College, Cambridge; it was printed in 1778
by Nasmith. Two of its pages contain lists of technical words attached to roughly drawn
outlines of jamb mouldings, the one showing the north door of St. Stepiien's Church, tlie

other the west door of St. Mary's lledcliffe Church, both at Bristol. These doors are still

in existence; on comparison, the former agrees perfectly with the mouldings of the sauih

porch of the church in question, excejit that two little boltels have been scraped clean off.

The west door of lledcliffe Church has undergone a much severer s/ii«Hr«^. Fvi- 106).

rejtresents tiie outline of the former door ; "the names given to the mouldings by Botonei

.
are, A, a cors wythoute ; B, a casement, C, a bowtelle ; D, a felet ; E, a double ressaunt;

Fig. 1062. Fig. 1061.

ST. MART'S KhUOLlFFB; AMD ST. STKPHJiN'Si BlilSTOL.

F, a boutel ; G, a felet ; H, a ressant ; I, a felet ; K, a casement wyth Levys ; L, a felet,

a boutel, a felet ; Rl, a ressant; N, a felet; O, a easment wytli trayler of Levj's ; P, a

felet, a boutell, a filet ; Q, a casement ; 11. a felet ; S, a casement; T, a felet ; U, yn the

myddes of the dore a bouielle." Of these terms (which display his various modes of spel-

ling) ptrha))s the only ones needi;.g remark are K and O, which are identical, and have
scjuare leaves or flowers in them of the usual fijrin, set at regular intervals, forming a long

contiimous train. " Benet le Ffiemason " appears to have worked the original mouldings.
The section of the mouldings of the west door of Redcliffe Church is shown in Jig. lO'i'i.,

to which the names were also attached, the additional terms obtained being '' A, a chamfer

;

C, a double Ressant wyth a filet ; O, a Ressant loryiner ; M, a lowrvng casement; and I,

a i^rete bowtelle." " I cannot helji pointing out," writes Professor Willis, "how imperfect
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a noinenclatiire must I)c, whicli can make no stronger distinction betr/cen the combinations

E and C, than by calling one a 'double rcs.sant,' and the other a 'double ressant with a

fillet.' The u!iivcrsal moulding O, in fig. 1062, is a ' ressant lorymer.' " Fig. 1063. is an

outline of the jamb mouldings as they appear at present, engraved f'roin a drawing made
expressly for us by Mr. T. S. Pope, of Bristol, and exhibits the skinning they have

undergo., e.

IMouldings of an arch or jamb are said to be grouped when they are placed in com-
bination as they are generally found ; but a grovp is a branch of mouldings or se))arate

members, standing prominent or isolated, either on a shaft, or between two deep hollows.

Aw arch of two or more orders is one wliich is recessed by sd many successive planes or

retiring arclies (sue fg. 1065. &c.), each placed b hind or beneath the next i)erore it,

reckoning from the outer wall line. The accompanying figures exhibit both groups and

orders.

We have adopted the usual arcliitectural system of exhibiting the mouldings in

the manner of a mould or pattern, and it likewise carries out the principle of this work.

It is also preferred to the popular way of engraving sections, that is, by an apparently

pt'rsjjcctive representation of a stone cut out of an arch. The several sets of figures

are all drawn to scale. The examples selected are. Fountains Abbey, Yorkslm-e, for

the transition and for the early English period ; Tintern Abbey, Gloucestershire, for the

peometric period; Howden Church, Yorkshire, for the late decorated jieriod ; and Henry
Vll.'s Chapel, Westminster, for the perpendicular period. For tliose from the three fijst

buildings, we have to express our grateful acknowledgment to E. Sharpe's Arcliitettuml

Piiralhls, 2 vols. fol. 1845-48, a work combining technical iirecision, without which

it would be useless to the architect, with artistic character, by which it will recommmd
itself to every one interested in such antiquities. The illustrations of Tiiitern are valuable

examples of the geometric period. The work contains many geometrical plans, elevations,

and sections of 14 buildings, with all the principal mouldings to a large scale (those herein

are all reduced, and therefore less useful), with an additional valuable volume of the mould-

ings engravfd full size. For the illustrations of the fourth period we are indebted to

Cottingliam's work on the Chapel, fol. 1822-29, perhaps the only perfect monograph of a

large structure yet published in England.

One reason for selecting the illustrations in this manner has l)een that, with the very

limited sjiace at our disposal for so extensive a subject as the detail of Gothic architecture,

we could not emulate either the very satisfactory work which now, witli its useful dhis-

trations, passes as Hickman's Attempt to Uiscriminate the Styles of Archilecture in England,

8vo. 1865, 6th edit., or Biandon's Analysis of Gothic Architecture, which is full of examples

of detail drawn to scale. Another reason was, to give the means of comparing the use of

details in similar parts of edifices of nearly the same general dimensions; otherwise we
could merely liave given the prettiest selection that it had been possible to have made for

the purpose.

" During the period in which the so-called Avglo- Saxon architecture prevailed, little

decorative work was done. The very rude carvings are extremely shallow, being sucli as

could bo worked with the hamiT)er or pick, and

without the chisel. In some doors and largerarclies

there is a regular impost at the springing, having

a rude resemblance to Roman mouldings; other-

wise the jambs and arch stones are merely returned

square. The tower of Sompting Church possesses

early carved work, and boltels at the angles of the

window openings, and also a very peculiar orna-

mented stringcourse. The chancel arch at Witter-

ing Church, Northamptonshire, is amorg the early

attempts at moulding observed in this country,

being rough and coar-.ely chiselled members, gene-

rally seml-cylindrie-al. A square-edged reveal soon

b.came a boltel, by first chamfering, and then re-

moving indefinitely tlie angles. Thus, a S(]uare-

cd^edarch with its sub-arch orsofHt rib, was either

worked into rounds at each angle or into jjointed

rolls; or some edge,^ were chamfered, others worked
into rolls, am) tlie sub-arch cut away into a broad

semi- cylindrical rib.

'• The i\orinan architects never got much l)e-

yond the plain semi-cylindrical roll (fig. 1064. r'?- 1064. folxtai.ns Aur.KVi have.

does nut show even so much work). They j^aid more attention to surface sculpture

ARCII I'LANES
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and shallow ornainoiital work in the arcb.ivolts and soffits. &jme of the early mouldings

ami onianu'nts are illustrated in yfu. 1 88 , in Book I.

•' The invention of the jioiited b.iltel, contemporaneously with the pointed arch, opened

tlie way to a great number of new forms, all more or less referable to this common origin,

in varvinji tlie meml)ers of com- t^

AllCU FLAXES.
plex earhi EiKjlish groupmgs. Tlie

first and by far the most important

of these is the roll and JiUtt, as A in

fi;,s. 1065. and 1066. It is the

keynote of almct all the subse-

qu'.nt formations. The charac-

teristics of the mouldings of this

style may be d fined to be. deep

tu'id-.Tcut hollows between promi-

nent meuib Ts, whic-h comjjrise a

great var ety of pointed and fil-

leted boltel's, clustered, isolated,

and repeated at certain inter-

vals, a great depth or extent of

moulded surfaces, and the gene-

ral arrangement in rectangu-

lar faces. The hollows, giv-

ing the ert'ect of a series of

detached arches or ribs, rising

in succession, are s'.-ldom true

circles (A, fig. 1067-); and.

like the projecting i)arts, they

assume a great nuiril)er of ca-

pricious forms. They are not

always arranged in exact —
jilaiics ; tlie student must be

fully prep:ired to find great

irregularity in tlds respect.

" Early English moidiiings

may be said to ccmiprise the

following members :— I. The
plain boltel or edge roll ; I I.

The pointed boltel ; III. The
roll and Hllet ; IV. The
scroll moulding (rare) ; and

V. Angular forms, consist-

ingof chamfered ridges and

intervening projections of

irregul:ir chnracter. The
other forms cliieflv fonsist

of capricious modifications

of the roll and Hllet. The
mil and trifile fillet (of which
B, //y; 1067., is a modifi-

cation), is much used in

the more advanced build- '..^

ings of the style, and was
the favourite form during
the reigns of Edwards I.

nnd ' I Som times only
one side hasa fillet attached,

as at C, and others. Three
pointed rolls, placed to-

gether somewhat in the
fjg, j,

shape of a fleur-de-lis, form
a combination of very frequent occurrence (as figs. 1097. and 1 104.), with many minor
varieties of shape. The fillet is almost always a narrow edge line. The irregular shajie

and the freely undulating curve of the roll and fillet moulding has been conmioiily rre-

ferred. Almost every com eivable tnodification of the phAn roll, peaked, dejnessrd, elliptical,

grooved at the end, tln\:ated, isolati d, and combined, might be found and catalogued liy a

careful observer. The scroll moulding, also called t'd(;e moulding or ressntit lori/mcr, as O
'u\Ji(j. lOb'2. and D in the above figures, was used in advanced early English work ; it is

HaXEltX ALBEV ; NAVB.

^

J

TINTEEN ABBEY :
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30 callec. from its resemblance to a roll of thick paper, the outer edge of which overlaps

the side exposed to view. It was extensively used in the decorated period."

Tlie exquisite skill, taste, and patient labour invariably evinced in the working of early

English mouldings, are truly admirable. The deepest liollows are all as clearly and per-

fectly cut as the most prominent and conspicuous details ; and as much so in the village

cimrch as in the cathedral. Some examples (of doorways) occur at Bolton and Furness

Abbeys, whose arch mouldings extend 5 to 6 feet in width.

" Tlie details of decorated mouldings are for the most i)art identical with those of the

preceding stvle, witii the addition of some new members, and several important modifica-

tions of grouping. The latter will be found to produce an entirely diflferent effect, though

in description the distinction may appear very tritiing. Much greater geometrical precision

in drawing botli the hollows and the projecting members pievailed. Segments of circles,

both convex and concave, were much used, witli an avoidance of strong contrasts of ligiit

and shade, which imparted a more pleasing, though much less striking, effect. The jier-

fection of moulding, as of all architectural detail, is considered by many to have been

attained in this period ; yet rich mouldings in it are of rather rare occurrence. Very

often plain chamfers are used in all the windows, doorways, and i^ier arches, wlule minor

parts, such as bases, sedilia, and tlie like, liave fine and elaborate details.

" There appear to be tln-ee distinct kinds to which decorated mouldings may be generally

referred : I. The plain or hollow chamfer of two or more orders, which, properly speaking,

is only the stej) preparatory to moulding. II. Roll and Hllet mouldings, and fillets with

hollows between eacli group. III. A succession of double ogees, or double ressants,

divided by hollows of three-quarters of a circle Sometimes the mouldings of 1 1. are com-

bined with those of III. The mouldings of class II. are generally borne by jamb shafts,

now engaged in, and not detached, from the wall. 'J'hose of III. are almost always con-

tinuous, except in pier arches, where they constantly occur. Four or five of these t. gether

give a very deep and rich effect to a doorway. One member of a double ogee is often

considerably larger than the other, or those of one order of different size from the others.

" Tlie principal forms found in decorated work are :— I. The roll and fillet, the fillet being

extremely broad, ofUv. as mucii as 3 a:id 4 inclies. II. The roll and trijjle fillet, invarial>ly

producing a fine effect. Its edge lines are sharp and delicate, and the profile beautifully

relieved by the dee]) side hollows with which it is ^,j^
nicessarily connected. HI. The ogee. IV. The ^ 1

double ogee, or dotihle ressaiit. V. The scroll ^^

;noulding, or ressaiit hripner. VI. The wave
,

3
moulding, which may be cal'ed the iindi/bnl.'el ~

j

[

j

(A in/,(/. 10G8.), from its gently undulating surface: ^ ! ^
scarcely any method of moulding; is so common in, '

I

,

n- I

or so cliaracttristic of this period, as two orders of ^—^ 1 1 -^J "^

the wave moulding, with a hollow between them : I
J

all the varieties of this moulding appear to occur \ /-^

without any definite distinction throughout the L^.- '--^. )

decorated and perpendicular periods ; it is wider \ r

and sliallower in early than in late work ; the wavy '^_^

line is even at times very faint. VII. The plain, Fip. 1068. bowden- ciiuncii
:
aiom.

or hollow, cliamfer ; and VIII. Tiie sunken ciianifer. The boltel, or three-quarter round, is

used very sparingly. The hollows are usually of larger size than those of the early English ;

and there is this general difference in their use, that in i/iis style they divide yrovps, in the

mill/ Eiitflish, individual members. A few exceptional instances occur of a tongue-shajjed

member projecting from the inner side of tiie principal roll and fillet ; this is a very cha-

racteristic detail of the class II.

" In windows, the plane in which the mouldings of tlie jamb lie is seldom coincident

with that on which the side of the mullion is arranged, lor tliis would in most cases give

too great thickness to the latter. The difference of inclination may be very sliglit, but it

requires attention.

'• In mouldings o^ i\\e perpendicular yeriod, a comparatively meagre save-trouble method

of working them is perceived. Large and coarse members, with little of minute detail:

wide and shallow hollows ; hard wiry edges in place of rounded softtned forms, aie all

conspicuous charact^'ristics. Their general arrangement on the chamfer ])lane {fiys. lOul.

and 1062.), wliich is a marked feature of tliis period, gives a flatness unpleasing to the eye

in comparison with the rectangularly recessed grouping of the two preceding styles.

Three peculiarities are so common, that tlieir absence almost forms the exce|)tion to the

n-eneral usa"'e. The^e are :— I. A wide- shallow hallow, usually occupying the centre of

the "-roup, and equal to about one third of the entire width. When tlie holKiw is deep

and narrow, it is generally a mark of early work ; of late, when wide and shallow; anil of

liebased, when sunken but little below the chamfer plane. One or both ends of tiie hollow

are sometimes returned in a kind of qujisi-boltel (as \. fig. lOO'J. ). The boltel is otteu
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formed from a plane by sinking a cliannel on cacii face; and occasionally it stands like an
excrescence on tiie surface of a plane (as m fii/s. lOfil. and 10G2.) ; l)ut this is a departino

from the usual practice, as well ;is from the principle of mouldings. 1 1. The constant use of

boltels, or beads of tlnce-quarters of a circle, reseiv.bling small shafts. And III. The fre-

quency of the double ogee, and some varieties of it peculiar to the period, as shown iu

the figures above-named. This double ogee appears to he composed of a semi-circular

liollow continued in a boltel. All varieties m:iy be considered distinctive criteria of the

period. The doulih ressaut is sometimes of a large and clumsy size. The roll and fillet was
not extensively used ; its form is tliat of B, Jig. 1071.

" Ricli and good perpendicular mouldings are not very common, most examples consisting

but of three or four very ordinary members, offering notliing either novel or interesting to

the view. The doorways are, however, often very deeply recessed, and the engaged jamb
sha ts bear isolated groups of considerable delicacy. Tlie distinction of the orders is often

completely lost ia this period, while it is seldom undefinable in the previous one. The
cliamfer plane in many cases is either more or less than an angle of 4 5°. Sometimes
two parallel chamfer planes are taken for the basis of the arrangement of tl'.e mould-
ings."

Among the characteristics of the tertiary French style, or the Flamboyiint, which hag
been described and illustrated in /jars. 546, et seq., is tliat called by Professor Willis, in a
most ingenious and valuable paper, read in 1840 before the Institute of British Architects,

venetration or inlerpenetration of the different mouldings and parts. The French anti-

quaries have called the system in question mouhires jirism<iti(ities. Neither of these terms
seem satisfactory, but of the two we are inclined to prefer the first as most significant. Ip
the paper above mentioned, he observes that the practice is very rarely to be seen in

English buildings, but produces an instance of it in the turrets of King's College chapel,

at Cambridge {fiy. 1069.), where the cornice A of the pedestal seems to pierce the plinths

of the angle buttresses, and
appears at B. This is, how-
ever, by no means a capri-

cious, but rather an indis-

pensable arrangement, by

which the solidity of the octangular base was ob-
tained without the necessity of the multitude of
re-entering angular moiddings, which would have
otherwise been carried round the buttresses.

Instances of inlerpenetration are abundiint in

France. Amongst those selected by him is one
from a screen, in the cathedral at Chartres; it is

given here geometrically {fy. 1070.). Fui. 1071.
is from the stone cross at Rouen, in which tlie

interpenetration piinciple is displayed in many of
the vertical as well as horizontal memhers of the structure. The parts A A, mark where
the fillet of the mullion pierces the chamfered and moulded parts of the sill. " In many
llaiuhoyant examples, small knobs and projectiuns may be observed, and on a sujierfitial
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Fig. 1072

view might pass for mere unmeaning orniii.cfnts, hut will he found

explicable upon this system of interpenetraiion." Fig. 1072, "is a

vindow from a house near Koinne, at the base of whose njullions,

knol)s may he observed, which really represent the Gothic base of a

square mullion on the same plinth with the hollow chamfered muUion,
and interpenetrating with it." Tiie Professor also states that, " it may
perhaps be found that this character belongs to one period, or one
district, of the Flamboyant style; " but from our own observation, we
are inclined to believe it to have been universal from the middle of the

fifteenth century to tlie period when the style of the Renaissance super-

seded it. The principles on which it is conducted certainly prevailed

in Germany and in the Low Countries, as Professor Willis afterwards states. A notion

to what extent it proceeded may be perceived i)y fig. 1073, taken from ftlijller's Deuknuikr

der Deutschen Bau-
k'lnst, 1821, and ex- \ /"---= \ .-X

liibits on the i)lan a

series of interferences

contrived with great

ingenuity and a cnn-

sumniate acquaint-

ance with practical

geometry. Tiie sub-

, ject is the plan of a

tabernacle, or canopy,

such as is not un-

frequent in churches

on the Continent. It

shows, says IMuller,

how the simjjle and
severe architecture of

the 13th and 14th

centuries had been

debased. The square

BCDE is the com-
mencing figure.

A comparison of

English and French
mouldings has been
made, with illustra-

tions, by the Rev. J.

L. Petit, in his work, •^ "•, ~''^"---'--. /'
'**•

Architectural Studies .
*

tn France, 8vo. 1854,

page 141. Of course Viollet le "Due's Dictionna ire has now become a well of information

on this as on many other details. Some few examples are given at the end of the ensuing

chapter of this Book. Venetian details have been carefully elucidated by J. lluskin, in

Stones of Venice, Vol. Ill , 1853, wherein pp. 221-249 are devoted to the examination in

succession of the bnses. doorways and jambs, capitals, archivolts, cornices, and tracery

bars, of Venetian arciiitecture. We do not, iiowever, perceive tiiat any scale or dinieiisloa

is given to the examples illustrated, the absence of which materially lessens the useful-

ness of the examples. German details may be sought in IMolier's work before quoted ;

in King, Study Book of Medicecal Architecture and Art, 1860; in Statz. Ungewitter, and
Kiechensperger, Co/ZiiC Model Book, 1859 ; and in HoHstadt, Gothisches ADC buck, 1840.

D^------

V^._

Sect. IV.

PIERS AND COLUMNS.

The general plans of the piers supporting the principal arches are either simple or com-
pound : simple, when composed o['onei)lain member; and comjjound, when coiisisiing of

a core surrounded by smaller shafts, detached or engaged. Piers of the earliest period

for carrying walls were .square, as at the cathedral at Worms. 'J'hese were relieved i)y

engaged shafts, as in fig. 1074. In the 12th century the shaft begins to take the

form on its plan of a Greek cross (^fig. 1075.), with engaged colunuis ia its angles as

well as on its principal faces.

For the benefit of those making surveys of l)uildings, we think it useful to sulyoin

the following recommendation from the "llemaiks"of Professor Willis:—" in making
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aicliitcctural notes, tlie plan of a pier should always

1)C accoinpaniid with indications of the distribu-

tion of its parts to the vaultino; ribs and arches

whicli it carries. The
mere plan of the pier

by itself conveys but

small information ;

for it often happens

that the identical pier

may be distributed

in many dilferent

ways, and that these

diHerer.ces c;)nstitute

the only characters

that distinguish the
Fig. 107-1. practiceof one ageor Fig. 1075.

country from another. Fig. lOlF.a. shows one way in wliich the plan alone may be made
to convey these jjatticulars. Tiie dotted lines, drawn from ihe respective memfiers of tlie

pier, mark the direction of the ribs and arches
; and upon each of these, at a small distance

from the pier, are placed vertical sections of these ribs, as at A BCD."

I.. I .. I .. I .. I \ifr

Fig- 11.75a. Fig. 1076. FOUXTAINS AEDEY ; KAVE.

Norman )iiers are, in their earlier form, mostly masses of wall, with rectangular nooks
contiiining attached shafts, as at Winchester, _/?(/s. 1267 and 1268. The circular (_/?(7. 1076.)
and ( ctagonal columns seem to have been introduced about the time of the transition ;

and continued common in ordinary parish churches throughout tlie early English and
decorated periods. Complex early English piers are so varied in arrangement that it

would be impossible here to do more than notice tiieir general characteristics, which consist

prir.cipally in the number of sinaller isolated shafts clinging to a central column, to wiiicii

they are at intervals attached, in reality as well as in appearance, by moulded bands or

fillets (Westminster Abbey, ^9. 1278.), wherein a circular shaft is found, with four detached

tjolonnettes {Jig. 1058.), and with eight sinall detached shafts at Ely. Fig. 1077. is

a gracefully de- .

signed pier. One
without the co-

lonnettes, and
with broader fil-

lets, is a very

common form in

the early English

and decorated pe-

riods, with some
varieties.

Geometric and
decorated piers

have their shafts

engaged (^fys.

1078. and 1079.), so that a clustered column is formed by working out the surfaces of the

mass in lines and hollows. 'I'he example (_^^. 1059.'), from Westminster Abbey, basfiiur

detaclied, and four attached, colonnettes to the central shaft, but the reason for this excep-

Fip. 1077. F0U>TA1KS AEEKV ; CHOIR, Fig. 1078. TIXTEKN AEBKV ; TIEU.
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and extent of the great piers In cathedrals and abl)eys. Piers in the perpendicular period
are generally of ol)long or parallelogramniic plan, the longitudinal direction extending

from north to south {Jig. 1:516.). On the east and west sidi?s

half shafts are attaclied, which bear the innermost order or

soffit mouldings of the arcli ; the rest, including the great

hollow, being usually continuous, witliout the interruption of

any impost. The plan of the pier in Henry VI I. 's Chapel is a

fine example {fig. 1324.) of such an arrangement ; and fig. 1059.

shows the continued adoption of the decorated piers in the later

portion of the nave of Westminster Abbey. Sometimes tiie

ground plan is a square, set angleways (as in the nave of

Canterbury Cathedral, fig. 1299., and at Bath Abbey Church,

fig. 1320.), and each angle maty have an engaged shaft of a
Fig. 1079. iiowi.KN ciiLucH. circular or ogee form.

CAPITALS.

The mouldings of capitals and bases are more definitely marked in the various periods

tl'an any otlier kind of mouldings. " It is by no means impossible, evon for an experienced

oyc, to mistake the details of a decorated for those of a perpendicular arch ; but no one
moderately acquainted with the subject could hesitate in pronouncing the style of a capital

or hase, provided it possessed any character at all. In the Norman period, when the shaft

was round, the highest and lowest members only were S(]uare, the parts itnmediately next

them being rounded off to suit the shape of tlie shaft {fig. 1266.). This is seen in the

ordinary form of the cushion capital. We may observe the lingering reluctance to get rid

of the square plinth, in the tongue-shaped leaves or other grotesque excrescences wliich are

ol'ten seen to issue from tiie circular mouldmgs of transition Norman bases." Fig. 1080. is

a curious example of the square form in front (N), and the circular moulded form in rear, of

the shaft, shown on plan, fig. 1076. As soon as a sub-arch was introduced the corners of the

capitals were either cut oif or cut out : the former process

produced the octagonal form ;

the shape of tiie shaft produced

KiB. I OK I.

FOUNTAINS AliUKY ; Cllflllt.

Scale, the same lu to fig. 1UU4.

the circular capitals and base. But capitals became octagonal before plinths : and
similarly octagonal plinths were retained long after circular capitals had become universal.

3 R
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Fif. lOSI. k the boat bee cS &e ahsft thown mfi^ 1077., as u ^vi fij. 108-2 c/f tljat of

pfl- I07&,fte.

Cafisait nay be friiLd isrto moaUrf aad floriated. In the latter, the folUge in tljt

Ifanaaa and earlj PmgliA period is ananged vertically, ia tfiie decxwated h
twmes horboDtallj, or raibrr tran>vent-]j,

routad die es^Mtal OE91. 1083.). In die per-

pea£etilar, Bsoire fieqweady onall leaves or

IKdnae asesct like atadb ^ iotenrab roond
thednft dwvedae neck. Tbe capital eoo-
aats ofdnee parts, the atoeaa. d^c beO. aad
tlie aeck. Ia dbe early Eo^A period d«
a}dea» is alaiMMt invariably osdereBt. Is die
deeorated it rnmwiiti of die seroll uiualiliaf

•^ a cyfiadrical r»0 of lew nze befev H.

The bcOi,ia(«1y EagiiA eapr^ is aonNtiaw 1

doable^ widb a very baadaaaw tSittt, whSk ia

deaorated work it is sfHpai so deeply onder-
eat. It is alee aHMfc awr« varied Irf elabo-

rate aad riifiririoai fonma, as by a aaailiei *4

(Eoe ed0e ftees ; and dKr aaderpart of tbe bdl
is ofica eMMpoard of a (ofl aad fIkt. Tbe
nrekiwg fiaias aa laipoitaat detail ia jndf^iiDg

ofd^ dales of tbe work. Ia tbe car^ En^.
liih it is Msaolly of a bold lawl ir ooiKar

;

or a sraiibt^agoa- The seek dnriag tke dr-

eorated period is aiaMat always tbe arr II

lailding bat aaawy od»er fcr—s will belbmgd
taoccar, Ev*« a ptaetiard eye antv oerMMa-
a% be dretmd in tbe date of eapitab of tbe
two enrfy periods

'*Tbe capitabia due papea£e«br period

pw'jtat aadi aurked fejtaies diat fbey are

miimm fijUe to be anatafccai. The mtmld-

inie* are itrgt, aagabr, aara^e and fir*

)C«9tbcr abaeas anr bdl is clearly drfiM<:

The bitter i» rtdaced to a awjgre at^pu a-i-

Tbeaypurpartofdaeahacasis aiaiaBy il«yiido<fto a

below fcseasUrs tbe kttcr S iawrrted, bmtf a

K» jMa ffs-SMa.



III. r>\si.s-
i-Ti»

iiuiv i-oriinitioM i>f tliv' (K'oor.jtod siTviU niouKlitijr ; aKTff I'll, tlio v-n|<it;»l is oi-tnjp>nal, w-liiU-

ih;»t ot tlio iniWHiiiiij stylos is rvnnul. TIk- sli.ill. lu>wt>ver. is oiivuhir iu tlio |HT|H.Muiicnl«r

_^ work, vvliilo ivt;(_ir»in;«l oapitals m»vst >;viu-r;illy iHvnr in tho other stvlos iu

\ tlio o.iso ot" huge singlo i\>limu\s of tlio sjnuo sliapo. Tlio Ixaso in thv*

.,.„__„ '>'^''" st\U' is sjvnonillv oiiviihxr in its nppor
^ P .'• v^ N> Muinl'ors and ootajrvuial Ivlow. I'ho capitals

^ irx" ottcn onihattliHl, Tlio astntsral or luvk is

^ iitlu'i' i» plain ronml or a kind of dol»asvHl sou>H
"•

' nunililini: will) tho uppor odjri< o!>an»fon-vl as in

flio ahaous. It will ho fvunul that a nuioli civator

, ^ s hoonso was takon in ilosigninsl tho nuniKlin>rs ot

this stylo than in any other. ^V.-. K'>;i-,'. is tho

,,j sovti.u of tho capital of tho shat> to tho aivh

^^y hotwivn tho nave piors in Henry Vll.'s (.'hapel.^ (^asatO./y. IS--\^.">. Fif/. I0;ii;5. is tho l>as^> of

,.,^ j^^^^

"
shaft to navo piors. ss F.._»»y. ISC-I, tind U. in

Ji</. l;J^J>, iltt. 10*H. the l»,(s«.\ and capital S

''I ii.ehes high. tv» tho vanlting shatVs in tho aisles

;

the capitals in tho small eha|>ol at tho end of

huihliiij!; aiv nOv«rly tho s;»«no in s^-vlion.

\
SKer. \ I.

Tho K<svs of tho shafts in tW Uth and IJth

eenlniios arx< v>rton ohaniforx-il and fi\H)non»!y

M«, uhn, >V ii^w K»<r, u'5'k nionMod in tho Attio forn>. tuor\> or loss n<\HltlivHl

"VVvImV m'X* Sv-«\sJ.u\X'«U'JU,'i.VsN. .;»nd deKised. In the latter iK^ivnl tho .\tlio k-tse

eu.>(K Msiu, is sonietinios ftunid ahuost pnro. In early work
the Kaso 0\>nslsts of tho plinth or lower stop, of soliil n)asi>nry. s;orverally s«jnarv> (..R'y l*^^^-

see the cin'ions inotlilieations ol it in the plan/iy. lO-t*. \ bnt in early Knglish ot'ion ivtan-

(jnlar ( ny. lt'>7T. and lOSl,"); anti the Ivtse nu>uhHn}rs a series of annultr rvdis. slo|>os. or
holl.'ws, taking tho forn\ of tho ev»Unnn- In d^^^>ra^vHl and perpendicular cxdninns, tho

plinth is appaiently onuttinl, and tho knse is divided ii\to heights, stag\>s. vmt t.ddes. hy

^ladtially spivading coin-ses. each sv(v«ratnl fron» tho ne\t hy a plain, or hy a uiowKKhI.

o.iler. 'I'he lowei j>art of tho h.ase is stMuetintos iviagoral or p»>lyg\»nal. .V oavetto akne
a tpiarter nnniil is a verv cv>ntni>>n t"orn> in early woik. ,\ lH>ld annular r\>U. »|nirkvHl on
the iiiulcr siile. »»l'ken divi.les the sh,(l> l"i-»>tn the plinth,

I'lie e;iily Knglish Iwse is very sin\ilar (o the Attic fortn. tho chief p^vnliarity ciUKsistiuji

ill the holiow heii.g cut ilownwards and evteiuU^l liv))> halt" to thrw »|uarters of a oitolo. sv>

that it is oa|Kihlo of containing water t ,/»y."C 10J<1 , U>S».. and KV<5,V 11*0 is-irlier tho

lw»NO is ill the (vriod. tho shallovwr. as a gv>noral nde. is this vvat\<rd>oldiug holU>vv
^/fy,

llVSH, >. .\ ivnnnion l'orn> is ohtainv>«l hy omitting tho holK>vv altv>gx'ther. and tints hringing

the l^dls into vsMttaet ^ like 7»y liV»S,\ In very rich i^rly KnglisJ* K»,s».s ti.ere arv> ot^en

doiihic hv>llows hetueen tiUeted i\>lls. and IhIow tho^e ovvnr other hoM .nutular rvdls. single,

doiihle. and even triple, as at the hojuitirul vJaliKv pvMvh at Kly. wheiv the Kisos aiv w\Mk<.\l

out of Pnrlvek nMvl>le and wo'v polishovl. The spivad v>f the Ivase in tho nppormvwt
inendvrs gvnoi~ttllv <,\pial.s that of the oapitid, or iKHuly so. l>y lar tho ovumuoiu'^t »K-AH>rate»l

hiso is that shown inA'y k*^'- «"»l ."V- l^^'^J^" 'l'^* mnnher of rolls In'ing g\\ eially thiw.
hut oIU'H oldy tw>v .V few nttuliticaiiiuts may Ik> pewviv^Hl. hut they aiv seldoiu very

e.Mnple\. I'ho kugx* s\»vading i\>ll is wvnkvHl out of tho Mock, with which it usually

stanils tinsh. aiul is si'par.itcvl hy a ipiirk or angtdar n»>ok. This is als\» oKsi<>rvahle in the

p(v>i>>ns st\le. .V simple tiniu of hase is shown in Ay, 10;* I.

The pivvailing cliaracteristio of the Kises of perpendieid.ir v>duuuvs is a larn»» I vlUsh;))vvi

spr\'<»d in tho upper part. »>l^en ilonhle. lorming tho is>ntour of a dotdde og»v in stvtiot). as

WV, UV> >, ; and is one of the v>rdn<ary kind, I ho Knver part is ahuost invariaMy »Ktag\v<al,

the upper iK'ing gvMterally iMund, hot aK\> ftXHptetuly eett«g\>nal. ir^^^s^Hv^ive of the shajv of

the shal> (ri)i. liUXVV It has eitlier one or niotv stagvs sloping »'rt" hy a ht«ll\>\v ehamlor.

or hy a siH\»nd hell-shapo»l slope. The lirst uiemher v>f the luso is always an atuiular i\>!l.

tvs mhling the neck v>f capitals ; thisisol>vn in the form \>f tho vlelvksvnl iaUI and tillet.

Kdge lines seauvly ever »Hvnr, t)ther evamples v>f Ivtsvs aiv gi\ei» in the last s\x-ti»«» ot

this h<H>k. The tisnal ili\tiilMiti><n >>f the t .Me numldings of a late Kise o>nsist of a pkon
«i,ipo K i.ft'y l;!i^>,\ iNckoning npwiivds f«\>n» the g»~v>uml line l\ a tkit suilaw F. aiivl a

j>u>jvH'ting mouhliiig U. In lUv'iv el,ihv>iato str«et«r\>s, the mimher of these Imw tat'lv-s

s u a
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ind intiTtnediate champs or fascice is incro:;sL'd, and t!ie latter are often carveil ni pimtls,

&c. Thus a second table, B, is introduced al)ove ttie ground line G. Professor Willii

applies tlie term "ground table, grass table, or earth table," to the slope B, and states thai

to sMn]i tables as D the term " ledgement tables" were probal)ly applied.

Sect. VII.

VAULTING SHAFTS AND RIBS.

When the main shaft supporting the clerestory had an attached circular shaft in

front, the latter was often carried up as a shaft to tlie roof (Jig. 1266.) The point

J

Fij-. 1007. Fiji. 10S8.
Transverae and Diagonal Rib; and Wall Rib—C'lliHR AI.*iLE.

lOU.NTAl.N'S AGBEr. VAILTI.XO IMliS

Fig. lOM.
CIIHIK.
KOU.NTAjyS ABBEY,

Fig. 1096.
CIlDlli AISLES.

VAULTI.NO SllAKTS.

Fig. 1099.

KAVE AND CllOllt.

TIXTERX ABBEY.

Fig. 1100.

A1>LK.

^ULT1^0 SHAFTS.

has not yet been settled wliether this shaft in some early buildinjjjs was. or was not,

so carried u)) to receive the cross- rib of a vault, or simply to bear the beam of tiie

rooKng. Wiien vaulting became more general, the purpose of the shaft was undis-
guised f/t?. 1278. ">, and being made correspondent with the vaulting ribs, the groups of
the latter were received on a colonnette

or on small columns. Tlie vaulting ribs

at St. Saviour's (Southwark) Church,
are given in Jig. 66'2e. In tlie latter

part of the 1 5th century engaged colon-

nettes for receiving the vault ribs rise

from corbels placed on or above the

capitals of the shafts, and sometimes
the ribs themselves spring froin the

corbels (Jigs. 1274. and 1275.), and
later, or in the perpendicular period,

tlie older form was, as it were, reverted to, and the attached circular shaft was carried up
to, and received the vaulting ribs, as mjiys. 1302., 1307., 1314., 1317., and 1:!25.

Corbels very fre-

quently supplied the _

,

place of capitals both
|

for the springing of

arch mouldings and for

vaulting. These corbels

were either moulded or

carved to correspond
with the capitals (Jig. Fig. not. Fig. 1102.

MOQ "> or fhi V wnr»> Vk\E and aisLes.liuy. ;, or incy were
j^i,,„_ TransTcrsc Rib, aud Diag.)»;il. Wall Rib.

lashioned into a mass tintekn abbey, vaulting iubs.

of foliage, into heads of males and females, or of animals. I'>en whole figures were

introduced, occasionally deformed if not purposely so carved for admission within the

0^d.
/MWAm

L .J

VAI'LTINO SllAKTS. UO>VI>EN CIIURCU.

Fig. 1106.
rilOIK AM" AISLB.

nsvursu Rib and DiaffDnal.

VAULTl.NO UIBS.

spaire. In the vaulted sacristy at Winchester College, its '• springers present an archbishop

in benediction, a bishop, and a king, and over the door a guardian angel. Bosses of
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oak leaves and roses alternately, carved with great taste and ' subtllite,' enrich and cover

\uLTi>oKiB. *^''^ junction of tlic libs.—Tlie uncouth and

barbaric lieads in the corbels which surround

the principal figures contrast witli their gra- (^
ciousness, and I'orin tliat antithesis wliich the

great masters in fine arts of the succeeding

centuries employed so abundantly. 'Jlie virgin

patroness presides over the western pinnacle of

tlie chapel; tlie angel Michael at the other

fik. Tiu8. termination of the building menaces with his

HENKY''\^i "' c^i^Ai'KL""Ai'sLE.
fla""ng falcliiou the several demons which
might approach the hall, refectory, cellar, and n^. nog. westminsthk

kitchen ; the angel Raphael points out the entrance to the house AfsLE^orcHoii!.'
*'°"^"

of prayer at New College ; the king and the bishop support the label

of the gateways to the college at Winchester, and the entrance of the chapel ; and as the

appointed guardians and supporters of tempor^il and spiritual things, they sustain alter-

nately the corbels or springers of tlie ceiling of the chapel. At the entrance of the hall

and kitchen, the recreating psaltery and bagpipes are affixed; over the kitchen window is

' excess,' a head vomiting ; and opposite is ' frugality ' in the figure of a bursar with his

iron-bound money chest. Over the master's windows are the pedagogue instructing, and a

listless scholar, scarcely attentive to the book he iiolds in his hand. Elsewhere we recog-

nise the soldier, the scholar, the clergyman, &c , as suggesting the various professions in

which the inmates may occupy themselves in after life. The inept substitutions for these

significant and appropriate ornaments are amongst the most palpable evidences of the in-

sufficiency and inaptness of our mimicry of this style, in most instances in the present day;

and they betray great ignorance of the poetical mind and spirit of niedisval sculpture."

—

Cockerell, The iVyheham Buildings.

Sect. VIII.

HOOD MOULDINGS AND STRING COUUSES.

" The strings consist of projecting ledges of stones carried below windows, both witiiin

and without a building, round buttresses, and other angular projections, and to cornices,

parapets, tower stages, and other parts of edifices, being used as dividing lines. Though

subordinate, they are of the greatest possible importance in imparting a character to a

building. They at once relieve naked masonry, and bind into a whole the seemingly de-

tached portions of a rambling or irregular construction. In most cases, especially to

windows, a string course forms a real drip or weatheting, and adapts its upi)er surface

especially to this end, thus becoming what is termed a hood moulding, which when used

n

Fig. 1U3. Fig. IIU. 111-'. 1111. F
KOUNTAIJJS AliUtY.

Cliont AISLES. XAVE CLERESTOHY.

Fig. 1 1 10. Fig. 1 1 10a. Fig. 1 1106. Fig. Ill Oc

NOKMAN riililOD.

internally, cannot be said to have any re.il use ; but tliey form a decorative finish ot too

important a kind to be neglected with iinpunitv."

Norinan strin; courses are generally full of edges or hard chamfered surfaces {fii. 1 I 10.).

In most cases they have some sculptured decoration of the style, as the billet, the chevron,

ng. 1115. Fig. inr, Fig. 1117.

TINTB.ICS AIJB Y; NAVt, Ll^

CLKKKSTi >KY. AISLE. AI.M.l

Tlic scale of ilie laai i

l.g 1118.
iiowuLN cm 1.1 II

;

TlIIKdltllM. AISLE.

me .-IS ll.al attached to Og. 1085.

the hatched or serrated moulding, or the like {fig. 188.). Fiiis. 1111. and 11 12. are anu)ng

the simplest, lieing the latest in llie period. I he commone.st early English strmgs are

Ilk'.' /i</s. 1 1 11. and 1115.; the iindei-cutting giving a bold projection is a striking Icaiur*;
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J

of this iiioiilding ns of all otliers of tlie style. Tlie most frequent decorated form is fc/. 1116.

Tiiat siiown on fiys. 1179. and liSl. is also very common. The scroll, with a ha!f-

\ V ^ round next below it, ////. 1115. is

very cliuracteristic. The roiu.ded

form of the ui)|)erside, or weatiier-

ing {fig. 1118.), is peculiar to

the two lir.st styles; the angular

or cham'ered, of the last \fig^:

1119. and 1 120.). String courses

follow the ])rinciple of tlie abacus

of the capitals, from wl.ich indeed

they are often contiuLied along

the wall of the building.

Perpendicular strings and hood
mouldings are generally marked

ll^'. 1121—IIENIIV '^
. ^ „ '

vii's cHAixL. Iiy the plane slope or the ujjper sur-

face. The details of tiie jiarts

underneath are so varied as to render it impos ible

here to give any account of them. A cliaracteristic

111,1 k of the style is a small boltel in tlie lower

])art (//(/. 1121.). The wall often recedes al)o\e

the stiiiig, or even overhangs it. Fii/. 1122. is

the section of the "Angel cornice" over the

arches in Henry VII. 's chapel, as shown in the

elevation,/.'/- 1325., at D. Fi</. 1123. is the

cornice and base over it, over the panilling

above the octagon windows. The scale is the

' F- 11'^
same as to y?;/. 1085-

lIli.XKV Vll.'S ClliUliL.

Slid'. IX.

B.\SE COURSES OR I'l.INTUS.

Tliis term is api)lied to that series of mouldings formed at the base of a wall, which
leads the eye from the ujiriglit face gradually into the ground. The lowest course of

them is even called the " earth table." Tiic early examples

are very plain, consisting of one or of more chamfered set-oH's at

various heights, a.sfi(/. 1124.

In tlie early English period, the roll moulding
was introduced at the upper edge of a deep cham-
fer, ixs fiijs. 1125. and 1272., and with one or two

FiR. 1121.
FOUNIAl.NS AUBEY.

K-VVlL.

FiK. 1127.
UOWUliN CIIUKCH.

CUOIU.

chamfered set-ofTs. They then became very similar, as in the transepts of Beverly Min-
ster, to fit/. 1126., of the geometric or decorated ])eriod, in which tlic tablet or slope

took a curved or ogee outline, and was generally only one in number, finished at top

by a scroll moulding, with otcusionaliy a string above it, as at Ewerby. 'I'he height of
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fiy. 1126 is very small for so large a building. The basement to Lichfield Cathedra! w
not mucii more detined. Fig. \2'11. is a rleler example.

'I'he i)aseini-nt in tlie per|;endicidar peiioil is one of the glories

of the style. That sliown in fig. 1300. from Winchester, may
be considered very plain, as is also tlj;it :it Bath, fig. 1319.

Reversed ogees and hollows, variously d'sposed, are the prin-

cii al members. Fig. WIS. being the 1 asement round the

outside of Henry VI I.'s cha])el, will allbrd some idea of the

work bestowed upon this feature. Yelvirtofl Church, North-

amptonshire, has four rows of diagonal, squiire, and circular

panelling, one above the other ( Rickman, page 213., 6th edit.).

Ill Norfolk, where flint work was used in the erection of the

building, it was introduced in upright panelling in the lowest

face, above an ogee moulding (ibid, page 214.).

Sect. X.

FAKAPETS.

—T

The Norman period may be said not to have exhibited any

parapet, tlie roof being finislied by the tiles or lead work pro-

jecting over the wall and supported by a coiiiel blocking.

During nearly the whole of the early English period, the

parapet in many buildings was often plain, as figs. 1129. and

1126. ; or witli a series of arches and panels; or with quatre-

foils in small panels, as fig. 1277., which is of the next pericd;

or plain, with a rich cornice under it.

in the decorated period it was still plain but with moulded capping

and cornice, as figs. 1130. and 1131., and with the ball flower, as

in fig. 1128., but also closer and connected by tendrils; it is often

pierced in various shapes, of wliich quatrufoils (fig. 1277), in circles,

or without that enclosure, are very common ; but another, consisting

of a waved line, is more beautiful and less usual ; the spaces are

trefoiled. Pierced l):ittlements are very common, with a round or

scjuare iiuatrefoil. The plain battlement most in use is one wiili

small intervals, and the capping moidding only horizontal.

'i'hey continued to be used in the per])endicular period. The
trefoiUd |ianel with waved line is seen, but the dividing line is more
ol'ten straight, making the divisions regular triangles. One of the

finest examples of a panelled parapet, consisting of quatrefoils in

S(|u:ires with shields and flowers, is that at the Reauehamp Chapel,

Warwick. The i)iereed pai'a|)et on Heniy VI 1 's C'liapel (fig. 1133.) is

a line example, with its angle pinnacle. Tiiat on the choir at Win-
chester Cathedral consists of upright jjanclling only (fig. 1306.).

Early period battlements frequently have qitatrefoils either for the

lower compartments or on the top of the panels of the lower, to >..^

form the higher. The later examples have often two heights of ^
jianels, or richly pierced quatrefoils in two heights, forming an inducted

battlement. They have generally a ruiming cap moulding carried round the iudentatii ns.

1

,lll

''"
' k ..-

•Ill

-.

^) W -^,^-
'' J \

Fig Uld 10UNTA1N3 AJiEliV ; NAVK. o .?-, Klg. 1130. FOl'JSTALNS AEilKY; tU'lR-
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In a few late buildings tlic capping is omaineiited, somewliat lil;e a cresting : and in a few
instances figures resemhling soldiers on guard have been carved on tlic battlements.

Plain battlements have been divided into four descriptions. I. Of nearly equal divi-

sions, having a plain capjiing running round the outline. 11. Of nearly equal intervals,

1 1

urrj^.z'^^̂
Li:_i. ^Z''^
ill U"^< •'.'

ttimzJ :

-^'J iJ _ n
1

''
i

'-

1

1 T
1

Fig 1151. TIffTERN ABBEY; CHOIR. Fig- 1132. IIOWDEN CHURCH;

and sometimes with large battlements and small intervals, the capping being onl

on the top, and the sides cut plain. HI. Like the last, but with a moulding
round the outline, tlie horizontal capping being set upon it. And IV. The most ^

late battlement, witii tiie capping broad, of several mouldings running
round the outline, often narrowing the intervals (Rickman). It is sel-

dom tliat the battlements will tell the age of the building, as they have
been so often rel)uilt. A small battlement differing to these four descrip-

tions, is shown in fief. 1128., under the windows of Henry VII. 's chapel.

A few more words may be said in the section Tovveks anu Si-ikes.

Sect. XI.

MOULDINGS IN WOODWORK.

" If this kind of work be attentively examined, it wi'l be seen that it

was wrought altogether on the same jjrinciples as the corresponding

sculpture in stone. We see the thoroughly conventional early school,

the naturalesque middle-pointed scliool, and the again conventional third-

pointed school of carvers, succeeding each other in exiictly the .same

way, the main difference between the two being that tlie work in

wood is ordinarily very much more thin, fl.'ic, delicate, and sharp, than

the work in stone ; that it has always some litnits set to its exuberance

by the nature of the framework in which it was wrouglit. In carpen-

ter's work, it was always the rule only to mould the useful members, and
so it was also as regards the carving. It was not useful or convenient

to put on to a piece of oak framing a mass of oak to be carved as a

boss or a stopping to a label (this sort of

device was reserved for the ingenuity of nine-

teenth century architects), and so it will be

found that most of the old wood-carving is

so contrived as to be wrought out of the

same plank or thickness as that which is

moulded, or else is a separate piece of wood
— in a spandril, for instance, enclosed within

the constructional members. The spandrils

in the arcades behind tlie stalls at Winchester
Cathedral are an admirable example; they

are carved in thin oak, perforated in all direc-

tions, and then set forward about half-an-inch

in advance of the back panelling. The etlect

q{ this is, as m.y be suppo.sid, to give the rig.nzz. he.vky vn
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carving the most dls;inct relief ; and it is an effect strictly lawful, because it was impossible

in oilier material, and yet natural in woodwork. The same attention to the material will

be found exemplified very remarkably in all old wooden mouldings. The accompanying

illustrations {^Jiys. \l?A. and 1135) will show how extraordinarily minute, delicate, and
sliarj) they were. In the stalls at Selby we see an elabo-

rate cap, only I5 inches high ; at Winchester, a band ^tlis

of an incli in lieight, and yet consisting of four distinct

meujhers, and showing in elevation as many as eight

Scale 2 in. to 1 ft. Fig. 1136. SCREEN; koi;tiifli;et.FiR. 1137.

distinct lines. The finish of the wall plates in the porch at Horsemonden, and the

carving of the miserere seat, so curiously preserved in the midst of woodwork some three

iiundred years later h\ date, in Henry VII.'s chaptl, are fair illustrations of the goodness
of tlie earlier sculpture',"

'• The whole of tlie early mouldings are sharp, delicate, minute, and (|uaintly undercut.
They are very often unlike any stone mouldings, just as many wooden traceries (e g. those

of the screen at St. INIary's hospital, at Chichester {Ji(!. 11;5.5.), and the stalls at Lancaster),

are (juite unlike what could conveniently be executed in sto.ie. In spite of a bad fashinn

wliich obtains just now," among some of the present medi.-pval architects, " of ignoring

;he value of mouldings, I maintain that they prove conclusively the existence of a school

of art in this country of almost unsurpassable excellence." Street, On Eniilish IVnodwurk

in the VMli and 14,'A centuries, read at the Royal Institute of liritisk Architects, 2Ctli

February, 1865.

As an example of early work we give /7(/s. 1136. and J 1.37., from Bury, Wixxln-ork. being

the details of tlie screen in NortliHeet Church, Kent. M, in the first figure, is the first

column (the details being given to a larger scale at S) in the screen abutting upon the
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centre opcnint;;, tlic arch of wliicli is shown at N. The corresponding positions on plan

are exliibitud m Jig. 1137. The section O, represents

^ the face of the buttress P , wliile the plan Q is that

I

of tliu arch mouldings at 11.

'1^ /7y 11:58. is a section of the screen on the south

side of tlie cliancel at Lavenhain Churcii, Suffolk,

';,^^rfc'' ""'W;^M'^^\ wlicrein the details N, O, and P, are those belonging

to tlie buttress Q, which even in late niediasval car-

pentry was not omitted, though somewhat out of

accordance with the "true principles" attributed to

^

design in that style.

C! 1
Fig. 11.S9, being the capital and base mouldings

from the screen in Aldeniiam Church, Hertfordshire,

are of the perpendicular period. These examples are

all further illustrated in Bury's work ahove-men-

,) 'IN' tioned, as well as Jic/s. 1140, to 1144., showing the

-J -l_^]/~J~_L^ general style of

mouldings adopted
for seats and bench
ends, as noticed in

jar. 2192/;. Fiij.

1140. is the rail of d-^
the bench ; Jig. \

1141. the division I

under the seat ; and S
Jic/. 1142. the sec- I

tion of the arm of
the stall and of

a bench end, all

at Bridgenorth

Church, Somerset-

shire. Fiy 1143. is the arm of the stalls at 'Wan-

tage Church, Berkshire; iind Jig. 1144. the rail

and stall mouldings at Swinbrook Church, Oxford-

shire. The ends of the stall even in Henry Vll.'s

chapel are worked out of only 3-inch planks, and

formed into three attached shafts, similar to Jig. 1143.

(),hcr notices of the thickness of stnlV are given in }iui: 2175(1.

Having given illustrations of the i)rinciplcs of constructing timber roofs during the

medieval period, we now append some of tiieir details, wl.ich, on comjarison with the

3

^

Fig. 1138. I.AVENHAM, SUFFOLK.

K

'2 Im

Fig. 1141. Fig. 1142. Fig. 11-13

SECTIOXS OF MOULDINGS TO EENCULS.

Fig 11 11.

figures just given, will tend to show the mode in which the rougher and larger timbers

were oriuunenteil, especially those co much further Irom the sight than screens and other

L N M

^
1-3

rl u
T

Fig. 1145.

+-i-'~Ihh^ih-i-I- n.
Fig. 1116.

rULlIAM, KOUFOLK.

: 1

l' s ^

"jg. HIT Tig. 1118
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like decorative work. Fiy. 1145. bliows the rafters used at Piilliam Cliiirdi, Norfolk

\Ji'l. 701o.), L being the main, and M the conuuon, ratters, with the boarding N sunk

7'
'
"''"'y/''^

k:

V

IV. ,^^ -^-^

V

in between them,

the collar-beam.

Fig. 1150. I-ig. 1149. Fia. 1152.
CArEL ST. MAKY, SlI'FOLK.

F'l.j. inc. is the purline; fig. 1147. the wall piece; and fiy. 1148.

1119, illustrates the rafters in the church at Capel St. Mary,F,''9-

'n

Fig. 115?.

the purline.

A nali/sis.

SuH'olk (/</. 70I7.), O being

the section of the conimon rafter.

Fi(/. 1150. is the collar-heain

with the arched truss under it

;

and P the ridge piece; fig. 1151.

shows the moulded cornice abut-

ting upon the hammei'-heani.

fig. 1152., and Q the lower

purline. Fig. 1153. gives the

details of the roof of late work
at Knapton Church, Norfolk

{fig. 70 U.), being the section

of the lower hammer-beam ; fig.

1 154, the pjst abutting upon it;

fig- 1 155. the ridge piece ; and II

These will all be found to a larger scale, with the other details, in Brandon's

All the illustrations from _/j</«. 1145. to 1155. are drawn to the same scale,

^ The following sections repre-

sent the roof timbers in the

south aisle of Lavenham Church,

Fig. 1155.

Fig. 1150. Fig. 1157.

-^ ^--•2_..*-:5£^

Fig. 1 160. ST. ALBAN'S.

SiilTolk, from which building the screen in fig. 11. 5S. was also derived. Fig. 1156'. is the

cornice ; _/((/. 1157. the walTstrut, and Jig. 11.")S. the purline. Fig. 1159. is the cornice

in the chancel aisle. These are likewi.se derived from IJury, Wuodworlt.
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SfcCT. XII.

WJNDOWS.

In tlie body of the work we liave, under eacli period of Gothic architecture, given a

description in general terms of the windows prevailing at the several times. The examples

here brought together, are inserted merely for the purpose of showing the gradual change

in their forms and combinations, which are almost infinite in number, and yet tiiat the

hitter are far from exhausted, is conclusively shown by II. W. Billings, in his work on

Geometric Coihbhiat'ums ; and by E. Sliarpe, in DecoraUd JFiiidow Tracery.

The earliest windows are extremely small, always semi-circular headed, or nearly so,

and witliont moulded archivolts. They are usually with a single light {fig. 1266.), except

in belfry towers, where we often find them divided into

two by a shaft with a capital, as in the tower at St.

Alban's (y?^. 1160). The simple plain head, however,

in I he latttr part of the larly period,

was more or less ornamented with the

chevron or zi"rza other orna-

Fig 1161. BEAUDESERT. Fig. 1162. CAItTErBURT. Fig. 1163. SALISBLRY.

ments of the time, as in fig. 1161. One of the greatest and most striking changes
brought in by the pointed style was that of introducing, from the suddenly elongated

dimensions ot itswir.dows, a blaze of light into its edifices, which, from the low and narrow
sizes of their predecessors, were masses of gloom. From tlie beginning of the I'Jth

century we see them lengthened in a surprising manner,

and terminating with a lancet-head, which sometimes

became occasionally cusped. An instance of the simple

lancet-head is given m fiq. 1162., from the Trinity Chapel

at Canterbury Cathedral. Sometimes an elegant com-
bination is obtained by grouping lancet-headed windows
under one hood, the centre rising above the side ones, f.s

at Salisbury Cathedral {fig. 116;5. ), where the spaces be-

tween tlie heads are ornamented, or have a sunk panel or

device. These spaces are frequently pierced with folinted

circles, or with trefoils or quatrefiils not enclosed. In

an example at Lincoln (fig. 1 164.), the height of the group
is e(|ual, but the light of the centre being wider than the

two side lights, tlie curvature of the arches of the latter

is necessarily much less than that to the former, and the effect is not satisfactory.

'I'here were, however, many other arrangements in designing these lancet-headed

windows than the single aiul triple or.es just mentioned I'wo, four, and five, lights

occasionally fo m the group. Of the 1 ist-named, are windows at Iitlilingborotigh,

in Warwickshire, and at Oimdle, in Northamptonshire, in which the lights on the sides

gradually rise up to the centre one. In the latter part of the period, heads finish

with trefoils ; the mullions are moulded and finished, both inside and outside, with shafts

or colonettes, from tlie capitals of which spring the mouldings of the subdivisions.

The finest and largest group of early Englisli lancets in the kingdom is the five, com-

monly called 'the five sisters,' in the north transc])t at York Cathedral, completed 1250,

They are each about ,5 feet 7 inches wide, and nearly 60 feet high, and in the interior

have a beauty altogether their own, not surpassed, if it be equalled, by any decorated

or perpendicular window in the kingdom. The rich effect of the arrangement of the

two stories, each having three lights, a' t'e east end of Southwell Minster, is well deserving

of attention, Ely cathedral has internally five lights over three, while externally three

iviore are observed over the five.

At Kilkenny Cathedral tliere are three huge 3arly English lancets, the centre one being
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G2 ftet high and 8 feet wide. The detached shafts are filleted in four rows ; tlie mouldinf^s

over are formed into trefoil arclies. In tlie soutli side of the clioir of St. John's Priory, in

the same city, is a continuous arcade of 54 feet of lancets, the largest pier being only 9

inches wide.

These filleted bands are an interesting work, as they are found in iiiaiiy parts both of

Ireland and England. Perliaps the most remarkable example in England is tliat at

Walsoken Church, near Wisbeach, wliere the chancel arch lias four small sliafts in eacn

pier, all banded five or six times It is additionally s riking from its greater anti(juity

than any of the Irish examples, being, as at St. Alban's, romanesque. I'iiese banded

columns and roll mouldings find their counter|)art at Margam Abbey, in Glamorganshire,

the west front of which shows a fine triplet, and a doorway below bnndod in tliis peculiar

manner. Tninsactions of the Institute of British Architects, 1865-()6, i)p. 80-86.

The fdia'ioiis seen in windows belonging lo the earlier examples uf this style in England

are not generally cut out of the same stone as the head ot tiie arch to which they belong,

but form the tracery, in small pieces, and these

enter into the class of plcre traier;/^ i.e. they be-

long to the flat soffit, and not, like bar Iraceri/,

to the outer mouldings.

By perforating the space between the heads of

two adjoining lancet-headed windows, as in the

old painted chamber at Westminster (./?(/. 1 65 ),

the elements of the ornamented window are ob-

tained. To cover it, hou'ever, ornamentally, the

enelosing arch must bL' dfpressjd and moditied
;

and at Ely (fii/. 1166 ), w^ find an example for

illustrating the remark. The lozenge-shaped

forin b.'tween the heads of the arches is con-

verted into a circle which, as well as the heads

of tlij lights is foliated. Instead of a single

circle inserted in llu luad of tlie window, we then have tlu'm with three foliated circles, as

Fig llfT MEITON CnilErl Fi-. 11G8. CATIIliDn.lL, o.vFor.n. Fig. IICO. ST. OUEN, UUIXX.

at Lincoln, one above and two below ; the same cathedral furn"shing an examjile in the east
window of its upper part having one large circle inclosing seven smaller foliated ones, be-

-^ si1es_ its containing similar ones in the heads of the two leading
divisions below. The windows just described belong to a transitional
style between the early English Gothic and the decorated ; but the
ornamented windows of the 1 4th century exhibit in their general
form and details a va^t variance from them in the easy unbroken
How of the tracery with which they abound.

In the next stage come the examples shown by fit/. 1167., ]\Ieiton
College Chapel, and/,;. 1 168., the Cathedral, both' at Oxford; the
latter whereof has a tendency towards the Flamhoyant style, which
has been before mentioned, and which, in the Mth century, had
thoroughly established itself in Krarce, as may be seen in tlie win-
dows of the church of St. Ouen, at Rouen, exhibited in /?(/. I 169.
It may be observed that the princip.il lights are seldom divided hy
tiansoms

; when thev, however, occur they are mostly plain, and
rarely emliattled. Though the ogee head 'is often found, the usual
form is that of the simple-pointed arch. In the clerestory, square-
headed windows are of en seen, but more often in other parts of the
edif.ce. In the preceding, as well as in this period, occurs the win-

Fig. ii70. CAWsTo.v.
'^''"' ''"""'I'^'l '>.V thiec eqiiilalerally segmental curves foliated more
or less as the date increases. The arrangement of the tracery of

windows has, by tlu Trench anti(piaiies, been divided into two classes— rni/omiant and
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fl(imf'oi/'i>it TliL'ii nnioniKint. so callod on account of tlic ^vcnl part tlio circle plays in

"it, aiui on wliosL' radii its leading forms are de])endent, was floiirislmirr tliroiigliout tlie

lull ce.itiiry in France.* The fnmhm/ant or tertiary pointed style followed it. We liave

already observed that the Contnient preceded us in each style as much as half a century.

Alter this comes the Florid style, in which the edifices seem to consist almost entirely of

windows, and those of the most hi'j,hly ornamented description. It is scarcely necessary to

do m;ire thin exhibit the (igiires for a compreliension of the nature of the change which

took i>lace ; in short the

introduction of the Tiidur

arch alone was sufficient

hint for a totally new sys-

tem. In theeXMmple (^^.
1170.) of a window at

Cawston Church, Nor-

folk, we may observe the

commencement of the use

of transoms, which at

length were repeated Fifi. 11:2. aiismam.

twice and even more in the height of the window, and indeed became necessary for

affording stays to the lengthy mullions that came into use. Fif/. 1171. is an examiiK' of

the s(juare-headed window of the period, and Jiff. 1172. of a Tudor-headed window at

Aylsham Church, Norfolk. Another example may be referred to in jftf/. 200., and in the seve-

ral illustrations given under the section imiincifles of PROPoiiTmN, at the end of this chapter.

MuUinns appear t ) have been introduced about the end of the 12th century as sub-

stitutes for iron frames, and were at first built in courses that corresponded with the

other work of the wall in which they stood, or wore in small jtieces. But as early as

1235 they were face-liitliltd stones dowellcd with iron. As the oxidation of the metal

jiroved injurious, iron was superseded, after the end of the Hth cen-

tury, by dowels made from the bones of sheep or from the horns of

deer. Fiff. 1173., from the west windows in the tomb-house at

Windsor, temp. Henry Vll, illustrates the arrangement usually

adopted in drawings to show the distance from centre to centre, as

at M, N and O, that is to be allowed in forming the length of

radius employed in striking the curves for the tracery. Other ex-

amples of such sections ;ire given from the clerestory of the nave of

Winchester Cathedral, fff. l;i03 ; Ronen Cathedral, fff. 1290
;

King's College Chapel, _/i'/7. 1312. ; St. George's Chapel, Wii.dsor. /?</

l.'ilfi. ; and fiom Amiens Cathedral, _/?(/. 1329.

Tf.e simplest mullion or moninl or tra enj I ar would be a plain

rectangular block (if stone. The next, with the edges chamfered,

varied hy substituting a hollow for a plain chamfer ; by giving an

ogee form to the chamfer; and by cutting (nit a hollow in the

chamfer with receding angles instead of a receding eur\e: this last

is perhaps pecidiar to the larly decorated style. The hollowed

chamfer is the only moukling ordinarily made to carry the ball flower orna'iient of the
-Si- Hth century, and the

four leaved Hower of the

15tb century. When the

tracery bicomes at all

elab„rate, the subordi-

nation of the parts is

efTected by giving to the

jj^Tibs and mullions, or

perhaps to some of the

midlions only, and to

some of the tracery bars,

an .Tilditional onter of
moitlilinys. Then the

fillet or boliel of the

outer mouhiing ( N, in

fff. 1173.) describes the

greater lines ; tl at of the

inner niiiiddiiig (O) the

smaller lines e)f the tra-

cery and the whole of

the cusping. In like

manner a third order is

Eai'h e)f these e)rdeis

Fip. 1173. WINDSOR.

WC^

Fig. 1174.
Foi'XT.MN's Anr.KV. cruiii;

often added by the same means and (or the sair.c purpose (as IM ).
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X

'^^ (s,^ w

J

may he as varicil as was t'le first. Poihajis tlie most common form for the first is tlie
iiollowed cliam(er, and for the second and third, the ns^ant witli a fillet. [n a very few

instances, tlie outer fillet

l)ecomes a sliarp edj^^e, i.e.

tiie niullion is cluupf'ered

to an arris.

'• Nothing is more essen-

tial to tlie good eHect of
windows (except wlieie

the miilHons are treatid

as shafts under a mass of
traciry without glazing),

and nothing is so much
neglected by modern ar-

chitects, as making tlie

mullions of adequate
thickness," writes I\Ir.

Denison, in CJiurc/i Build-
illy. " I'he modern works
are very seldom more than
^tli of the width of the

lights ; prohably about -4

inches in the ordinary side

windows, and sometimes

less, and perhaps a few asTINTKHy AEBtV. CHOIR Fig 1177.
'«--•;>,< " |

>-
1

^t

much as 7 or 8 inches m
i|iige cast and west windows. In tlie oast window of Tintern Ahbej', which has eiglit
lights (/</. 1178.), the principal muUion is 15 inches thick, and the two secondary ones

are 11 inches, and the four

smallest very nearly <S inches.

At Guishorougli I'ricirv, of

the geometrical period, a win-

dow of only seven liglits had
two jirincipal mullions, both

as thick as the middle one at

Tintern. The great mullioii

of the east window at Lin-

coln is about 2 feet thick.

Even the two small east win-

dows of Guishorougli, with

only three lights, has 9-inch

mullions, and those at Tintern

7-inch. Some four-light win-

dows at W'hitby have tLe

middle mullions aliout l;5

inches, and the short ciere-

stoiy windows of IJridliug-

ton are above a foot thick.

No muUion ought to be much
less than one-third of tlic

width of the adjacent light.

The Ihilits of the small Guis-

horougli windows are exact y
tliree times the widtli of the

mullions; tlie aisle windows
EAST WINDOW. Fig. 1179.

^,f Sj.ii,y ..r^. about tlie same;

where there are mor..' li;rhts than these, and therefore two or more classes of mullions are

recjuired. the larger ones must be considerably more than this. In all cases the de)itli

from back to front ought to be at least twice the width or thickness from side to side.

'J'liere are a few old geometrical windows, with 'thin' mullions, but they are exceptions,

and do not h)ok well.

" The dillerence between good and bad windows, strikingly exhibited in the same church,

may be seen in the north aisle of the clmir at Selliy, where a set of windows of no more
than three lights, and those rather short ones, hiving tracery of the simplest possible

pattern, only three (juatrefoils in the head, ate iierhajis the most beautiful windows of tlie

size to 1)0 found anywhere. Above them in the clerestory aie windows of four lights and

much more elaborate tracery, an<l yet almost as ill-looking as any modern ones. Tlie

reason is that tiie lower ones are deep set, and have thick mullions and tracery, and iiigli

arches, whereas the others are very shallow, on account of the passai^e in the wall ;
the

TINTERN ABBKV.
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Sect. XIII.

WINDOW JA.^lIiS AND ARCH PLANES.

The following details oPwiiulow jambs and mouldings, are reduced from tliose given in

the valuable publication already mentioi.ed, namely Sharpe's Architectural Parallels. Fig.

1174. is the plan of tlie |

jambs, and fig. 1175. of

tlie mouldings of tlie arch

over them, to the early

English choir at Foun-

tains Abliey, Yorkshire.

Figx. 1176. and I 177. are

the similar portions to tlie

geometric choir at Tin-

tern Abbey, Rlonmouth-

shire. rhesame|)ublication

gives, amongst its nmne-
rous details, the elaborate

grouping of mouldings to

the magnificent east (fit/s.

1 1 78. and 1 179.) and west

(figs. 1180. and II 8 1.)

windows of this building,

which is somewhat transi-

tional to the decorated

])eri<)d, and of very great

beauty. Fig. 1182. is the

jamb mouldings to the

tlecoratc'd east window at

Howden Church, York-
shire, showing a passage

in the wall, which

mateiially deteriorates

from the good effect

of the window.
The following illus-

trations are from

Henry VII 's Chapel.

Fig. 1183. is the wall

jamb to the first cant

of the angular win-

dows to the aisles.

Fig. 1184. is the first

ar.gle mullion of the

circular or bow win-

dows ; it also shows
the arrangement fortlie

inullions or monials,

and (L) the mitring

OUTSIDE

Fig. 1185. UPNRV VII. 's cnAfEL. HEXr.Y Vll.'S CHAPEL.
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with tlie wall-work inside. Fig. 1185. is the jamb mouldings of the upper range, or

tlie clerestory windows. These are all reduced from Cottingham's work on this building,

and are, to some extent, shown in the interior eleva-

tion of the bay, given in jig. ] 325.

The section of the jambs to the windows of the

clerestory at Winchester Cathedral is given in Jig.

1303. ; to the windows of King's College Chapel,

Cambridge, in fig. 1312. ; to tliose of St. George's

Chapel, Windsor, in fig. 1316. ; and to tliose in the

clerestory at Amiens Cathedral, in fig. 1329.

The arch planes worked in the same buildings,

have been placed on pages 971., 972., and 973.,

wliile the series of mouldings to the arches of

Henry VII.'s Chapel will be found very poor in

comparison, as may be observed in fig. 1325.

f^

/

SErr. XIV.

CIIICULAK WINDOWS.

Fig. 1185. HKSBT VII.'S CHAPEL.

Tiie large circular windows so frequently seen in

the transepts of churches, and sometimes at the

west ends of them, and going by the general name
of rose windows, seem to have originated from the

ociiU with which the tympana of the ancient basiliccE

were pierced, and which are still observable in monuments of the 11th century. For the

study of this species of window the edifices of France furnish the most abundant means,

many of them being of exquisite composition, and in our opinion far surpassing any else-

where to be seen. Many of these, from Rouen, Beauvais, and Amiens, will be foimd
illustrated in the following chapter of this work.

It is scarcely previous to the 12th century that they can be fairly called rose windows;
before that period they are more properly denominated tvlieel windows, the radiating

mullions resembling the spokes of a wheel and being
formed of small columns regularly furnished with bases

and capitals, and connected at top by semicircular

arches or by trefoils. By many the more decorated

circular window has been called the marigold window,
but we scarcely know why that should have been done.

The rose windows are used in gables, but their dimen-
sions are then generally smaller and they are often en-

closed in segmental curves whose versed sines form an
equilateral triangle or a segmental sqiiaie.

An early specimen of the wheel window is in Bar-
freston Church {fig. 180. ), wherein it is manifestly later

than the other parts of the front. The example from
Patrixbourne Church, Kent

{fig. II 86.), is a curious

and early example of the wheel window ; herein, and
indeed in .ill the minor examples, a single order of columns is disposed round the centre;

rATRlXBOUKNK.

YORK. 1269. A.D
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but in the soulli transept at York Cathedral we have a n<;ble instance of this species

(fig 1187.)—a double order of columns being emiiloyed, connectid by foliation above the

caiiitals of the columns; this example is of the l:Jth century. As the early style came in,

the columns would of course give place to the mullion, as in the elegant specimen from

St. David's, shown mfiy. 1 1 88. The two following examples (_Jiys. 1189. and 1 1 90. ) from

Westminster, and Winchester Palace, Southwark, are botli of the I 4th century. The fust

Fig. 1189. WESTMINSTtl: A1!1!KV ClllNHI]. Fig 1190. Wl.NCUESTtU I'ALACE, SOL'1 11 '.V A T K.

is not the oiiginal window, but we have reason to believe it was accurately remade from

tile original one. 1 lie latter is a most elegant arrangement Howing from tlie continued sides

of the central hexagon, and consctjuently

forniing a series of ecjuilateral triangles de-

corated with foliation. It was placed in tlie

gcihle of the great iiall of the ])alace, wliich

liall was s|)anned by a timber roof of very

beautilul and ingenious construction, a Wiw
^ears since destroyed by fire, after which the

w ill containing the window was taken down.
During the period of the three last exam-

ples in this countiy.the Frencii were making
1 i])id stiides towards that era in which their

flanihoyar.t was to l.-e stifled and extin-

guislicd liy the iiitrixluction of the renais-

s nice style, about whicli we liave already

sul)mitti.d some remarks, and produced
some examijles. In the cliurch of St. Ouen,
at Rouen, the circular window {fg. 1191.),

middle of tlie 14tli century, exhibits tiie

extraordinary dift'erence between French and

Lnglish exainjiles of tlie same date. Beau-
tiful as many of the Enghsli examples undoubtedly are, we know of none that is equal to

this for the easy and elegant flow of the tracery composing it. The leading points it will

be seen are dependent on the hexagon, but, those determined, it appears to liranch otr from
the cehtieVith uncliecked luxuriance, jjreserving, nevertheless, a juirity in its forms quite

in cliaracter with the ex(iuisite edi(iee it assists to light. The details of this window may
be advantageously studied in Piigin's Antiquities of iVormandi/, and in the larger woodcut
given in the sulisequent chajiter.

Besides these exain])les of tirciilar windows, others will he found of varying patterns,

forming the centre pieces in the iieads of large windows, as at the churches of Easby,
Howden, Wellingborough, and at St. Alban's .\bbcy.

M OLLN, I Oil ^

Si:cT. XV
TllACKliV or WINDOWS.

As the perpendicularity of the style changed, at the beginning of the 13th century, from
that wiiich might be termed horizontal, s.) die! the comparatively rude and clumsy form of

its ornament assume a lightness founded on a close observation of nature. Its sculpture

is endowed with life, and its aspiring forms are closely connected with tlie general outlines

bounding the masses. 'I'lie models used for decoration are selected fiom the forest and
the meadow. Among the flowers used for the angular decorations of pinnacles and spires,
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on crockets, and in similar situations, an ornament very much resembling llie Cyprlpediwn
calreolus, or lady's slipper, and the iris, are of constant occurrence. Tlie former plant,

however, appears to be found only in the woods in the nortli of England, and now, at

any rate, it is very rare.

These models, however, though closely and beautifully imitated (says Ramee), are sub-

mitted to reduction within such boundaries as brought them to a regular and geometrical

form. Thus is found every conceivable description of ornament brought witliin the limits

of circles, squares, and triangles, as well as within tlie more varied forms of the many-
sided polygons; the latter, as in the marigold and rose windows, being again subject t(i

the circumscribing circle ; these polygonal subdivisions having always reference to the

regulating subdivisions of the apsis, as will be further referred to in Ciiap. IV.
The circle obviously presents a boundary for a very extended range of objects in nature.

In the vegetable world, a flower is scarcely to be found which, within it, cannot be sym-
metrically arranged. Its relations aflford measures for its subdivisions into two, three,

four, and six parts, and
tlieir multiples, by the

diameter and radius

alone; the last being an
unit, upon which the

equilateral triangle and
hexagon are based

;

moreover, as tlie in-

terior angles of every

right-lined figure {Eu-
clid, prop. 3'2. b. 1.),

together with four right

angles, are equal to

twice as many riglit

angles as the figure has

sides, it will be immed'ately seen tliat the interior angles in tlie equilateral triangle, the

pentagon, the hexagon, the nonagon, and the dodecagon, are divisible by the sides so as to

clear the result of frac-

tions. Thus, in the

equilateral triangle, the

number of degrees sub-

tended by the sides is

G0°. In the pentagon

the number is 108°; in

the hexagon, 120°; in

the nonagon, 140°; and
in the dodecagon, 150°.

(See far. 1219.). In-

dependent, therefore, of

the service of the circle

in construction, we are

not to be surprised at

Fig 1192. Hg. lies.

its bein

Fig. 1195.

in architecture, from the period at whicii the art was
to bicome truly serviceable to mankind.

In respect of tlie pentagon (Jiff. 1194.), if lines be drawn from each angle so as to

connect every two of its sides, tlie pentalpha results; a

figure in much esteem in the 13th and 14th centuries,

and used among the Pythagoreans as a symbol of health,

centuries and centuries before.

The heptagon and undecagon, whose interior angles

are not divisible without a fraction or remainder, were
rarely used by the Freemasons; an instance of eitiier does
not occur to us.

An inspection of^i's. 1192. to 1198. will sliow the mode
of generating from the several polygons the lobes of circu-

lar windows, as also tiie way of obtaining the centres for

the lobes in a simple and symmetrical manner. In Jig,

1192. the basis of formation is the equihiteral triangle,

and three lobes are the result. Those of four lobes, or
quatiefoils (_/?y. 1193.), originate from the square; and
the Cruciferae, or cruciform plants, Tetradynamia of Linnaus's system, seem to be their
types in nature.

For those of five lobes, resulting from the pentagon (Jiff. 1194.), types arc found iii tlie

3 s 2

Fig. 1196.
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classes Pentandiia, Docandria, and Icosandria, of Linnjeiis. Tliey comprise the rose, tlie

aii))le, cherry, and medlar blossoms ; those of the strawberry, the myrtle, and many others.

For circular windows consisting of six lobes, and based on the hexagonal formation (^Jig.

1195.), the class Hexandria seems to furnish the type, under which are found almost

ail the bulbous-roofed flowers, pinks, &c. These observations might be extended to a

great length ; but the

writer does not feel in-

clined to pursue the

system to the extent to

which it has been car-

ried by a German au-

thor (Metzger), who
bases the principles of

all pointed arehitecture

on the formations of the

mineral and vegetable

kingdoms. In^^. 1196".

the octagon is tlie base
;

in /ig. 1197. the nona-
Fig. 1197. gon; and in /^. 1198. is- iwa

the dodecagon. Beyond the last, the subdivision is very rarely, if ever, carried. It was
not that all these types were selected from a mere desire of assimilating to nature the deco-

rations of the 13th century, but it sprung from that deep impression of the utility of

geometrical arrangement, which sought in the vegetable
kingdom, and elsewhere, such forms as fell in with the

outlines adopted. Similar formations based upon the

arrangement of squares, triangles, and polygons, are ex-

hibited \n Jigs. 1335. to 1339., in the latter portion of

this chapter, as obtained from the decorations of Amiens
Cathedral.

Rlr. Denison comments upon a particular figure in

window tracery, which appears to him to be very bud,

and often adopted. He calls it the " broken-l)acke(l

cusp," (Jig. 1199.) because it gives the feeling that it is

''K- iif*"- ^'S- i-oo- always going to i)reak (Vike Jig. 1205 , doorway). By it,

tlie cusps are made a principal instead of an accessory; the proper way being to make a

sub-arch at the back of the lower pair of cusps (Jig- I'iOO.), a.id to tliicken the trefoil

above until it looks likfi a piece of solid stonework, and having a real bearing on each other,

and capable of resisting pressure.

Few attempts have been made to point to the origin of tracery and its ramifications.

As the spaces of window openings went on increasing, until at la-t they became gigantic,

in several instances exceeding 40 feet, a construction of stone framework became absolutely

necessary. This framework, as we find in examples of the early decorated period, was at

first unornamented—mere pillars or muUions below, with segmental curves, crossing each
other, to fill the arch. But by degrees these curves changed iheir character, and assumed
all the infinite variety we now know under the term tracery. From great windows, this

class of decoration descended to the minor parts of buildings ; and at last we find that

light, fragile, screen-work, to be the great depository of this kind of knowledge. Fixed
geometric forms, rather than mere fancy, as the foundation of composition, are ever to be
preferred as of the utmost importance to the designer, if he wishes or intends to arrive at

a successful result.—Billings, Injitiity of Geometric Design.

Our limited space warns us to refrain from the further elucidation of this subject ; but
before quitting it, we can refer to the many illustrations of the further development of

" tracery and geometric forms," forming a portion of the prin-

ciples or PROPORTION, treated hereafter, wherein examples are

given from Westminster .\bbey, Beauvais, Rouen, and othei

cathedrals.

To aid in the formation of tracery a perfect knowledge ol

practical geometrical drawing is requisite; we therefore refer

the reader to that section in Book II. where, commencing at

par. 1007., he will find other more useful problems that will

assist him in his designs. We append another application of the

problem " to inscribe a circle in a given triangle," as being one
Fig. 1201. of tliose inore generally required in circular forms, and perhaps a

quicker method than those above described. If a five-lobed figure be required, as in Jig,

1201., obtain the triangle ABC from the five divisions, on a base line 13 C at a tangent

to the circle ; bisect B C and join A D. Bisect the angle ABC by a line B E, and
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where it crosses tlie line A D, as at F, will be the centre of the required circle or lobe.

A circle witii the radius A F being drawn, the other centres on the lines of division, as

A G, A H, &c., are readily found.

Another usual geometrical problem in tracery work consists in finding the centre of a

circle placed in the head of anarch. This has been eluci-

dated by E. \V. Tarn, in the Builder for 1863, p. 221.

Let A B C in fg. 1202. be an equilateral arch, and the

width A B be divided into three equal portions A D £ B.

Let the arches D F and E G be drawn with the same
radius as those of A and B, as D H. Then it is re-

quired to find the centre of the circle which shall touch
the four arcs. Make E I equal to ^ih of E B, and with

*"""""

the centre A and radius A I draw an arc cutting the

perpendicular or centre line of the window in K; then K is the required centre, and K L
the radius of the circle.

Fig. 1202.

Sect. XVL
nOORWAVS.

It is almost needless to observe that through the several changes of style the door-
ways followed their several forms; our duty will, therefore, be to do little more than
present the representations of four or five

examples to the notice of the reader. The
Prior's entrance at Ely {Jig. 187.) is a fine

specimen of a highly decorated Norman
doorway. The earlier Norman doorways
had but little carving. They are, as mjiy.

120.3., generally placed within a semicir-

cular arch, borne by columns recessed from — i--/

the face of the wall, and the whole sur-

mounted with a dripstone. In Jig. 187. it

will be seen that the semicircular iiead of

the door is filled in level with the springing,

and sculptured witli a figure of our Saviour

in a sitting attitude ; his right ann is raised,

and in his left is a book. V/hat is termed
the vesica piscis surrounds the composition,

which is supported by an angel on each side.

These representations are frequently met
with in Norman doorways. Many examples
are composed of a series of recesses, each

spanned by semicircular arches springing

from square jambs, and occupied by insu Fig. 1203. WYlCliN CUUltClI, WAltWICKSUlUK.

lated columns; though sometimes the culumns are wanting an'' the recesses run down tc

TU: liJOl UUHFIKLB. Kig. 1205. ST. S.'CHCLAS, LVMK.
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Ihe plintli. The arclies are very often decorated with the chevron, zigzag, and other Nor-

man ornaments.

The early English doorways have the same character as the windows of the period ; the

smaller ones are often recessed with columns, from which a pointed arch is twined witli

a cnt moulding on it and a dripstone over it. The more important doors, liowever, are

mostly in two divisions, sejiarated by a pier column, and with foliated heads. These are

generally grouped under one arch, springing from clustered columns on each side, and the

space over the open-

ings is filled in, and
decorated with a qua-

trefoil, as in the door-

way to the cliapter-

house at Lichfuld

{Jig. 1204,). Sculp-

ture often occurs in

the arrangement. The
door to the chapel of

St. Nicholas, at Lynn

{fig. 1205.), is a cu-

rious example of the

latter part of the de-

corated period. Fig.

1206., from Tattei-

sliall Castle, Lincoln-

colnshire, belongs torig. VMG. TATTEKSIH1.I Fig. 12 ST. c;LoiaJi;*s ciiAi'tL.

the Florid English or perpendicular period, whose simplest doorways usually had the

depressed or Tudor arch, and without the square liead which appears in tlie examj)le. The
more ornamental ones were crocketed, and terminated with tinials, as appears in the face

of the porch at King's College Chapel, Cambridge {fig. 1208.). The doorway at St.

George's Cliapel, Windsor {fig. 1207.), though later in date, is more simple than the last,

notwithstanding the exuberance of ornament and tracery which liad then very nearly

reached its meridian.

Sect. XVII.

The porch is a distinguishing feature both in ecclesiastical and domestic architecture

throughout northern Europe during the whole of the mediaeval period. In the case of the

smaller churches it was usually attached to the nortli and south doors. Wlu-n to the

nortli, it was generally built of stone, while the south porch was more often of timber.

In France the porches are usually of very grand proportions and of elaborate structure.

A Norman porch, with an upper story or parvise, a chamber which appears to liave

been variously appropriated, occurs on the north side of Southwell Minster, Nottingham-
shire, and is arched (Rickman, p. 81.); and another at Sherborne, Dorsetshire, which
is groined. The example at INIalmesbury Abbey Church is perhaps the finest of the few
that exist of this period. An early English porch with a chamber remains on the north side

of St. Cross Church, Hampshire. The porch at Felkirk, in the West Riding of York-
shire, of late early English or early decorated date, has a roof formed of stone ribs 1 foot

in breadth by 10 inches in depth, plain chamfered at the angles, placed about 18 inches

apart, springing from a string or impost about 4 feet from tlie floor. A complete illus-

tration of this interesting example is given in Robson, Maso7i's Guide. The same simple

plan is followed in those at Barnack, Northamptonshire, and at Middleton Cheney, Noith-
amptonshire. The south porch at St. Mary's Uffingdon, Berkshire, is groined. This
feature was extensively used in this period, as at Salisbury and Wells.

A beautiful example of a vaulted roof to a shallow porch occurs in the decorated church
at Higham Ferrars, Northamptonshire (Rickman, p. 111., al.so giving a plain vault with

richly moulded door jambs at the west porch of Raunds Church, Northamptonshire).
Stone ribs are employed in the vestry or chapel at Willingham Church, Cambridgeshire
(Rickman, p. 179., decorated); the chapel is 14 feet 1 inch long, and 9 feet 9 inches wide,

as shown in Lysons' Cambridgeshire, p. 285. In this, and in the following, periods, the

groined roof became common, and partook of all the varied enrichment exhibited in larger

roofs. The porches exceed in profuseness of decoration those of the preceding style : they

were almost universally adopted. The south porch of Gloucester, and the south-west

porch of Canterbury are beautiful exam|des. In the former, canopied niches occupy the

front over the doorway, the front being crowned with an embattled parapet of pierced

panelling, and at the quoins are turrets embattled and finished with crocketed pinnacles.
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The example here given of the shallow porch at King's College Chapel, Cambridge
ifiy. 1208.), is heautiful in design and in proportion. The north porch at Beverley Minster
rises soniewliat higher than the aisle, the upper part forming a parvise. The doar has a
(ine featliered straight-sided canopy. ,

over one of ogee form, Ijoth croc- ^
keted. It is Hanlced with nichis r^'J

-f^
buttresses, and pinnacles ; tlie >^ -"^ |J m S S nJkr^fK
whole front is panelled and croM ntd ^—

-j J^
witli a lofty central pinnacle, hi\

ing a niche. .Vn idea of it will bt

gained from tlie illustration given

as a frontispiece to the present

edition. The south porch of Leve-
rington Church, Canibridgeshiie, is

groined, and also has carved bosses

Over it is a parvise 10 feet ] mch
vride and 14 feet 4 inciiesin length

The covering (of slabs of stone ')

is supported l)y six arclied stone

ribs, placed 2 feet 1 incli apart, and
9 feet 5 inches S[)an ; the rib is 4

inches wide, 6 inches in dei)th, nd
chamfered on the lower edge. It

b:is a richly perforated stone ridge

ornament. The section and details

aregivenin Builder for \8i8, p 91,

which also (iii. 598.) illustrates the

south porch at North Walshim
Ciiurcli, Norfolk, which is lofiy

and open to the roof, it not having
been divided into stories. It is a

specimen of the mixture of flint
^'- ''' """'^ ""'-'•'^"" '"^"'- ^-^"^'^"'^e

with stone details. The south porch of a churcli near Evesha'n, in Worcestershire; the
sacristy, also at Felkirk : and the porches at the churciies of Strelly, in Nottinghamshire

;

of All Saints, at Stamford; and of .\runde!, in Sussex, have interesting stone roofs.

In the case of domestic buildinirs. the porch, as at Winsfield Manor House, Derbyshire,
has a story over tlie entrance, differing from those at Eltham, Croydon, Cowdray (which
has an elaborate groined stone roof), and
many others, iiaving only one story. That
at Porchester Cas le hall was the whole
height of the building, having a rooin

above the entrance to the hall, which Avas

elevated on a basement story, and was
reached by a flight of steps occujiying the

lower story of tlie ))orcli. At Dartington
]\Ianor House, Derbyshire, and at Ea>;t

Uarsham, Norfolk, there are two stories

above the entrance, an arrangement fre-

(|uently observed in similar erections, as at

Thorpland Hall, Norfolk, and at Easthury
House, Essex, erected cir. 1572. From
the architectural prominence given to this

feature in domestic buildings, t.ie designa-

tion " porch house" was often employed.

I OrCH, AT LLl LCk

So very exceptional Is the use ofbrickwork

in England in mediasval work, at any rate

until the common brick porches, which
were added in the 17th century, that we
are induced to notice one of the many examiiles m this material executid abioad, in Ger-
many especially. The north porch of Liibeck Cathedral (fg. 1209.), is described by G.
E. Street, as "a 13th century addition, of two bays in deptli, with groining piers of clustered

shafts with sculptured capitals, and a many-shafted doorway of the best character. Its

interior is probably mainly of stone, but the exterior is all of brick. The archway is boldly

moulded, and above it is a Jiorizontal arcaded corbel table, stepped up in the centre ti>

admit the arch. Tlie gable is boldly arcaded upon shafts, and lias a stepped corlicl table,

with a double line of moulded bricks above it next to the tiles. A couple of simple open
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aiclies are pierced in each side wall, and tliere are flat pilasters at the angles. In tlie

gable, enclosed witliin the arcading, are some circular openings, one of which is ciispcd

wit!) small foliations formed of brick. The moulded bricks in the main arch are of two

kinds only, one a large boltel, the other a large hollow, and these arranged alternately with

plain square-edged bricks, produce as much variety as is needful. The jamb of tlie door-

way is of plain bricks, l)uiltwith square recesses, in which detached stone shafts are placed.

The capitals throughout are of stone, and carved with simple foliage. Perhaps no othtr

example is more completely all that it should be in the use of its materials. The exterior

is simple in all its details, yet sufficiently enriched by their skilful arrangement to be

thorou<Tiily effective; whilst in the interior, where more adornment was naturally required,

brick is frankly abandoned, and the ricnly moulded and sculptured ribs and archivolts are

all of stone, though I have no doubt the vaulting and walls are, as on the outside, of brick.

Tlie only tracery which can be properly executed in brick is in fact the simplest plate

tracery (and even this requires great skill and care in its execution), or that simple fringe

of cusj)ing round an opening which occurs m the porch, and which may be executed with

ease with a single pattern of moulded brick often repeated." Chvrcli Builder, 1863, p. 56.

We have somewhat altered the arched entrance as shown in Mr. Street's sketch, under-

standing that this porch has been lately restored in this manner.

Sect. XV] II.

TOWERS AND SPIKES.

Europe has been considered by J. H. Parker, Trnnsactionx of the Institute of British

Architects, to be indebted to Caen and its neiglibourhood for that very interesting feature,

the Gothic spire of stone. He has also traced its history from the low pyramid of Thaon
Church, Normandy, dating about

the end of the 1 1th century, shown
in fig. 1210., whereof the stones are

left rough within and overhang one

another, while at the base a large

))ioce of timber was introduced as

if to bind the whole together {Jig.

1211.), which has now entirely de-

cayed. The apex has alsj decayed

or been removed. The spires of

Comorncs near Bayeux ; Basly near

Caen, middle of 1 2th century ; and

Rosel, are of the same character, and

are followed by those at Huppf-au

n ar Bayeux, wiiich is considerably taller, but of about

the same d;ite ; Vaucelles, near Caen ; St. Loup, near

Bayeux ; St. Contest, near Caen ; and Bougy, which is

of a fine transitional character, as is that at Doiivros ; the

small square spires at the east end of St. Stephen's at

Caen ; and the elegant lofty octagonal spire with square

pinnacles at Ducy. which is a little earlier than the ele-

gant western spires of St. Stei)hen's at Caen. On that

building are altogether eight spires, varying in date from

one of about the middle of the 1 2th century cm a .stai.

turret ; the two pairs of early Gothic work of the choir ;

to the light western spires wliicli possess pinnacles of open

work at the angles and in the centre of each face; these

n«. 1210. THAON. NoTiMANDT. date ahout 12.30. The fine spire on St. Peter's Church, at

Caen, dates at the beginning of the I4th century, and is commonly quoted as the perfection

ofa spire f/^s. 1212. 121:^.). It is octagonal, with openings pierced in the flat sides.

That of St. Saviour's is later and not so good. Nearly ail the spires in this district have

the surface of the stone cut to imitate shingle.s, a clear proof of their having iiad a timber

prototype. The spires at Bayeux Cathedral were probably being built at the same time

as those at St. Stephen's Church, which they resemble. Sicqueville Church has one of

nearly the same date.

Of' later date arc the spires at Bretteville, Bernieres, and Langrunc, coming up to the

middle of the i;ith century. They are all of elegant design, and light construction. After

these are the unfinished spires of Norrey and Audrieu, closing the century. Illustra-

tions of several of these buildings will be found in Britton's Noiiuaiidy. Mr. Fergnsson

considers that the spire took its origin from the gable termination seen m some early

foreign towers.
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A chronological sketch of tli

Fig. 1214. \HMlNOrO.N".

gradual develupnient of the spire in Germany, has

lately heen atteniptfd by W. II. Brewer, in

the .B«/Wer for 1865,

to wliich we can here

only refer the reader,

as well as for its

very peculiar illus-

trations.

In England, dur-

ing the Norman pe-

riod the west end of

the larger churches

sometimes had
towers terminating

tiie aisles. Another
tower rose from tiie

intersection of the

cr.ss (the smaller

churches had but

this one), while it

was only of suffi

cient elevation to

break the long line

of nave, choir, and
transepts, all ofequal o

height. The roofs

of the towers were
of but little higher pitch tiian the rest. The
nearest approacli to spires, in form if not in

height, were found in the pinnacles sur-

mounting the angle buttresses in tiie larger

churches. During the early English period,

towers rise to a greater elevation, and are

very generally finished with a spire, some-
times of great height. The most frequent

spire is that called a broach when it does not

rise from within jiarapets, but is carried up
on four of its sides from the top of the square tower, tlie diagonal faces resting on squinches,

or arches thrown across the corners within, and finished on the outside in a slope, as shown
in Jig. 1214. of Warmington Church, Northamptonshire, which has been published in

detail by W, Caveler. A great many spires consisted of wooden frames, covered with lead

or with shingles; and these in general, as well as stone spires in a few instances, were
connected with the tower in a different way ; the spire itself benig at first only four-sided,

and the angles being canted off a little above the base, to form the octagon. The early

English spire, completed in ]22'i, to Old St. Paul's Cathedral w;is the highest in Europe,
being 500 feet high, according to Stow, or 489 feet as calculated by Mr. E. B. Ferrey.

In the decorated period, Heckington Church, Lincolnshire, one of the most beautiful

and perfect models in the kingdom shows, says Rickman, '• a very lofty tower and spire

situated at the west end (^Jig. 1215.), the four pinnacles which crown the tower are

large and pentagonal. This unusual shape has, at less cost, an effect fully e(]ual to an
octagon, and the pinnacles are without crockets, but have rich finials ; the spire is plain,

with three tiers of windows on the alternate sides. The whole arrangement of this steeple

is peculiarly calculated for effect at a distance." The details of this work are given in Bow-
man and Crowther's useful publication. The elaborately arranged octagon at Ely Cathe-
dral, the design of Alan de Walsingham, is of this period. The work entitled Churches of
the Archdeaconry of Nori.hamplonshire, 1849, illustrates in small pictorial views several of

the fine lofty west towers and spires of this and the succeeding period, erected in that

locality.

The perpendicular period is distinguished by the splendour and loftiness of its towers
and spires. That at Salisbury, for exainple, rises to the height of about .387 feet. That
at Norwich, rebuilt soon after 1361, is 318 feet high. St. Michael's spire, at Coventry,
built ] 373-95, is the most beautiful one in the kingdom ; it does not rise, like those at

Salisbury and Norwich, from the centre of a tianseptal church, but from the ground ; and
its flying buttresses, and extremely taper form, give it great advantage over every spire
which rises from within hattlcments. Tiie broach is not unfrequent in this style, and
examples art ciuefiy to be found in Northamptonsliire. Of other remarkable spires of
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this style we should name Whittiesea, in Camhridgeshire (Jig. I'iI6 ) ; Rushdon, in

Nortliamptonshire ; the two spires of St. Mary and St. Alkmund, at Shrewsl)iiry ; ! aiigh-

ton-c>n-le-]Mortlien, in Yorkshire; Chester-le- Street, in Durham; and finally, Louth,

in Lincolnsliire, of wliicli latter structure the building accounts are given in the Arc/icBologiu,

vol. X., showing its completion between 1501 and 1518.

The spire of the tower of St. Nicliolas Church, at Newcastle-upon-Tyne, from its pecii'

liarity of standing on arched ribs, holds a high place in the series; it is the type of which

there are various imitations. Tiie best known are St. Giles's, at Edinburgh ; the church

at I>inlithgow; the college tower at Aberdeen, and its modern imitation by Sir C. Wren,
at St. Dimstan's-in-the-East Church, in London. Of another class of towers of this period,

that of Fotheringay Church is the type. The ordinary square tower is surmounted by an
octagonal lantern of much smaller dimensions, connected with the tower, in composition.

^ r

Fig. 1215. Il-ECKl.VOTOX. Fig. lilj. «mil i.t.stA. Fig. 1217. ALL SAI.NTS', UKnBT

hy flying buttresses from the b;ises of the angle i)iiinacles. The tower of All Saints'
Church, at Derby, has deservedly a very high reputation (f,/. 1217.). It is late in the
style; as is also the fine detached campanile at Evesliam. The tower of St. Peter Man-
croft, at Norwich, is a good specimen of flint building with stone panels. The most
remarkable of the perpendicular towers, both in itself and for its influence in the ecclesi-
astK al architecture of a large district, is that of Gloucester, erected about 1 4.55. 'i'his noble
tower rises above -20O feet from the groimd and about 100 feet above the roof of the choir.
It is surmounted by a crenellated parapet flanked by four turret-like pinnacles, all of deli-
cate open work, to the very finials, of a light and graceful character almost beyond the
natural capacity of stonework. Among the more important imitations of it are St, John's,
at Glastonbury

; St. Stephen'.s, at Bristol ; St. Mary, at Taunton ; and that at North
I'etherton

; the two last are said to have been designed by the same architect.
Beacons were sometimes added to towers; such is the lantern of All Saints' Pavement,

al York, which is an octagon erected upon the tower. Jladleigh Cliurch, in Essex, has a
beacon in an iron framework placed on the top of an angle turret.
By far the finest west front, comprising two towers of the perjiendicular period, is that i-f

Beverley Minster. What the west front of York is to the decorated .stvle, this is to the
perpendicular, with the addition, that in this front nothing but one style is seen—all is

harmonious. (See fronti.spiecc/y. 1218.) Each of the towers has four large and eight
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small pinnacles, and a vtry beautiful battlement. The whole front is panelled, nnd the

buttresses, wliich have a very bold projection, are ornrfniented with various tiers of niche-

work of excellent composition and most delicate execution. We may here incidentally

notice that the east front is fine, but mixed with early English, whicli style extends to the

transepts, while the nave and aisles are decorated, ti rminating with perpendicular, and

finished with the west facade abo\e noticed.

In concluding this portion, we cannot withhold naming the most elaborate work on tlie

subject of this section, published from drawings made by C. Wickes, in ?> vols. fol. 185.3-

59. Its chief drawback is that the illustrations are pictorial and not geometric, which

might iiave been obviated by a plan and section to each. Our sketch of the varieties of

towers and s\nxes will be found filled up, in Rev. G. A. Poole's History nf Ecclesiastical

Architecture.

In Ireland, the Doininican Abbey, commonly called the Black Abbey, at Kilkenny, had

a tower placed on tlie south of tiie alt.ar in a most singular way. At the Eranciscan

Church, the tower was placed at the east end of the rave, with a chancel at tlie end; ti;e

tower was nuieh narrower than the nave, but exactly the width of the lofty arch support-

ing it, so that now the roof has gone, the construction appears extremely bold and hazard-

ous. This building was one of a numerous class. Except the round towers, which

ceased to be built when the English went to Ireland, and the low Cistercian towers, the

Irish churches up to that period were almost towerless. In a few instances other towers

could be named, as the fine massive one of the Triiatarian Friary, at Adare ; but sud-

denly, in the 15th century, it became the practice to build to the Franciscan and Domin-
ican structures these lofty and slender additions The nave was shut out from the choir

by two transverse walls pl.iced close together and pierced eacli with a narrow arch ; above

them rose the slender tower, st^mding as it were on the apex of the gables, instead of

spreading over the « idth of the nave. They were finished with a peculiar battlemented

parapet. There is no instance of two western towers to the mediaeval churches in Ireland
;

and a media?val spire is not known to exist in that country.

In Scotland, the spires are chiefly of the middle pointed period, but not erected until

about the middle of the 15th century. Siiort octagonal stone sjiires form a very common
termination to towers of late date ; they generally carry small pedimcntal headed Ights

either on all or on the cardinal faces, and are fur the most part plain, though, as at Cors-

torphine, at Aberdeen, and at Crail, in Fifeshire, they are banded by two or tliree em-
battled strings or corona; into stages. Sometimes, as at the two foimer places, tliere are

small pinnacles at the angles; while at Corstorphine, and St Andrew's at Aberdeen, a

lumpish semi-pyramidal abutment on the angles is extremely suggestive of the broach.

'I'he construction of the tower and spire is of such importance as to require much attention.

A tower built for the reception of bells intended to be rung, should have a solid founda-

tion, not merely four arches nearly as wide as the tower itself, leaving four jiiers not much
lugger than the thickness of the wall wiiich they support. Bells require a tower to them-

selves, for it is known that they will sjioil the best clock-ever fixed. In Sir C. Wren's

towers, and others built by liis imitators, the substance of the walls was concentrated at

the angles, leaving a moderate sized arch on each side, and only the same internal area as

would exist in the case of four straight walls. This is sound construction, and is well

displayed in the tower of Antwerp Cathedral. Such an arrangement also admits of a

staircase being carried up in the substance of tiie wall, without diminisliing strength,

besides, a desirable object in some large towers, doing away with the necessity for but-

tresses. The tower, if thus carried up its whole height, will be more fit to support an

octangular or circular spire or lantern. The mean internal area should be half the external

area, and then, if well built and of good materials, the tower will safely bear as many bells

as can be hung on one level.

There should be an offset to support the ringing floor and the bell floor, so that no

timber be rim into the wall to act as battering rams. Neither sliould a bell be hung on
cross i)eanis resting on the walls, but always in a trussed cage. As regards soimd, one

level of bells is considered better than two tiers. It is wonderful that some of the early

brick or stone cones or pyramids (shown in fg. 121 1.) have stood, for they were evidently

built in level but gathering courses, even in the 11th century, around a light friime of timber^

which was either removed or left to decay. As soon as the principle of diminution up~

ward was acknowledged, two systems of construction presented themselves; the first is,

direct carriage of the upper storey from the basement floor; the other is a false-bearing %

the weight being, in either case, thrown as much as possible upon the angles, even to the

extent upon each floor of an opening in the centre of each side, which is the weakest part

of a blank tower. In the first case there are two varieties, one being the pyramidal roof

square on plan ; the other being the pyramidal roof octagonal on plan. The latter,

whether completed externally as a broach or otherwise, requires to be carried as low
dovvn the tower for support as possible ; and in some cases, as at St. Leonard, in France,

the octagon is more judiciously placed with four angles over the centres of the sides of the
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tower, than witli four faces over the corners of the tower, which then require to be loaded by

l>innacles. These are set diagonally more advantageously than when square with tin;

tower, because they thus have a larger base. The greater height given in tlie middle of

the 12th century to the spire rendered such jirecaution inevitable ; and at the same time

it became evident that if the spire were to be no longer square on plan, it must not seem
to rise abruptly out of a square.

Octagonal steeples, with octagonal spires not built tlirough, but resting upon them, seenj

to be considered now as dangerous experiments in construction. Yet one at Guebwiller,

in France, is a central steeple of four stages, including the pendentives. At Schelestadt is

another of the same kind. This plan does not seem to have been in favour after the com-
mencement of the 13th century.

When tlie French architects determined to trust their octagonal spires to the upper
storeys of their steeples, they seem to have been careless about allowing tlie pendentives to

approach points of weakness. The student will gather a good lesson on this point from
the section of the steeple at the Abbaye de la Trinite, at Vendome, given in VioUet le

Due's Dir.tionnaire. In tlie steeple of the cathedral at Chartres, the pendentives of the

octagon sit upon the four pinnacles, which are thus each obliged to take a part of the

weight of tlie spire ; the other part being thrown upon the four faces of the octagonal

drum, which are weighted by heavy gables. At the bottom the spire is 31 1 in. thick, and
at top 11| in. in a length of 156 ft. 8 in., built of bard Berchere stone. The roofs of the

pinnacles are 19| in. thick. It is to be noticed that the danger of a fall, whicli was so

imminent as to cause the destruction of the steeple at St. Denis, is attiibuted in great part

to the increase of weight given to it during a course of restoration, by using the stone of

St. Pierre instead of that of Vergele. Some French spires have a very curious eflect, due
to the presence of a simulated hip in the centre of their sides for the whole or part of the

height : but still more extraordinary were the slits in that of St. Denis, and the slit with

two transoms in that of St. Nicaise, at Reims.

The spire of the church at Langrune, near the sea-coast, north of Caen, in Normandy,
has at its !)ase in the interior, a sort of buttress of thin stone resting on the tliicker walls

of the tower, which runs up for a great height to each of the angles and sides of the spire.

They are pierced so as to afford a free passage all round at the base of tiie spire;

and may have been provided to assist in strengthening it on account of its exposed position.

It has been drawn by Rev. J. L. Petit in his Architectural Studies.

It will be found tliat the stone spires of the 12tli century were high in regard to the

rest of the steeple. The proportions at St. Denis were 38^ to 35 ; those at ("hartres are

60 to 42 ; but in time these proportions were altered so much that the spires of St. Nicaise

at Keims (end of 13th century), and those of the front of the cathedral in that city, are

scarcely half the height of the tower instead of equal or superior to it. Murphy, in his

account of the Batalha, remarks that no settled proportion seems to have been observed

in the dimensions in general ; they varied from four times the width of the base to eight

times.

As regards the jointing of the stones of which spires are composed, their security

seems to be wholly the result of an accurate working of the beds and vertical joints, and the

adhesion of naturally good and properly applied mortar. In modern work it is question-

able whether such aids as dowelling and cramping should be altogether dispensed with.

Iron must not be used, for reasons given in an earlier portion of this work. One method
used at present to steady and tie in the spire, is that of the insertion of an intermediate

itage or floor of timber framing. Sir C. Wren, when rebuilding the upper portion of the

(former) spire of Chichester Cathedral which had been forced out of the upright, placed

two intermediate stages connected with a pendent beam of timber about 80 feet in length

attached to the finial stone; each stage was about 3 inches less in diameter than the spire

at their levels; these restored the spire if it departed from the upright, A similar

pendulum, with two stages, to act in like manner, has been introduced by Gibbs in his

spire of St. Martin's in the Fields, London. Iron rods have of later years been used to

effect this purpose.

When the beds of the stones are horizontal, one course of binders secured witli dove-

tailed dowels will perhaps be enough in the height ; but when the beds are inclined,

two or three of these courses in its height would be an effectual means of preventing its

spread. It has been considered that a spire is stronger when tlie beds are set at right

angles to the face, but if not well set, water gets in, and sudden frosts do much injury. It

is probable, however, that a large number of steeples would, were examination possible, be

found to have been well chained with timber or with metal The former material appears

to have been employed in the church at Chateauneuf (Saone et Loire).

The spire, built cir. 1;515, of St. Aldate's Church, Oxford, had to betaken down in 186,).

The tower is about 56 feet high ; tlie spire, about the same height to the weathercock,

was for 10 feet down from it of solid stone, similarly to that shown in fy. liJI3.

The cause of its failure was that a 1^-ineh iron bar coupled at the angles and inserted in
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the first course of stone 7 inches tliick at the hase of the sph-e, had rusted, in some place,

entirely through, bursting the stone inside and out. The angle pinnacles alone sustained

the spire for many years.

Nearly all the spires of Normandy are said to have been executed in thin slabs of

stone ; they are all about 7 inches thick at the bottom, and about 4 inches thick at the
top, and are almost all executed in the Creuilly stone. In Caen, especially, that stone

was employtd in the steeples, though it iiad to be brought about 12 or 14 miles. The
joints are (probably) set at right angles to the face of the stone. The spire at Batalha
is about 7 inches thick, independent of the carved work, though almost a fourth part

of its superficies is perforated : its stones are said to he keyed together by means of

dovetailed pieces of pine wood (Murphy). The slender stone ribs of the octagonal
spire of Freiburg Cathedral are girded together at intervals of about 15 feet by means
of doul)le horizontal ribs or bands of limestone ; in the middle of each of these bands
an iron cramp is inserted, so that one half of the thickness of the metal is fixed in

the under course of the stone-work, and the other half in the upper course, in order to

prevent all thrust. The space between the rib and the horizontal bands is filled up with
perforated tracery, so that the appearance of great lightness, united with great boldness, is

imparted to the whole. Plate XL of Mollers work sliows a careful representation of the

joints, explaining in what manner the stones are connected together, both in the principal

members and the ornamental parts. The spires of Strasburg and Constance Cathedrals,

and that of St. Stephen's Church at Vienna, present other examples of open work spires.

The thickness of the decorated spire to the staircase in the north tower of the west front

of Peterborougli Cathedral, is about 1 1 inches at 2 feet above the wall of the tower,

where the octagon commences, and is about 10 feet diameter (shown in Roljson, Masons'
Guide'). The methods adopted of strengthening Salisbury spire and tower, are related by
Price in his work publislied in 17.50, who states that it is 400 feet iiigh from the pave-
ment to the extreme top, but to tlie top of the capstone or ball only S87 feet as previously

noticed. It is only 9 inches thick at the bottom, diminishing to 7 inches.

The outline of a tower in elevation should i)e a ])arabolic curve, for strength as well as

appearance, as it will not then present a top-heavy appearance. The difficulty in de-

signing a tower and spire in the Roman or Italian style is to prevent a telescopic eHect
;

and in tlie mediaeval style the appearance of an extiiiguislier is too often obtained. The
entasis to the spire, and due diminution of the tower (tliough the former is usually held

not to have existed, some spires being formed of two and even three lines at different

angles), are desirable both for appearance and strength. They are common features in

Essex and Middlesex, and the absence of them may be noticed by any one going from
Essex into SufTolk, the round lowers in wliicli county have tlie entasis, but not those of
later date. The tower of All Saints' Church, Colchester, possesses it, and diminishes

from 21 feet to 19 feet, having internally an offset at each floor and at the roof, so that

no timbers run into the walls.

A mathematical method of setting out the entasis for a spire was furnished by IVIr.

Thomas Turner, of Hampstead, to the Builder for 1848, through the late Pri.fessor

Cockerell, R.A. But as he states tliat the ordinates may be obtained very nearly true

by taking a thin lath and bending it to the extent required, we do not consider it necessary

here to do more than to refer to the paper. In the reconstruction of the spire to St.

Stephen's Church, at \ ienna, an iron framework was introduced to support the liglit stone

ribs, until near to the summit, wiiich was made wholly of iron.

The iron spires at Rouen, Bruxellcs, and Auxerre, are the only three we have noted.

CHAP. ly.

aiKDI^:VAL PKOrOKTION.

Sect. I.

EFFECT Oil i;SE OF NUMBEIiS.

The introduction into this work of the investigation of the principles of proportion, as
propounded by the late E. Cresy, renders it necessary that some preliminary details should
be considered, before the student passes on to those pages. These details will consist of

the result of tlie use of numbers, as given by the late Mr. Gwilt and appended to the ]nc-
vious editions, and of the enquiry by modern investigators into the use of tlie triangle antl

of the Square during the mediieval period. The subject is interesting, and a very enticing
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Olio, ;iii(l we rogix't that our limited space will not allow us to do more than merely enter

upon it. We would warn the student that shoidd he feel inclined to devote any lime to

tliis subject himself, he must not he content with the measurements he may usually find

in puhliiations, but iiuist found his theories on tliose taken by himself to be in any degree

certain of his deductions.

The pl:in on wliicli the earlier Christian churches were constructed, wrote i\Ir. Gwilt,

was that of a cross : lie omitted to notice, however, the Italian basllican ))lan and the

domical Greek plan; l)ut he justly observes that (in we>tern Europe) after the 10th cen-

tury it would perhaps be difficult to find a cathedral deviating from a cruciform plan. At
tlie beginning of the 9th century, in an inauguration (of a

churcli) sermon, the preacher observes, " In dextro cornu
altarls qua: in moditm cruris constructa est ;

" and again, " In
medio ecclesia; qua? est instar crucis constructa." (Acta SS.

.^
Benedict.) Round churclies, as at Aix la Chapelle, in Ger-
many, Rieux and IVIerinville, in France, with Little Maple-
stead, Cambridge, Northampton, and the Temple Church,

! London, in England, are not enough in number to affect the

rule. It was in the ].3tli century tliat the termination of the

choir was changed from a circular to a polygonal form. The
general oidonnance of the plan was, however, not changed,
and seems almost to iiave sprung from the laws and propor-
tions upon which surfaces and solid bodies are dependent.
Tlie scjuare and its diagonal, the cube and its sides, appear,

at least the latter or the side of the former {Jig. TilO), to

furnisli the nnit on which the system is based. Hence the
^"

' numbers 3, 5, and 7, become the governing numbers of the

different parts of tlie building. The unit in the Latin cross, placed at the intersection of
the nave, gives the development of a perfect cube, according to the rules of descriptive

geometry. Here are found the number ,'?, in the arms of the cross and the centre square ;

the number 5. in the whole number of squiires, omitting the central one; and the number
7, counting them in each direction. The foot, however, of the cross was, in time, length-
ened to repetitions of five and six, and even more times. In monumental cluirches, formed
on such a system, there necessarily arises an unity of a geometrical nature ; and the

geometrical princijjles emanating therefrom guided not only tlieir principal, hut their

secondary, detail. Even before the 13th century there seems to have been some relation

between the number of bays into which tlie nave was longitudinally divided, and the
exterior and inlerior divisions whereof the apsis consisted;* but after tlie introduction of the
pointed style, this relation became so intimate, that from the number of sides of the ajisis

the number of bays in the nave may be alwaj"« jiredicated, wlieie the work has been carried

out as it was originally designed, l-'rom the examination of many, indeed most, of vlie

churches in Flanders, this circumstance had been long known to us; but for its first jiub-

licity, the antiquary is indebted, we believe, to M. Ramee, in 1843.
The connection of the bays of the nave with the terminating polygon of the choir was

such, that the jiolygon is inscribed in a circle, whose diameter is the measuring unit of the

nave, and generally of the transepts, and forms always the side of the square intercepted

Iiy them. It is most frequently octagonal {Jig. 12i!0.), and gene-

x^^^^~~^'^'*^ rally formed by three sides of the octagon. When this is used,

'y nN the go\erning number will b.; found to be 8, or some multijile ot

it. Thus, in the Abbaye aiix Hommes, at Caen (this, however,

is previous to the 13th century), the termination of the choir is

by a double octiigon, and the number of bays in the nave is eight.

The same occurs at St. Stephen's, at Vienna ; in the Church of

Fig. 1220. '^'" Catherine, at Oppenheim : at Lichfield Cathedral
; at Tewkes-

bury Abbey, and at almost every example that is known.
It mny be well here to observe, that English cathedrals, jiartly from their great defi-

ciency in symmetry, on account of their not haiing been finished on their original ))lans,

do not afford that elucidation of the theory that is found in those on the Continent. In

twenty-four instances cf them we have sixteen in which the terminations are square instead

of polygonal ; when jjolygonal, the rule seems to have bten always followed. It must be

noted, hiiwever, that in contradistinction to the rest of Europe, England kept steadily, as

a rule, to a S(]uare east end ; and though at Canterbury and Tewkesbury, and a few other

noted examples, the circular form appears, yet often, as at Peterboiough and Westminster,

the curved apse was capped with a rectilinear addition, protesting, as it were, against the

foreign element.

An eastern termination of the choir in three bays may be produced from the octagon, by

omitting the sides in the direction of tlie length of the building, as in Jig. 1221. In Jig. 1222.

the three sides will be found to be tiiose of a hexagon ; and in this case the number 6

//
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(Toveriis tlie oilier parts.

Hreisjrau ; tlie cathedra

Fig. 1221. Fig. 1222.

Examjiles of this arrangement are, tlie minster at Freibiirg-im-

I at Cologne, where tlie apsis is do-

decagonal, and there are six bays in

tl:e nave ; and the abbey at West-

niinsti.T, where the eastern end is

hexagonal, and tliere are found

twelve bays in the nave. In re-

spect of a nonagonal termination,

tlie most extraordinary instance of a coincidence with the above-mentioned rules occurs

in the duomo of Milan, commenced at tiie end of tiie 14th century. Its apsis is formed
by three sides of a nonagon, and llie bays in iIil- nave are nine in number. One third o)

the arc contained under the side of an eqiiiliteral triangle seems to be the governing di-

mension. The number 3, submultiple of 9, pervades the .structure. There are three bays

in the choir, and the like number in tlie transepts The vault of the nave is subtended by
an equilateral triangle. The lower ])rincipal windows are each designed in three bays.

The plan of the columns in the nave in lach quarter contains three jirincipal subdivisions,

and, in a transverse section of the nave, the voids are just one-third of the solids. These are

curious points, and much more worthy of investigation than many of the unimportant
details which now-a-days so much occupy the attention of archaeologists. Ifthestemof
the plant is right, the leaves and fruit will be sure to grow into their jiroper forms.

Figs. 1223. and 1 '_'l'4. show the decagonal terminations of an apsis. In the first, a side

of the polygon faces the east ; in the second, the angle of the polygon is on the axis of the

church. The last case is of rare

occurrence. Examjiles of it are,

however, found in the church at

Morienval, and in the choir of

tiie dom-kirche of Naumburg.
'J'he first case is illustrated by

f's- '--•5 a variety of examples—such are '"'*-'• '--'^

the cathedrals at Reims, IJouen, Paris, iNIagdeburg, and Ulm, with the churches of Ste.

Elizabeth at Marburg, that at St. Queiitin, &c., and, in this country, the cathedral at Peter-

borough ; all of uliich have either five or ten bays in the nave. The dodecagon, as a

termination, \i subject to the same obser\ations as the hexagon : indeed they were antici-

pated by the mention of the cathedral at Cologne. Under the figure of the iieptagon must
be classed the niagniticent cathedral of Amiens, wlierein seven clia);els radiate round the choir

end, and there are as many bays in the nave {Jig- 237.). The choir at Beauvais is terminated

by a double heptagon; and, had the chuicli been completed, it would doubtless have had
seven or fourteen bays in the nave. A.t Chartres, the choir is also terminated by a double

heptagon, and the nave contains seven bays. In the duomo at Florence, the eastern

termination is octagonal, and there are four bays in the nave; this is an example of the

expiring Gothic style in Italy.

On an examination of the princiiial churches on the Continent, in and after the 13th

century, it would appear that the practice of regulating the details was dependent on the

number of sides in the apsis, or of bays in the nave. Thus, if the choir is terminated by

three bays, formed on an octagonal plan, we find 3, or a multiple of it, is carried into the

subdivision of the windows. So, if the number 5 is the dominant of the ajisis, that

numlier will be found transferred to the divisions of the windows ; and in like manner the

remainder is produced. There are two or three other matters affecting the monuments of

art erected in and after the 13th century. Tlie aisles are usually half the width cf the

nave, though instances occur where the width is equal. Many churches have two apsides

—

such are the cathedrals at Nevers, and at St. Cyr; and in Germany, St. Sebald at Nurem-
berg; the dom-kirche at Mayence ; the abbey church at Laach ; the cathedrals of liam-
beig. Worms, and others. So far I\Ir. Gwilt.

" It remains to observe," writes Professor Cockerell, in the Archwoloffical Jouryial, 1845
" upon the mysterious nuiniera employed by \Vykeliain in the plans of his chapels at Win-
chester and Oxford, which are divided longitudinally by 7, and transversely bv 4, equal
parts. In the first, the chapel consists of 0' of these parts, and the ante-chapcl of 1 ; in

the second, the chapel consists of 5, and the ante-chipel of 2 ; tlie width being equal to

4, corresponding with the entire figure of the vesica ;«'»c/.s."

The recurrence of the number 7, ''a number of perfection," is constant; accordingly we
find it employed in the following remarkable instances, sometimes in the nave, and some-
times in the choir. In the cathedrals of York, Westminster, Exeter, Bristol, Durham,
Lichfield, Paris, Amiens, Chartres, and Evreux ; in the churches of llomsey, Waltham,
Buildwas, St. Alban's (Norman |)ortion), and Castle Acre; and in St. George's Chapel,
at Windsor, lioslyn Chapel, and many others. See also the notice on page 1011.
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Sect. II.

EARLY USE OF GEOMETRY AND OF A MEASURE.

The idea is now generally sanctioned, that the mediEeval architects had some settled

system of proportioning their designs either by simple geometric forms or by combinations

of them. It will be our endeavour to indicate the sources whence tlie facts on this subject

can be drawn, and to notice such of tlie details as our space will permit.

The knowledge of geometry previous to, and in, the 1 2th century has been commented
upon in jiar. 309, et seq. The Album of Wilars de Honecort, an architect living in the

middle of the I3tli century, exhibits the use of geometry in various ways. This manu-
script was published in facsimile by M. Lassus in 1858, and an English translation was

edited by Professor Willis in 1859. Tlie sketches also show a certain mastership of figure

drawing, besides many designs of portions of buildings. Some original drawings still exist

of Reims Cathedral, known to be before 1270, thus of the same period as those of Wilars,

and two of them have been published in t!ie Annates Arclieologiques, vol. v. page 92, The
drawings were traced with a masterly line; they only sliowed how the design was to be

arranged ; and l>y means of axial lines only, the whole was set out as regularly as could be

done for the most classical building. Scarcely any of the later original drawings still

existing in many continental cities show the use of geometric figures (see Jig. 1073.). Yet,

on the Htli of February, 1321, during the erection of the cathedral at Siena, five persons

who had been appointed for the purpose reported that "the Jiew work ought not to be pro-

ceeded with any further, because if completed as it had been begun, it would not have that

measure in length, breadth, and height, which the rules for a church require." The o/d

structure, it also appears, " was so justly proportioned, and its members so well agreed with

each other in breadth, length, and height, that if in any part an addition were made to it

under the pretence of bringing it to tlie rigiit measure of a church, the whole would be

destroyed." Delia Valle, Lettere Sanest, ii. p. CO ; noticed in Hawkins, Gothic Archi-

tecture, 1813, p. 183. This statement would seem to prove that some system had existed.

In par. G20, we have already mentioned the disputes on the great question of propor-

tioning the cathedral at Milan, 1387-1392, by the foreign system of sijuarts, or by the

native theory of triangles. The first notice in England of this unique instance of a

dispute appears to have been taken by J. W. Papworth, who presented in 1S54 to the

Institute of British Architects some extracts from the Records of the Board of Works for

Milan Cathedral, published by Giulini, Memorie di Milano, 4to. Milan 1776, part 2, pp.
448-60 of the Continuazione. These notes further condensed show, that on the 1st of May,
1392, fourteen of the artists employed upon tiie works made affidavit of their opinion on ten

points submitted to them, on the part of the German Enrico di Gamondia, who was one

of the number. On the third point, thirteen declared that the said church, not including

tiie intended cupola, should be raised nan al quadrato majitw al triangolo, that is to say,

on the triangular proportion. The same opinion is given on the fifth point as to the versed

sine of the vaulting. Enrico, who on all the points held a contrary opinion to the thirteen,

was thereupon dismissed. Another meeting of similar character, held 26th of March, 1401,

of thirteen artists employed on the building, and two amateurs, was not so nearly unani-

mous upon the question of the alterations proposed by the Frenchman Giovanni Mignotto,

and upon that occasion Guidolo della Croce (one of those employed) declared that the

alterations were correct, and that Mignotto was a vervs operarius geometra, because his

ratios were like those of the disinissed maestro Enrico. The dismissal of this Jean Mignot,

I3th of October, 1401, was accompanied l)y a charge for the expense of pulling down the

work that be had erected during two years. Although the chronicle makes the curious

mistake that tlie magister Enricus and the magister Annex (i.e. Johann von Feriiach,

1391-92), also a German, had advocated the triangular system, it rightly adds that the

triangular system prevailed over that of tlie square; and the lines may be supposed to have

been truly given by Cesare Cesariano. The conclusion we have arrived at in the matter

is that the plan was designed on the principle of the square (exhibited in Jig. 1231.), while

the elevation was designed on that of the triangle (shown \nfg. 1232.).

Cesare Cesariano, the first transiator of Vitruvius, Como, 1521, terms the geometric

principle of design, " Germanic symmetry," and "rule of the German architects." Rivius,

who translated this work (Nur. 1548), names the order resulting from the triangle as ''the

highest and most distinguished principle of the stonemasons." One principle rested on
the arrangement of the square, or of the octagon which proceeds from it, in the same way as

that of the equilateral triangle was based upon the hexagon or dodecagon which resulted

from it. On this law of the square is founded tiie work by M. Roriczer, On the Ordi-

vation of Pinnacles, 1486, which was jirinted by IleidelofT, in Die Bauhiitte des Mittelalter*

in Deutschland, Nuremberg, 1844; and also by Reiciiensperger, who translated it into
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ni;)dern German, Trior, 1845. It was noticed in the Journal of the Archaeological Institute

of Great Britain, 1847; and translated in a concise manner by J. W. Tapwortli for the

Architectural Publication Society, Detached Essai/. 18<18, witli woodcuts. An ajipeiidix

follows On the Construction of a Canopy, which was also given in Heideloff's publication.

The square, or octagon system, maintained itself among the German stonemasons until

the commencement of the ) 9th century. Heidelotl" relates that the chef-d'oeuvre of Kieskalt,

the last city architect of Nuremberg (1806), was foimded on tlie rules used in Roriczer,

and those in the book of instructions written 1506 by Laurenz Locher, architect of the

Count Palatine, on the art of the stonemason, nach des Choresmaass und GtrulitiyKet,

"according to the measure and ordination of the choir."

" The system depending on the equilatend triangle for its variety of form," states E.

Cresy, Stone Church, 1840, "continued in use till the beginning of the 15th century in

France, when it underwent a great ar.d important change by the introduction of the

isosceles triangle and its compound the jientagon. A pupil of Berneval, the designer

of the Church of St. Oiien at Ilouen, proved that these figures could furnish novelties in

design. We can well imagine how displeasing this innovation must have been to the whole

fraternity of masons ; their mystery was invaded." Pommeraye, in his History of the Abbey

of St. Ouen, mentions that the master was so incensed at the clergy preferring the rose

window of the northern transept (/</. 1293.) executed by his pupil, where this innovation

was first introduced, to that of the south {fie/. 12S8.), of his own execution, upon the

ancient triangular system, that in a fit of jealousy he killed his rival, and was himself

condemned to be hanged. (See page 1036.)

In the year 1525, Albert Uuerer published in German his Geometrical Elements, showing

therein clustered columns, and a i'cw other details of Gothic architecture. In 1532 a

Latin edition was published at Paris, entitled Albertus Durerus, Inslitutionum Geomitri-

carum ; and in 1606 a second edition was printed at Arnheim. It is this author who first

brings to our notice the use of a figure called the vesica piscis, which is explained in

Sect. III. In 1589 Spenser published his Faery Qiieeiie, and in it allusion is made to the

proportion of a building in words which deserve attention (b. 2, canto 9, v. 21). In 1593

Sir Thomas Tresliam erected the curious lodge at Rushton Hall, Northamptonshire,

entirely constructed on the equilateral triangle ; it contains one room of an hexagonal

form ; the ujiper windows are mostly triangular openings {Builder, iii. 538. 550.).

Stieglitz, in Altdeutseher Bauknnst, 4to. Leipzig, 1820, records the possession of a manu-

script Treatise on Architecture, giving the rules and instructions according to which tha

ancient werhmeisters and steinmetztn worked. Judging from the character of the hand-

writing, it must belong to tlie middle of the 17th century, and this is also indicated by the

drawings whith exhibit the Italian stvlc of that epoch. But the rules fur the construction

of churches belong to a more remote period, and the author of the manuscript states that

these rules were never described, but were transferred in a traditional way to, and kept by,

tiie artists, who called tiiem, like the ancients, Measure of the Choir and Justice. It

seems to be the only written directions for a building which lias come down to us. The

drawings in it, which are only shaded, are finely executed by a steady and i)ractised hand.

They show the formation of the .several cornices, mouldings, jambs for doors and windows,

plinths, and arches, and also the formation and the arches of the vaulting. The building is

proved to have strict rules and an established module, according to which all the members

are regulated by the ensemble of the structure, and the who'e is again regulated by the

members. The choir is considered iis the key, and a!'ter its breadth is regulated, the thick-

ness of tlie enclosure- wall, and also all the dimensions for the cornices and other members

ire obtained. Thence the saying, " Measure of the Choir and Justice."

At first, from a given circle an octagon is to be constructed, and according to it, the

ground-plan and the pentagonal projection of the choir are to be devised. Should the

choir contain 20 feet in the clear, its wall would he 2 fiet thick ; and if :!0 feet wide, then

3 feet. The pillars of the choir are commonly 2^ feet thick at their base, exclusive of the

ground table (schragesims), and the depth is double of the thickness. The width of the

windows is regulated by the space between the columns, which is divided into 5 parts : 3 are

given to the window in the clear, togetiier with the mullions. If the choir be very exten-

sive, and therefore the lights of the windows be too wide, in such case intermediate mullions

arc introduced; but small windows have only one main or two sub.sidiary mullions.

'I'he nave and aisles are regulated after the manner of the choir, being made equal to it

in width, yet in such a manner that the pillars, although equal in thickne.-s to the wall of

the choir, do not run in the same line of the opening, but project with tlnve sides of their

octagonal form. The breadth of the clioir being divided into 3 equal parts, 2 arc to be

given to each aisle, including the wall of the choir. The same dimension of two such parts

is applied to the pillars from one centre to the other, which shows at the same time the

space for the buttresses on the enclosure-wall. As, in consequence of the aisles, the nave

portion requires a wider vaulting than the choir, the enclosure- wall of tlie nave ought to

3T



loio PRACTICE OF ARCHITECTL'llE. Book III,

1)0 constriicted one-third thicker tlian that of the choir. The buttresses are the same in

tliickiiess and breadth as for the choir. Tlie windows are kept of tlie same width throiijrliout

the whole structure. 'I'lie transept jirojects as I'ar as the breadOi of the aisles, and its wall

has the same tliickness as the wall of the clioir. 'I'he lengtli of tlie church is for the most

part regulated according to the requirements of the population.

The towers, erecttd on both sides of the fa9ade, are devised frnm the width of the inner

shafts and external pillars, wliich width formed into a sijuare giv^s the external enclosure-

iline of the towers. J f only a single tower be constructed, it ought to be regulated ;ifter

the choir, and agree with the same. Tiie thickness of the touer-wall is regulated by the

heiight of the tower itself Thus for every 100 feet of heiglit, 5 feet in thickness is re-

quired for the wall. Then, to this thickness one half more is to i)e given lor the founda-

tion. But if the ground be firm and good, this tliickness need only be kept as far as the

base, and tlience gradually reduced. I'he formation of the groining is not so clearly

devdoped hy the editor, snid we therefore omit it.

'J'he outline and elevation of the choir are also calculated from its width. A choir

which is 20 feet broad, ought to be one and a half or twice as high. The latter lieight

was called the real height. An ordinniy choir requires oidy four tables or strings. The
ground table (schragesims) rises from the floor or ground to a height equal to tlie thickness

of the counterforts. The string course {kaff'sims) above is placed as high as the distance

between the jjiHars. The supporting string (trayesims^ ought not to rise higher tl-.an the

capital of the pillars in the interior of the choir. The top, or roof-cornice {clac/isiiiis)

ought to be placed at least half a foot higher than the vaulting. The pillar-cornice is

measured hy taking the thickness of the pillars twice down from the top cornice. A choir

of greater height requires more cornices and decorations. The height of the nave portion is

fixed by taking twice the width of the choir, and this is measured from the ground-table to

above the to]) cornice. The ground floor of the tower ought to be as hi<;h as the whole
tower is broad, and the upper floors to be regulated accordingly. We have only to add
tiiat the form given to the towers by the auihor of tlie MS. shows the Italian style of his

epoch, whilst the chinch itself is constructed in Gerinan fashion, tiiat is, with high pointed-

arched windows and buttresses, which are drawn without any mouMings.

Sect. III.

THE VESICA PJSCIS.

If on the diameter of a circle (./?(/. 1225.), with an axis perpendicular to it, an equilateral

triangle be described, whose vertical heiglit shall be equal to the

semi-diameter of such circle, and from the angles of the triangle on

the diameter, with a radius equal to one side of the triangle, arcs of

circles be described cutting each other superiorly and inferiorly, the

figure described is that which is called the vesica piscis, or fish's

bladder.

Tlie Greek word Ix^^s, signifying a fish, seems to have been in early

ages a mystical word, under which Christ was denominated, " Eo quod
Fig. i22o.

ji^ hujus m'irtalitatis abysso, velut in a<|uarum iirofunditate, sine

peccato esse potuerit, quemadinodum nihil salsedinis a inarinis aquis pisci atfricatur ;

"

that is, Because in the unfatiiomed deep of this mortal life he could exist without sin, even

as a fish in the depths of the sea is not atfected by its saltness. The term, too, at a very

early period, furnished an anagram, whose paits were expanded into the expression,

'IrjaoCs Xpicrrhs 0eo3 Tlhs ^-jiTi^f). The initials of these words were, in their turn, ex-

panded into a long acrostic (to which reference may be had, sub voce Acrnstichia, and also

under the term Ichfhys, in Hotf'mann's incomparable Lexicon) on the Day of Judgment,
said to have been delivered, divino affiatu, by the Erythrcan syhil, but much more resem-

bling the hard-spun verses of a learned and laborious man than the extemporaneous efl'usions

of a mad woman. This acrostic is recngnised by Eusebius, and by St. Augustine, C/y. Dei,
&c. There is nothing, declared Mr. CJwilt, to atlbrd any proof of the connection of this mo-
nogram with the form and plan of the churches erected during the media;val period of the

art. Apology, ])erhaps, would be due for any digression upon it, had it not been for an

opinion in favour of its use expressed by the late Professor C. II. Cockerell, whose talents

and learning deservedly ranked high in the eyes of the public, in his essay on the Architecltual

Wi}rks of WiUiam of Wi/keliam, read 184.5, before the Archa>ological Institute of Great
Britain and Ireland. llinite, in his flistoire, has also gone more at length into this sub-,

ject. Professor Cockerell likewise noticed that the writers of the ICth century, Cesariano

1521, Caporali 1536, and De Lorme 1576, recomuKiid this figure, chiefly as that geometrical

rule by which "two lines may be drawn on the ground at right angles with each other in

any scale, according to the conception of Euclid's mind."
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From ail early time the trlancile seems to liave been associated witli as much mystery and
veneration as tlie number 3. Without here touching on symbolism, in its use, wliethe.

equilateral or isosceles—we cannot but perceive, botli in one ;ind the other, a tendency to

the production of the pointed arch. The geometrical \,\w for de-

scribing it is, as every one knows, founded on the intersection of

t-.vo circles of the same riidius {fiy- 122G.) The P\ thiigoreans

called tiie equilateral triangle, Tritogeneia. It was, according to

Plutarch, the symbol of justice. 'I'lie sulidivis'on ot the arcs

bounding an ecjiiilateral triangle by otiier arcs of equal radius,

gives other modifications of the })oiuted arch, and by tlieir inter-

sections are obtained the skeLton lines of ornamented windows of

an early period, which, at a later date, branched out into the mo^t
'*''

luxuriant forms. Mrs Jameson, in Sacred and Lee/ctiduri/ Art, ;5rd edition, 1857, vol. i,

p 93, gives a drawing from an ancient Greek picture, wherein the upper ))art of the re-

presentatio.i of the Infant Christ is placed in a tigure formed of four equilateral triangles

(which produce the dodecagon). The head of the infant may be supposed to occui)y in the

diagram the site of a chancel, the body in the place of a nave, and the hands, being held
forth, assume the place of the transepts.

Sect. IV.

MODERN INVESTIGATIONS.

Among the investigators early in the present century was C. L. Stieglitz, who pub-
lished his AUdeutschen Baukunst, IS'iO, as already mentioned. Therein he states that, " with
regard to the ground-plans of churches, it seems that two sorts have been employed. With
the first, the nave of the church was in breadth equal to thatof each of the aisles. With
the second, if, for instance, such a breadth be taken as an unit, the breadth of the nave
would be the diagonal line of the square, and the breadth of eacli aisle an unit. The
lengtli of the interior of the cliurches of these two sorts, measured from tlie entrance to

the choir, contains usually nine units Tlie church of St. Stephen, at Vier.na, is an illustra-

tion of the first system ; and the ^liinster at Strassburg of the second. The cathedral at

Cologne is a variety of the first plan. In this instance the nave is the breadth of its aisle,

but each aisle is divided into two by a row of columns in the middle. Tlie fore-part of

the cliurch has usually three diagonals of the S(]uaie for its breadth, wherefrom the unit,

should it be unknown, can easily be deduced. According to this |,rinciple, if the whole
inner breadth of the church be consid^'red as the root of a square, tlie diagonal of tlie saii-.e

will be equal to tlie whole breadth of tiie front on the outside.

In llie first soit of plan, the nave of the church is raised either to an e(]ual height with
liie aisles or a little higher. In the sjcond, however, the nave is constructed far higher.

Owing to the first disposition, both the nave and the aisles are brought under a single roof,

as in St. Stephen's at Vienna. In those of the second sort, the nave and the choir (which
was equal in breadth to the nave) had each, as well as the aisles, a separate roof The
wall of the nave and of tlie clioir, on account of its small thickness, comparatively with its,

height, required some support at the sides, and this was provided for liy arched counter-
forts or flying buttresses fiom the enclosure-wall of the aisles. Tlie cailieiiral at Coh gne
shows a similar disposition, although tiiC nave is equal in breadth to one of tiie aisles,

wherefors the aisles are divided into two rows by pillars, for the purpose of giving to this

portion of the vault (when it will be finished), on account of its smaller arching, a less

height than the one intended for the vault of the nave and of the choir. The ground-jjlan

of this cathedral is a Latin cross. The aisles surround the choir, which rises Mgh above
them, and therefore the enclosure-wall of the clioir is connected with the pillars of the

outer wall by means of arched buttresses. According to Boecker's observations, the

number 7, consecrated by religion and philosophy, is a| plied all over the parts of this

edifice, not only in the measures of length, in the proportions of height, in the pillars of the

nave, as well as in those of the choir, but also in the decorations and details."

The inner height of the choir is stated to be IGI feet; the height (o tlie gable, corre-

sponding to the entire width of the west front, is 231 feet j the (proposed) height of tl;e

towers is equal to the entire length of the building, 532 feet ; the height of the side aisles

70 feet, and so forth. In a similar manner, at the entrances on either side, are pedestals

for seven statues ; in each of tlie entrances as many spaces for statues; there are 14 corner

tabernacles on the southern tower ; and with attention, the san^e combination may be
traced in all the details. Twenty years appear to have elapsed, and then Iloflitadt puh-
Jished the Gothisclies ABC Such, I'rankfort, 1840, wliicii enters fully into the formation of

details iiy a geometric system.

In England, the subject was not thoroughly taken up until 1840, when II. W. Billings

published his Atlcnqt tu Difiiic the Geometric Prvporiiviis, &c. lie therein considers that
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Clerestory
1 square,

Tiiforium

I square

Arch

i square-

Column
IJ square.

Fig. 1227.

the interior were framed.

during the Norman ]ieriod, no intricate figures were used for regulating tlie proportioni

of ilie various parts of huildings. He exhibits tlie early simplicity of propoi-

tion, in the elevation of a compartment of the Norman nave of GlouceNter

(."athedral, as in the annexed ^.t;. 11227. Something of the same sort of equality

may be perceived at Winciiesier Cathedral, as shown in Jig. 1266'., where the

width K L gives the heiglits 1. M and M N ; the diagonal of tliis square gives

the heiglit L O ; and O P is a s(]nare in lieight ; but we ;iie at a loss to regulate

the upiier part, unless the triangle be used, when P Q will give the upper point

at R, tlie centre of the head of the semicircular window.

In the projection of the plans of the nave and ciioir of Carlisle Cathedral ( ft(/.

1228.). the architent, says Mr. liiiliiigs, was guided by the repetition of a cirile

whose diameter in the first or Nurmau part was the extreme width of the build-

ing ; and in the second part, erected 200 years subsequently, it was the width
between the internal walls. Tie distribution and even the substance of the

columns was regulated by some recognisable subdivision of the circle ; and a
circle, or arc of a circle regulated by the width of eacli coinpartment thus
formed, was the liasis ujion which the heights of the different portions ol

The woodcut must suffice to show this principle as regards the

plan. The precise divi-

sions will not probably
answer in any other build-

ing, but must be modified.

The east wall, it will be

perceived, is included

witliin the boundary lines;

this is also the case at tho

Temple Church, London.
From the result of calcu-

lations, the scale for the

rlidir was made 8 parts of

the radius of the jjrincipal

circle, or |g th of the dia-

meter ; this sixteenth part

is equal to 4 feit G inches
Fig. 1223. ri-Aif OF cAnLisi.E c.vTUEDRAL. ( or a yard and a half),

and the dimensions of the building may be calculated therefrom. In the 7iavc, the piers

ure exactly 5 feet 8 inches, or ^'r, th of the diameter, and it was this exact division, states

Mr. Billings, which induced the application of the scale of twelve parts to the diagram
•jf that end of the building.

In every portion of the elevation of a compartment of

the choir (jip. 1229 ), tiiere is evidence of its geometric

forn:ation. The student must have recourse to the pub-

lication itself for the further detailed development of the

system in connection with this figure, but it is necessary

to state that from the dimensions of the arch Mr. Billings

divided the width between the centres of the piers into 6

parts for a scale ; this gives all the remaining proportions.

The same scale of 6 parts of the width was applied by

Mr. Billings to a bay of the presbytery of the choir at

Worcester, and finding it satisfactory, though totally at

variance" in its proporti ms, with the exception of the

principal arch, it was considered as confirmatory of the

theory. These two examples are of nearly the same

period in the style.

In 1845 Mr. Billings published bis Architectural Aii-

tiqiiitus of the County of Durham, and in collecting the

measurements of its churches lie was led to compare their

])roportions. The result is given by him in two tables,

proving a groundwork of squares, and this he states

" would at once account for tlie non-existence of ancient

working drawings, for the designer would only have to

communicate a rough diagram of his plan, bounded by

series of equal squares, and give the dimensions of one,

to be properly understood by a practical man. Most
No less than

six"of tilJ chancels are 1.5 feet; three others are 18 feet; and tiiree of 21 feet. At Hough-

tun, the widths of the chancel, of the transept and tlie distance between the columns of tJie

nave, are all 15 feet."

(Ig. 1228. BAT IB CUOIRl CABLISLE,

singularly", the measure is in each case one square yard (as above noticed)
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The next investigator was the late Prof, dickerell, R.A., who, in his essay before noticed

(pages 1007, 1010), considers that Cesare Cesariano "may be .said to have done to a great

extent in th.it style what Vitruviiis did in tlie Greek, namely, in discovering many of its

fundamental doctrines and principles. More especially does he reveal the estimation in

which Viiruvius was held during the middle ages ; and tlie interjjretations of his rules

attempted by the architects and commentators of that period " Thus, the churcii in tlie

Castle of Nuremhurg, built by Barbarossa in 1158, and the Fraucnkirche, probably of later

date, in the centre of tliat city, are exact illustrations of ilie temple 'in Antis" of

Vitruvius, as given by Cesariano. lib. iii. fol. 5'i. The use of tlie work of Vitruvius, about

1284, is also recorded in Galiani's edition of the author, by an amusing story connected

with the building of the Castel Nuovo at Naples.

" It is needless to produce any further proofs of resemblance," writes J. S. Hawkins, in

liis History of the Ori(,iii of Gothic Architecture, 181.3, p. 'J23, "than to say that, in every

Gothic cathedral as yet known, the extent from north to south of the two transepts, in-

cluding the width of the choir, if divided into ten, as Vitruvius directs (for Tuscan build-

ings, lil). iv. cap. 7), would exactly give the distribution of the whole. Three arches form

the north and three the south transept ; the other four give the breadth from one transept

to the othei. One division of the four being taken for each of the side aisles of the nave,

and two left for its centre walls, the complete distribution of the nave is also given. Of

the proportion of one-third of the whole width as the height of the columns, the cathedral

of Milan is a decided instance. The two transepts together are 1 10 cubits, the breadth of

the choir 28, making together 138 ; and the height of the columns is 46 cubits."

The rules named by Cesariano occur in his Commei'tary, fols xiv. and xv., and he

illustrates them by the plan and section, of Milan Cathedral, which was commenced in 1386.

The figures are entitled " ichnographia,"—" orthographia,"— " sceno-

graphia,"—" sacrae .^dis Baricephalaj, Gcrmanico more, a Trigono ac

l'ari(iiiadrato perstructa," and, "secundum Germanicam symmetriam,"

and again, " per symmetriEB quantitatem ordinariam ac per operis, de-

corationem ostenderc, Gerinanico more," &c.

The first rule, "a Trigono," establishes the respective proportions

of the length and breadth of the cross, which are included within the

two arcs of 10'J°, constructed according to the first proposition of Euclid.

Thti fig. 1230. has been commented upon (page 1010) as involving the

vesica piscis. Mr. Cockerell continues his remarks by

noticing Mr. Kerrich's paper in the Arch(Bologia, xix.

p. 353-61, wherein that author u.ses the figure but

does not confess his debt. In all the examples given

by him the vesica is applied to the internal length

and breadth.

The second rule, " a Pariquadrato," is effected by di-

viding the area comprehended in the vesica, into com-

mensurate squares or bays, on the intersections of which

the columns and buttresses are placed. The number
of them will be determined by the extent of the

plan. Fig. 1230. represents the illustration of the rule

in which" 14 by 8 are used ; in the chapels of Wykeham
we have 7 by 4. The plan, Fig. 1231., explains the

determination (by the symbol of the vesica piscis) of

the lengtli and breadth of a church; the subdivision

into squares, the position of its piers, &c. Fig. 1232.

explains the rule by which the heights of the vaulting,

the roof, the spire, &c., are determined, namely, by

equilateral triangles erected upon the plan. Tlie

woodcut exhibits both a single and a double aisled

church.

This important fundamental rule will be found

to be applicable to cathedrals in England, as at

York, Winchester, Worcester, Lichfield, Here-

ford, Salisbury, Norwich, Exeter, Westminster, /
llomsey, and others : in Italy, in the church

of San Petronio at Bologna, and in most of the

works of the architects Lombard!, as San Zac-

earia and San Salvatore, at Venice : in France,

in the cathedral at Rouen, and in others : and in Germany, in those at Prague, and others.

But it is to be noted, continues Professor Cockerell, that another rule of distribution (not

yet discovered) is more frequent in the latter countries.

The third rule, also "a Trigono," is orthographic, and establishes the normal heights in

Fig. MJa.
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the elevations and sections by equilateral trhmgles, according to Cesariano, fol. 15. "The
application of the first and second rules in New College

Chai)el is exact ; t'.ie whole and the parts are commen-
surate, iis well in the bays or squares as in the subdivi-

sion oFtlie bays of the windows ; of the flanks, as also

of the west end. While in All Souls' and M;igdalene

Cliajiels, the two copies of the former, the divergencesare

extreme. Fii/. 1233. is the plan and its subdivisions of

New College C'liapel, Oxford. I'o our author's own work
we must refer tiie student for the apt remarks and com-
l)arison of the three plans, merely adding that the (irst

is three diameters long, while the other two are less than

three diameters, by wliich Professor Cockerell appre-

hends that the rule had been lost, or was disregarded, aU
thougli Chichele's cliapul was built by " the King's
masons." The chapel at Wincluster is iijion the same
principle, the number 7 including tlie vctibule, which
only occuijies one of the divisions instead of two, as at

New College ; tlie relation of three diameters is obtained

without making the diagram, as in New College Cliapel,

inclusive of tlu walls.

" The ap|)lication of the tliird, the orthographic rule,

is not traced so distinctly in the elevations and interior

of New College C hajjel, tiiough more exactly in that

of Wincliester, and we also perceive the value of tlie

principle of the extension of the.se squares laterally, for the purpose of establishing the

height of the celling, and of t!ie pinnacles in the east and west fronts."

The next exponent of this instructive subject was 11. D. Chantrell, who in 1S47 read a

paper on the Geometric si/stf}!), before the Institute of British Architects. It was printed,

with cuts of the two chief keys of the system, in the Builder for the same year. lie first

refers to Mr. Kerrich's use of the vesica piscis, explaining it, as in fy. 1234. Where the

Fig. 1234 Fig. 1235. Fig. 1236.

chancel is separated by an aich, the plan is subdivided by taking the breadth as radius

(/?(/. 1235.), as at lioiith Church, near Beverley, the vesica coming sometitnes witliin the

wails and western arch, and at others extending to the western face of the arch in tlie nave,

in many works of the 13th century. The apse is sometimes included in, and sometimes

excluded from, the vesic'i. Where the nave and chancel vary in breadth, the base of the

triangles equal the breadth of the chancel (fig. 1236.), its length being determined by the

vesica, and in each of these cases the breadtli of the nave is obtained by framing a similar

vesica upon the remaining length.

The Anglo-Norman church at A del, in Yorkshire, is defined upon the extreme length

internally, as shown '\nfig. 1237., and
,

subdivided by the proportions of

smaller vesica: and other proportions.

The equilnUral triangle alone 1 as

been tried, but no great variety, I e

considers can be produced, as, like

the former system, it is but a minor

portion of the great system in wiiicli

most others will be found combined.
Fig. 1257. He notices that in 1830, J. Browne,

Fig. 1238.

of York, i)roduced a system on the circle. I^y p'acing a square or cross on the centra

of tiic circle, dividing it into four equal parts, centres are obtained for vesic(B {fig. 123S.)

of different proportions to those formed by the double triangles. By striking these radial

lines upon each of the four points on the circumference, centres are produced in ahundance

for (piatrefoils, crosses, and other figures applying more especially to tracery. Tlie first

vesica gives the r)ro|)ortions of the naves and their aisles of the cathedrals at Durham. T^ly.

Petcrhoiough, Canterbury and Salisbuiv, but ro others, I'lid cannot thcrefoiebe considered

an universal svstcm.
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In 1842 Mr. Cliantrell deviloped a system wliicli incliidL-s tliat of Keirieli's. Its forma-

tion is detailed in the journal named, to wl.icli we must refer tlie investioator, as tiie essay

has not otlierwise been published. Fig. 1239. will at once show the principle, and if it

be dra"'n out to a very

much larger scale it

will not appear so com-
|ik'x. Besides the tri-

angles, the points are

obtained for many po-

lygons. The six divi-

sions, A A, 15 B, from
the semidinmeter are

first ol)taiiK'd ; and
straiglit lines drawn to

each alternate one give

triangles. On their in-

tersections, as C C, if

lines be continued to

the circumference, six

centres are given, D D,
F F, upon whicli, with

the first r:idiiis A B
(or of the semi-diame-
te-r), strike a second
series of segments, and
a third set of \I cen-

tres is obtained, 'i'he

second centres will give

two intersecting tri-

angles, completing the

first part of the design.

Upon the 24 points of

tlie intersecting iiuier man
arcs, a circle inscril)ed Fig. 1259. mu. ciiANTnr.LLS MsT^M.

will determine the inner triangles upon the centres of the first, and the diagram is perfected.

For more complex forms, an additional number of centre lines mny be drawn upon the

remaining intersections.

The number 10 was, according to Vitrnvius, Plato's perfect numlier ; but the anti-

Platonists, witli their 6 or the radial division of the circle (A to B,fig. 1239.), could, by the

working of their centres, without the necessity of dividing with the compasses, produce the

10, showing that they were the more perR^ct, as their system combined witli all others.

The examples named by INlr. Cliantrell, in which "tlie system is clearly exhibited," are

tlie rose window in the south transept of York Cathedral ; that of Winchester Palace in

Southwark (ffj. 1190.). but slightly varied and almost undisguised; and the cast window
of Hawkhiirst Church, Kent. Walkington Cliurcli, near Beverley, tisingthe entire diagr:im,

affords a simple illustration; whereas Kerrich's plans are proportioned upon the second

radial figure produced by tlie division of the circle, they should be placed upon the base of

the great triangle, thus facilitating the operation of giving iiroportion to a plan. In the

composition of the cathedrals at Kly, Lincoln, Canterbury, Norwich, Salisbury, Worcester,

Durham, Peterborough, and Winchester, t':e general proportion is determined by the first

of the 24 snlidivisions on each side of the centre intersecting the great triangle. The
abbeys are all produced on the intersections of the triangles and their centres, and the

subdivisions for the piers are found in the centre portion of the diagram, with this occa-

sional difference, that transversely the radial lines may either pass through xhe centres of the

jtiers or come on the outer or inner faces, to conceal the principle on which they were based.

Thus M {fig. 12.39.) is part of the plan of the nave of Boston Church, Lincolnshire,

arrano-ed on the former principle, while N is part of that of Middleton-on-tlie-Wolds

Church, Yorksliire, where the lines come on the inner face of the piers.

" F(ir the elevation, jiroceeding with the double spherical triangle upon the centres

Jon'>-itiidinally. and the variations bi'fure noticed, transversely, the various heights were

obtained for the pillars ; and the sulidivisions by the spherical triangles upon them gave

arches, capitals, and bases, triforia, tracery, mouldings of every description, and due

proportion to each feature. 1 have every reason to believe," concludes Mr. Cliantrell,

"that tliis system will apply to the works of all ages that can be teste.l by sound geometric

principles."

The results of the investigations published by E. Cresy in 1847 arc added in Sect. VI.

F. C. Penrose, in his investigations at Lincoln Catlicdral in 1848, for the Archa;ological
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Institute of Great liri'ain and Ireland, urges that "the tendency towards the system o(

designing on the sijiiare, with greater or less degree of approximation, is found to occur in

so many churches that it is a law wliich liad great authority with, at least, the more

orthodox of the middle age architects, although tiiey did not scruple to modify it when they

saw occasion." He decides that the nave of Lincoln Cathedral was formed on this system

on the intersection or intended intersection of the piers, ai:d coinciding with the outside

of the main walls. The choir seems to be built upon the true system of squares, which

are of the same size as tliose of tiie nave, but the greater width of the former allows of tlie

squares coinciding with the ?ns/(/e of the walls. '-The height of the choir appears to be

obtained as is so frequently the case, from that of an equilateral triangle, whose base lies

within tlie walls. Tlie height of the nave is obtained by a square placed within the same

limits, which, though less symbolical, is more commensurate." He thinks that if the length

of St. Ilugli's choir could be recovered, the whole length from east to west was then such

that it included the transepts within a vesica piscis. He also conceives (for reasons he

states) that the architect to the presbytery had access to the original drawings prepared

for the earlier parts of tiie building.

Tiie ratio of tlie voids to solids appears to be more remarkable than is to be found in

any vaulted building in Europe, at least among tlie larger structures. Very careful

measurements taken immediately above tiie plinths give voids 1056, supports 107, or the

former nearly ten times the supports, including in the latter, the external biittresses and

walls; and including in the voids, the clear internal area of the church.

Mr. Penrose gives the measurements of the heights of various parts taken by him with

great exactness, and this height he divides into 26 parts, which will be found " to agree in

an exceedingly accurate manner with the principal divisions of the bays. In Bourges

Pathedral, he states the height of the vaults agrees with that of an equilateral triangle

tvhose base occupies the breadth from centre to centre of the external walls. Some of the

heights may be obtained from parts of this triangle, and others from integral numbers of

French feet. In the cathedral at Metz, the height is 130 French feet = 138-6 Englisli

feet. If this be divided into 300 parts, various jiroportions of them determine heights.

The cathedral of Ratisbon appears to be founded on the triangle taken as that at Bourges.

The latio of its height to length is as 3 to 8 ; and is 104 2 English feet high, or 110

Bavarian feet. Tlie.se results are well worth further consideration, from the well-known

conscientious manner of taking measurements adopted by Mr. Penrose.

An early investigator, Mr. W. P. Griffith, published in 1847-52, numerous essays

en this subject, as named in the list of books in the Glossary addendum. He exhihits

the adaptation of the square, set square and diago-

nally, one upon anotlier (as in Jiff, 1073.) to tlie

church of the Holy Sepulchre at Cambridge, yj./.

1240.; and also of the Irianyle, for early churches, as

at Little Maplestead,^?/;. 1241. Westminster .Abbey

Church, and the cathedrals at Salisbury, Win-
chester, and Rochester, are based \\\ion a triangle

whose base being the width of the nave, including

tiie walls, is jilaeed upon tlie centre of the central

tuwcr, and three of tliese triangles will include the

lengtli of the nave. Ely Catlicdral, Redclilli; Church,

Bristol, and Bath Abbey Church, are proportioned in a similar manner. " We must

insist," he writes, "after a primary figure of form or unit has been given, that each ])ait

l>roduced shall bear a proportion to each other, and to the

original unit. — Although tlic equilateral triangle dictated

the general proportions, the square and jientagon were found

very useful in the details. The chapter houses of Wells,

York, Salisbury, and Westminster, are proportioned by jo'iit

squares forn ing an octagon; and those of Lincoln, West-
minster, Worcester, and others, by two conjoint pentagons,

forming a decagon." He illustrates the formation of the plan

of Salisbury Catiiedral, both on thu square and on the trianyle;

but, as noticed resjiecting I\Iilan Cathedral, although the square

appears to suit best for the jilan, the elevations appear to have

been set out iqion the trianyle. Fig. 1242. shows the system

I—

T

I . ^°fcrf applied by him to the iilan of Sefton Church, I.,anca.shiie.

FlR. 12« nKPTON. ^ coni])arison of the number of iquilateial triangles, as

named by ]\Ir. Griffitii, in fixing tiie height of buildings,

will be as follows, viz., Westiriinster Abbey, 6 ; King's College Ciiajiel, 4 ; I>incoln, 3.^ ;

Hereford Cathedral, 4; Peterborougii; 3i ; Liclifiekl, ^ ; Exeter, 4 ; Worcester, 3i
;

Bristol, 3. The loftiness of Westminster Abbey is attributed to tlic cause that the

cloisters adjoining (similar to double aisles, as originally intended) being included in tin

FiR. I'Jfl.

ClllIKCU AT MTTLB
MATLKSTEAU.

Fir. 1 2 in.

niei.'Cii OK Tiiu Tini.y

SEreLCUKU, CAMliKlUOli.
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base of the trianglu of the transverse section, tlicrefore the height of the abbey js

more than tlie cathedrals. The cliancel of Bristol Cathedral lias no triforium, and is

accordingly kss in height. These buildings having been based upon the equilateral

triangle, that figure will alone be a key to them, and it will be futile to try the S!]uare. In

Westminster Abbey that figure mostly abounds (in trefoils, hexafoils, dodecafoils, &c.) ;

wliile Salisbury Cathedral, being based on the .'(/((arc, that figure and its products will be

found cliiefly employed (in tctra'oils, octafoils, &;c.). Tliis building is 4 scjuares high.

Dr. Henszlmann, in his Bernards on liis alleged discovery of the constructional laws of

mediaeval church anhitecture, nad at the Institute of British Architects, 1852, states that

«' tiie architects of old did not employ much reckoning in their constructions, but used geo-

metric forms.— In studying the chuiches, I became persuaded that out of a ground-line or

sum, considered as a basis, there can be developed, either by a geometrical or algebraical

method, between 30 and 60 sums or lines, corresponding to the size, age, and importance

of the building, and there is, witli very few excejjtions, not a structural member, be it large

or small, the proportions of wliich are not defined by one of tliese lines or sums, or excep-

tionally by their multiples or divisions." He published the first jiortion of his elaborate

.system in 18G0; this, together with the extensive system put forward by U. II. Hay, of

Edinburgh, must be left t;) the reader to investigate from tiie books themselves.

The last of the investigators witli whose system wc shall trouble tlie student is

VV. White, who published it in the Eccleslohgist for 1853. He has perceived that each

aichitectural period has its own appropriate order of rules, and this in minute accordance

with an intelligible system of development. Thus, in the Norman period, the general pro-

portions of the |)hm are reducible to the xquare, and the relative proportions and positions

of the minor parts cliiifly hy the equilateral triancjh. .As jiri-liitecture progressed the

square disappeared, and to the outline and detail was applied tiie trinngle. In the middle

of the 14th century, as art diclined, tlie triangle was forgotten, and a system of a diagonal

square was taken uj). Since then mathematical proportions have been chiefiy employed,

esjK'cially that of the diagonal of the square, _^(7. 1243.
" The figures api)lieable to the setting out of media;val buildings are these: I. the

square ; 2. the equilateral triangle ; and 3. certain arcs described upon diagonals and

L II. 111. IV. V.

Fig. 1243. Fig. 1214. Fig. 1245. Fig. 124o; Fig. 1247.

liases of the same." Tliu.s, in Norman work, tiie inoportion of a square placed lozengeways
from the ends of which a vesica piscis is struck {jig. 1244.) is in common use. In first

pointed work, the proportion is that

of a square touching the head and sill

{fig. 1245.). The system shown in

fig. 1246. seems chiefly used in

lancet windows and works of t' at

period, the height being first deter-

mined. The proportion \nfig. t247.

is used in tiaceried first jiointed,

the i-es;Vt7, giving the width, being ob-
tained from the a])ex of an ecpiilateral

triangle. The proportions /.7s. 1248. to 1251. predominate in middle iiointed ; those of II.
and V, the^-sanie, only in the latter period tiie rule is applied to the determining of the ligiits

or bays instead of the whole opening, and is applied to the centres
of the mullions and not to tlie sides

only. All these iiroi)ortioiis appear to

have been equally well known in all

early times, but in the middle jiointcd

period they gradually became more
complicated, and are con.secjuently

more difficult to trace out. In th'rd
pointed they can hardly be founi',

Fig. 1252. and in obtuse tliird pointed they quite
disappear, the proportions shown in figs. 12 13. and 1252. taking their phice. The equi-
lateral triangle of 010°, I) E V (fig. 1253.) used to obtain one point, is often accompanied
by the angle formed of 30'\ E E G, to obtain another relative point ; each equal subdivision
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F D and F G ; F G and F E, liavin^ the er)rrespo -.ding angles of each equal ; wlierua.''

ill other triangles (as _/?/•/. 1254.) this is not tlie case.

Wo give one of his illustrations of the tlieory as applied to Steyning Cluircli, Sussex, a

Norman i)uilding 'I'lio ))lan (/(;/. 1255.) is set out hy equal squares, and also the cxteriai

_ ,^ {fiij. 1256.) to some extent. The interior (_/?9.

12.57.) is set out hy squares and tiiangles. The
diagrains will explain themselves. I'he diameter

of the columns is determined similar to c ef in

Rule II. Tlie lower window is set out hy II.

and the upper one hy VI.

rjtoEus ciiur.cii.

Fig. V25S. is the ground-plan, anAfig. 1259. the elevation of the cast end : and ^9. 12(;o.

the elevation of part of the side, of the church of St. John, Wa|)penhury, Warwickshire. The
relation of the lines one with another is well exhibited in the diagrams. At Itclunor Church,

Sussex,the width is divided

externally. In the west
windov/ of the north aisle

of the church of St. An-
drew's at Ewerhy, the

centres of the mullions

obtained on the plan by
squares diagonally di-

vided, exactly coincide

with the same points on
tiie elevation as developed

according to Rule VI.
Tliis system is shown in

fus. 1287. and l^D.'?.

Figs. 1262. and 1263. ex-

plain the method of set-

ting out the proportions

for third pointed work ;

the height of the l)ay (R)
being first determined by
tl.e diagonal of a scjuare.

Tlie example is the church at St. Prohus, Cornwall. The windo vs S are a square wide

to the outer edge of the m:)nlding, and are fixed hy a square 0.1 the base of the bays.

Tiie windows T liave their points fixed much in tlie same Avay, b it their width is deter-

mined bj' the diagonal of a square. The luight of the arches in the ir.tcrior are also

iietermined by tlie diagonal of a square {Jtg. 1261.).
' No one," writes Mr. White, "seems to have carried out u])on the equilateral triangle

any definite tlieory of disign, or to have reduced the apjilication of it to any tangible

shape —The theory is that the several iiarts of a perfect building must be in cert;iin

^relative jiroportions to each other,—so tliat all parts may be brought into an eritire and

^unmistakable harmony with each other,—lience it is not a defmite application of these

^principles that is insisted on, but only a systematic observance of them in some way or

•other.— In secular and domestic buildings, we do not look for the same amount or kind

Fig. 12C0.
W/UPENr-LllY ClllKCH.
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of beauty, nor if the same exactncsi of proportion of equal importance as in an ecclesiastical

building, win-re every line ought to be in its proper place, and every form distinctly marked
to convey an idea of perfection. In common dwelling-houses, where it is directly evident t! at

the external form is entirely dictated by certain requirements of internal arrangement, a sort

of natural beauty always results, and so there is not the same need to have recjurse to

exactness of proportion to produce some degree of good effect.

" The advantage of a mechanical process for defining proportions and forms would be

immense in the mere practical carrying out of the work ; for by its means we could, l)y

taking one leading dimension, transcribe, reduce, or enlarge drawings with the greatest

accuracy, and witli less than half tiie labour of using scales and compasses. A large body
of men, working apart from each other, but under certain and very rigid restrictions, must
produce diversity as well as similarity. 'J'heir works must all possess the same general

character, thougli the details and form in the application oF them must vaiy in every

instance with the circumstances of tiie case and the workings of the dlirerent minds."

This system is developed by Mr. Wliite, on numerous plans, details, towers, &c. taken

from Ids own dimensions.

Sect. V.

i-KoronTio.vs or mouldings.

• To enable us to decide that mouldings may have been also designed according ti. a
measure, there is a very interesting notice recorded by I.laguno, Noticia! de los Arquitecton

y Ar(iuiUcluia de Esj ana, edited by Cean-lJermudez, 18<29, wherein, under the life of
I'ascual Iturriza. he states that tiiat architect designed, f-th of May, \3'\\, the capilla mnyor
to the pariih cliurch at Plasencia in Guipuzcoa. While the work was in hand, complaints
arose from the townspeo))le, voters, that he was decorating it with work that was too minute
and could not be seen from t!.e floor. To this assertion he replied, according to an entry
in the archives of the town, that they might bring some persons, peritos e» la pimetria. who
could give a judgn.ent in the matter. Sucli skilKd persons were brought to the building
and approved the work in det)ate. Whereon the town council reqnesied tlie vicar, as
being a person who was always in the building, to overste the remainder of the work.
The church is in the Gothic style, with a nave and chancel oidy, and is executed in cut
stone. Iturriza was further employed at Santa Marina de Oxii'ondo in 1559.
We have given in the stction Masonkv an illustration {fg. GG^2h.) of a mode of setting

out the ribs for vaulting, found on an incised block of stone. Such specimens of niediicval
work are very rare. I'rof. Willis, in his paper on Vunltinp, gives another example, and
l)crliaps only two more could be quoted. But these do not "show how the mouldings were
])roportioned.

We inst.rt from tlie apjiendix to Uoriczer's work, quoted on page 1008, the method of
making the template or mould for working the mouldings for acanopv. The directions are:—

•

In a given square A B C D {fy. 12C4.) inscribe a circle and draw'the diagonal and centre
lines. Witli the centre Z. and a radius equal to the given line A B, de-sc-ribe a circle, and
therein inscribe a square E F G 11 jiarallel to F

the diagonals of the first square. This give-; ^--•" ''["", '"-•-,

the size of the horizontal measurement of the
four leaves of the great flower or finial of tlio

canopy. In the same circle inscribe a s(]nare

I K L M of equal size to the la,t mentioned
square, but parallel to the sides of the S(|iiare

A B C D, and let the line I K intersect the
line F G in N, and the line F G intersect K I-

in O, and the line K L intersect the line G II

in P, and the line G II intersect the line L IM

in Q. Bisect the line B K in R, and with tiie

centre B and the radius B R describe a circle
;

and with tlie same radius describe a similar '-, •-.
j y /

circle about the centre C. With the centre G, ' ->.;
''

and the same radius, cut off from the line G Z ,, , ,., .,

a ])()rtion (j T, and through the jioint T draw
a line S S of indefinite length; and from the points O and V draw lines perpendicular tie

tiie line S S and joining it. This jjives the outline of the lemiilate for the arched mould-
ings

; for M Q will he the internal face of the wall, (i I' the external .splay, with one
hollow moulding C therein

; the rectangular parallelogram under P O will contain the
.iamb mouldings from which the template of the mullion is found, e1;c.

:^-^
1 7
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The janil) anil liood mouldings arc not described by Roriczer, but jirobably the back of

the hood is obtained by the radius X Y cutting Z E at a, and from a and X the same
radius will give the point b, from whence the curve X a is obtained. Tlie curved line Y a
is obtained from X. Divide X Y into 5 eijual parts, and at 1 draw a line parallel to Z a.

'I'he length a /" will be equal to the diameter e Y. With a radius equal to Je, and tlie

centres /"and Y, describe arcs of circles intersecting in tlic point
ff,

and with the centre

_(/ and the same radius describe tlie arc/ Y. Tiie roll moulding ajjpears to be formed by

the lengtli e Y on the line E Y, cutting the line Y X at 1.

'J'he jamb moulding is probably obtained by dividing tiie line SS into 8 equal parts;

a radius equal to one of the p.irts struck from '2 and 6 will give the curves, and the line

V W. Tr will be equal to iialf T 4, and the jamb is completed. For the remainder of the

construction of the canopy we must refer the reader to the publication in question.

" It is in vain," states Cresy, Stoue Church, Kent, 1840, "that

we attempt to imitate the tracery or mouldings belonging to

this (the ISth century) style correctly, unless we consider them
to emanate from some simple figure. However numerous the

mouldings, they never appear confused, which entirely arises

from the order observed in their arrangement." This he illus-

trates by the mouldings forming the trefoil arches round the

chancel. " The points of inter-

section of the two equilateral

triangles are the centres for the

hiiliows, and the more promi-
nent parts of the moulding are

set out with the same radius at

the points of the triangles ; or, in

other words, four circles are en-

circled within a circle, and by
omitting each alternate one the

figure is formed."

Fig. 1265. is from Mr. White's

essay, and represents his system
applied to a caj) and base of the

porch doorway at the church of

St. Andrew, at Heckington, in

Lincolnshire. The mouldings are

reduced from fidl size drawings
whereon the diagrams coincide

very accurately with the several

members, the whole being set out by subdivisions of the equilateral triangle, or angles of
30° and 60° &c. (nsjig. 125.3.). Fig.\2G5a. illustrates another cap and base from Steyn-
ing church, previously selected as an example. Tiie cap of the columns is formed on the

principle of Rules II. and III., and the b:ise upon that of VI.
A reinarkiible circumstance connected with this subject is, that although the German

arcJKcologists appear to have reduced the proportioning of mouldings and details to a
system, as illustrated and explained by Iloffstadt, Gothiwhes ABC Bach, Frankfort,

J840, which has been translated into French by T. Aufschlager, Priiicipes dii Sti/le GoUiiipte,

I'aris and Frankfort, 1847, no one has translated it into Englisli, or (irepared a corre-

sponding publication on English work (certainly not since the well conceived but lament-
ably produced system by Batty Langley in 1742), not even the author of the Analysis

of Gothic Architecture, from whom it might have been expected. In fact, a true system
of mediiEval architecture being still unknown in England, designs are made at random, and
the school, in disregard of its professed principles, continues disunited. For the satisfac-

tion of those who may desire to subject the mouldings given in Chap. III. to a system,
we add that the plans of Fountains, Tintern, and Jlenry VI I. 's Chapel, ajjpear to be
designed on the system of the square; that of Hovvden on the triangle.

Fig. 1263^ UECKIXUTON.

Sect. VI.

PllINCIl'LES OF rilOPORTION.

The following portion of the elucidation of this subject was originally jiublished iu

1 847 by E. Cresy in his Encyclopedia, as referred to at page 900 of this work, who noticed,
wjiile introducing it, that "our attention must not be directed to the decorative iiortions of
the style, but to the construction, from the study of which some valuable lessons may be
deduced."
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Tlie Saxnn vianner nf Building.— A division of the transept of the cathedral at Win-

c'liuster lias been selected as the be'-t authenticated example of the style in use previous to

the Norman Conquest. In a paper read before the British Archaeological Association a'

their second annual congress, held at Winchester in August, 1845, the author gave liis

reasons for supposing it to be the work of 3t. A ihehvold, for which the reader is referred to

its " Transactions."

Arclies upon arches enabled the Saxons

to continue their walls to a considerable

height, the openings between the piers being

proportioned as those of the Roman build-

ings in the time of the emperors. Tlie

plans of the piers differ from those pre-

vious to the introduction of Christianity :

in Britain both the Greek cross and the

circle are applied to them.

At Winchester Cathedral the columns

of the triforium recede within the pier, and

are set round a circle, (fig. 1267.); the

passage in the walls of the clerestory is

shown at the side ; in another portion of

the same building is a similar arrangement

in less massive piers, (fig. 12G8.)

The Saxon churches were generally di-

vided into three tiers or stories viz. a

lower arcade, a triforium, and clere-story

above ; and such was the solidity and thick-

ness of the walls, that buttresses were alto-

gether omitted, the outer face of their build-

ings in this particular bearing a closer

resemblance to the Roman than the Nor-

man, although the workmanship was rude,

and tlie decoration scanty.

Tiie jirojiortions found in Saxon buildings

are the same as in the Roman, which,

without doubt, they took for their models.

The circular temple of the Paritheon at

Home, 142 feet 6 inches diameter internally,

and 183 feet 8 inches externally, contains

the projiortions of two-fifths wall and three-

fifths void ; the area of the latter being

1.5,948 superficial feet, and of the former

26, '393 superficial feot ; the diflference of

these areas giving 10,545 feet for the area

of the walls.

We have already seen that in the Coli-

seum at Rome the points of sujiport aie

about one-sixth of the entire area of the

ph:ii ; and the proportions of both these

buildings have been admired for nearly 2000
years, the one vaulted, the other uncovered.

Generally the walls and piers of our

Saxon cathedrals occupy from one-third to

two-fifths of the entire area; in their sections

one-third is devoted to walls and piers, and
the remainder divided between the nave and
side aisles.

The division of the cathedral at W^in-

chester exhibits very perfectly the

S.ixon manner of building; the piers that

support the lower arches are 10 feet wide,

and the clear openings between them 12 feet

I inch. The nave and transepts retain

their original construction ; in the former

under the casing executed by William of

Wykeham, and in the latter it is seen in its

full purity. The choir stands over the

crypts built by St. Athelwold, and though
Fig. V2Cj. WINCHESTER CATIISDKAU
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1267. PIF.n IN NAVE AT WINCIlF.STEil CATHI.D

somewhat clianged by tlie Nor-
mans, it yet retiiiiis the di-

mensions given to it by its

celebratt'il Saxon constructor.

The small piers, one of

which, in the south transept,

is nearly perfect, are set out

vrith great regularity, and
measure 9 (eet 8 inches from

west to "^ast, and 8 feet 2

inches from north to south
;

their form is that of the Greek
cross, composed of five cubes,

each 2 feet 7 inches in width,

w iih large and small columns
placed around them to receive

the mouldings that decorate

the arclies : six of these co-

lumns have tlieir centres ou
the same circle : it is evident

that the hexagon, or the du-

plication of the equilateral

triangle, was applied, and
that the whole was set

out by one conversant in

geometry, and acquainted
with the proportions of the

cube. The Greek cross, wliich

defines the solid mass, Is con-

tinued through the triforium

and clerestory up to the timber
roof. Tiie columns of the triforiuin, set roimd the inner circle, are partly cut

the lateral arms of the Greek cross, but the face of the shafts of the columns are in a

rig. 1268. PIER AT TBA^SEPT *T WINCHESTER CATHEDItAL.

into

line
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with its outer sitlo. The centre of the pier is preserved tliioughout, anci so plaeeil as

al\va\s to balance the masses around it equally. The circular shafts at Gioucesto)-

Cathedral, Tewkesbury Abbey Church, and several others, were probably of earlier date

than pillars formed of several shafts; those in the church of Saint Germain des Prez, at

Paris, are delicate examples of the former style.

That aisles, galleries, and passages, belonged to the construction of a Saxon church,

we have sufficient evidence in tl.e iccounts left us by contemporary historians ; but the

present subject is almost conclusive on this point, there being a preparation for a wall

6 feet 8 inches in thickness, containing the passage 2 feet in width, indicated by the plan

of the pier at fig. l'.^()7. 'I'he arrangement of the columns shows that there was no

intention of vaulting the side aisles, for the two which carry the cross springers appear

to have been added some time after the original construction, as were also those in the pier,

fig. 1268.

AtheUvold is supposed to have executed the whole of this work before the year 980:

the mouldin'^s throughout are rudely cut, the capitals of the main pillars being the only

portions which are at all enriched by sculpture, and they are very simply carved.

The iXorinini maimer of Building can scarcely be said to differ from the Saxon, though the

masons employed after the Conquest certainly acquired a superior knowledge in their art.

The ornaments which we find in Norman buildings had all been previously used l>y

tiie Saxons; hence the difficulty of distinguishing the works of one from the other: where

written authority is not handed down to us, we can only judge by the difference of the

workmanship ; it cannot be denied that there were many very able masons among

the Saxons, who were qualified to raise buildings and enrich them with sculptured

ornament.

Tlie finest examjiles of Norman
work may be seen at Caen and its

neighbourhood, and have been en-

graved from measurements taken by

the late I\Ir. Pugin.

In England the same style pre-

vailed tlirougliout our religious

structures ; there is a great similarity

of arrangement, and little variety of

ornanunt. The Norman style was

generally adopted after the Conquest,

l)ut that named by the monkish

historians the " Opus llomanum " was

continued in many of our parish

churches, as well as in some larger

buildings. The Norman pillar was

sometimes composed of a cylinder

with four small half columns at-

tached, as at Amiens, which is 7 feet 2

inches diameter.

For the Saracenic or Arabian Styles

we must refer to the beautiful work

recently published by Mr. Owen
Jones, where the decorative parts of

this curious and highly ornamented

architecture are admirably given, and proceed to the description of the principles which
guided the constructors of pointed architecture.

The Lancet Sti/!e succeeded the Norman, and we find it well defined in many churches

and cathedrals as early as the year 1180; in it decoration was sparingly introduced,

and throughout every part of the design there was simple uniformity, and a d!s])!ay of

a considerable knowledge of geometry: the heads of the windows and doors were formed of

a |)ointed arch, constructed upon an equilateral triangle ; all the mouldings which sur-

rounded those apertures were delicately formed, and had both capitals and bases ; this style

was practised till 1230, when it was followed by another, which by some writers has lieeii

termed
The Early English or the Geometric Style, from the manner in which the several portions

of a building were set out ; and we find it adopted generally up to the year 1280.

Salisbury Cathedral, f)undeJ l)y Bishop Richard Poore, in the year 1220, was finished

in 1260. Its plan is that of a Greek or ])atriarciial cross, the extreme length being 480
feet, that of the great transe|)t from north to south 232 feet, and that of the lesser transept

172 feet : the stone used for the external walls and buttresses was brought from the quar«

ries at Chelmark, which lies about 12 miles distance, westward from the city. The middle

TIER AT AMIENS.
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of tlic walls is filled in with rubble, and the shafts of the columns are of marble, from the

Purbeck quarries. At the intersection of the nave with the great transe])t rises a noble

stone tower and octagonal spire, the total height of which is 400 feet ; tiie stone of the

spire is in thickness about 2 feet to the height of 20 feet above the tower, after which it is

only 9 inches in thickness to the summit : this spire, though braced and strengthened

throughout by timbers and ironwork, has declined from the perpendicular 22i inches;

but since 1681, when the observation was made, there has been no further declination.

The walls, after they were carried up to the floor of tlie triforium, appear to have beer,

increased by corbelling, as if it had been doubted whether, as originally set out, there would
be sufficient strength to carry the cross springers of the vaulted nave ; the total width

is exactly 100 feet. The clear width of the nave, as measured on a level with the triforium,

is .'?3 feet 3 inches, and that of each side aisle half that dimension, or 16 feet 9 inches;

had this last been 16 feet 7}^ inches only, the pro])ortions shown by a section would
have been exactly one-tliird for walls and two-thirds for voids ; after appropriating the

tliird of the 100 feet to the walls, half the remainder is given to one side, and half

to the other; we also find that each of these dimensions of 16 feet 8 inches is divided

into three, two parts of which are given to the outer w.all and buttriss, and the other to

the main pillar that divides the nave and side aisles, or nearly so.

The inclination of the arched buttresses is not such as to resist the spreading of the

vault at its base, the knowledge of their use not having then been attained The heiglit

of the vaulting of the nave from the pavement is 81 feet.

Wdls Cathedral has some peculiarities in its construction, particularly in the application of

its arched buttresses ; they pitch against a stone corbel inserted below the springing cf tfie

Fig. 1272. SECTION OF WELLS CATllEUJiAL.

nfiicldle vault, and a tangent drawn at the I)ack of the vault and elongated determines the
inclination of the top of the flying buttress: here some improvement is shown upon those
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at Salisbury. Tin; masonry of the arches is adtni-
r.il)ly coijstructud, and the joints all radiate to a com-
mon centre.

'I'he total width of this cathetlral from face to face
of the buttress is 86 feet 5 inches, and that of
tlie nave 31 feet 10 inches, instead of 28 feet 9^
inciies, as it would have been if a third had been
adoptetl; the side aisles are also diminished in conse-
quence, being only 13 feet 7{ inches in the clear;
they are, however, equal to the buttress, outer
wall, ajid main pillar added together, the first pro-
jecting 2 feet 8 inches, the second or outer wall
being 6 feet in thickness, and the piers 5 feet diame-
ter ; whilst the width of the side aisle measures 13
feet 7| inches, an approximation sufficiently near to
suppose that the proportions of thirds was still adopted
in practice. The nave has been increased at flie

expense of the side aisles, and its height is 68 feet

9 inches to the top of the vaulting from the pave-
ment.

Fig. 1273. TRIFORIUM, INSIDE.

Chapter House at

Wells, erected between
the years 1293 and
1302, is an octangular

Vuilding of great

beauty. A section

through the but-

tresses shows that

two equilateral tri-

angles crossing each

other have determined
the mass and void,

which are in the pro-

portion of one to two,

or the thickness of the

two walls is equal to

one-third the entire

diameter : the base
line of the triangle,

on which the supports
of tlie cry])t are placed,

clearly indicates this

arrangement. Of the
twelve equilateral tri-

Riigles comprised in the
parallelogram funned
by uniting the bases
of the two larger, each
outer wall and buttress
occupy two, or the
two walls and their

buttresses four of the
twelve divisions,

leaving eiglu for the
ipace between them.

DIVISION OF WELLS CAl'HEDRAl.

^vvi-mNmvAmmmm-m\\^^^^^^^^^^

Fig 127S. CIIVI'I r-.li-llUl!sn AT WELLS.

3 U
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Where it is (letcrmined that the walls shall occupy one-third of the section of a building,

no figure is so well calculated for such a distribution as the equilateral triangle ; it enables

tiie architect at once to limit and fix the proportions of his design ; hence its uiiiversaJ

application : and the mysterious qualities attached to it by the freemasons no doubt arose

from the extraordinary facility it afforded them in setting out their several works. Wliat

can be more simple or more beautiful than the distribution of this edifice? Within a circle

a hexagon is set out, the pcipendicular sides of which mark the outer faces of the buttresses ;

the junctions of the angles, by forming a base to every two sides, produce the two

equilateral triangles, which sub-divided not only enable us to arrange tlie other portions

accurately, but also to measure with the greatest nicety their relative dimensions. The
quantities of material employed in construction can be estimated by such means much
more easily than by measuring each portion separately, cubing it, and adding the numercjus

dimensions so obtained together ; there is decidedly more simplicity in the former than in

the latter system : the area of one triangle being found, we at once know that of all the rest,

Fig. 1276. CHAPTER-HOUSE, WELLS: PLAN.

or of any portion. In the subject before us the distance from the niim.;e of one buttress to
that of the other is 31 feet 6 inches, and the diameter taken through them at this level is

92 feet; omitting the buttresses, the outer side measures 26 feet, and the inner 21 feet

6 inches, the respective radii of the circles which comprise the octangular outer walls and
the void being 38 feet and 31 feet 5 inches. Hence we find that the entire area of the
building without the buttress is .... 3264 feet.

The urea of the void ...... 2176 feet.

And of the walls or points of support 1088 feet.

At the level of the crypt, above the outer plinth, we have these regular proportions, two-
thirds void and one-third walls.

Tiie height of the entire building, from the pavement to the top of the parapet, is 72 feet

6 inches, and to the top of the pinnacles 92 feet, the total height bemg ecjual to theextreine
diameter taken above the plintli moulding on the outside. The interior of this chaiitcr-
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house cxliil)its the most perfect proportions as well as apjiropriate droorations ; the eight
windows, divided into four days, have their heads filled in with circles set out upon
equilateral triangles ; the vaulted stone roof rests parti)' upon the octangular central pillars,

.3 feet in diameter, surrounded hy sixteen small columns, one at each angle and another
between ; the height of the pillar is 22 feet 8 inches.

Thoroughly to comprehend the expression, as well as use of the various members found
in the architecture of the middle ages, we must trace the progress made in vaulting, and
observe the changes it underwent, from the simple cylindrical to the more complex and
difficult display of fan tracery or conoidal arches. The ridge ribs, or Uernes, as they are
termed, in the crypt of the Chapter-house at Wells, pass from the centre of the building to

tlu' middle of each buttress ; the diagonals, or croisa-c-es, mitre into them as well as into tiie

formcrets or ribs against the outer walls.

Ill the vaulting of the Chapter-room, we have evidence of greater refinement, and an

improvement in the decoration, by the addition of a number of intermediate ribs

terininaling against the octangular one in the middle.

At a later period we find transverse ribs ma<le ii.sc of, then others between; but
although the design may seem complicated, yet when laid down the plan will as-

sume the greatest simplicity, as shown in the division representing the groining of the

crypt.

When this system had been carried out to a considerable extent, the fan tracery was
introduced, and although apparently more difficult of execution, it is far more scientific iu

Its application and arrai-gement, evincing a higher knowledge of mathematical principles

and geometry, and is another evidence of the gradual progress of the mind toward*

perfcctioji in tliis stjle of architectorc.

3 U 2
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Westminster Alley, commenced in the year 1245, Is in that style which for many years

prcvailci in Fiance t the fine church nt St. Dcnys, near Pans, is exactly similar m all its

detail. The windows are wide, divided by miilhons,

and have their heads filled in with plain circles, the

orij^in of the cusp, or that kind of decoration which

every pointed arch afterwards received. This style,

which succeeded the Lancet, is found throughout

England, and many oi the parish churches exhibit

fine' exami)les of it. Stone Church, in Kent, of

which the writer has published an account, may he

cited as one of the best ; its ornament shows the

skill and taste that prevailed amodig the free-

masons at that period. Salisbury, Wells, and York

Cathedrals abound with rich foliage and sculptures

of the highest merit executed at the same time, and

it is wonderful to observe to what a state of perfec-

tion the artists of this country had arrived. The

eflects of the chisel of the Pisan school were dis-

played upon marble, but our sculptors worked upon

an inferior material; yet the draperies of their

figures, as seen in the front at Wells, and else-

wfiere, are quite equal to those wrought by

the pupils of Italian masters at the same time.

The circle and its intersections at this period were

alone employed for the plans of piers, sections of

mouldings, and the filling in of windows and

doorways: from them we trace the origin of the

stvlo which immediately succeeded.

The cathedrals of Cologne, Amiens, Beauvais, the

Sainte Chapelle at Paris, and numerous other ex-

amples on the continent, exhibit the same propor-

tions and style with that of Westminster ; the lofty

pointed arches, which rest upon the main cluster, are

decorated with numerous small mouldings ; the tri-

formm, in some instances glazed, have their pointed

arches filled in with trefoils, cinquefoils, or sexfoils,

and the clerestory, carried up to the very apex of

the vaulting, is similarly adorned. Westminster

Abbey is one of the finest examples of building

executed in the thirteenth century.

Tr.ictri/ anil Gcumtfric Forms —To comprehend

thoroughly the principles which directed the free-

masons of the middle ages in the execution of

all tiieir works would require far greater illustra-

tion than can be bestowed upon the subject ia

the present volume : it must be sufficient if we
point out a few which influenced the design of

some of their l)est exam])les, and show that it is a

perfectly erroneous opinion to suppose they were

executed without a thorough knowledge of certain

rules, originating with themselves, and perfected by
a constant study of what was not only useful, but

productive of the best eflfect. Those who inquire

into this subject must collect the data upon wliich

an opinion can be formed, for it is scarcely possible,

without positive measurement, to arrive at any con-

clusion upon the matter: the admirer of the Greek,

or the commentator upon Vitruvius, alone can

scarcely hope to be successful : it is true that in

one of the early printed Italian editions of the

v,dual)le author quoted, there are several dia-

grams which seem to point to the subject, but

the student will find only the nucleus around
which thrt lovers of geometry in the middle ages

arran.i^ed their varying and beautiful forms ; this

Fig. t278, WESTMINSTEn ABBEY.

is the equilateral triangle, and by
inclosing the plan, section, or elevation of a building within '.t, the several proportions

can be accurately measured, and if sub -divided into a number, either of the triangles

would sliow the proportion it bore to the whole area.
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In one of the tracery heads of

ihe windows in the cloi'-ter at West-

minster, tlie date of which is about

1348, we liave two figures that re-

semble the plans given to clustered

pillars, indicating at once that the

same principles were applied to

the setting out of both windows
and points of support. When
the circumference of a circle is

divided into twelve equal parts,

<lie points which divide them form

the termination of four equilateral

triangles, and wo have at their

intersections, not only the centres

of the circles that constitute the

filling in, but also the several

mitres and other portions of the

figure.

These rules were evidently ap-

plied to windows, and to tracery of

every description, executed at

the end of the thirteenth and
connnencement of the fourteenth

centuries ; also to the plans of the

main cluster of pillars in many
cathedrals and churches. For
nearly a century, circles and their

intersections formed tiie ornamen-
tal [xirtions of every kind of panel

and window head; tliey were
afterwards blended into oth(;r

figures, and apparently set out
upon ditlerent principles; but the

hexagon and equilateral triangles

were necessary to produce the flow-

ing lines which succeeded. The
iliange whicii took place in design

lio doubt arose from the facility

which had been attained by the

practice of tliis method, and if it

Were ))ossil)le to exhibit each

variety in England alone, there

would be ample evidence of tiic

inventive power of the freemasons,

and the ))rogressive imi)rovemeiit

in their school for depicting form.

The quatrefoil in fig. 1279. is met
with in the panels of several altar

tombs, in tiie spandrillsof the arches of door-
ways, and it is worthy of observation that
all the mitres, where the figures change their
form, are perfect for each : had these con-
siderations been neglected, we should not
liave had the graceful flowing lines found
in these designs : no other triangles crossing
are so universally ai)i)lical)]e, or recpiire less

skill in their adoption. The student of the
present day might occupy a life in the col-

lection of these subjects, and they are most
excellent models for the application of the
rules of theoretical geometry to practice.

IVindows of three Days or Divisions are
met with, having heads of singular beauty,
inclosed within an equilateral triangle, and
so numerous are the designs, tliat it is

rare to meet with two exactly similar. In
ii|ili'iii! llii!c4'

rig. i-Mi.



J 030 PRACTICE OF ARCHITECTURE. Book III.

the more simple of three days or lower divisions, tt-.e liead is occupied by tlirec circles^

each of which contains a trefoil constructed upon the crossing of cither three or four equi-

lateral triangles.

A very extraordinary desijin, composed of intcrsectinij circles, is to be seen at the east

Ciid of the chancel of tlie churth at Sutton, at Hone, in Kent; although much dilapidated,

it '.till preserves many of its original Howing hues, all struck from the same radius, thruugb

lioi.its previously determined by crossing the primitive circle by four c<}uilateral triangles.

At half the heiglit of the head

of the window a. horizontal line

may be supposed to be drawn

from one side to the other, on

which are three circles: the two

outer touching, are crossed by

the third, struck from the point

of their junction ; with the same

radius several spherical triangles

are struck from the points of

intersections, producing the

lines, which unite and divide

the window bead into several

compartments, differing in pat-

tern and dimension. After the

circles were struck, the lines tiiat

did not i)!ay into each other

were left out, and those only re-

tained which flowed on grace-

fully ; by these nice consider-

ations and just application of

principles, the masons were cer-

tain of producing a perfect ef-

fect, without rigidly adhering to

any particular form. ^'^ ^'^^'

Windows of four Days or Divisions.— Among the heads of a more simple character

are those which contain one large cirrcle, subdivided by three equilateral triangles, each

lluNt. CIlUlXll, liLiSr.

Fig. 1385. Fig. 129i.

inclosing a trefoil. Others contain, in addition to the one great cquil.ateral triangle,

two smaller, const) ucted upon the points of its bxise, and dropping into the space comprised

l»etween the heads of the divisions below.



Chap. IV. PRINCirLES OF PROPORTION. lOil

Fig. 12b5.

Windows of Six Divisions are far more conii)lic:itL'c1, and, though exhibiting greater skill

in geometry, are set out precisely upon tiie same principle. The two etjuilateral triangles

inclosed within the great circle mark, out the prominent features of the design, and their

terninations are the centres of as

niauy spherical triangles, which,

by tiicir crossing, constitute the

ela!)orat^ filling in.

In some examples, above

the tvo main lower divisions

is a circle divided by several

others, the twelve which are

indicated in the figure serving to

proportion the tracery of this

compartment.

At the latter end of the four-

teenth century, these designs

were so multiplied that almost

every cathedral and church had

its peculiar windows: in Amiens

catliedral, the chapels constructed

at this same time receive their

light from windows, the heads of

which are filled in with traceiy

exceedingly varied, but the

general principles of setting out

tlie work are preserved ; the

circle and the e()uilateral

triangle were subilivided

almost to infinity, and at no

period of the arts do

tlie inventive facul-

ties appear so fertile as

in that we are now
considering. The
great west window of

York Cathedral is the

finest example of the

improvement made ill

this mode of deco-

ration ; the geometric

forms are there so con-

cealed by the blending

of the several curves,

as to produce con-

tinued flowing linesj

whicli is partly shown

in fig. 1282. : they are,

however, all set out

in the same manner,

and the centres upon
which they are struck

are established by

the crossing of e(][ui-

lateral triangles.

During the epis-

copacy of John Gran-
disson, from the year
1.'527 to 1369, Exeter
Cathedral was under-

going an entire change
in its architecture.

To this bishop we are indebted for the great west window, of nine days, and several smaller

of four and five, in which are introduced tracery showing a great variety of design : soma
arc composed of equilateral triangles, each containing a trefoil, some of circles with six

turns, others have four and three; but the heads of all, varied as they are, belong to the

same school as fig. 1285.

The great cast window at Bristol Cathedral is another fine example of nine days,
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exccutfcl about tlie middle of the Mtli century; tlie centre of the head of the window, or

rather the nucleus to the trncery, is an octagon, six sides of which are retained, the ot/iei

two biing suppressed, to allow of a better combination with the three centre divisions ot

the lower |)art.

The equilateral triangle also defined

tlie Ibrni and magnitude of the several

mullions, as shown by fig. 1287.,

constructed upon measurement of the

windows of the clerestory of the nave

at Winchester: a line drawn from

the apex of one muUion to the other

is the base of the triangle, and

tlie space inclosed by the two is

divided into ten other equilateral

triangles, two of which agree in

dimensions and form with each mul-

lion. Of the twelve equilateral tri-

angles embracing two half mullions,

ten are given to the day or space to

admit the light, and two, or one-

sixth of the whole, is comprised by

the muUion; such appears to have

been the manner of proportioning the

parts of windows in the middle ages.

Rose Windows in the West Transept of the Church of St. Otten at Rouen is 29 feet 6 inches

in diameter, and composed of seven equal circles, one of which occupies the centre: each oi

those, wliich surround it, are again sul)divided by others ; two only of the outer six are pre-

served in the tigure, and form the quatrefoils, whilst the intersections of the others serve as

centres to the rest of the design.

flg 1303. WLNciiEsri n.

Fig. 1283. ST. OrEN AT BOUEN.

Rose Window of the South Transept of the Cathedral at Rouen is 23 feet in diameter,
measured to the centre of the large bead, wliich comprises the figure. A rortiou onlj of
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th'is beautiful example is given, for the pur])ose of exhibiting ihe principle upon which it is

set out : it will be evident that the nucleus of the tlesign is composed of two cijulhUtral

triangles, and the sides of each continued, constitute the alternate divisions.

ROUEN CATHEURAL ! SOUTH TBANSBFT.

Tlie internal hexagon has its parallel sides prolonged, to mark the position of the four

divisions that have their pointed heads attached to the small circle, which forms the eye of

the pattern; and the length of these prolonged lines is limited to the extent of tlie sides of

an ecjuilatcral triangle, which is again divided regularly, the triangular spaces between
being filled in with trefoils. The small mullions are in width 2.| inches, the next size

3 inches, and those which mark out the figure and have a bead for their termination are

4^ inches : another bead and bold projecting label, or rim, circumscribe the whole rose window,
the hollow around which is enriched with a curved leaf. On each side of the internal

hexagon an equilateral triangle is constructed, around which a circle is struck, uniting

elegantly \vith the next, aud forming the sis turns which characterise the fiUuig in of
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circles at tliis pcrioil ; tlicso were the prliieiiial decorations after the I-ancet style ivas abati-

doned, and were continued until succeeded by more flowing and varied designs.

liosd Winduw of the South Transept at Ucauvais, 34 feet 4 inches ill diameter, is coiiniosed

of six large circles and their intersections.

'J"o set out this win-

dow the great circle

cxjjressed hy the cuter

!)ead is divided into

twelve ])arts, each

being equal to half the

r-idius; twelve equi-

lateral triangles are

then inscribed, the

points of which touch

each of the divisions,

and where they cross

nearest to the outer

circle, the twelve

pointed arches that

surround the figure

are struck ; the other

points of intersection

(jf the triangles are

centres, from which

the other curves are

drawn. It must at once

be evident, tluit in a

circle so divided, or liy

any other e()ual num-
ber of equilateral tri-

angles, the portions

contained between the

smaller angles must
be equal to each other ;

the six circles around

the centre have their

curves blended into

the outer, and if it be

required to fix centres

for each of these flow-

ing lines, they can only

be obtained by cover-

ing the entire rose

window with lines in

the manner already

described. The radius

being equal to the

side of a hexagon, and

that figure being com-
posed of two equi-

lateral triangles, was
probably the chief

reason of its first pre-

ference overall others;

it certainly affords the

most extraordinary

powers ofcombination,

and there is carcely a
from it.

BEAi;V.MS CArilEDUAL : SOUTH TRANSEPT.

moulding or form in the architecture of this period but is set out
Tiie mullions that bound the divisit)ns are all portions of this figure, as are the

mouldings, which sweep round the arches of the buildings themselves. Nothing can sur-

l)ass the brilliant effect of these marigold windows when glazed with rich colours, and
exposed to either a rising or setting sun ; in the exain])le now described, this effect is still

further heightened by making nearly the whole end of the southern transept a continuation

of the same design, the glass descending almost to the tops of the doors which afford acci's-s

to the cathedral. The construction of such works must excite our highest admiration, for

it ap])c^ars scarcely possible to excel the perfect manner in which the parts are pul

together and worked olii the execution being in every paiticular worthy the design.
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The Rose Window ?'?; the Suulh Transept at Amic?ts, 29 fuct G inches in (.liaiucter

upon two squares, which cross each other diagonally.

Fig. iS'J'i. ASIIENS CATHEDRAL : SOUTH TRAKSEl'T.

Sixteen divisions are employed in this finjure, and by crossing as many squares, we .^rIi>e

at the method by which it is set out ; each side of tlie square is equal to the radius by
which the master line on the outer bead or circle is struck : wliere the squares cross each
other are the divisions of the pattern, and their several points are the centres upon which
the i)ointed arches are struck, which surround the outer portion of the rose.

Where the lines of the squares cross, in the interior of the figure, the smaller divisions

are established, and their points of intersection serve for centres to strike the lesser curves

;

to show this clearly the whole must be set out, and drawn to a large scale.

The architecture of France underwent a material change after the thirteenth century ;

the heads of tlie windows were no longer filled with tracery composed of six foil.s, generally

three in each window, but branched out into a more running pattern, as practised in

several parts of England. The fourteenth century not only exhibits windows of more
difficult design, but an apparent absence of the principles by which the several parts were
])roi)ortioned to each other. Before the Perpendicular style appeared, great progress liad

been luade in the groining of the spacious vaults of the naves, as well as those of the side

aisles. After the fan tracery was substituted in England, the windows had straight

mullions ascending till they intersected the arch ; and we liave no further display of the

varied figures that everywhere prevailed before: geometry was now exercised upon the

intricacies which tlieir surprising vaults exhibited. It is somewhat singular that we never
find the beauties of a previous era retained, and blended with that which succeeded.

For the .SOO years during which the Pointed style continued to flourish, each half century
gave to it a new character ; hence we have seldom any difficulty in establishing its date •

all these changes resulted from an improved knowledge in tlie art of construction. The
lodges of freemasons were gradually approaching the principles which directed the effbrta

of the architects of the Byzantine school, and which were fuund too refilled and delicate to

be practised out of Italy after the eleventh cjutury.
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The. Rose Window in the Nortltcrn TrwisejH of the Church of St. Ouen at lioueu, 28 feet

C Micliesi ill diaiiicter, is an exaiiiiile of tlic pentagonal setting out.

Fig. 1293. ST. OUEN AT HOUEN.

When the sides of a pentagon are prolonged, they unite and form five isosceles triangles,

each having for its base a side of the original pentagon. The ecjuilateral triangle, the

square, and the pentagon may have been adopted by difrercnt confrateridties of freemasons

;

the first can be formed into hexngons, duodccagons and tlieir multiples ; the squares, by
crossing diagonally, into octagons ; they may be also tripled and ([uadrupled ; the

mitre of the equilateral triangle is in the direction of its centre of gravity, as is that

of the square and the isosceles tri.angles ; eonsecpiently to unite the mouldings around

either, the plummet would indicate the direction of the line, when dropped from the

angles and suffered to cross, the point of intersection being tlie centre of gravity

common to the several lines.

In the chapel of St. Cecile is the monument of Alexander Berncval, the master mason of

the works at St. Ouen, at the time the rose window was executed by his jjupil, whom it is

I'eported he murdered from jealousy : such an aiipllcation of triangles was then called

the penttdpha.

The foundations of this church were laid by Marcdargcnt, about 1318, by whom it was

built as far as the transept ; but jirobably the rose window of the northern transej)t was
not inserted till many years after, for the memorial of Berneval bear.s the date of H-IO :

this monumental stone is 8 feet 6 inches in length, and 4 feet in width, and in it is

represented the architect and his inipil, each employed tracing with his comp.isses his

respective design ; these beautiful brasses with their rich tabernacle work were in tiie

highest state of i)erfection when the writer was last at Ilouen, and around the master figure

was inscribed in German letters .

—

Gi) gigt 9}Jaigtvc :jCtcvanbre be JBcrneuaO ?0Jai6tre beg oeuyreg be 9}?aconnevie bu 9un)/

notrc ©ire/ bu S^aiUage be aiouen, et be ce6te ©gUge/ qui treSpaSda/ I'au be o^xa^i

mil. cccc);l. le jouv be Sanuier.
^ric'g •Dicu pouv I'amc be \\x\).

The date of the pupil's death is not commemorated, which has led some to imagine the

tale of his murder untrue, and that he erected the moiuunent to his master with the

LDtentiuii of being buried by bij t,ide.
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The Xorlh Rose Jflnilow nt Ainitns, 37 feet S inches in diamotor, is a magtilficeilt example
of the application of tlie pentagon, with 5 isosceles triangles around it.

Tiiis window, prohahly

executed in the fourteenth

century, has a great resem-

blance to the last described
;

the fan tracery, of which
we have early specimens in

the cloisters at Gloucester,

required the same know-
lodge ofgeometry to perfect

their design. In 1482

Euclid was first jirinted at

Venice from the Greek
text; hutgeometry had been

studied in England from the

time that Adlielard, in 1 1 30,

had introduced a transla-

tion of tiiat author from
the Arabic versions which
he met with during liis tra-

vels in Spain. In 1256
Campanns of Navarre
translated Euclid, who
seems to have been com-
mented upon by several

eminent writers, and no
doubt it was the text-book

of the freemasons, who dili-

gLMitly applied the problems
it contained to every pur-
pose of their art. In 1486
t!ic Editio I'rinceps of
X'itruvius appeared, and
I hj commentariesof Ca;sare

Cavsariano followed in

1521 ; the latter author
published three plates of
the Catliedral at IMilaii,

covered with c<iuila(eral

tiiangles, wiiich have not

been described so as to be
useful or understood.

The compartments which
have the flat sides of the original pentagon for their base, and parallel sides throughout till

tiiey terminate in the pointed arch, have their mullions proportioned to their opening, tlie

larger being double the size of tlie smaller, whilst the latter are equal to half the ojjon snace
between them : the muilions in these examples, which divide two spaces, 6 inches in

width, are usually 3 inches in thickness, and the others are in the same proportion. 'I'iie

next sized mullion is 4 J inches, with a bead of 1^ inch diameter, which runs round the
whole pattern of the figure, the centre of which may be called the master line, by which
all the rest are set out ; the several mullions are all twice as much in depth as in widti).

Bajitistenj af Pisa.— The internal diameter of this circular building is 100 feet, and the
thickness of its outer walls and columns 10 feet G inches ; its external diameter is 121 fert,

the area of which is 11,499 superficial feet, that of the interior being 7854; if we
deduct from it what is occupied by the four piers and eight columns, or 188 feet, we
liave 7666 feet for the void, exactly two-thirds of the entire area. To find these pro-
portions in an edifice commenced about the middle of the twilfih century in Italy, is a
curious corroboration of the opinions already advanced, the same rules as those described
for the Chapter Mouse at Wells being apparently followed: the conical brick dome was the
work of an after period, and may have been the prototype for that of St. Paul's at London;
the pointed architecture belonging to the exterior of this edifice, of the same character as
that which adorns the crosses of Q,neen Eleanor in England, was added in the fourteenth
century.

The section shows how trie equilateral triangle governs the jiroportions of this celebrated
building; the extreme diameter is tlie base, and its apex the level on which the

Fig. 1294. AMIENS; ROSE WINUOW.
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more reci-nt conical .".nd honiisphericil domes arc iilaced : the intersection of the two

ercif tiian^^los fixes the diameter to he given to the internal void, around which the side

aisle, its walls and pillars should be formed. Tlic circle which has its diameter coni-

inised between the apex of the two equilaterals determines the clear width between the

Fig. 1295. U.ll'I liimiY OF PISA.

outer walls. That the architects of those days delighted in the forms produced by the

several intersections of the circle in combination with the equilateral triangle, we are

assured by viewing the several designs they have left us in mosaic upon the walls of the

Duonio, and at the cathedrals of Florence, Sienna, and elsewhere.

Roshjn Cliiipcl, Scotland, commenced about the year 1446, has its buttresses well

suited to give aid to the walls, and to enable them to resist the thrust of its nearly semi-

circular vault, which they receive below the springing. The extreme wiiith from tace

to face of the buttresses is 48 feet 4 inches; the span of the nave is io ieet 8 inches,

being 5 inches less than the proportion of a third ^ the two side aisles together
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are 15 feet, or williin a few

inches of the width of the

•lave; consctjiicntly the walls

and piers in this beautiful

example are 17 feet 8 inches,

or 15 inches more in extent
than they would have been
if the proportion of one-third
had been adopted. The
height from the pavement
to the under side of vault is

41 feet 10 inches.

After the examples de-

Bcribed, we cannot doubt of
the great jiroficiency that had
been made in the application

of the rules of geometry to

architecture ; every feature,

whether the simple moulding
or the most elaborate tracery,

was set out either upon the

equilateral triangle, square,

or pentagon, and these regu-
lar figures seem to have been
chosen on account of the
facility by which they are

subdivided. From the in-

troduction of the style each
fifty years that succeeded
brought with them new and
improved princi])les, and at

the very commencement of

the fourteenth century, we
see the clustered pillar and

,
1

1

1^

'
'

1

1 ^ J'=J!=

Fig. lii>S lU.S Ol IiOSI.\^ CllAl LL,
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its mrtiiy moiildcJ arches yielding to a

stvie ',li:it combined greater simplicity

with a more tlioioiigli knowledge of con-

struction, wliicli will be evident upon an
examination of St. Stephen's Chapel, West-
minster, (now destroyed,) begun in 1348,

the nave of Canterbury and Winchester

Cathedrals, and several others. In these

examples we have elegantly formed arches

resting on well-proportioned piers, the

mouldings of which so combine that they

form a perfect figure, and show that tlie

points of support were designed to carry

all that is placed above them ; the same
contour of moulding that surrounds the

pier performs its useful part in the upper
portions of the building, constituting one
entire whole. This style, simple as well

as elegant, was executed by masons fully

qualified to advance it to the greatest per-

fection, and deserves l)oth our study and
admiration.

Canterbury Cathedral exhibits every

variety of style found in mediajval

architecture; its history has been
published by Mr. Britton : to that

work, to which the writer contributed

some measurements in 1820, he must
refer for a detailed and elaborate

nccount of the several changes made
in the decoration of the edifice.

It is only to the pillars of the nave
we are desirous of drawing the at- y—7

tention, and that merely to show their':

nimple form, and the manner of setting

them out: four squares are so placed that

Iheir diagonals and sides are united in

the centre, thus con-

Btituting a form
capable of the great-

est resistance at the

four points of the en-
tire pier, where the

several thrusts and
pressures are re-

ceived : the O G
mouldings of the

piers rim round the

arches, whilst the co-

lumnar mouldings
towards the aisle and
nave support the ribs

of their respective

vaults. Greater sim-
plicity can hardly be
obtained, and every
line and indentation

of the plan has its use
and appropriation :

tiiere is no profusion,

or member for the
Bole purpose of deco-
ration ; in this ar-

rangement we have
tiie commencement of
good taste, and tlie

indication of a more
li.'irmcnious and per-

fect style.

Fig. 1299. CANTERBUBY CATHEDRAL.

IllliiV CArilKDRAl..

Fig. 1301. ST. OUE.N AT ROUEN.
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In the Church at St. Ouen at llouea, we have a very different auMiiTemeiit, anj
by no means so solid a form.

Winchester Cathedral. — One division of the nave has been selected to show the peculiar
style practised at the latter end of the fourteenth century, and also the skill exhibited in
changing the form of a Saxon edifice, and giving it its present character. The plan,
fig. 1303. is that of the pillar, as well as

of the mouldings and walls of the tri-

foriuin and clerestory above. When
William ofWykeham effected the changes
in the nave of this cathedral, he pre-

served all above the arches of the trifo-

rium, cutting away only the masonry of

each division below that level which in-

tervened between the main pillars ; he
then caused the whole to be cased with

an ashlar, so that the original Saxon
masonry and proportions of the mass
remain within the casing. Tlie dotted

semicircular arch is the same as that in

fig. 1266., and in the roofs above the

groining the Saxon walls are traceable,

—

another proof that when any alteration

was made in a building by our me-
diaiv.ll masons, they did not think it

necessary entirely to demolish it. We
have in this example the decorative

character which belongs to the architec-

ture of the latter end of the fourteenth

century, though somewh;i.t heavy in its

proportions, which arises from the mass
constituting the original fabric being

preserved, or having undergone so little

change. The thickness of these pillars

from north to south is 10 feet 8 inches,

and from east to west 10 feet, whilst the

width of the opening from east to west

is only 14 feet.

If we examine the area of one severy

of the nave, as left by Wykeham, and
calculate the points of support, we shall

see that the proportions are not those

found in the nave at Canterbury, or

in other cotemporary buildings ; com-
prising the space between the buttresses,

the entire area of the parallelogram con-

tained between lines drawn through the

middle of the piers from north to south

is 2228 feet ; while the points of support

within that area are 551 feet, or one-

quarter of the whole.

On the section, shown at fig. 1304., the

buttresses on the north side project

6 feet ; the north wall is 5 feet 6 inches

in thickness, the half piers attached

project internally 2 feet 1 inch ; the

north aisle is in width 13 f>-et 1 inch,

the pier 10 feet 8 inches; the clear

width of the nave 32 feet 5 inches

;

the pier 10 feet 8 inches; the soutli

aisle 13 feet 1 inch, the half-pier which

j)rojects from the south wall 2 feet 1 inch,

and the thickness of the south wall 7 feet

2 inches; there are no buttresses, as the

cloister, now removed, served their pur-

pose. The width from cast to west,

measured from the centres of the piers,

being 22 feet 1 inch, and the width of
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bi.ttrusses outside S feet 2 inches.

The cathfdral or duoino at Pisa

presents a very different result;

the total width of the nave is

113 feet 6 inche-s, and the width

of a sevcry 17 feet 1 inch, the

area of winch is nearly 1 9:50 feet,

the pcli.ts of support being only a

twelftli of that quantity on the

plan, and one-sixth as regarded

upon the section. Hence we see

tlie necessity of ascertaining the

proportions of mass and void in a

building, before we can accurately

iuilge of its merits as a style, each

iaving its peculiar quantity, which

marks its character.

The section or rather plan of

the walls, on the level with the

gallery of the triforium, shows

the method adopted to proportion

the openings to the mass. The
thickness of the clerestory walls is

included within the eight equila-

teral triangles, and where their

Bides cross, the position of the

muUions is established. In hg.

1287. the circle which comprises

the two that divide the window
into three days shows their pro-

portion and their size, which

in tliis example is one-third

of the opening: in a window
of three days we have six triangles

for space, and three for mullions :

the splays at the sides of these

windows, uniting them with

the faces of the wall, are cut

parallel with the sides of the

several triangles. The main pier

is set out by uniting the bases of

two equilateral triangles with

perpendicular lines, or forming

the whole into the figure of a

hexagon. By a comparison of

this plan with that of fig. 1267.,

the additions made by William of

Wykeham to the original Saxon
pillar will be readily perceived.

The width of one of the di-

visions of the nave at Winchester,
measured from the centres of tha

piers from west to east, is 22 feet

1 inch, and the same dimension
taken in the nave at Canterbury
is 20 feet only. In the former
example the opening between the
piers is 12 feet 1 inch, and in the
latter 14 feet; there is conse-
quently no oomparison, with re-

gard to lightness, in these two
works of the same period ; the
pier being comprised 2? times in the entire division at Winchester, and 3j times at Can-

terbury, or on the pavement the plinths around the base seem to fill within one-third of the

entire width. It would almost appear that in setting out the pillars of several cathedrals,

the same system was practised as sliown for the mullions of windows at fig. 1287. : but the

plinths, and not the cluster of columns and mouldings, must be regarded as occupying the

third. Hith Abbey church is 20 feet 2 inches from centre to centre of pier from east to

rilil! AnD WINDOWS OF CLEKKSTOICV, \V1 XCIIIlSTKU.
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west, and the clcir width between the plinths about two-thirds of that dimension, and this

is t!ie case with many examples.

The Section through the Nave of Winchester Cathedrd is highly deserving of our attention :

the clear width of the side aisles is 13 feet 1 inch, and that of the nave 32 feet 5 inches ; the

clear width of the building between the outer walls is 80 feet, the thickness of the walls

16 feet 10 inches, the projection of the buttress 6 feet, and the thickness of the piers 10

feet 8 inches, making for the entire width from north to south 102 feet 8 inches.

The width between the walls forms the base of an equilateral triangle, the apex of which

determines the height of the vaulting of the nave ; a semicircle struck upon this base, with

a radius of 52 feet, determines the intrados of the arches of the flying buttresses on each side,

wliich are admirably placed to resist the thrust opposed to them.

On this section we have endeavoured to apply the principles of Cesare Cesariano, before

referred to, to the measurement of mass and void by a method far more simple than that

usually adopted.

I3y covering the design with equilateral triangles we see the number occupied by the

solids, and can draw a comparison with those that cover the voids : to prevent confusion in

the diagram a portion only of three of the triangles has bt^en subdivided, to sliow with what

facility the quantities of the entire figure might be measured, if the several large equi-

laterals were subdivided throughout in a similar manner. The band wlijch extends

SECTION OP WINCHESTER CATHEDllAL

from the face of the outer buttress to the centre of the section contains 36 small equilateral

triangles, six of which cover the pier ; consequently it occupies on the section one-sixth of

that quantity ; no further calculation is requisite to find the proportion it bears to the

whole : in like manner the other parts of the section may be compared. Such was the use

of equilateral triangles in the middle ages for ascertaining quantity.

The two equilateral triangles which occupy the nave and a portion of the piers are

comprised within the ngiire called a Vesica Piscis ; if the horizontal line drawn at half the

height, uniting the base of the upper and lower triangles, be taken as a radius, and its

extremities as centres, it will l>e evident that parts of circles may be struck, comprising the

two triangles within them. Euclid has shown that a perpendicular may be raised or let fall

from a given line by a similar method, the space between the segments being called afterwards

a nimbus; and there can be no doubt that from time immemorial all builders have used

it: the bee adopts for its honied cell a figure coinposed of six equilateral triangles, and
this is proved to be the most economical method of construction ; the sides of each hexagon
are all common to two cells, and no space is lost by their junction. The nearer the

boundary line of a figure approaches the circle, the more it will contain in proportion to it,

3x2
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nut circles could not be placed aljove and under each other, or side by side, witliout

iiiici'stioes occurring, and the e(iuilateral triangle, or a figure compounded of it, is the only

(onn that will admit of it being so arranged.

I'lie interior and exterior division of the choir at Winchester exhibits two styles ; the

latter is a fine example of the decorated elegance to which architecture had arrived at the

e..tnmencement of the sixteenth centurv.

Kig. 1505. WINCHESTER CATHEDllAL : CHOIR. Hg. 1506.
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King's Collrye Chapel. C">nhriilye, has no side aisk's, but in lieu of them are sm.al]

cliapols between the buttresses, which are not interrupted in their depth, their wh:,l»-

strength being requisite to manitain in
>> Z^,n^^>^^ ~ C'^^^ HWW^^^^V

equilibrio the highly wrought stone t\' T '^ V V/ y-"^l._A-A^^' \^^' ^]r||

vault ; tliis they have hitherto perfectly

done, to the admiration of all who have

studied its principles of construction.

The chapel is divided in its length

into twei/3 c(|ual divisions or severies,

each of wiiieli is formed of four quad-
rants of a concave parabolic conoid

standing on their ajiex, and is bounded
l)y a main rib or arch of masonry
which has its abutments secured by the

weighty buttresses added to the outer

walls. The width of each severy from
centre to centre is 24 feet, the thickness

of the buttresses being 3 feet 7 inches,

and the length of the chapel between
them 20 feet 6 inches ; their depth is

13 feet 6 inches in the clear.

The transverse section shows more
particularly the proportion of mass and
void, which are here equal : the total ex-

tent or width from the face of one but-

tress to that of the other is 84 feet,

and the clear width 42 feet ; the height

from the pavement to the top of the

stone vault is 80 feet 1 inch, though this

varies from the pavement being out of the

level ; the thickness of the walls at top

is .5 feet 7.| inches; in it is a gallery

2 feet 1 ^ inch wide, and 7 feet high, com-
municating entirely around the building.

The height of the cluster column,
whose capital receives the points of the

inverted cones, is 59 feet 3 indies, so

that the arch, which is struck from four

centres, does not rise more than 1

8

feet 6 inches, and the intersections take

place at one quarter of the span when
the height is 15 feet 6 inches: this arch

or stone rib is 2 feet in depth and 18

inches in breadth, formed of twelve vous-

soirs on each side, the jomts radiating

to the centres respectively ; it abuts

at its extremities against the ponderous
buttresses, and remains steadfast and
immovable, dividing, as before stated,

the vault into several sevenes.

The plan of the main piers shows that

there has been no after-thought grafted

upon the original design, wliich, in all

probability, was commenced soon after

the year 1446, as we find that a stone

quarry at Haselwode, and another at

Huddlestone, in Yorkshire, were granted,

for the works to be carried on here. 'I'he

stone roof does not appear to have been

commenced till about 1512, the inden-

ture concerning it bearing date the fourth '"is- 1307. kings college cuapei.

year of King Henry VIII. ; in this document Thomas Larke is called the " survey rr,"

John Wastell the " master mason," and Henry Semerk one of the " wardens," the twc

latter agreeing to set up a sufficient vawte, according to a plat signed ;
tlie stone to be from the

Weldon quarrie.s : the contracting parties were also to provide " lymc, scaffbldyng, cinctores..

moles, ordinaunces," and " evi-ry other thyng required for the same vawting : the timbers
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of two severies of the "great scaffolding" were given them for the removal of the whole;

and thev were to have the uses of all " gynnes, whels, cables, hobynatts, saws, Ike.
;
" they

were to pay for the stone, and to have 100/. for each severy, or 1200Z. for the whole, money

being advanced for wages as the works proceeded : the '• chare roff," as the vault is called

was to be sufficiently buttressed, and the whole performed in a perfect manner.

Fig. 1 SECTION OF king's COLLEGE CllAl'EL.

The extreme width, measured from the face of one buttress to that of the otl.er, is

ft4 feet, and from north to south, from the centre of one pier to that of the other, 24

feet; thus the area comprised in a severy, or space between two lines drawn through the centres

of the buttresses on the plan, is 2016 feet, exactly double the area of one of the severies of

St. George's Chapel, Windsor: the extreme width is the same, but the difference arises

from the divisions in the one being double that of the other, as measured from cast to

west.

The area of the nave, 42 x 24 -

of the chapel on one side - . -

ditto on the other -

of the walls on one side . . -

ditto on the other

Hence we have for the areas of the space or void on the plan lO'SO feet, and for ilie walls

iwi pier 336 feet, or one-sixth of the whole 2016 feet, similar proportions to those which we

Feet.

lOOS

336
336
168

168
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shall afterwards find in St. George's

Chapel, Windsor. In King's College

the nave comprises half the entire

area of- a severy, and the remaining

half is divided into three, one of

which is given to each of the chapels,

and the other divided between the

points of support : in this beautiful

building, witli its majestically con-

trived roof of stone, the lightest

construction is adopted. The cate-

narian curve exhibits the direction of

the thrust of the vault, which falls

within the base.

The stone roof we are now ex-

amining differs somewhat from that

of Henry VI I. 's chapel at West-

minster ; the area of the points of

support is only one-half of those in

the latter elegant example ; in no

instance have we so much effect pro-

duced by the mason's art, with so

small a quantity of material : it is

evident that the gradual changes

made in the architecture of the me-
dicBval period led at last to the

greatest perfection, beyond whicli

it seems impossible for us to advance.

In selecting a style of any one

period, it may be fairly asked whether

the principles found in the latter, or

the economy adopted in the con-

structions of the 15th century, might
not be applied to it, and the same
effect produced,— the section of the

cliapter-house at Wells, for instance,

lightened of half its material : un-

doubtedly it might, for the lofty

pointed arch, not having the thrust

which the latter, struck from four

centres, had, would exert less thrust,

and be in favour of such a change.

But at the present day, when copies

are rigidly made of the finest ex-

amples of each style, it would seem a

bold innovation to suggest such an

adoption; still it might be introduced,

and probably would have been, had

the freemasons continued an operative

fraternity, and been required to build

in the Lancet or other style, which

superseded it. The same decora-

tions an i form of arch may be used
Fig 1309. VAULTING OF KING'S COLLEGE CIlAPIil.

in the later styles as in the earlier, as far as construction is concerned, and we have evi-

dence of sufficient stiength in the example before us; the principles are the same in eacii,

though they may differ in form ; there would be no more difficulty in transforming one

style to that of another, than was experienced by William of Wykeham, when he changed

the Saxon nave of Winchester to the Perpendicular.

On the .section shown at Jig. 1308. a line is drawn exhibiting the catenarian curve, for

the purpose of showing that the abutment piers are set out in correspondence with its

principles ; it is not contended that a knowledge of this curve guided the freemasons ia

proportioning their piers, or that their flying buttresses were always placed within it

;

but it is singular that in those structures where their true position seems to have been

decided, the catenarian passes through them.

Bath Abbey section {Jig, 1319.) is an example which exhibits this most perfectly; and by

n comparison of its section with that at Wells {Jiy. 1272.), it will be perceived that the struts

are difierently placed, and that the earlier example is defective : Jig. 1 '29S. represents R'>slyB
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CViarci. in wliich there is evidently some improvement ; but at the time of its construction

perfc-ct knowledge on this subject had not been attained. In a catenarian chain formed of

links of equal length, every side is a tangent to the curve, and the direction of each link is

at ri<J-ht angles to it, acting in a direction perpendicular to the line it forms in the cate-

naria''; andlience its useful application to the science of construction. It is quite clear that

wherever the curve passes through the section of a building, stability is obtained ; and

where it does not, it is doubtful : certainly the best application of flying buttresses is

that which can be tested by this principle.

The main arches of the

roof abut against the outer

buttresses, and spring from a

cluster ofmouldings set round

a circular pier ; the situation

of the small columns and hol-

lows which decorate it being

determined by the crossing

of equilateral triangles. The
ribs of each severy abut in

the centre upon a circle 3 feet

6 inches in diameter, formed
of two stones, and indicated

by No. 1. : in the middle is a

mortise-Jiole 9 inches square ;

No. 2. is in width 1 7 inches

in the widest part ; No. 3. is

2 feet 2 inches; No. 4., 3 feet

8 inches ; No. 5., the same ;

No. 6., 3 feet 3 inches; No. 7.

4 feet 3 inches ; No. 8., the
same; No. 9., 3 feet 2 inches,

and No. 10., which abuts
against the outer wall, 4 feet.

By a reference to the plan
on fig. 1312., it will be un-
derstood how the several

rings of voussoirs which com-
pose the quarter of the para-
bolic conoid abut and are
locked one into the other : the
construction of this vault is

somewhat similar to that
adopted by Soufflout at the
Church of St. Genevieve at
Paris, although his manner
of applying it materially
differs.

Tiie buttress in the present
example has an area of 56 feet.

;

1

I

1

^.
10

---
\/ 'f , ,

Fig. loll.

Fig. 1310. king's college ciiArtL: ribs of vault.

equal to that of the piers, to which it is attached ; or the two piers and buttresses together
have an area of 224 feet : it is curious to find that ot the 336 feet before given to the
points of support, one-sixth should be applied to the piers, one-sixth to the buttresses,
and the other portion to the walls between ; for 55 ft. 6 in. x 6 = 336 feet— the area of the
poHits of support taken on both sides ; so equally are the parts even distributed.
When the Normans first used flying buttresses, as at the Cathedral at Chartrcs, the

Abbaye aux Homines at Caen, and several other buildings, they abutted them agninst the
ordinary outside wall; but it was soon discovered that a greater resistance was necessary to
oppose the thrust, and prevent the abutments from yielding. Salisbury Cathedral was
probably one of the earliest where flying buttresses were used ; and the opinion of Sir
Christopher Wren is worthy of quoting upon this subject, as it applies more particularly
to the first constructed, and not so immediately to those erected in the fourteenth oi
fifteenth centuries. " Almost all the cathedrals of the C^othic form are weak and dufuctive
in the poise of the vault of the aisles; as for the vaults of the nave, they are on both sides
equally supported and projiped up from spreading by the bowes or flying buttresses, which
rise from the outward walls of the aisles : but for the vaults of the aisles, they are indeed
supported on the outside by the buttresses ; but inwardly, they have no other stay but the
pillars themselves, which, as they are usually proportioned, if they stood alone, without the
weight above, could not resist the spreading of the aisles one minute : true, indeed, the
great load above of the walls and vaulting of the nave should seem to confine the pillars
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in their perpendicular station, that there should be no need of butment inwards , but
experience hath shown the contrary, and there is scarce any Gothic cathedral, that I have

KING S COLI-rCE CHAPEI. : PIERS.Fig 1312.

seen at home or abroad, wherein I have not observed the pillars to yield and bend inwards
from the weight of the vault of the aisle ; but this defect is the most conspicuous upon the

angular pillars of the cross, for there not only the vault wants butment, but also the

21 9

12.3

\
KING S COLLEGE CHAPEL: BUTTRESSES, ETC.

angular arches that rest upon that pillar, and there.'bre both con.spire to thrust it niwards

towards the centre of the cross."

At King's College chapel, flying buttresses are dispensed with, and hajipily the

knowledge of construction had arrived at such perfection, when its astonishing vault was

projected, that we have no evidence whatever of its yielding in any part.

It may seem extraordinary that the Pointed style made so little progress in Italy, the

Byzantine being always preferred : the architects of that country were probably unwilling

to relinquish a mode of construction so economical, half only of the material em])loyed in

the lightest, and a (piarter in the earliest of the Gothic style, being required for the basilica ;

for example, where 100 rods of stonework would be used in the latter, 200 would be

necessary for the style practised at King's College, St. George's Chapel, and Bath Abbey

Church, and 4C0 for that of the Chapter-house at Wells ; this result would lead to th<

oonclusion, that no style is so well adapted fv>r the wants of the present day as the Byzantine
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St. George's Chapel, Windsor.— If we sup-

pose a line on the plan to pass through the

centre of the buttresses and piers, and one

severy of the nave to be defined, we shall

have a width of 12 feet, and a length of

84 feet, the area of which is 1008 feet : after

this we shall find the area of the walls and

piers comprised within this severy to be

168 feet, or one-sixth of the whole ; such are

the proportions of mass and void found in

tliis chapel. The clear width of the side

aisles between the columns is 11 feet 9 inches;

that of the nave 34 feet 10 inches, and be-

tween the outer walls 69 feet 2 inches : the

height of the top of the vaulting of the nave

is 54 feet 2 inches. The height up to the

springing line of the great vault over the

nave being equal to half the entire width,

it is evident that two squares must comprise

within them the entire building beneath this

line; upon setting them out we find the nave

and its pillars occupy one, whilst the other

is given to the side aisles, external walls, and

buttresses.

The Rev. John IMilner, in his admirable

treatise on the Ecclesiastical Architecture

of England, which has been the text-book

for all modern writers, states that " its rise,

progress, and decline, occupy little more

than four centuries in the chronology of the

world : as its characteristic perfection con-

sisted in the due elevation of the arch, so its

decline commenced by an undue depression

of it. This took place in the latter part of

the 15th century, and is to be seen, amongst

other instances, in parts of St. George's Chapel,

Windsor, commenced by Edward I V. in 1 482

;

in King's College Chapel, Cambridge, and in

the Chapel of Henry VII. at Westminster.

It is undoubtedly true that the architects of

these splendid and justly admired erections,

Bishop Cloose, Sir Reginald de Bray, &c.

displayed more ait and more professional

science than their predecessors had done; but

they did this at the expense of the character-

istic excellence of the style itself which they

built in."

" In St. George's Chapel we have the

work covered with tracery and carvings of

the most exquisite design and execution, but

which fatigue the eye, and cloy the mind by
their redundancy : " but we have also a

building constructed with one-half the ina-

terials that would have been employed had
the style practised in the chapter-house of

Wells been adopted. The admirers of the

Pointed style have not sought for the true

principles which mark its several changes
;

they have not examined into its constructive

arrangements; had they done so, they would
have perceived that, as the skill of the free-

masons advanced, and their workmanship im-
proved, they economised material, con-
structed more solidly, and produced a richer

and more harmonious effect, without sacri-

ficing any of the principles which governed
their practice ; the improvements they made
Mrere as great as those noticed when the

ST. ceokoe's chapel, WlMlSOa.
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Doric proportions were changed to tlie Ionic. In the Doric we had two-thirds mass, one-

third void ; in the Ionic half mass, half void ; at Wells Chapter-house one-third mass,

two-thirds void ; in St. George's Chapel, one-sixth mass and five-sixths void.

ST. GEORGE'S CHAPEL, WINDSOR.

The plan of the pillars is that of a dou!)le square, or parallelogram, the diagonals of

which latter figure become the sides of equilateral triangles tliat serve for the settmg out

Fig. 1310. PIER OK ST. GEOUOE S UIIAPEL, WINDSOR.

the gpbtys, upon which the several mouldings are cut : from east to west these piers ure 3 feet

1 iuch, from north to south 3 feet 6 inches, not t>i>vnurisiiip i,u this last diineusioi. the three
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small columns on the fall towards the nave, or the single column on that towards ti.e side

aisles, the first of which projects 61 inches, and the latter 4 inches.

The mouldings around the windows and their muUions are shown at the side of the

pier in their proper position.

Division of the Nave of St. George's Chapel— The mouldings set around the plan of

the pier are continued up to the vaulting of the roof, without any other mterruption

except where they are mitred round the arches.

Bath Ahheij Church is 89 feet 5 in. wide from face to face of the buttresses to the

nave: whose clear width is 29 feet 10 in., or one-third oftlie whole; and each of

the side aisles is a trifle more than the half of the width of the nave, being 15 feet 8 inches:

the walls and piers added together are not quite equal to a third, as they amount only to 14

feet 2 inches on each side, or together to 28 feet 4 inches, the difference being given to

increase the side aisles.

The section of this beautiful building presents

to us all the improvements made in vaulting, and the

right proportions as well as directions to be given

to the flying buttresses: in the first application of

those supports, as at Salisbury, they are evidently

misapplied, but in the example before us we find

that the constructors had arrived at a knowledge

of the principles of the catenarian curve, which

is traceable through the solid masses of the section ;

it was by slow degrees that the fr. emasons arrived

at a knowledge of the peculiar properties of this

figure ; had it been known at the first commence-

ment of the introduction of flying buttresses, we
should have had a better application of them ; in

several instances we find them adopted where no

advantage, or very little, could be derived from

them.

Division in Bath Ahbey Church differs from all

other examples of this period, by the height given

to the clerestory and the omission of the triforium :

the judicious and excellent arrangement of the

flying buttresses permits of the greater display

of glass, which in the sixteenth century had arrived

at its most gorgeous state, rich in every colour, and

beautiful from the drawing of the patterns, and
figures with which it was covered.

Bishop King commenced this building about the

year 1500, on an entirely new site, near the old

church : from the centre of one pier to that of the

other is 20 feet 1 inch ; the thickness of the outer

buttresses 3 feet, and their projection 4 feet; one
severy of building contains 1650 feet, and the area

of the points of support is 275 feet, or one-sixth.

The pillars are square, though set diagonally, their

width from nortli to south and from east to west
being 5 feet, and the Ojjening oftlie arches between them 15 feet 1 inch ; h;i!f their plan
and base is shown at fig. 1320. : the height from the pavement to the top of the capitals,

where the sculptured angel is placed, is 56 feet 3 inches, and to the top of the vaulting

73 feet 6 inches, within 7 feet as much as the clear width between the outer walls.

Fig. 1321. shows the plan of the stone vaulting, which is perfectly geometrical in its

setting out ; the cloisters at Gloucester, the aisle at the east end of Peterborough cathedral,

and St. George's Chapel, Windsor, have vaults of a similar kind.

The thickness of the stone which compiises the vaults of fan tracery varies according to

its position, but in no instance is it considerable, or more than absolutely necessary to resist

crushing. The spire of Salisbury, 180 feet in height, of an octangular form, looasures from
east to west internally 33 feet 2 inches, and from north to south 6 Incnes more ; the

thickness of the spire at bottom is only 2 feet, or the area of its base is half tliat of the

void, the void containing two parts, and the solid around it one ; this spire diminishes In

thickness for the first 20 feet, after which it is 9 inches in thickness throughout ; at about

30 feet from the summit is a hole, by which an exit from the interior may be made, and
liy means of the crockets and irons on the outside the top of the spire may be attained: in

1816 the writer examined the position of the vane, and the manner in which the ca)ipiiis»

stone was placed, and descended astonished at the perfection of the masonry, and the
thinness of the stone with which it was constructed.

Fig. 1317. BATH ABBEY CHURCH.
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Tlie Lady cliapel at Cauilehec, near Rouen, Normandy, exhibits the maiiiicr of suspending a
keystone by locking it betweeii the voiissoirs of a strong sem;circuh«r arch. The length of tliis
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pendent stone is 17 feet

6 inches, and its thick-

ness at the to]), where

focked, is ;iO inches : the

voussoirs are :5 foet in

Jopth ; the small pointed

arches or ribs that form

the _s:^roining of tlie hexa-

gonal vault spring from

the side walls and the

ornamental knob of the

pendentive, and are per-

fectly independent. The
abutments of the semi-

circular arch, which has

a radius of 12 feet, are

formed by solid walls

continued for some
length in the direction

of its diameter. This

sacristy is hexagonal

;

each side internally

measures 12 feet, and the

height from the pave-

ment to tlie springing

of the ribs is 1 8 feet.

Henry the StventlCs

Chapel, ll'estininster.—
The first appearance of

the pointed arch \va^
,'

'

probably a little before 1—

the termination of the

twelfth century; the pil-........... ..w.......^, , I-..

lars and mouldings which then accompanied it were of Saxon origin : to its acute form was

Fig. 1324. HV.K OF HENRY VII. 's CIIAPEI,.

afterv/ards added the slender Purbeck columns and simple groining, producing that unadorned
majesty which reigns tliroughout the cathedral of Salisbury. This style underwent
beveral changes, and was succeeded at the latter end of the thirteenth century by another, in
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which the arch was struck from more than two

centres : the naves of York, Canterbury, and

Winchester Cathedrals hnve been cited as

atnoniT the best examples. But we have now
to describe the principles of a style founded

upon the others, and applied to all buildings

ill Kiifflaud from the middle of the fifteenth

to the middle of the sixteenth century ; it is

not met with on the continent, the Italian

jniversity of Tororsto Robartb

Aor- 9R

m FISHER zziriBE

encyc Iopaed ia o f arc h itecture

,

btorical, theoretic

05/06/" 19'9S

^1
III Pflllill ilililtii

-
: nM^^Looo^6'4'6 Sb-c-o-c-S^

tis- I3.'.'j.

1 ill.
HEMIY VII 'S CHAI'EL
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Fig. 1326. SECTION OF HENHY Vll'S. CHAPEL.

6 inches, and the clear width of the nave 33 feet. The entire width, at tlie basement or level

of the pavement of the crypt, is 79 feet : 26\ feet, or ^, is devoted to points of support, and

52| feet, or §, to the side aisles and nave ; the area of a severy shows
J
applied to walls

and piers, and j to the void, which proportions accord with the early rather than with the

late etamples ; the great weight of the vaulting, which is 62 feet high from the pavement

of the chapel, requiring additional strength, the proportions of St. George's Chapel at

Windsor woidd not have been equal to tlie necessary resistance. (See par. 2002w.

)

Our limits will not permit a more extended inquiry into the principles of proportion,

the study of which is calculated to produce an important improvement in the noble art,

for the practice of which the young architect must prepare himself by careful measure-
ment, not only of the ruins of the Acro[)olis and of tlie Capitol, but of all that remains of

mediaeval architecture: he must be a pilgrim seeking after truth, not bowing before any
favourite shrine, but returning with a devotion as enlarged as his subject. The stupendous
works which antiquity has transmitted to us, it is hoped, may excite the attention of the

general reader, nor will his interest be diminished by the contemplation of the astonishing

development of modern industry. The writer cannot but feel the importance and variety

of his subject, and, while he is conscious of his own imperfections, he must often accuse tiii?

deficiency of his materials: but the results of ins labour, however inadequate to h:s own
wishes, he finally delivers to the candour of the public.
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The Figure of the Cube has from time immemorial been selected l)y tlie .Trchitfct

and engineer as l)est suited for every vnriety of edifice ; and it is lemarkalde tliiit the

rnnltiplying of the cube constitutes the design of tlie Greek tiniple, the Gothic catliedial,

and the modern iron structure at Sydenham, tlie variety of effect dei)cnding upon tiie

mode of its apidication. Reviewing the temples of tlie ancients, we find tiiat those com-
posed of a portico of four columns, and six intcrcoluinniations on tlie flank, or seven

columns; that the whole constituted a double culie, or two cubes side by side. A
cube of 32 feet 4 inches in height, breadth, and length, placed behind another of the

same dimensions, would represent the entire mass of the temple of P'ortuna Virllis

at Rome.
The teinple of six columns, or the Hexastyle, is composed of nine half culies, or three

entire, placed one behind the other, with the addition of three half cubes against tiie sides

of the lirst, making altogether four cubes and a half.

'i'lie Octastyle temi)le is composed of nine whole cubes, or four cubes and a half in

deptli, repeated twice, i>laced side I y sid?. The Parthenon is thus formed of cubes, wliose

sides each measure 50 feet 6 inches; two occupy the front, of 101 feet ; the depth of tiie

four and a half cubes aie a trifle more than 227 feet, tlie true extent being 227 feet 7 inches.

Six cubes, ])laced one above the other, form the design of the Campanile, at Florence,

commenced by the celebrated Giotto in the year 1:534 ; and on tlie breaking up of tiiese

cubes info ornament, the perpendicular lines are lengthened out, whilst in the Greek
temple the horizontal are made to preponderate ; repose in the latter, and lofty aspiration

in the former, marks tlie distinction between them.
' 'I'he Tower of liochester Cas/le, usually supposed to be of Norman construction,

perfectly resembles the far-famed Coliseum at Rome, in the manner in which the spiral

vaults are executed, and in the general method adopted in carrying up tlie massive
vails. 'J'he cement employed was evidently manufactured on the spot, as it is eniirely

composed of the materials found close at hand, and the stone such as could be brought
down the Rledway, and quarried on its shores. If this enduring structure »as the work
of Gundulph in the 12th centu'y we have the strongest evidence that the Roman a'ts of

construction were continued without any change either in the art or mystiry of building

up to that period at least.

I'he building is a cube and a half nearly, being about 74 feet square without the en-

trance poreh, and its height to the top of the angular t.irrets is 112 (eet. A square divided

into twenty-five equal squares exliibits its plaa ; the sixteen outer squares represent the

thickness of the walls, in which are galleries, rece ses, and contrivances necessary for its

protection against an enemy ; the nine inner squares of the plan are divided into two spacious

rooms, one being 45 feet by 19 feet, the other 45 feet by 21 feet; the wall that divides

them is 5 feet 6 inches in thickness. The height compris'S a, basement story and three

others beneath its roof, whieli has been vaulted, and which is 90 feet to the top of tlie

battlement, and 112 feet to the top of the turrets.

Rules adopted by the Freemasuns in setting out their Buildings, from the Tenth to the

Fifteenth Century:—
In the foregoing remarks on Proportion some general rules have been suggested as to

mass and void, and more particularly the jjrinciples of setting out the windows and
tiacery of the English and French cathedrals. On referring iigaiu to this inieiesting

subject, the writer was led to intjuire why the structures of the latter country should be

so uniformly larger than those ef the former, from which they differed but little in style,

])reserving the same relative jircportions, though dlffeiing in dimensions. Guided by the

sii))position that the buildings of the above period were the works of fraternities of

fieemasons, it seemed conclusive that they should have soine standard of measurement,
either of their own or peculiar to each country ; and. on testing the measurements with

that view, it resulted that tho^e of England were set out with the English perch of 16 feet

6" inches, and no doubt by an English lodge; while in those of France the French pircli

royal, of 22 fifirf.s- du roi. equal to 23'452 English feet, was employed ; the few exeejitions

atBa^eux, Caen, St. Geor_e Bocherville, and some oiliers wiili round arches, and the

elegant church of St. Ouen at Rouen, in the flamboyant style, are set out with the English

pereli of 16 feet 6 inches, and are universally attributed to English constructors; they

certainly most curicnisly agree in proportion and dimension with the English cathedrals,

which have two cubes given to the nave, producing on the plan a Latin cross, instead

of the Greek so usually fjund in Fiance. It would seim that the standard measures

referred to were well and wisely chosen, as if intended to apply to all times and all

varieties of structure ; for it is singular how nearly the dimensions of the cubes of the

fairy palace at Sydenham, 24 feet, coi'respoiid to 23 ^cet 6 inches of the royal French

Jieich.

To illustrate this subject fully is not wiiliin our present narrow limits ; a very few

examples must suffice, out of the numhers which migiit be adduced in su|)port of the

proposition; and it is earnestly hoped that tlie young architect may he sufliciently int&-

3 Y
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rested to test the theory practically, that while he admires their picturesque beauties, he

will examine by measurement tlieir plans ar.d sections.
_ , , .

Of the French Cathedrals, we must be content to refer to Chartres, Reuns, and Amiens

as those most admired, and which serve as examples of the application of the French perch

in setting out their various parts as well as tiie wliole.

C7tartres Cat/(e(/ra/, in which tlie pointed arch first appears, is a structure of the 1 lib

century, and one of the most remarkahle, as well as beautiful, erected after the first intro-

duction'of the jjoiuted style by those who had journeyed with the Crusaders, and had an

opportunity of studying their craft in the East.

Tiie ])ro|)ortions are simple in the extreme. A cube is devoted to the nave, two to tiie

transept, one to tlie choir ; in addition to which, at the eastern extremity, is a semicircular

termination witli six polygonal chapels attached, forming on the plan a Greek cross of

admirable design. .....
The nave, comprising six divisions of pointed arches on each side, is m its length and

width six royal perches, the distrii)ution of which will enahle the reader to comiirehend the

setting out of tlie entire plan, which he can refer to in several publications.

Tlie clear width of the nave is two royal perclies between the clerestory walls ; each

side aisle is one royal perch, and the distance from the middle of one pier to that of the

otiier, from west to east, is also a royal ].erch.

The entire width of the nave from out to out, that is to say, from the face of the exterior

buttresses, is six royal perches, four perches being given to the two side aisks and nave for

their clear widths, and the other two to tiie projection of the buttresses, tliickness of tlic

two outer walls, and those of the clerestory of the nave.

If the royal perch be divided into three, one part constitutes the diameter given to the

pillars, and another the thickness of cacli of the walls of tlie side aisles.

The internal lieigiit of the nave is tlie same as its clear internal width with side aisles;

so justly is all iiroportioned that the perch royal, and its division irto three, enables us

to comprehend the dimensions of tlie parts, as well as that of the entire mass of construc-

tion.

Reims Cutliedral was similarly set out. The clear width of the nave is two royal

perches, and each of the side aisles is one perch. The extreme width of the nave, comprising

the projection of the buttresses, is six royal perches; the diameter of the piers, one-third

of a royal perch, as in ihe example of Chartres.

It must he observed that the dimensions do not apply to the clear distances between

the pillars, but to the space between tlie walls, which in the clerestory are peculiar for the

contrivances of a gallery, which usually continues around the entire cathedral, and which

will he better understood when we treat upon Amiens Cathedral, reserved for a fuller descrip-

tion. That the percii was the standard of measurement there can be no doubt; for in the

smaller churches of Great Britain, as that of Roslyn, for example, the nave is a single percli

in width, and the side aisles half a perch ; the proportions of the parts being al o those of

the third of .in English jiercli.

Salisbury Cathedral, a contemporary structure with Amiens, is set out with the English

perch, and alibrds the best commentary upon the two standard measures made use of in

the same century by the French and English freemasons.

The Nave of Amiens Cathedral is usually admired for its elegant proportions, and by

several eminent critics has been cited as the Lean ideal of that style of architecture so

universally jiractised during the middle ages, or after the Romanesque had been discon-

tinued. It is one of the most simple in it*^ arrangement, though at first sight, removing

all idea of simplicity, and ajipearing so comi'licated from its vaiiety of parts, as to defy the

application of any ordinary rules; the numerous arcades, the narrow and lofty compart-

ments, the vaulted divisions, the diagonal anu curved lines, blending one into the other, and

apparently without limit, it is some time before the eye can acqui see in the idea that such

an edifice can be brought under the same law.-, as a Greek temple, or that the cube could

lie the measure of its jiarts or its whole. In taking the measurements, however, of this rare

example, the dimension of 2 i feet 6 inches so frecjuently occurred that it seemed to denote

a standard by which to arrive at the length, bieadth, and height of the whole, and that if

considered after the manner of Sebastian Serlio where he describes Biamante's plan of St.

Peter's, we might arrive at something like a clue to the whole design.

It is curious to note, in the work of the abov^ mentioned architect, several allusions to

the cube, in the defining the parts as well as the whole of a design, and there can be little

doubt that this simple figure served as the means of measuring the quantities, of either

solid or void, in every period of the constructive arts ; certainly none presents to the archi-

tect a better means of comprehending or of r.'.easuring (juantity, and none is more readily

subdivided, or rendered sub.servient to the taste of the designer, whatever maybe the archi-

tecture he is anxious to imitate.

Within an isometrical cube may be placed the entire nave of Amiens Cathedral ; and the

better to understand its proportions, we must suppose each S(]uare or cube into wliicl. it is
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divulL'd (o inpasui-e 2:3 feet G iiulics each side, or the isometrical figure to contahi2IC

such cubes; the total height, widlli, and length being 141 feet, or six times the 23 feet

6 inches. ( See >y. 1327.)

On the plan are six divisions in length and widtl), or altogether 56 squares ; each mea-

sure 23 feet 6 inches on each of their sides. Tlie si.\ outer divisions of the principal figuie

are devoted to walls and buttresses ; tiie adjoining six on each side show the situation

KAVE OF AMIEXS CATHEDEAL.

of the side aisles ; and the two middle divisions that of the nave. The two side aisica

occupy together 12 squares, as does the nave; the remaining 12 being devoted to outer

walls and their buttresses.

Tlie entire area, therefore, has 24 squares to represent its interior distribution, and h.iH

that number its external walls; or one tliird walls, two-thirds void. Such are the gtncral

arrangements of its plan, and its extreme simplicity lias enabled the constructors to execute

the vaulting of the side aisles and that of tlie centre nave by diagonal ribs, wliich in the

former extend over one square, and in the latter two, thus giving to the nave its due pro-

portion of height, witliout changing the principle of its construction.

The freemasons of the middle ages were so perfectly accjuainted wi h geometry that there

is seldom any defect in their vaulting ; it is evident that they laid down their plans for its

execution before tlicy decided upon the form of their main piers; in their setting out,

every part liad its due function ; and the column, which was intended to be connei ted

with the vaulting, either of nave or side aisle, was peculiarly adapted by its position

f()r its use.

'J'he master mason Robert de Luzarche commenced the building of this nave about the

year 1220, the founder being Bislinp Evrard. The pillars of the nave were raised to the

height of their ca|)itals in 1236, but it «as not till 1236 that tlie vaulting was comp'eted;

aiid. about eight or nine years afterwaras the lateral chapels were added.

a Y 2
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To the top of the battlement of the nave there is not quite so much hei;rlit as the outer

wall of the Coliseum at Rome, which is 157

feet ; but it is curious to observe that one

division of this renowned building does not diffc-r

vorv materially in its proportions from that at

Aiiiiens ; the division of the ampitlieatre being

seven cubes in height ; the piers occupy one third

of the width of a compartment, as is usual in Ro-

man structures of the same period. The masonry

of Amiens Cathedr.d is executed after the Roman

models, consequently the pointed arch makes tha

chief difference bet%veen the two styles.

To render the application of the theory of the

cube to the nave of Amiens Cathedral more evi-

dent, or how tlie 216 cubes which the isometrical

figure contains are i)laced, somewhat more of detail

nuist be entered into.

The six main divisions shown in the figure, with

the side aisle behind them, have their points of

support at the four angles of each of the six

squares ; then each square, with its 23 feet 6 inches

sides, shows the position of the lowest cube of the

six placed one above the other, forming the entire

height of each division or severy.

At the top of the second cube is the level upon

whicli the main arches spring, and that upon which

the ribs of the vaulting of the side aisles rest.

The top of the third cube indicates the level

upon which the triforium is bas.'d, and conse-

qiuntly contains the vaulting of the side aisle.

The fourtli cube is the triforium, and the fifth

and the sixth the clerestory.

On examining the section, the side aisles are

three cubes in height, including the vaulting, and

tlie nave six ; the entire open space of tlie interior

has 18 cubes for each aisle, or 36 for the two side

aisles, and 72 for the nave ; in all 108 cubes, or

exactly one half the entire number contained in

the iso'.netrical cube.

It must be remarked that considerable altera-

tions have I)een made since the building was con-

structed ; between the buttresses, chapels have

been formed, and the original windows, which

lighted the side aisles, removed to the extent, or

somevvliat beyond the o'.iter face of buttresses, as

represented. The interior is therefore increased

mate ially in width, and its effect greatly im-

proved, making the entire internal width and
height more in conformity with each other, or

each 1-1 1 feet.

In the elevation of the divisions the boundary
of eajh of the six cubes is more clearly marked.
The width from centre to centre of each pillar, in-

dicated by the seven circles (y?^. 1:528.) is 23 feet

6 inches ; to the top of the capitals from tlie

pavement A B, the height is twice that dimension ;

tj the i)ottom of the bases of tlie column of the

triforium B C, the same ; thence to the bottom of

the glass of the clerestory windows C U, the same

;

to the tops of the capitals or'spring of the arches

D E, the same ; and above that line to the under-
side the vaulting E F, the same; thus, six times

23 feet 6 inches, or 141 feet, is the total iieiglit

from the pavement, of the division represented in

fig l-'528.

As the groined vaults of the side aisles are set ng. 15'28. elevatiox of navi- amiens.

out upon a square, and the width from the centres of piers is the same as these towards the
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nave, we have tliree perfect cubes of 24 feet in eacli severy up to the bottom of the trifo-

rium story, and tlie same number from thence to the top of the vaulting of tlie nave.

The main pillars are 7 feet, and 7 feet

2 inches in diameter, composed of a

large cylindrical column, with others

attaclied for the support of the vaulting.

Towards the nave there are three

columns which are carried up to the

height of about the middle of that of

the clerestory windows; on the capi-

tals which terminate them rest the

cross springers and diagonal ribs of

the vaulting. The arches of each

division are 4 feet 9 inclies in thick-

ness, and rest on the side columns, of

18 inches diameter. The faint line

on the plan Jig. 1329. represents the

pier and mullions of the division of

the clerestory window.

The seven circles shown in fir;. 1328.

exhibit ihe proportion each pier bears

to the opening, namely, that of two-

sevenths for piers, and Hve-sevenths

for the space between them. The
dimensions vary a little as taken

throughout the six severies, as in

some instances the diameter of the

piers varies as above stated.

It may be remarked that th.e contour

of the torus and scotia in the base,

are not sections of cylinders or their

))ortions, hut partakes of the ellijUical.

Tlie mouldings below, are contoured

differently to those above, the eye, and
consideration is given to their position, ^g 1530.

to produce proper effect.

PLAN OF COLUMNS ; AMIENS.

...7.2-

---1:6:.

:
'- ^
j^j^ :

s - v^

Fig. I33i.

AMILNS. Fig- 1533. riEKS IS SIDE AlSUiS.

The base and capital of the main pillars, as here shown with their dimensions, is the

same as the front view towards the nave, with the exception that the two 7-inch columns

at the side of that in the middle are omitted.

The piers tliat divide the side chapels, and the original outer buttresses, have been

changed probably from their original design ; they are now 8 feet wide.
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The clerestory wiiul;)W wiili its piers ami ir.ullions lieing al.cady given (./?/. 1329.) it

reiimiiis to show tlie plan <f tlie piers .
— , -^ ^

mid miillijns of llie triforiuni, and - J
its gallery or passage, which has a '—-—»

,

—
-^

^

clear width of 20 inches l)etween tlio
;

• Z^ ;

inain jiier and the outer wall, which
|

- '.

is about 10 inches in tiiickness (/^, 'k ^ 3 \
^ '

1334) The middle mullion, or that

which divides the triforiuni into two

jnincipal arches, is 2 feet 6 inches in

width, and composed of seven srall

columns, as shown attached to the main

pillar, which has a depth of G feet 8

inches.

The ordinary decoration in tiiis ca-

thedral is very sim|)L', consisting of a

circle, comprising either three, four,

five, six, or eight others ; the centres

of wiiich and their ))ortions may he

understood by reference to the five

diagrams Jlffs. 1335. to 1339.
_

Soul,.-
j,.^ ^..^^

tured foliage oc.;iirs in the capitals and
along the stiing mouldings; figures, however, of the most elaborate execution and design

decorate the exterior, and particularly around the chief entrances; perhaps few buildings excel

the Cathedral of Amiens in the richness of these portions, or the magniKcence of its porches.

In describing the JiffS. 1292. and 1294., an attempt was made to convey an idea of the

geometrical style of the tracery in the rose windows, as well as those of the side chapels.

We cannot quit this part of our subject without regretting the want of further sjiace for

the treatment of this very interesting reference to the arts as displayed by the builders of this

yeriod, particularly as the principles upon whicli they practised are so little known. Simple as

they were, their .system seems to have been forgotten after the lodges of the freemasons

were broken up, and the new era a|)pearcd. The renaissance, or the return to the Greek

models, at once set aside all knowledge of that <irchitecturc which had attained such per-

fection in Europe for four centuries.

THE BUILDING I'OH. THE EXHIBITION OF THE INnUSTllY OF ALL NATIONS, 1851,

This building was stated to liave been suggested to the Society of Arts in .Tune 1845 by
Ills Royal Highness Prince Albert, and it was not long ere the plan for its adoption was

developed. The public quickly responded to an appeal by subscribing 75,000/. to enable

the commissioners to erect a suitable building, to be conijileted by the 1st of INIuy 1851;

the site being granted by Her INLijesty, on the south side of Hyde Park ; and all

that was required of the exhibitors \ias, to deliver their various specimens of art and
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niamifacture at the building which would be provitleil for them. Mr. Puxton, aftei boine

otIicT designs had been set aside, submitted a design composed chiefly of glass and iron,

whicli Messrs. Fox, Henderson, & Co. toiidcred to construct for 79,800/. Tliis was imme-

diately carried into etT'ect.
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I'lie site for t!io buildirvr contal.icd about 26 acros, being 2,r?00 feet in length, and

501) fl'et in brea.lth ; tlie principal front extending from west to east. The total area of the

ground -floor wns 772,784 superficial feet, and that of the galleries 217,100 square feet.

Tlie kngth of thesi" galleries extended nearly a mile. The cubical contents of the building

were estimated at 3;i,000,000 feet.

There were used in its construction 2,300 cast iron girders, 3 J8 wrought iron trusses

far supporting the galleries and roof, 30 miles of gutters for carrying water to tho

columns whioh served as water-pipes, 202 miles of sash-bars, and 900,000 superficial

feet of glass.

0;i the ground-floor, 1,106 columns of cast iron, rested on cast iron plates, based upon
concrete ; t'.iese columns were 8 inches in diameter, and IS feet 5^ inches in height ; they

were cast hollow, the thickness of the metal varying from | to 1^ in , according to

tlie weiglits they were destined to support. The sectional area was increased by foui

broad fillets or faces, 3.7 inches in width, and a little more than a sixth of an inch in

thickness.

The principal entrance was in the centre of the south side ; passing through a vestibule

72 feet by 48, tlie transept was entered, which was covered by a semi-cylindrical vault

7-' feet in diameter, springing fiom a height of 68 feet from the fljor; and tliis vault of

iron and glass was in lengtii 408 feet from north to south. On each side of the transepi

was an aisle 24 feet wide.

Sta.iding in the middle of the transept, the vista or nave, at right angles, extended eas\

and west 900 feet in each direction; the to'al length being 1,848 feot. This na>e was
7'i feet wide, and 64 feet hiuh ; and on each side was an aisle 24 feet in width ; and above,

at a height of 24 feet from the floor, weie galleries which surrounded the whole of the nava
and transept.

Beyond these side aisles and parallel with them, at a distance of 48 feet, were second

side aisles, of an equal width to those already mentioned, and also covered with galleries on
a similar level to the others. Bridges of communication were made at convenient dis-

tances, to allow of an unbroken promenade, and from which a view of the several courts

might be olitained. These courts were roofid in, at the height of 2 stories, and were 48
fjet in width. Ten double s'aircases S teet wide gave access to the several galleries.

After the transept and nave were marked out, tiie general arrangement consisted of a

series of coiniiartments 24 feet square, and as much in height; these bays or cubes were
each formed of 4 columns, supporting girders jmt together very ingeniously. One of tliese

bays or gallery-floors, 24 feet square, containing 576 superficial I'cet, was calculated to

su]iport as many cwts , or 30 tons.

The symmetry and strength of this vast building depended upon the accuracy with which
the simple plan was drawn out, and much credit is due to ]Mr. Broungar, who superin-

tended tliis portion of the work. He had to establish a series of squares of 24 feet, and this

was admirably effected by rods of well-seasoned pine, fitted with gun-metal cheeks.

Stakes were driven into the ground to mark the position of the columns, their precise

centres being afterwards found by the theodolite, and marked by a nail on the top of tiie

stalce or pile ; and when the digging commenced for the foundations, and there was a ne-

cessity to move the pile, a right-angled triangle was formed in deal, and previous to the re-

moval of a stake, a nail indicating the position of the column was placed at the ai)ex of the

triangle ; two oiher stakes were driven in, and the first withdrawn. The entire ground jdan
may be considered as co.mposed of 1,453 squares, each containing 576 superficial feet. Tlie

south front occupied 77, the east and west fronts each 17, so that the entire iiaralielcgrani

contained 1,309 of these squares; on the north side were 48 others, 3 divisions in depth,

making an additional 144, thus completing the number stated. The nave, transept, and
courts were formed by tlie omission of the columns, where their width required to be
either 48 or 72 feet, and girders of sufficient strength were substituted to span the space

where such columns were onitted. Had each of the 1,387 squares of which the plan con-
sists had its compleuient of columns to have )icrfectcd each cube, 1,502 would have been
required; but the toraiation of the wider openings occasioned only 1,106 to be employed,
so that, by the omission of a third, the courts, nave, and transepts acquired their adnured
proportions. Each of the 1,387 squares was 576 sujierficial feet, or a total of 798,912
superficial feet. I'lie columns being 8 inches in diameter, the area of the section of the
whole 1,106 was 380 superficial feet, or the points of support were a trifle mure than a
2,000th of the entire area, for ^-^'/ij^'-S ^2,102.
When we compare the Crystal Palace with one of the lightest constructed basilicas of

ancient Rome, we are astonished at the difference in the projiorlicns. For instance, the
total area of the basilica of St. Paul without the walls of Rome, was 108,000 superficial

feet ; while the points of support were 12,000, or one ninth. The Crystal Palace, which
was seven times the area of the basilica of St. I'aul, had it been constructed in a similar

manner, would have required 84,000 superficial feet for the points of support, instead of

380 superficial f;ct.
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In tlie Saxon cathedrals, one tliird of the entire area was employed for "alls and ])iers
;

m the Pnntheon at Rome, one quarter ; in St. Paul's, London, one sixth ; and in most of

the cathedrals constructed from the 12th to the I5th century, the same proportions are

practised ; hut we have never hitlierto seen any attempt to lessen the proportions of the

supports beyond a twentitth of the entire area, when the ordinary building materials,

as brick or stone, have been employed, whilst in this instance iron columns are found

sufficiently strong, wlien they have the proportion of a 2,000th part of the whole, or are

one hundred times less in section tlian their points of support, estimated as a twentieih

of tlie whole, and which we have considered as the lightest of the constructions hitherto

practised; the round Temple of Claudius at Rome being the example. TredgoJd

calculated that an iron column of cast iron 8 inches in diameter, and 24 feet liigh,

will carry nearly 50 tons, or 1,106, 55,300 tons; so that, if each of 1,387 squares had

to sustain 30 tons, there would be ample strength, this not amounting to more than

41,610 tons.

In preparing the foundations for the columns, great care was taken to arrive at the

gravel, upon which a bed of concrete was thrown ; and it was estimated that a pressure per

superficial foot of 2^ tons should be provided for. The concrete varied in depth from

.S to 4 feet, and was finisiied by covering the top with a surface of fine mortar, worked
even and with a level face. On this was laid a base plate for each column, the lower p:irt

CDUsisting of a liorizontal jilate having attached to it a vertical tube of the form of the

column it was to carry. The length of these base plates was from north to south, so

that the water brought down by the columns from the loof might run in the

direction from east to west. Into the sockets, cast iron pipes 6 inches in diameter

were inserted, for the purpose of conveying the water into the cisterns and tanks provided

to receive it.

At the upper portion of the base plate four holes were cast, in as many projections,

which answered to others at the foot of the column to be placed upon it, which, when
fixed, was secured by nuts. Between the shaft and its base, pieces of canvas dipped in

white lead were introduced before the joints were secured, which were thus rendered water-

tight. The columns were 8 inches in diameter, and those on the ground floor 18 feet

5^ inches in height, being cast hollow to allow of a current for the rain water ; tlie strength

of tliese columns was increased by four projecting ribs, and by the form of angular additions

made to receive the nuts and screws.

IVte Crystal Palace at Sydeiiliani had also the simple cube as the nucleus of which this vast

edifice was composed ; and
the simplicity of its form
enabled tlie constructors, by
a small variety of castings,

to execute the wliole. It

was to this locality that

tlie materials of the Hyde
I'ark building were removed
and readapted to a much
more extensive erection,

Three cubes, ])Liced one on
the other, formed the si.ie

galleries, as seen in tiie sec-

tion, fig. 1342 The omis-
sion of six such cubes mea-
sures the width and iieight

of the nave to the level of
the springing of the arched
covering; such are the sim-
ple proportions composing
this vast- structure. On the

ground floor is laid l)oard-

ing I}; inches in tliickness,
ii«. iU2. SECTION OF THB CRYSTAL PALACE, svi^E.NHAM. 1 au inch apart, upon joists
7 inches by 2| inches, which rest upon sleepers 13 inches by Si'inches, placed 8 feet apart.
The second tier of columns are 16 feet 1\ inches long, with connecting pieces 3 feet 4i-

inches deep, and a similar girder to those below. The'tliird tier of columns and connecting
pieces in every case are the same as the second.
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CHAP. V.

SPECIAL SUBJECTS.

28G1 to 2940. Mr. Gwilt wrote, in 1842, Chapter V., Public and Pbivate Builtiings.

Tlie si'veral soctious were roviscd and enlarged ;ind additional ones inserted in 1867, anil

Hg.un in 1876. The progress in most of the subjects, as well ns of others, has been so

great of late years that u volume for each might well be written, giving the later

examples and principles of arrangement. As it is a convenient place in this work for

specially treating some subjects, the chapter is retained under a new heading. The

se tions Ventilation of Buildings and Warming of Buildings are taken to Usk of

Materials or Phactical Building, Chapters XIII. and XIV., and most of the other

sections are inserted in the Glossary. The student will find in the List of Books many
works relating to the subjects, of which he may be in search.

Sect. I.

THEATRES,

2947. A taste for dramatic representations prevailed at a very early period among tlie

people of antiquity, and this was not diminished by the introduction of Christianity, even

when the temples were deserted and paganism seemed extinct. The destruction of those,

however, was its concluding triumph. It would bo a difficult matter to fix the precise date

of the abolition of the pagan theatre, but it seems likely to have resulted rather from the

falling into decay of the old theatres than fr.im a disincliuation on the part of the people

to the pleasure they leceived at them. With the revival of the arts, the taste for scenic

representations appeared with the literature on which they are dependent. In Italy we
find, therefore, the drama at tliis period ropiesented in very large enclosures, such as the

amphitheatre constructed by Bramante in the large court at the Vatican, whence the

taste soon spread over all the nations of Europe.

2948. The pleasure which flowed from this renewal of an ancient art was at first con-

fined to few, and those were either men of learning or select societies, who bore the expenses,

and again raised in the country a renewal of a theatre much resembling those of the

ancients as respected the form and dispoi-ition. To prove this, wo need only cite the

example of the celebrated theatre at Vicenza, built by Palladio in 1583, and designed in

imitation of the ancient theatres. A full account of this building is given in L'Origiiic

dcW Academia Olympica, ^c. Opera di Ottavio Bertotti Scamozei, Vicenza, 1690. For
dramatic representations this theatre is no longer used, and at present it is only recog-

nised as a monument of the extraordinary skill of the architect, and a memorial of the

dramatic buildings of its period. The theatre at Parma, built by Alcotti, is amjthcr

building belonging to the same class, and preserved, like the la.'it-mentioned, as a curiosity.

2949. When, however, the taste for scenic amusements began to spread, the sovereign

princes, who alone could support the expense of such establishments, began to make tjiem a

necessary part of their palaces ; and the theatre, no longer a public and essential building,

bee ime wh it it now is, a place which served for the habitual amusement of those who
could afford it. The drama again revived, and its history is an index to the edifices that

rose for its representation. Becoming thus necessary for the amusement of the better

classes of society, the establi.'-hment of tlieatres was undortakon by individuals in almost
every city, and competition was the natural consequence. Then began the division of

the theatre into different parts, the entry to which was marked by different prices, and
the separation of the common people from those of rank and fortune.

2960. Italy does not contain so many theatres, nor of such consequence, as might be
predicted from the taste of its inhabitants. Among the earliest of con.'-equcnce was that

built at Bologna in 1763 by Antonio Galli Bibiona (not to mention that built at \''c'r<)na

under the direction of the celebrated Scipio Jlaffei by Francesco Galli Bibiena), with a

noble portico in front and salons in the angles, possessing moreover great merit in its
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interior distribution. In tliu Italian tlioutres tliere is almost invariably a certain feeling of

grandeur and nnity about the interior little to be oxi^oi'ted from tlio exterior, which in no

way leads the spectator to the suspicion of ii fine Salle de Spectacle behind it.

2951. France has the credit of having erected the first modern theatre that can be deno-

minated an example in this species of monumental architecture. That to which we allude

is the theatre at Bordeaux, which is 325 feet in length, and half that measure in fl'idth.

Whether we consider the exterior or interior of this edifice, everything is grand; the

acces-sories are worthy of the whole, and the richness of the interior decoration is only

equalled by the fine forms whereon the decorations arc used. TUe ingress and egress are

admirable; and a splendid concert-room and magnificent staircases complete the destina-

tion, to which it is so suited, as to afford the finest model of a theatre to which we can
refer tiie student. The plans, &c. of this work were published by its architect, V. Louis,

under the title of Salle da Spectacle de Bordeaux, atlas folio, Paris, 1782.

2952. 'J'lie principal points for the consideration of the architect in the composition of

Ji theatre may Ijc classed under the heads of utility, suitableness for the purpose, and taste

in combining them. Under the first htad must be j^laeed the accomplishment of two main
objects, those of seeing and hearing what passes on the stage. These, indeed, are inti-

mately connected with each otiier, and are entirely dependent on the form adopted for the

plan of the interior, tliat is, the general form given to tiie boxes which surround the pirt

before the curtain. AVe are not aware of any plan which, in this respect, is not based on a

quailrangular, elliptical, or circular form.

2953. The quadrangular form, besides its want of beauty, is not well adapted for ful-

filling the objects with which we set out. In this, the greater number of spectators or

aiidionco who occupy the side boxes are so inconveniently placed, that, to observe what is

going on, their heads must be turned sidowise, and they are hence in a false position for

the object. The actor being generally the point to which all eyes are directed, the i^\)cc-

tator opposite the proscenium will lo >k at him in a right direction ; but as the spectator

removes to the extremity of the side, it is manifest that the angle in which the head must
bo turned becomes sharper, and the position is then painful. IJesides this objection, the

form is known to be unfavourable to heariig or to the propagation of sound.

2954. The truncated oval is in some measure subject to the same inconveniences on the

sides as the last-mentioned figure. It removes also a large portion of the spectators to a
considerable distance from the centre of the scene, besides which, in the boxes near tiie

proscenium, their seats tend in opposite directions to the actor. It has been to remedy these

faults that the form of the horseshoe has been adopted, which is a sort of mean between the

quadrangular and oval forms : and where the plot of ground is much longer than it i.'i wide,

it is a suitable figure, and one which aifords the opportunity of increasing the number of

boxes.

2955. When, however, the circumstances concur in allowing it, the adoption of the

semicircular plan is doubtless the best. It is a figure which allows each spectator to be at

an equal distance from the scene, that also by which the spectators in adjoining boxes less

interfere with one another, that which affords the means of all seeing equally well, that in

which the sound is most equally distributed, and that whose uniformity and simplicity seem
to engender the best decoration. The semi-elliptic, with the transverse axis parallel to the

proscenium, has interior advantages in some respects over the semicircle; but it induces

great difficulty in connecting the proscenium itself with the auditory part of the house,

and, by increasing the width of the proscenium, increases the perplexity in framing (as

formerly) the roof conveniently for the painting rooms, and securely as respects the walls,

2956. Upon the destruction by fire of Drury Lane Theatre a pamphlet appeared,

entitled Observations on the Principles of a Design for a Theatre, by Benjamin Wyatt,
London, 8vo. ISIL These observations are so well worth the notice of the student that

wo shall close this section by giving the substance of them. The heads for consideration,

says tho author, are :

—

2957. First. Tho size or capacity of the theatre, as governed by tho width of tho

proscnium or stage opening ; and by tho pecuniary return to be made to those whose
property may be embarked in tho concern. Second. The form or .shape of the theatre, as

connected with the primary objects of sound and vision. Third. Tho facility of ingre^s

and egress, as materially affecting the convenience of those who go to every part of tho

house respectively, as well as their lives, in cases of sudden accident or alarm. Fourth.

Decorum amongst the several orders and classes of tho visitants to th^ theatre, as essential

to the accommodation of the more respectable part of those visitants, and consequently of

great importance to the interests of the theatre. Fifth. Security against fire, as well in

regard of insurance, as with relation to the lives of individuals going to tho theatre.

2958. Tho size or capacity will necessarily depend very much on the width of the

proscenium or stage opening, inasmuch as it is from the extremities of that opening that

the form of the theatre must spring. The annexed is a statement of the width cf tho

proscouium at the theatres named iu that publication ;—
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Argontino, at Home - - - S6 feefc

Old ("oveiit Giirdcn (burnt 1856) 38 feet

Theatre Italien, Paris (burnt; - 3S feet

Turin 39 feet

Bordeaux ----- 39 feet

Parma 40 feet

Mi an 40 feet

San Bent de' to, at Venice - 40 feet

Theatre Frau^ais, at Paris - 4i) fett

Drury Lane - - - - 40 feet C In.

TaWo prepared hy Jlr. R. M. Barry, 1S60, for

his descriii.iuii of Ne» Covent Garden Theatre,
London.

San Carlos,
Naples.

Turin
Theatre.

London.
f

La Scala,
Milan. Tlicatre. Her

MHie^ty*s.
New Covint

(iardeii.

Wiilih (if proscenium ....
Number of hoxes in each tier .

Number ol tiers of b.ixis

Widih l^etweeii the lioxes .

Len-th In.m curtain tn eentie box .

Heiglit fiiMM pit to ceihng .

53 feet

•J 9

70 f. ct

7i)

70

43 feet

41

.5

re feet
SHI

51 feet

5

67 feet

78

42 feet

2'J

6
ft2 feet

01

Z7 feet

43

Ml ftet
8S

51

SO r.et

3(i

4

03 leet

(-1

A width beyond 40 feet seems to have been considered by the performers as inconvenient, from

the space they would liave to pass over in the business of the drama, but 50 feet appears now
to Le the iiiaximtim adopted. A orrtater width, indeed, than that stated prevents the e;!sy

and secure working oftlie scenes, f r the inachinery is increased in magnitude and weiglit

as the height and hreadth of the scenes increase. In mere spectacle and scenic grotiping a

reduction in the wi.lth of the prosceniuin, and depth of the stage, reduces the niiir.ber of

extra performers, or supernumeraries as they are called, which become necessary for fiiliiig

the stage. Afain, every additional foot given to the stage opening increases tlie quantity

of canvas used in the scenes, as well as liie framing wliereon they are fixed.

'2958a. In the Edinburgh New Philosophical Journal, vol. xxvii., Mr. J. S. Russell gives

some elementary considerations of certain principles in the construction of buildings designed
to accommodate spectators and auditors, well worth the architect's notice. In every large
room, says the writer, a perfectly good seat is one in which, without uneasy elevation of the
head or eye, without straining or stretching, we can calmly and quietly take any easy
position, or variety of positions, which we may be disposed to assume, and yet may in all

of them see and hear the speaker with equal clearness and repose, so as to give him patient
and undisturbed attention. 'I'he object, then, is to ascertain in what manner the interior
cf a building for public speaking should be formed, so that throughout the whole range
whiLh the voice of a man is capable of filling, each individual should see and hear without
interrujition from any of the rest of the audience, with equal comfort in an easy posture.

Kg. 1347.

and as clearly as if no other individual auditor or spectator were present. (See _/?,/.<;. V^^^.
and i3^8.; The position of the seats is first investigated. In tlie usual variety o/ station

and of position, it appears from experiments that the range required for the purpose IS more



Chap. V. Til EAT RES, 10C9

tlian a foot and less tlian 18 Indies, so tliat th.se may be taken as the limits; that i<, over

the head ol the person before you there must be a clear range of 12 or 18 inches, tlirongh

which the head may be moved upwards or downwards without interruption. In ether

words, that a straight line drawn from the speaker's head over that of the anterior spectator

ghall intercept the straiglit line which forms the back of the seat of the posterior observer,

!«o as to cut ofTa iieight of 12 or 18 inch;s, witliin which the head of tlie spectator shall at

times bo comprehended while sitting inacomfortable position. Thus let S (.^9. 1347 ) be the

speaker and XYZ bo three successive ascents ; then the line SX must fail below SY, so as

to leave the space Yj:= 18 inches= Zy.

2959. Applying this formula to every individual place in the room or buildmg, we shall

have the form required to satisfy the auditors. Let 2i feet be assumed as a constant

representing the distance of one spectator behind another, measured horizontally ; and 1|

feet as the clear space, measured on the vertical line, for the mean range of comfortable

vision for each. If the level of the floor, that is, of the lowest seats, be already determined,

the form of the interior accommodation may be tlms described. AY {Ji<j. 1348.), the

height of the speaker, YX the level floor. From Ay take Y;/ = 4 feet. Draw ijx parallel

to YX. Take Ay to yx as 1 ^ to 21, that is, as /(, the range of position of the spectator, to d,

the distance between the seats. Take horizontal distances 1, 2, 3, 4, tS;c. =2.j feet, prolong

A.r to x', then the height x' to Z=]
J

feet. Join A/ and prolong it to x", and take a dis-

tance x" to m=\\ feet. Through m draw Am, and prolong it to x", and take x"'n=\\

feet. Continue the process in the same manner top, 9, r, s, t, 8iC., and the points will be

found of the successive places which the heads of the auditors should occupy.

2960. But it is not only in receding that the back

seats must rise ; those too far foiward may be also

unpleasant. They are too low; they also should be

raised : but this must be done so as not to inter-

rupt those who are behind. It may be accom-

plished in a similar way ; for, as formerly set off",

1, 2, 3, 4, 5, 6, &c. =2A feet (fg. 1849.), 1 is the first

anterior point. Join Al, and let it cut the vertical

line through 2 in x', the portion downwards x'l= l\

feet ; then / is the point found. Join Al, make x"k
= ljfeet; join Ak and x""i=l\ feet; and so on.

p. A, i, k, I, are the places found which the heads of the

spectators should occupy, and show the elevation to

be given to the seats successively. J^'k- ^^^•

2961. If the simple process described be accurately performed, the points which indicate

the places of the spectators will lie in the branches of a very beautiful curve, which may be

termed the iseidomal or the isaconstic curve, that is, one of equal seeing or hearing : it will

be of the form in^^. IS.IO, A l)eing the place of the speaker, and the heads of the spec-

Fig. IS.'JO.

tators being placed on the line Amn, continued as far as the voice will reach, XAX being

the axis of the curve, and YY its parameter. This curve has two branches on ojiposite

sides of A, showing that if the building extend behind the speaker, or if the spectacle be

visible or the sound audible on every side, the .same may be continued all round. By
means of this curve, the position of seats in a theatre may be satisfactorily determined.

2962. For any great assemblage, where it is desirable that one individual or group of

individuals should be seen or heard, an am])hitheatre of this form might be constructed

from the surface of revolution generated by moving the curve round its axis, which would

perfectly accommodate 10,000 individuals.

2963. According to the arrangement of London audiences, Wr. Wyatt calculates that a

theatre consisting of three fourths of a circle on the plan, with a stage opening of 3.5 feet,

wiU'contain. in boxes in four tiers, tour other boxes next tiie siage, a p.t a,.0 tuo galleries,

2,869 persons, exclusive of four boxes in the proscenium, and fourteen imnudiately under

the dress boxes. Perhaps no modern theatre can be required to holdabo\e 2,500 people.
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"964. We liavc already given some general hints relative to tlie form ; we sliall lieie add

tla'aiiilior's view of tliis niaiter ; and thereon he very properly says that, with reference to

distinct sound, the safest metliod is to adopt a form known to be most capable ofeonveying

sound with facility, to construct that form of inaterials that are conductors of sound, andto

avoid all bieaks and projections on the surface of that form, bciause they obstruct and

impede the proi^ress of the sound. It is well known that a circular enclosure witlu ut

breaks possesses the jiower of conveying sounds with facility, as the whispeiing gallery in

St. Paul's Cathedral ; and that wood is an admirable conducting material for the purpose.

Count Alf.irotti, in his treatise on the Opera, says, daily experience teaches us that in a

box whose walls are naked, the singer's voice is reverberated in a particular manner; it

sounds crude and harsli, and by no means flattering to the ear ; the accents are quite lost it

the box be hun"- with tapestry ; whereas they are reflected full, sonorous, and agreeable to

tlie ear wlien tlie boxes are only boarded, which is an obvious proof, and eonflrmed by

experience, that the best lining lor the interior part of a theatre is wood, as is said to have

been the ca-e in Her Majesty's Theatre, burnt in 18G7.

2965. Whatever be the form of the theatre, it o.ight in every part to be limited in extent

to such distance as the voice will distinctly reach ; and the nearer that figure conforms to

the proportions wherein the natural voice is heard in each direction, the more tcjually will

the sound be heard in every part of the theatre. The experiments tried by Mr. Wyatt
proved that the reach of the voice when moderately exerted was in the proportion of

about two ninths further in a direct front line than laterally ; and that being distinctly

audible on each side of the speaker at a distance of seventy-five feet, it will be as plainly

heard at a distance of ninety -two feet in front of him, declining in strength behind him so as

not to be clearly heard at much more than thirty feet. " According," says Mr. Wyatt,
' to these data, it would appear that the geometrical figure, which comes the nearest to the

extreme limits of the natural expansion of the voice, is a scinicircle of 75 feet radius, or 150
feet in diaineter, continued on each side to the extent of 17 feet, or in the proportion of

about two ninths of its lateral expansion {Jig.

l."^51.) beyond the limits of the semicircle,

and then converging suddenly until the two
lines meet at C, behind the back of the speaker."

But though the voice may be heard at these dis-

tances, it does not follow that a theatre of this

extent should be erected ; indeed, it would be
absurd to do so, for the actor varies his place

almost every moment ; and as he removes from
the centre, from which it has been assumed he is

speaking, he would become inaudible to some
parts of the audience as he receded from it. It

is evident, therefore, iti planning a theatre, the

radius or semi-diameter must be so reduced as

to bring the extreme distance at which he may
in any case be placed within the space of 75 feet,

that is, that when the speaker is placed at the "^" ^'^^^'

extremity of either side of the stage, his voice may be heard by those seated on the ojiposite

side of the house. In the diagram, the widest part of the theatre inscribed in the larger
figure is 58 feet upon the level of the dress boxes ; and allowing 9 feet G inches for the
depth of the boxes on that floor, by means of a projection of 1 8 inches more than the boxes
above, there will be 67 feet 6 inches between the extreme jiart of the stage on one side and
the back wall of the boxes on the opposite side : but as the speaker is in no case placed at

either extremity of the stage, and even if so situated, the distance between him and the
opposite side of the house would be within 8 feet of tlie reach of his voice in its lateral

direction, and 25 feet within its limits in a direct line, it hence appears that the circular
is i)referable to any other form ; ana if we fix a limit for the diameter of that form, we are
in possession of the rules which limit the length of the theatre, or tlie distance from the
front line of the stage to the boxes immediately in front of that line. Taking 75 feet

for the distance at which the voice can be heard laterally, as the space between the front

line of the stage and its immediately opposite boxes may occasionally be in the lateral

direction of the voice, the greatest distance froin the front wall of the stage to the back
wall of the boxes opposite the stage should not exceed 75 feet, the limit of the voice in its

lateral direction, because of the turns of head which lie must often make for the busimss of

the scene, when that which was o))posite might become lateral ; and thus those persons

sitting in tlie o|)posite boxes would be 92 -75 (cet — 17 feet beyond the reach of his voice.

2966. The use of a semicircle without modification would, however, involve the exten-

sion of the stage oiiening to an inconvenient widih; and Mr. Wyatt very (iroperly considers

that the whole area of a theatre should contain little more than one- third of the space o\cr
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which the voice can reach; "the one," he says, "being (iudcpcnJentiy of Ihe space

beliind the back of the spealcer) a superficies of 11,38-5 feet, and the other of 40013."

This, he thinks, will compensate for the absorption of sound consequent on the numbei*

of the audience, the woollen garments they wear, and the state of the atmosphere, and
would ensure a good hearing in every part of the house.

2967. According to the author's statement, he recommends that the distance from the

front of the stage to the back wall of the boxes immediately opposite should be about

54 feet ; in the old Drury Lane it was 74 feet, and in the old Covent Garden Theatre,

built about 1730, it was 54 feet 6 inches. In the Opera House, built by Vanbnigh, it

was 66 feet. At Milan it is 78 feet. At the old San Carlos, at Naples, 73 feet ; and at

Bologna, 74 feet. The distance in the late Covent Garden Theatre Avas 69 feet 8 inches,

or nearly 16 feet more than it ought to have been. How, then, can people wonder at

not seeing and hearing in such theatres? See also the Table given in subsect. 2958.

2968. In an opera house the band as it were sustains the voice, and the spectacle of

the ballet is more addressed to the eye than to the understanding; but even in that the

theatre is universally too large for the pleasure of those who appreciate properly what is

transacted in the scene. It is satisfactory to know that the theatre, which in our

introductory remarks was selected as a model, should coincide in the main points here in

question with Mr. Wyatt's project. AVe are not certain whether he had visited it, but

are certain that if he had he would not change his opinion.

2969. In respect of vision in a theatre, there can be no question that the semicircle gives

the best chance for the whole of the audience ; but the objections to it are, that it requires

that either the stage opening should be of inconvenient width or that the size of the house

sliould be too small. It is therefore, without modification, inadmissible. It is on this

account that the ellipse, the horseshoe, and other flat-sided forms, have in later theatres

been adopted, though it is manifest that a large proportion of the audience, say^ our

author, "must be placed with their backs inclining towards the scene, and that in all of

them (if the house be not of extrcraelj small dimensions) the front boxes must be at a

great distance from the stage ; for in proportion as the sides shall approximate each

other the front must recede, provided the circumference be not varied." The summing
up of the question on this head is thus given by Mr. Wyatt : "There is no object con^

nccted with the formation of a theatre which, in all its bearings, is of more importance

than that the part of the house which faces the scene should be within a moderate

distance from the stage. Unless that be the case, it is obvious that a very large propor-

tion of the spectators must be excluded from a clear and distinct view of that play of

the features which constitutes the principal merit of the actor in many of the moj^^t

interesting scenes." Mr. Wyatt does not believe that the height of the ceiling injures or

affects the sound of the voice in the lower parts of the theatre, and observes that it must
in every theatre " be much too high to act as a reverberator or sounding board to the

lower parts of the house." But we do not agree with him on this point, and think we
could refer him to more than one theatre in the metropolis which is defective in the

conveyance of the sound from this cause alone. Besides this, we do not feel quite cert.iin

that the diagonal line drawn from the actor to the upper tier of boxes should not be the

regulating distance, instead of the horizontal one which has been mentioned above.

2970. The following include many of the late suggestions for improving a theatre for

the public, with those named in the former edition of this work. The mode of securing

an exit free from fear, as well as from actual danger, has not been sufficiently faced ; to

provide against the disastrous results of a panic is a work of greater physical difficulty

than to render a building fireproof. For a stage manager to appear every night and

explain the available means of egress, the attendant at special doors to shout "here" on

being named (and then to vanish for the rest of the evening), might satisfy some persons.

The "paramount consideration is a sufficiency of exit<. Ingress and egress should bo

provided on each side of the house, so that whatever doors, passages, and staircases are

placed on one side, there will be corresponding ones on the other. The spectators are

thus divided and pressure avoided. The various tiers may in large theatres require more

than one exit. It is important to prevent two crowds meeting in the street, such as the

pit and the gallery, for the pathway becomes blocked. The difficulty on the ground

floor is not greit.

A " crush" room and waiting room are wanted, where those having carriages may wait,

and those who are going to walk should bo let out clear of them.

Whenever two passages meet, by which an exit takes place, from that point onwards

the passage should be double the size, in orler to let the crowd pass easily. Thopussages

and staircases should be made direct, so that the crowd need not hesitate or stop the way
at all. Largo halls and staircases give rise to much lounging about, wlii>'li is bad.

Angles should as much as possible be avoided, as well as steps in passages, for which no

excuse can be offered.
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Sloping corridors have been advocated, but these are not praticable in some

localities.

297()a. Erery opening should be instantly and always practicable. All obstructions

should be forbidden by law. Doorways ought not to be less than 6 feet wide, and the

doors in most cases are best made sliding, or should open both ways, whether made of

wood, wrought iron, cement, or terra-cotta. Messrs. Chubb have lately invented a clever

contrivance for difpensiug with an attendant at extra exit doors, consisting of a super-

iniposfd spring panel on the inside of the door, in which the lock is enibeddel ; with

a slight pressure the double doors fly open outward, and it is impossible to open them

from the outside except by a key. Another invention is Walker's now safety and escape

door, consitting of an inner frame of a door which will open outwards, the usual outer

frame opening inwards. Present doors can be adapted to the invtntion.

297O1';. Two stone or cement staircases to the galleries are essential, although one need

only be used as an entrance. The staircases for the upper parts should be as wide and

as easy as possible. Staircases should never be less than 5 feet wide (some writers say

not more than 3 feet wide), the steps to be all straight, no winders, 12 in^'hes in the tread,

and not less than 67 inches rise. They should be square, and be formed along an enclosed

wellhole, if any ; no windows should be permitted. A series of staircases absolutely dis-

counected with each other has lately been urged ; the only doors on to it being at the

top and bottom ; an iron hand rail on each side. It has also been suggested that " there

should be an equal number of steps to eaeli flight, say thirteen for headway and space ; the

half-landing should te elliptical, every door should open both ways, and folding, with an
easy fastener. All these, in any case, ought to bo provided in new buildings, and as much
as possible in old buddings" (W. H. White, F.S.A.) In large litaircases, which consist

of a centre and two side flights, the central one should be equal in width to the two t^'ide

flights together. In ealculuing the width, regard should in some mensure be had to the

number of persons which the part they serve will contain. The broad, long gallery

stairs at the Italian Opera House, Coveut Garden, with the door near the lop, show a

good arrangement ; they serve a double purpose, being at once a stairs and a waiting-hall.

Communication with the wardrobe and the property rooms should be effected only by
iron spiral stairs.

2971 The " crush room " or saloon at the Italian Opera House, Covent Garden, is

situated at the top of the grand staircase, and forms an ante-room for all those passing to

the boxes. At each end of the room are refreshment bars, to which all classes can thus

resort, to the exclusion of none. Proper cloak n.oms, with lavatories and water-clotets,

and refreshment rooms or bars, are necessary adjuncts. The various rooms required for

the different deprtments will differ in every theatre, and the architect must obtain this

information from the manager, befoi'e he sets to work. Near the orchestra is a waiting-

room for the musicians, with cupboards for their instruments and coats, lavatories, &c.

The music library should not be far away. A painting room over the ceiling of the audi-

torium was formerly usual, also at the back of the stage, where the artist can paint against

the upright wall. The carpcLters' shops are near to it. The property and armoury rooms
must be near the stage ; and a very well ventilated property shop. The theatre at War-
saw is said to be very complete in its wardrobes. The dressing-rooms for men and women
should be kept apart ; the tailors' and dressmakers' shop and wardrobes just above them,

and fitted with lifts to send costumes up and down. Supe.-numeraries' and soldiers' dress-

ing-rooms are also required. A large magazine near the stage, to keep the stock, scene

cloths, and wings, properly fitted with racks and grooves, to stow them a«ay in good order.

Green-rooms, or waiting-rooms for men and women, so that no one should lie on the stage

who is not immediately concerned in the acting. The passages to have plenty of swing
doors to prevent draughts. Proper apartments for firemen, hall porter, and housekeeper;

kitchen and cellars; rooms for the manager, secretary, tieasurer, chorus and solo prac-

tice ; and lavatories, &'c., throughout the house. A box office is usually provided near

the chief entrance. Large and dry cellarage is a desideratum, in which to stow unused
properties,

2971rt. With the exception of the dressings and interior ornaments of the building, it

would be possible, though perhaps somewhat inconvenient, to ertct a theatre, though not
perhaps absolutely fireproof, yet very secure against fire. Small theatres can be con-

structed of concrete and cement and terra-cotta, from its rude form as common brick, to

.stair treads; all the finishing touches would be of the ordinary materials of theatre

building. Iron should never be depended upon except as a stiffeuer, and then buried in

eoncree. Sto le should be excluded. Floors to be of cement floated on concrete, such as

Wilkinson's improved granite concrete, having arched under surface between iron girders;

also with iron _L joists forming a parallel lauding about 6 inchr s thick for landings and cor-

ridors ; and for paving, &c. ; steps can be formed of it singly for fixing, or formed in fitic

with moulied or plain soflle. As a matter of primiry importance, the audilorium and the
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f'fcigc, with its accessory apartments, should be, as far as possible, two distinct structures,

by making the wall between them of brick or concrete of sufficient thickness, and car-

rying it considerably above the roofs ; it should have as few openings in it as possible, and
all of them should be fitted with fireproof doors.

29716. The proposed iron curtain or door to this opening, as at the Prince of Wales's
Theatre, has bet n taktn exception to, on the grounds that it is cumbersome, costly,

absorbs heat rapidly, and is slow in working. A single plated curtain may be liable to

buckle and to become a sheet ot red-hot metal. At several theatres Messrs. Clarke, Bunnet t

& Co. have made a curtain of t^^o screens of wrought iron plate g^th of an inch thick,

having an air space of 6 inches between them. The framework is formed of longitudinal

and transverse X """^ angle iron, with external channel iron frame perforated, so that a
current of air is continually passing between the two screens The top portion of the
curtain is riveted to double wnulght iron girders, secured to the head of an hydraulic ram,
which, with the cylinders, are fixed and bolted to the proscenium wall, which varies in

thickness from 14 to 18 inches. The movement of the curtain occupies about 30 seconds,

in ascending or in descending; it is caused by pulling a lever, and the curtain stops auto-

matically as it reaches the stage level. The lever can be worked from the stage or in

the box-office, where it would be under the contrul of persons remote from the fire.

The new iron curtain for the Comedie Fran^aise, by M. Edoux, can be set in motion from
various parts of the theatre

2971c. A simpler form of curtain is composed of asbestos, at a less cost. At Mancheiiter
it has been applied at the Queen's Theatre, and at the Comedy Theatre. At the latter,

the curtain runs in an iron groove closely fixed to each side of the brickwork. Being used
nightly in place of the green curtain, it is constantly in working order, and can be

dropped instantly. As to the curtain invented by Max Clarke, Mr. Emden considers that the

silicate coitou, with which it is lined, has " no texture," and would consequently be liable
" to sink down and become dense at the bottom of the curtain, while the top would be

thin" and inefficient. He also considered that "no curtain has been invented which, in

the ordinary theatre, would reaJily cut off the auditorium from the stage for more than a
limited time." Messrs. Jones, however, state that with " a curtain properly constructed and
lined with silicate cotton, the auditorium would be cut off from the stage for any length

of time "—say a whole w-e^k {British Architect, March 30, 1888). A fireproof curtain put
forward by Capt. W. E. Heath is described as " to be of asbestos cloth quilted on a
strong canvas, rolled on a roller over a narrow tank of water, and in uni'olling it passes

under another roller at the bottom of the tank, thus rising perfectly saturated." A
farther description is given in the Proceedings oi th^ Inst, of Brit. Architects of February
"23. 1888, p. 174; and in the Architect, February 17, p. xiv. of Supplement.

Sufficient has perhaps not been said in this work as to the use o( silicate cotton or slag

wool, a pure mineral filu-e, manufactured from iron slag, and quite incombustible. The
btst non-conductor of heat or sound yet discovered ; a.> a non-radiator of heat or cold it

is well established : and acts well in preventing the transmission of rarefied air, and
arresting the spread of fire. It may be applied in a loose or natural form, as packing;
woven with yarn or wire into sheets and strips; or felted in conjunction with wire

netting, and put on similarly to ordinary felt. One ton will cover 1800 square feet

of one inch thickness. It has been referred to, s.v. "Pugging," par. 2217. The
advantages of this useful material are well described in the British Architect, April 6,

1888, on the reports of W. H. Stanger, F.C.S.,with the experiments on its fire-resisting

qualities.

Z'i'Jld. Johnson's patent fireproof wire lathing, by which any partition or ceiling is

rendered practically fireproof. Metal laths, on Edwards's patent, lor use in the con-

struction of fire-resisting ceilings, partitions, and doors. AVith his dove-tailed corrugated

iron sheets (Hyatt's patent), for the same purpose, partitions are formed of Portland
cement, concrete, and iron only two inches thick, the metal being completely protected.

The "fibrous plaster" slabs of Wilkinson and Co., and of Hitchens, are intended for

lining walls, ceilings, and floors for fireproof purposes, as noticed par. 22466. Fireproof
flooring of various sorts are noticed par. 1903/. et seq.

297 le. Wood can now be protected by various paints, for which reference can be made
to the previous chapter, s v. Painting. Among them are, Asbe't^s fireproof paint, also

water-resisting; colourless fireproof liquid "antiflame" for fireproofing fabrics; aiso a
fireproof stain. Griffith's pyrodene firr proof paint is stated to render wood of all kinds
and fabrics absolutely flame-proof by being simply soaked with it, and can be applied by
anyone (par. 2'273J). It was supplied to the Manchester Exhibition, 1887. Sir Seymour
Blaine's fireproof paint was used (1887) at Edward Terry's new theatre in the Strand.

2971/ Th-e flimsiest material, as canvas, hangings, dresses, gauzes, &c , c^n now,
by some solution, or by chemical treatment, also be rendered incapable of bursting
into flame. The chemicals now most commonly used for this purpose are alum,
\)orax, phosphate of soda, sal-ammor.iac, and tungstate of soda (a " fireproof staich

"

3Z
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prepared with it was first introduced by Donald Nicoll, ex-sheriff of London). Tliis

tung.state is considered ihe best, but as, if use 1 singly, it is up to become insoluble and

to rub off, the addition of about 3 ]
er cent, of pl.osph.ito of soda will diminish the ri>k.

After the ordinary washing the go jds should liu immersed, before wringing and drying, iu

a solution containing 20 per cent, of tungsrate, with a proportionate quantity of phos-

phate. Alum acts injuriously on the fabrics, especially if coloured. The others are

cheap and conamordy harmless.

2i)71^. The electric lighting system should be used in preference to the common gas

f-ystem. It has been put up ac tlie Savoy and the L'riter on Theatres in London. Any gas

burners should be properly protected, and no intlamm.ible substance used.

297 lA. An exit for smoke is advocated to be formed over the stage and over the prosce-

nium. Firemen to be always in atteudance with hose c.ipable of being attached to hydrants

fixf d at convenient points, the water being supp ied trom a tank, and also from the water

mains. The supply of water from large reservoirs provided in the upper parts of the

building is a precaution wJiich should never be omitted, ih .u_h late tire^ have shown tliey

are never in order when required. Pipes may bo laid ou fiom them to tliose parts, such

as the carpenters' room, scene room, and painting-room, where fires would be most
likely to break out, and where if they did break out they would probably be must
dangerous. The necessary fireman's arrangements, with ttll-tale clocks, &c , must be

duly provided.

2971^'. The •' automatic sprinkler" is advocated by mmy, to be fixed over the tii. s and
over the roof of the auditorium. They Jiave been iniroduced at Mr. E. TeiTy's new
tlieatre in the Sirand. A hubosv girder was advertised in 1861 by William Hood for

holding wa,ter, whicli could be played on a fire without opening doors and windows to get

at it. This was olyected to for many reasons. This is now staled to have been " the ingenious

invention of Jethro Robinson, who introduced the system to E. T. Smith, wh'i I'.ed it at

Astley's Theatre." Sinclair's "automatic sprinkler" has found favour lately in America,

where it was adopted in various ways in warehouses. Insurance offices are said to have
reduced the premiums in consequence of the use of the system. The water jets leave not

a space outside the range of action. Once fixed they work of themselves when a temper..

-

ture of 165 degrees arises wdiere they are pla-ed. All the apjiaratus is tested to a

pressure of 500 lbs. to the square inch. HanuHy s patent pneumatic principle is applied

for charging the tubes with air as a protection against frost. Dick's Fire Qitceii extinc-

teur is portable and self-acting; a gallon of its contents (water super-saturated with

carbonic acid gas) is stated to be of more value tiiau 30 gallon^ of water.

2971/.:. Mr. K. S. Ash, of Monaco, in h letter to the Times, Aui;ust 1887, suggesteil that

each theatre should have a fire guard room, disconnectcil from the main building, luoni

it a series of water pipes should pass to those parts specially menaced with fire. In

response to an electric summons, the man in charge would be enabled to turu on one or

more or all the pipes. One pipe should be i-pecidUy prepared to saturate the curtain, or

to act as a falling sheet of water if the curtain be up. People are rarely burnt to death
in a fire, but are suffocated by the carbonic acid gas, the want of air, the smoke, or tlio

intense heat. The pipes are not exposed to rust, it is stivted, but unless they .ire used
occasionally, it is feared they will rust. The guardian, it is supposed, will not experience

the feelings of panic, and so will be prepared to obey the summons, and, "if the town
supply of water is working satisfactorily, water would be delivered immediately where
needed." The Asphaleia Company, on whose system the new Opera House in Buda-
Pesth, and the Stadt Tlieatre at Halle, have been rebuilt, have sent over a model of their

system for exhibition ; it was explained by Mr. Walter Emden, in his paper on Theatres

and Fireproof Construction, read at the Society of Arts, January 25, 1888.

297 U. A Modern Fireproof Theatre. Edward Terry's, iu the Strand. Almost the whole
of the structural portions are of incombustible materials, and the limited amount of wood-
work has been coated with fireproof paint. Ironwork has been thoroughly Crise 1 in con-

crete ; the flights of stairs are generally of concrete, the corridors and floors chiefly of

mosaic and cement, the panelling is in fibr nis plaster, the gallery seats are of concrete.

The isolation of the auditorium from the stige is complete. The proscenium wall ri.-^es

some 20 feet above the auditorium roof, and irou doors close the openings between tlie

two parts of the house, while an asbestos drop curtain, stretched on a metal framework,
fil s the proscenium opening, and is to be used as an ordinary green curtain. Behind
this curtain, besides the fireproof nature of the materials used, all the woodwork has
been coated with the fireproof solution called Pyrodcne, prepared by Messrs. Griflfiths

Brothers. A thoroughly efficient systftm of automatic sprinklers and the electric light

hitve been introduced. In both the roofs direct exhausts have been formed so as to carry
off the ordinary heat, and in case of fire to draw up and extract the smoke and gases

generated. An efficient hydrant service is provided all over the house. Although tbe

theatre is only estimated to accommodate about 8(10 persons, exits h ive been provided for an
assembly of 3,500 persons. Each part of the house has two or more exits, uii two sides



Ckap. V. THPJATRES. 1075

of tlie building. The corridors and gangwnys generally avevHge 3 feet 6 inches to 4 feet

iu width. Plain directions are painted over each opening out of the auditorium, which
openings can be available for ordinary use. The doors are fitted wiih a specially con-

structed lock, invented by Messrs Chubb and Mr. Walter Einden, the architect, which
can only be opened from the outside with a key, a push from within opening it without;

diificulty. {British Architect for October 21, 1887, p. 295.)

2971»«. There are now two new theatres in London which are considered fairly fire-

proof, and the " Court " at Sloane Square may be a third, as regards inflammability.

As to any advance in plans and sections, there have been two plans prominently put
forward this year (188-)- One father, d by Mr. nenry Irving and Alfred Darbysh ire,

architect, drawings of which were published in the Daily Tdtgrajph of October 29, 1887.

Another was brought forward by R. Nevill, architect, in an extensive paper read at the

Eoyal Institute of British Architects, Dec. 9, 1887 (discussion) ; and reported in Pro-

ceeoivffs of Jan. 26 following. Another is by II. M. Roe, architect, printed in the Proceed-

itiqs of Feb. 23. One by J. Gr. Buckle, architect, described in his work, and dedicated to

Wilson Barrett. And lastl\, by E. J. Tarver, architect, whose drawing is given in the

British Architect for March 23. " Managers who contemplate new structures will have
to form their own judgments and selections according to what may be the individual

characteristics of the ground and neighbourhood. The Darbyshire plan is for a house
detached all round, and with one gallery only. The Buckle plan is for a place where an
underground house is needed. The Tarver plan is for a theatre above ground, adaptable
to any site with one side open and the pit partly or wholly sunk."

2971». Many of tiie bad features of construction and arrangement in modern theatre

building are stated to be often due to the proprietors or managers ; the architect has
not his entire way in the matter. The expenses of a theatre are very grf-at, and the

amount of the ground rent is an inducement to the site being made as small as possible.

Any extraneous provision must necessarily in'ail lost and occupy space.

2972. Eoreign theatres are not considered good examples for the study of an English-
man, as the habits of the nations are so different. Abroad, too, theatres usually stand in

open squares, as at Hanover, Munich, Beidin, Dresden, and I>armstadt ; not in back
streets and crowded thoroughfares. The rew Opera House in Paris is essentially a
government establishment, and would be wholly useless in England, where a theatre is a
private speculation. It is an exaggerated and bailly proportioned copy of Munich theatre,

with which it will not compare for compactness. It seats only 2,000 people. One of

the best studits of a lumse on the balcon principle is that at Mayence, given in Fer-
gui^son's Hatidbook. The theatie at Daruistadt has been the type lor those at Munich,
Berlin, Moscow, and other places. But their passages and front arrangements are all bad
for use in England; the idea being to collect the people into tiie entrance hall for show.
The Victoria theatre at Berlin is a double theatre, one for winter, with another for sumii er.

The thtatre at Dresden is round, following the form of the interior. It has been lately

suggested that the orchestra floor should be much deeper than is usual, so as to hide the

m()Vement of the instrunients, which often spoils the illusion of the scene. In England
the stage is always made on the incline ; in Germany it is flat, which arrangement has

become very general abioad ; as in the dnuble theatre at Berlin.

2972«. We have availed ourselves largely of papers read at the Royal Institute

of British Architects, in which will be found further remarks upon the lighting, ventila-

tion, and fittings required for these structures: On the Construction and Rebuilding of the

Eoyal Jtalia?!, Opera House, Covent Garden, by its arcnitect, Mr. E. M. Barry, Feb. 6,

1860; and On the Construction nf Theatrts, by Mr. Warington Taylor, Dec. 19, 1864.

The Builder, Building News, Architect, and British Architect ymrnnh, contaia descriptions

of most of the numerous theatres erected at home and abroad of late years, and to these

publications the architect can resort for further views on the several important points

touched upon by us herein. The Metropolitan Board of Works has issued regulations for

the proper working cf theatres for the safety of the public. The Home Secretary, it is

stated (1887-88), is preparing a measure of reform in respect of theatre construction and
management, in consequence of the late serious accidents.

3z2
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Sect. II.

HOSPITALS,

297:5. The build'Oirs called hospitals are devoted to the reception of those ])ersons who

may be suHering from disease or accidental injuries. To this sort of building will this

section be chiefly devoted. The same name has been given to a buildinj^ for the reception

of travellers ; for the temporary accommodation of the destitute ; for tlie maintenance and

education of youth ; and for the sup])ort of meritorious and indigent jiersons ; the liospitals

of Greenwicii and Clielsea are gojd examples of establisliments of this latt.r class ;

tlie former building, indeed, adds to its other excellencies a magnificence in the archi-

tecture worthy the object, thoiigli not so orginally intended. Tlie Hotel des Invalides at

Paris is another monument worthy of all praise; and indeed we scarcely know a (juddrangle

more imposing than the court of this edifice with its double tier of arcailes. 'J'liis hospital

contains 7,003 veterans, and has attached to it a lilirary of 20,000 volumes, 'i'he building

erected for tiie alleviation of incurable diseases is properly an infirmary, and might be

termed an almshouse.

2973a. To the honour of most of the nations, but few cities are now unprovided

with one or more hospitids. In Milan there are so many of such buildings that it has

been remarked that no one has need to pay for advice. The governments -of Fr.ince,

Russia, Germany, and Turkey support these institutions; but iu Engl.ind, with theexcep-

tion of Clielsea and Greenwicii Hospitals, they depend upon the charity and foundations

of benevolent individuals, as at Guy's, St. Thomas's, Uartiiolomew's, ami the uiany other

hospitals of London. There is great reluctance often on the part of the poor to enter an

liospitril ; and on this account we do not think that money iil best.)wcd which tends to im-

part to it an agreeable and cheerful exterior. It is almost unnecessary to insiNt upon the

thorough warming and ventilation of the edifice: no means should be omitted to render

the place wholesome, and to prevent infection spreading from tme part to another. The
hosjjitals of a city should be seated in the least populous part, if the health of the city be

consulted, or in each suburb ; in which latter case the establishment would be nearer the

quarter it is to serve, and more accessible in a short time in the case of accidents.

2974. The pl.ms of some of the finest (but old) ho'-piials in Europe aie given in

Durand's Parallik d'Edifices, 1801-9. Among them is that of Milan. It was commenced l)y

i-'ilaretein 1457, and is of course in a half-Gothic style. The men are placed to one side

of a central cloistered court, which is 210 feet wide and 243 feet long in the clear, in a

quadrangle 263 feet wide and 279 feet long, the eel's being placid in the form of a cross of
iluit size and 30 feet wide. In the intervals of the cross are four courtyards, on whose
remaining sides are rooms for the as~ist;uits. On the opposite side of the cloistral court

are placed the women. In the middle of the narrowside of the great cloister, opposite the

entrance, is a church, which sei ves for the whole establishment. The cloi.ters of theLirge

court and main body of the buihling are in two srories, so that they form galleries of com-
munication. This edifice has served Cora model to many otheis of an e:irly date, but it is

perhaps now considered good oidy for the pleasant promenades suj)|)lied by the coriidors.

The hosjjital of La Ro(iuette, in the suburbs of Paris, designed by Poyet, was conceived on
a magnificent scale, and was admirably planned. In this design each room, as well those

on one side of tiie establishmiMit for the males ;is those on the other side for the females, is

appropriated to one particular disease. Each of these rooms is about 32 (eet wide and 30 feet

6'in. high. Behind the beds (which are in two rows in each room) runs a passage about
3 feet 4 in. wide, which removes them so much from the walls, and allows therefore of the
necessary waiting on the invalids, and hides the waidrobe attached to each bed in the

window recesse-. Abovethese passages, which are about 6 feet fi in. high, is arranged on each
side a row of windows, by which ventilation as well as light is obtained. The ground
floor contains th,- halls and offices necessary for such an establishment. The designs for

this building were made about 178b, on the instructions drawn ud, after several yeais'

investigation, by a num'ier of the most skilful and learned medical nu ii oi France, so as

best to unite health and convenience in such an edifice. One of the conditions prescribed

by their programme was the comjilete insulation of each apartment, as well as an easy

communication by covered g.illerii-s rouiul the liuilding, and these were required to he of
Buch extended dimensions that the air around should be uiiobsiructed and circulating in

"ivery part with freedoin, thus affording a wholesome promenade for the patients, 'i'fic

praii, however, wus n<.t continued.

2975. In France the hospital of St. Andre at Bordeaux, designed 1825-9 by J. Bnrg;:et

for 728 patients, was considered so good in its arrangements, that they were foUovved in the

hopital du Nord, afterwards Lariboisiere, at Paris, designeil 1846-54 by M. P. Gauihier for

(>;)6 beds. Tids plan of making a distinction between dormitories for the compar.itively

healthy, and wards for the sick, and abolishing all communications by passages and stairs

1
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liutWL'eii wards was the iini)ortaiit feauire of suc-h establishments. This hos,jital las Ijceii

tl.e model for those designing later work>).

t.'97.5((. The erection of the Victoria geiieial military hospital at Netley, commenced in

I85G by Mr. iMeimie, led to so much lorrespondence, investigation, and contradiction, that the

ttudent is best referred to the journals between 1856 and 1858, v\l)en a plan was finally

adopted, wiiich met with the approval of ]\Iiss Night ngale. It ij said to have pro-

\iiied averages of 1,315, 1,406, and 1,8C0 cubic feet per patient. The communicaticn of tiie

wards witli a general corridor and with tiie ua^er-closets lias been alleged as its chief fault,

but its plan should be compared wi'h others regarded as models at the time, to obtain a

notion of the great stride in the planning of these buildin^^s. Tlie controversy continued
with great advantage, as it produced plans of other hospitals considered as models on
various points, up to 186'2, when the military authorities issued their official plans for

hospitals.

2975<». In 1865 the Socijte Chirurgicale de Paris issued the then ncent exposition of

scientific views with regard to the reconstruction of the hotel- Dieu and of hospitals

generally. It demanded a minimum of 538 scjuare feet per bed as clear space of siteo(i/«/(/e

the building; a maximum of two siories ot wards, and of LOO to 300 beds in each
hospital, considering that two small hospitals are preferable to <jne equal to their united

capacity, because the periodical and regular v.icancy of wards has been attended
will) go'jil results. It considered that small wards of 15 to 20 beds are to be jireferred to

larger wards, and that the builuing should nut iiily possess a day ward for convalescents,

'but another for their inials. The wards shouKI be separated by landings and rooms for

attendants They should be completely isolated blocks, all having the same aspect,

and lieing exposed without any obsiruition to the rays of the sun, to the eflects of rain,

and to the action of the wind; and they should be arranged in a single line or in parallel

lines at intervals.of 260 feet or 330 feet, in order to obtain an efficient separation and a

sufficient current of air. Finally it declares that no emanation from refuse or effluvium

is to be tolerated ; and that no abundance of artificial veniilation compensates lor an
insufficient natural ventilation. (The Z)'Ki7/er journal, 1865, vol. xxiii. p. 170.)

29T5c. It has been strongly reconunended that ward space for each patient, approach-
ing as near as circumstances allow to 2,000 cubic feit, wiih 144 square feet of floor, should
be allowed for each bed . the ventilation to be obtained on tlie natural svstem; yet othi-rs

Uieiu favour of anihcial ventilation with an a.vce/tt^iz/y current ; others for a d<:sceiidi}iy

current, which is adopted at the Ii6))ital Lariboi^iere to the extent of 12 to 14 cubic feet

per minute; at tiie hopital lieaujoii 24 to 36 feet, which was inefficient ; and at Guy's
hospital 40 to 60 feet, which was sulci. ssful. Fireplaces alone are considered inefficient

for the purpose.

2975c?. The opinions expiessed by the writers in the Buildtr journal during 1856-61,

result in describing the coruct plan as consisting of detached wards separated at least by
lawns twice as wide as tlie height of the buildings, each ward being enclosed by four

separate walls, and having «indo\\s on two sides that open from the ceiling witii double
sashes glazed ; water-closets undera separate roof and divided from the wards by a corridor;

the corridors continuous and close for 7 feet high, but open above with piers or columns;
galleries, with scats in the gardens ; comfort of nurses' rooms ; and care as to finish of

floors, &c. Be^idtS the ab.ive publication and various parliamentary reports, the works
bv Husson, £*"(/«!> sar Its Hd/ntaux, 4to. Paris 1862, and by Jaccuud, Nouveaa Diet. &c.,

vol. xvii., .'•vo. Paris, 1873, both contain plans and valuable suggestions.

2975e. The new building i.f St. I'hoinas's Hospital in London, designed 186.5-71 by Mr.
Henry Currey, has been described by liini in a lecture read at the lloyal Institute of

British Architects, January 23, 1871. It may be supposed to exhibit all that isreq'isite

to be provided in an hospital of a metropolis, for the accommodation of 600 patients.

It is arranged on the pavilion principle, now generally admitted to be the best for hos-

pital purposes, and being placed in a low is specially suitable forthespaie of ground

oil which the edifice is erected. The corridor, of two stories, with a flat roof over, con-

necting the end' of each of the six pavilions, is 900 feet long ; tliey are placed at the dis-

tance of 12.5 feet from each oti.er, their axis being due east and west. The wa'ds arc 28 feet

in width by 120 feet in length, and 15 feet high, in which are jjlaced twenty-eight beds

on each of five floors, giving a cubic capacity of 1,800 feet for each patient, the beds being

placed 8 feet fro.n centre to ceiiire : small wards for two beds, contiguous thereto, separate

special cases from the others. Adjoining the passage are placed the sisters' room, the ward

kitchen, and a room for medi- al officers. The staircases are wide, and have a tread of

12^ ill., with a rise of 5^ m. I'he well-holes are occupied by lifts and ventilating shafts.

The water-closets, lavatories, and a bath-room are attached toeach ward, and cut off from it

by intercepting lobbies, with windows on both sides. There al.so are the foul linen anil dust

shoots communicating with the basement for external removal. iJormitories for ihe

nurses and servants are placed in the attic story. The wards have flat cei.ings, and the

windows are carried up to it, to ensure a thorjugh change of air in the upper part. The
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«ixth or last pavilion is designed for special diseases, and the ^var.'^s are thercf-re smaller.

'I'he iloors of the wards are laid with wainscot as being non-ibsorbent, and to;igii d with

hoop iron, and prepared for waxing and polishing; the walls are plastered with Panan

cement with the same object, the finishing coat of which is tinted to avoid the glare of the

white. The windows are constructed in three divisions, the lowt-r part being hung to open

in the usual way, and the upper sash drops to the depth of the transom. They are glazed

with plate glass.

297.V- The general entrance to the hospital is placed in the centre, and the hall forms

the substructure of the chapel. Near to it is the kitchen department. On the first floor

are the resident medical officer's department,two operating theatres, &e., placed between the

ends of the blocks nextthe side publicth iroughfare. The administrativedepartment is placed

at the end, adjoining the bridge, in a detached building, and comprises the governors' luiU,

committoo room, counting-house, c'erk and surveyor's offices, the treasurer's residence, and

many other apartments necess;irily required for so large an establishment. The training

institution for nurses adjoins the matro I's residence between the first and second wards, and

affords accommodation for forty probationers, each having a sepirate bedroom.

2975(7. The Warming and Vcntilatiny Arraiigemmis.~Vor the latter, the natur.d system

is depeiideduponasmuchaspossible, but in order to change the airduring cold and boisterous

weather and at night, a main extracting shaft is carried up in tiie well-hole of the stair-

r;ise, and in this is placed the smoke Hue from the boiler, consisting of a MTuuglit iron

tube loin, iu diameter. In the upper pan of this shaft is also placed the hot-water cistern.

Shafts are carried from the ends of uUtlie war Is, both at the ceiling and floor level, and from

tiie centre of the stove hereafter men ioiied, communicating with a horizontal trunk in the

roof, which trunk is connec ed with the heated shaft previously referred to. To replace

the air thus extracted, fresh air is introduced by means of zinc tubes laid between the

" Dennett arching " and the floor boards, commiinicatin!^ with the stoves and hot-watir

coils, the whole admiiting of reguLition by valves. The wards generally are warmed by

three open fireplaces, aided in cold weather by an auxiliary system of hot water. These

stand in the middle of the Avards, with vertical shafts, an inner one of wrought iron 15 in.

diameter, and an outer case of cast iron, the space between forming a ventilating shaft,

which is connected with the main trunk in the roof. The smoke tube is carried tlown to

the basement, from whence it can be swept. The vfntilation of the lavatories and water

closets is entirely independent of the wards, and is carried up the shaft in the river

turret. That of the medical museum and school buildings, placed beyond the hospital

buildings, is on the same general principle, the ventilating and smoke shaft being con-

tained in the tower at the southern end of the building. There is an hydraulic lift to

each pavilion.

F<>r the numerous other details the student must bo referred to the paper itself, which
contains a plan and perspective view of this admirably designed building.

2975A. The sixth report of the Local Gorcrnment Board contains tlie report made by
Dr Bristowe and Mr. Holmes on the iuspeetiou of all hospitals in Great Britain and
Irelind.

29702. The first circular hospital erected in England was the Miller Memorial Hos-
pital, at Greenwich, designed by Messrs. Keith D. Young and Henry Hall. The Burnli^y

hospital was another, and then the Hustings, St. Leonard's, and East Sussex hospital,

which was opened in September, lt-87 (_illustrated in British Architect, January 28, 1887 ;

and Builder, p. 180). The Antwerp hospital, the hospital at Hampstead, and tie

circular hospitals for the army deserve inspection ; but this Hastings liospital is tin*

most typicil, and probably the most complete building on the circuhir principle whicli

has yet been erected in this country, or indeed anywhere.
2975/. In the rectangular ward, where the nurse's room is at one end, while at the otlier

is possibly placed the worst " case," that is, the patient who is most severely ill, the nurse,

as the day goe.s on, must find the whole length of that ward a great strain upon her
physically. In the circular ward, the nurse can see all the beds except one—certainly

except two— in the whole ward from any point in it; and she has to travel the shortest

possible distance to get to any one patient who may need her services at any given time.

It must not be reg.irded as the most perfect system of hospital construction ; it is one
type of construction suited to special cases, and one which deserves a fair and prolonged
trill. (Henry C. Burdott). Professor Marshall and P. Gordon Smith, Circular Sgdein
of Hospital Wards, 8vo. 1878.

?975Ar. Village Hospitals.—Each village ought to have the means of accommodating
instantly, or at a few hours' notice, s.iy four cases of infectious disease, in at least two
separate rwom.-, without requiring their removal to a distance. A decent four-room or

si.\-room cottage, at the dispos.il of the authorities, would answer the purpose. When
such provision as this has been made, and cases of dis> ase iu excess of the accommodation
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ooour, the sick should not be crowded together, but temporary further provision be
made for them. Tiie most rapid and the clic • pest way of obtaining this further accommoda-
tion may often be to hire other neighbouring cottages ; or, in default of this, tentsor huts
nrght be encttd upon adjacent ground. The reguhition bell tent is 14 feet di>imeter, 10
f et in height, the area of base is .5 i square feet, and cubic space 513 feet. Tiie regula-
tion hospital marquee is 29 feet long, 14 teet wide, with side walls 5 feet 4 in., height
to ridge 11 feet 8 in., giving a culiic capacity of a little over 3,000 feet.

Mr. Greo Buchanan's report (1888) to the Local Government Board, containing sugges-
tions as to the provision of isolation hospital accommodation, with plans, is of high im-
portance.

2970/. Convalescent Hospitals, erected in the country for the recovery of patients

after they have been treated for their diseases in town hospitals, and then only requiring a
short time of change and fresh air before returning to work, are now considered desirable
adjuncts to hospital treatment.

'2975m. An Imhecile asylum is pi-ovided at the Poplar and Sepney sick asylum;
Austin Bros., architects.

Sect. III.

INFIRMARY.

2976. The word infirmary appears to Iiave two opposite meanings. In one it designates

a place for aged, blind, or impotent persons; the other, a place for the cure of wounded
or diseased persons

; such are liospitals, which buildings were originally called infirmaries.

The infirmary proper is the place appropriated to the sick in a large establishment, such

as an asylum, a prison, a workhouse or a school. Greenwich Hospital has an infirmary

attached to it.

2976a. Workhouse infirmaries were until lately greatly condemned for the want of

accommodation; tlie want of classification and separation; imperfect ventilation, owing to

the insufficient supply of cubic space, sometimes aggravated by essential defects in con-

struction : 500 cubic teet per bed only being provided wlure 1,000 feet at least is

required; insufficient washing arrangements; and other comforts for the patients, as

well as for the nurses, and officeis, neglected.

29766 The requirements of the Local Government Board at "Whitehall for a pro-

vincial workhouse sick ward or infirmary, comprise a separate building from the

workhouse itself. The sick should be divided into: 1. Ordinary sick of both sexes;

2. Lying-in women, with a separate labour room adjoining the lying-inward; 3. Itch

cases of both sexes; 4. Dirty and offensive cases of both sexes ; 5. Venereal cases of both

sexes; 6. Children of both sexes; and, lastly, 7. Fever and small-pox cases ot both

sexes. Classes 1 to 6 may be accommodated in the infirmary ; separate entrances

for 3 and '6
; a detached building with septirate rooms for 7. In the case of large

infectious wards, there should bo a (btached washhouse, otherwise a shed contaiiiing

a copper, in which the linen may be disinfected by boiling before being taken to the

general laundry. The leugth of dormitory wards should be calculated according to the

following minimum wall-space for each bed, in additit)n to tlwt occupied by doors or

fireplaces, viz. : for inmctt<s in health, adults 4 feet ; women with infants 5 feet; children,

single beds 3y feet, double beds feet ; and for sick, itch, and venereal cases, 6 feet ; for

lying-in, offensive, fever, and small-pox cases. 8 feet. The day rooms should aflord

accommodation for not less than one-half of those who occupy the day and night I'ooms.

A minimum of 20 feet floor space should be allowed for each sick person. ISick wards

should be 2.*) feet wide and 10 to 12 feet in height. Infectious wards should be '20 feet

wide and 12 feet in height, and should have external windows on their opposite sides.

The gangways should be in t!ie centre of the wards; but if a sick ward holds only one

row of beds, which is not recommended, it should be at least 12 feet in width, and have

the gangway and fireplace on the side opposite to the beds. The dimensions aV)ove given

are considered the most economical, and at the same time the most convenient for tlie

various classes of wards. But where they are not so constructed, there should bo

Floor space. Cubic space.

In ordinary dormitories .... 36 feet 360 f'e^t

In sick wards 60 „ 600 „

In lying-in, offensive, and infectious wards . 80 ,, 960 ,,

One room or a suite of rooms communicating by a gangway should rarely exceed 90 (eet

in length. Such a room or suite of rooms may be connected with a similar suite in the
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.s-)nie line by the central part of the Liiilding, in which woiil'l be placed tlie apartments of

the mirsps.and other offices; or tlioy luay be placid in blocks, ]iarallel or otherwise,

connected by a corridor. Nurses' rooms ard suitible kitchens and sculleries should be

ptovided. Special means of ventilation, apart from the usual means of doors, windows,

and fireplaces, should be secured. Air bricks are f-uggested, 9 in. by 3 in. or 9 in. by 6 in.,

covered on th^ inside with metal, having perforations of about one-twentieth of an inch

in diameter inserted about 8 feet or 10 feet apart i-n the upper and lower parts of the

external wall. The lower set may be fitted with hit-and-miss gratings, made to lock so

that they may be regulated only by the proper authorities. Ventilating fireplaces are

useful. Where hot-water pipes aie used, they should run round the wards, and a portion

of the fresh air pass over them. If no other .svstem of warming be adopted, fireplaces

should be provided in all inhabited rooms, say a fireplace to each 30 feet of length. The
walls of all sick wards should le plastered internally.

2976'o. The infirmary for the Central London District Schools at HanweM, designed

1S65 by Mr. Gale, accommodates 100 children of each sex. It forms three sides of a

quadrantrle, and consists of ten wards, five on each floor. Each ward has a nurses' room,

two fireplaces, and set of bath room, water closets, &c. ; six of the wards have double

sets with two entrances for the convenience of subdivision. The eorrilors are all pro-

vided with open fireplaces and draw-off .'inks, with supply of hot an 1 cold water. In each

corridor, at a central p jint between the various wards, is a lift by which provisions, &c.,

arj sent up direct fiom the kitchen.

297&d. The infirmary at Blackburn, erected 1858 by Messrs Smith and Turnbull, may
be described as arranged on the pivilion principle, consisting of a main corridor, on eadi

side of whicli are placed eight wards alternating, each hoi ling 8 beds in a ward, with
their own sot of bath rooms and water-closets. In the middle and separating the set is

the building devoted to a chapel, the necessary offices and apartments, and the operating

room, with two wards of four beds in each.

Skct. IV.

PRIV.ATE BUILDINGS.

GENERAL OnSERVATIONS.

2983. Private buildings differ in their proper character from public buildings as nim-h

as one public building differs in character from another not of the same kind. I ho
ends in both, however, in common, are suitableness and utility. The means are the same,
namely, the observance of convenience and economy. The same elements are used in

the iormation of one as of the other; hence they are subject to the same principles and
the same mechanical composition. Distribution, which is usually treated distinct

from decoration and construction, and very improperly so, as applied to pi ivate edifices,

is conducted as for public buildings, that is, as we have said, with a view to utility and
economy.

2984. If the student thoroughly understand the true principles of architecture,—if he
possess the facility of combining the different elements of buildings, or, in other words,
fully comprehend the mechanism of composition, which it has in a ]irevii)us part of this

Book (III.) been our object to explain, nothing will remain for him in the composition of

private buildings, but to sttidy the special or particular conveniences required iu each,

'J'here are some quaint old aphorisms of L»r. Fuller, prebendary of Sarum, which are so

applicable to all private buildings, that we shall not apologise for transterring them to

our pages.

2985. " First," he says, " let not the common rooms be several, nor the several rooms
common

;
that the common rooms should not be private or retired, as the hall (which is a

pandocha?um), galleries, &c , which are to be open
; and tTie chambers, closets, &c., retired

and private, provided the whole house be not spent in paths. Light (God's eldest daugh-
ter) is a principal beauty in a building

;
yet it shines not alike from all parts of the

heavens. An east window gives the infant beams of the sun, before they are of strength
to do harm, and is offensive to none but a sluggard. A south window in .summer is a
chimney with a fire in it, and stands in need to be screened by a curtain. In a west win-
dow the sun grows low, and over familiar towards night in summer time, and with more
light than delight. A north window is best for butteries and cellars, where the beer will

be sour because the sun smiles upon it. Thorough lights are best for rooms of entertaiu-

ments, atid windows on one side for dormitories."
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2986. " Secondly, as to capaciousness, a house luid better 1 e too little for a day than too

h\g for a year ; therefore houses ought to be proportioned to ordinary occasions, and not

to extraordinary. It will be easier borrowing a l-race of chambers of a neighbour for a

night, than a bag of money for a \ear ; therefore 'tis a vanity to proportion the receipt to

an extraordinary occasion, as those do who, by overbui ding tiieir houses, dibpidate their

lands, so that their estates are pressed to death uuder the we'ght of their house."

2987. "Thirdly, as for strength, country houses must be su'stanfives, able to stand of

themselves, not like city buildings, supported and flanked by tliose of their neighbour on

each side. By strength is meant such as may resi.-t weather and time, but not attacks

;

c.istles being out of date in England, except on the sea-coasts, &c. As for moats round

houses, 'tis questionable whether the fogs that arise from the water are not more

unhealthful than the defence that the water gives countervails, or the fish brings profit."

2988. " Fourthly, as for beauty, let not the front look asquint upon a stranger, but

accost him right at his entrance. Uniformity and proportions are very pleasing to tlie

eye ; and 'tis observable that freestone, like a fair complexion, grows old, whilst bricks

keep their beauty longest."

2989. "Fifthly, let the offices keep their due distance from the mansion-house ;
those

are too familiar which presume to be of the same pile with it. The same may be said of

^tables and barns ; without which a house is like a city without works, it can never hold

out long. It is not only very inconvenient, but rather a blemish than a beauty to a build-

ing, to see the barns and stables too near the house ; because cattle, poultry, and suchlike

'must be kept near them, which will be an annoyance to a house. Gardens ought also to

be disposed in their proper pilaces. AVhen God planted a garden eastward, he m.ide to

grow out of the ground every tree pleasant to the sight and good for food. Sure hekuew
better what w^s proper for a garden than those who now-a-days only feed their e3es and

starve their taste and smell." The same honest old dignitary (would we had some such

in these days!) says, " He who alters an old house is ty'd as a translator to the original,

and is confined to the fancy of the first builder. Such a man would be unwite to pull

down a good old building, perhaps to erect a worse new one. But those who erect a new

house from the ground are worthy of blame if they make it not handsome and useful,

when method and confusion are both of a price to them."

Sect. V.

PRIVATE BUILDINGS IN TOWNS.

2990. The common houses of the town are not those which will engage our attention.

In London, and indeed throughout the towns of England, the habits of the people lead

them to prefer separate houses for each family, to one large one in which several families

may be well lodged, or, in other words, they prefer rows of mean-looking buildings, with

holes in the walls for windows, to the palatial ajipearance which results in Paris and most

of the other cities in Europe, from large magnificent buildings with courts, and capable of

accommodating a number of different establishments. The section will be confined chiefly

to the arrangement of a house of the first class ; and from what will be said, sufficient

hints may be drawn for the composition of those in a lower class.

29!) 1. The private buildings in a town are often in their composition beset with diffi-

culties which do not occur in those of the country, where the extent of site is freer and

ampler. These, therefore, may be isolated, and receive light from every side. Their

offices may be separated from the main house, and the parts may be disposed in the

simplest possible manner; but in cities the site is generally more or less restricted, often

very irregular in form, and generally bounded by party walls. Yet, with all thrse

obstacles, it is necessary to provide almost as many conveniences as are required in a

country house; v.'hence the disposition cannot be so simple in its application as where

there is no retraint. All that can be done is to make it as much so as the nature of the

spot will permit, and to produce the maximum of comfort which the site alTords.

2992. Nothing must be considered below the at^tention of an accomplished architect,

nor anything above his powers ; he ought as cheerfully to undertake for the proprietor the

conduct of the meanest cottage as of the most magnificent palace. Little will be requisite

to be said on the common houses of London, or other cities and towns, in which there are

seldom more than two rooms and a closet on a floor, with an opening behind. These may
be varied ; but the general mode is to construct them with a kitchen in a floor sunk below

the ground, and a room behind, serving for a variety of purposes; an area in front, with

vaults under the street, and the same often in the rear of the house. The space opposite
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tlie dcscoiid'ng stairs will form a dark closet; and the privies, and wine and beer cellars,

with other siu ill offices, are provided in the vaults. On the ground floor there is rarely
more than a pMsi?age on one side, which conducts to a staircase ; and this requiring more
width than the passHu;e itself, the best room on this floor is placed in front, and the back
is a smaller room, often opening on a small light closet still further in the rear. A yard
is supposed behind, by which light is obta.ned for the back room. Ou the one-pair and
other floors the passage becomes nectssary as an access ; the drawing or front room there-
fore runs over it, and becomes larger, capable, in the upper floors, of subdivision for
bedrooms, or other purposes, as may be required ; and the bick rooms with their closets,
if carried up, follow the form of thos-' on the ground floor. Though little variety may be
tiie result of the restricted space to which this species of house is usually confined, the
addition of four or five feet either way will enable an intelligent architect to throw in
closets and other conveniences which are invaluable, as relieving a small house fiom the
pressure which otherwise will exist in the diflferent apartments. Eut this will be obvi(ms
to the practical man, unless he walks about blindfold. The houses we have just described
may stand upon a site of about twenty feet by thirty feet, independent of the vaults in
front and re^r, and the back light closet, which is an invaluable appendage to a hjuse of
this description; which is the scale of a second-rate house.

2993. Of the next higher rate of house the varieties nro too great to be described,
bccuise the extent of the largest arrives at what would be called a pabice on the conti-
nent. But, taking a mean between thnt just described and that last named, we may take
one similar to a moderate one in Portland Place for example In such a one must be
provided, on the basement or sunk story, vaults under the street for beer, coals, wood,
).rivies, and the like, the refuse or dust of the house. The body or corps de logis on this
floor must contain housekeeper's room, servants' hall, rooms for butler and head footman,
wine cellar, clo>ets for linen, strong room for plate, with closets and other conveniene.s
tor the household. The ascending staircase must also have a space tot apart for it. In
the rear, under the open area behind, will be placed a kitchen, scullery, and the larder
with the other appent'ages of this yart of the household; an area, covered, where the
c^mimunicat on wiih the rest of the floor is made between the body of the house ;ind the
uffisi;* in question Beyond the kitchen arc often vaults (though the disposition is some-
times otherwise), over which the .stables and coachhouses are placed, opening ou the
ground floor on to a mews parallel to the street in which the house is situate. The ground
floor of this disposition has usually a dmii.g-room in frrnt, with a good-sized hall at its
side, leading to a staircase which ascends in direction of the long side of the house; and
this IS necessary wh. n the rooms above ar« to communicate by folding doors. In some
old houses, however, the staircase ascends between the front and back rooms, and a back
staircase is provided by the side of it. But more commonly this is placed beyond the prin-
cipal stairs, to allow of throwing the drawing-rooms intoone. In rear of the dining-room
IS otteu plared a library for the gentleman of the house ; and beyond this, and further than
the back stairs, when the lateral staircase is used, a waiting-room, at the rear of which a
water-closet lUMy be placed, with a door from it to the area over the kitchen ; or there
may be a convnunication of this sort from the waiting-room, vhich may serve the purpose
ot access to the stables. On the one-pair floor the dispo.Mtion will bo two drawing-
rooms, a bouiloir over the waiting-room, and beyond this a water-closet. On the two-pair
floor two bed-rooms, each with a dr. ssing-room, or three bed-rooms and one dressing-
rooni, and a bath-room and water-closet. Above this four bed-rooms and closets nuiy bo
obtained

;
and, if necessary, rooms in the roof in addition. For a good house of this

cla.ss with the offices, the plot of ground should not be much less thiin 100 feet by 30.

i>- j-n f ^^^'^"'^'''^^ of houses, as a model may be taken the town-house, in
liccadiily, ot his Grace the Duke of Devonshire, which, with the offices and coart-vard
in front, covers an area extending about 231 feet towards the street, and 188 feet in
depth, whereof the house itself occupies a frontage of 163 feet and a depth of 188 feet,
and opens on to a large g irden in the rear. On the east side of the court-yard are dis-
l.osed the kitchen and other domestic offices, opposite whereto, on the west side, sti.nd
the coach-houses and stabling. The basement of the house contains apartments for the
various persons attached to such an establishment. The principal floor, to which the
ascent is by an external staircase, contains an entrance-hall, 35 feet by 30 feet, and com-
municates to an apartment on the west side, 33 feet by 22 feet, leading to the south-
western corner room, which is 20 feet square. On the north of the last is a room, making
the north-west angle of the building, and this is 40 feet by 20 feet. On the cast side
ot tliis^last, and facing the uorth, is a room 3i feet by 23 feet, and in the centre of the
north front corresponding with the width of the hall, is an apartment 30 feet by 23 feet
) inches lo the eastof the last is a room 33 feet by 24 feet, and east of that, forming
the north-east angle, IS a small room 2 J feet square. Thus far these rooms, seven in
number, are all cu suite, but this is in some measure interrupted by the remainder of the
east flank, which is filled with three smaller rooms. To that of them, however, at the
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south, whicli is 20 feet square, a passMge is preserve;!, mil from tliat you filter another
room, 23 feet by 22 feet, which once more brings ^-ou back to the hHll. The stair.-ases

are I ctween the nortli and south rooms on each side of the hall. Above this floor are the
lodging rooms, &c. The superficial area of all the reception rooms on the principal floor,

added together, amounts to 5708 feet. Plans and elevations are piveu in the Vitruvius
Britannicus, which contains other town houses of importance of the period, well worth
the stndent's attention.

2995. Burlington house, Piccadilly, before its late partial demolition, was in some re-

spects— for instance, in its beautiful semicircular colonnade in the front court—considered
superior to that just described. It can be hardly necessary to add that, in such edifices,

rooms must be provided for s'-eward, butler, housekeeper, still room-maid, valets, ladies'

maids, servants' hall of good dimensions, iS:c , for a muniment room and for plate, both
of wliich must bo fire-proof. Raths also should be provided on the chamber floor, with
o-her conveniences which will occur to the architect. The rooms for pictures, if possible,

should be on the north side of the building. The illustrated journals of the present day
siiow the great changes Avhich have been made in the requirements, and the size and
number of the ;ipartments, of all grades of society.

2995a. During the last thirty years, however, flats, or residences in flats, have been
largely adopted, and the system appears to ba gaining ground in large towns for many
classes of society. The paper by Mr. AV. H. AVhite, On Mkldk-dass Houses in Paris and
Central London, v&Ad. November 19, 1877, at the Royal Institute of Rritish Architects, is

suggested for perusal.

Skct. VI.

PRIVATE RUILDINGti IN THE COUNTRY.

299G. Of first-cbiss private buildings in the country, we apprehend we cannot furnish
better liiuts than by desL-ribing that of Kedlestone, iu Derbyshire, erected for Lord Scars-
dale by Robert Ailaiu. There are others which are larger, bur we do not think any
superior iu distribution and effect. The plans and elevations of it are to be seen in the
Vitruvius Britannicus above mentioned. The main bod/ ^^^^^
of the house IM {fig. 1352), is about 136 feet by 105 ^^p
feet ; and at each angle are quadrants of comujunicaticn l...£C_^, .„

t(j the four wings A, R, C, and D, which are each about \_^
70 feet b}- 54 feet. On the basement story of the main
building are a larijo and small sub-hall in the centre, the

'^

former 67 feet 3 inches by 42 feet, and the latter 42 feet Z7^i^2t
by 40 feet 7 inches. On the right of these are disposed a , .^'^"^'j^,,,,

.-f

butler's room, 22 feet 6 inches by 17 feet 9 inches; a V'M^M'
housekeeper's room, i;nd a steward's room, 30 feet by 21 ^^^^
feet 3 inches. On the left, a batLi, a gun-room, 23 feet F'g- i^sz.

9 inches by 23 feet 7 inches ; a smoking parlour, 28 feet by 17 feet 9 inches ; a boot-

loom, 22 feet 6 inches by 17 feet 9 inches, besides closets, staircases, &c., on either side.

The wing B contains the stables, a ehapcl, and other apartments. C, sleep'ng and otlier

ro^ms, eight iu number, with a staircase whi -h conducts to the corridor in the corre-

sponding quadrant. D contains the kitchen and its requisite accessories, and a servants'

hall. This wing has also a staircase to its corresponding corridor in the quadrant, which
attaches it lo the main body. On the principal story, the mnin body M has at the
entrance, which is in the centre, and approached by a noble flight of steps, a magnificent
hall, 69 feet 3 iiK-hes by 42 feet, at the end whereof is a saloon 42 feet diameter. To the
right, entering from tiie hall, is the principal staircase, beyond which, laterally, is a bed
chamber 33 feet by 22 feet, with its accessories; and on its end, towards the back front,

are ante-rooms, and towards the front the dining-room, whence by the corridor is access
to the kitchen in the wing D, and from the ante-rooms above mentioned the corresponding
Corridor on ihat side leads to a conservatory in the back front of the wing, and the upper
part of the chnpel. On the left hand side of the hall, with windows in the left flank of
the main body, is the drawing-room, 44 feet by 28 feet ; at the end towards the rear is a
library, which is continued in the corridor leading to the wing A, wherein is a music
gallery, 66 feet by 18 feet, with other rooms and a staircase. On the end of the drawing-
room, towards the front, is a music romn, 36 feet by 24 feet, whence the corridor leads to

Lord Scarsdale's bedroom, 18 feet square, with dressing- rooms, and the lady's library,

wliich, on this floor, are in the wing C. The w^ing D is occupied by the upper part of
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tlio kitelien, a laim-lry, 35 feet by 18 fee', and some bedrooms, to which access is by a

ffallery over part of the kitchen. The main body and wings contain a story over what

has been last described, chiefly for chambers. Wo have before (in the First Book, fi(j.<.

2-21, 222) noticed the splendid hall and saloon, wliieh occupy the height of the whole

building, an! are, though somewhat faulty in detail, very tinely-cocceiveJ and well-

proportioned apartments. The former is 40 feet high to the top of the cove, and the

latter 55 f< ct to the level of the eye of the dome. Though the elevations exhibit defects,

we are not inclined to quarrel with them in a dwelling \^hich deserves rather the name

of a palace than of a country house.

2997. England abounds with country seats of this class ; among them is Ilolkham,

which has already been mentioned in the Firt.t Book (511 ); but we kno>v none for dispo-

sition that can claim superiority over that which we have above described at length, from

which the student may derive much information on the requirements in a mansion of the

first class. It is to be understood that we here ii tend modern buildings. The houses c>f

the times of Elizabeth and James are many of them magnificent structures, but the com-

fort intro kiced into houses of later date leaves them, independent of their pictuie.squo

beauty, far Kehind the buildings of Kent, Carr, James, and many others. Bleidicim is

monumental in its design, and properly so, and hence does not fall within the category of

this section.

2998. There are, of course, many intervening degrees between the mansion we have

just described and the villa of the re i red banker or merchant: it would be impossiMe to

state them in detail. We have given the maximum in ihe above case, and we shall now
give the minimum for the class last mentioneil.

2999. The smallest site of ground on which a villa can be well designed is, supposing

it an oblong, about 80 feet by 56 to 60 feet. Tliis on the principal floor will admit of a

hall, a saloon or ante-room, which may lead to the principal apartments, a drawing-room,

two secondary drawing-rooms, one whereof may be apprjpriated to the reception of a

billiard table, a good dining-room, not less than 30 feet by 20 feet, a library of equal

size, with other rooms, suitable to the particular taste of the proprietor, and the con-

veniences and accessories wh ch such a building requires. The ground, supposing tha

domesiic offices to be under the principal floor, should be raised, so that they need not

be much sunk below the general level ot the land. If the building be seated on rising

ground, a little more sinking may be allowed than under other circumstances, provided
the lower story be pro'ected by dry drains all round the building, to prevent the earth

lying against the walls, because drainage, the most important of all things in a building,

mny then be obtained easily by the natural fall of the ground. But a villa need not be

compelled to have its domestic offices underground ; then their combination with the

apartments will Uat the architect's capabilities. The plot we have mentioned will admit
of all the offices below which are necessary for the service of a good-sized family, and
above, with only one story above the principal one, will affijrd a pretty fair allowance of

dormitories; but if a concealed story for servants be practised in the roof, there are few
establishments on a common scale for which, on the plot, accommodation may not be
provided by a skili'ul artist. The stables ai d coach-houses and the greenhouses should
stand apart. Some persons like to have th'Se communicating with the villa itself; but
the practice is destructive of symmetry, and v(Ty injurious (except in the villa on an
irregular plan, which then rather apprcaclies to the cottage orne) to the general effect of

the architecture.

3000. The villns at Foot's Cray and Mereworth, imitations of Palladio's Villa Capra,
so often mentioned in this volume, and represented \njig. IHIS, are the maxima of villas

;

beyond this the villa becomes a mansion, and must be treated as one on a scale more or

less grand, as the means of the proprietor allow the architect to provide for his wants.
All precepts, however, on this head are valueless, because the architect is regulated so

much by the convenience required. He must possess himself fully of that, and, attending
to the general rules given throughout this work, but especially in this Third Book, he
will find little difficulty in fulfilling the commission with which he is intrusted. Amonu
other matters let him well inform himself of what has been done, and make himself
master of the points involved in domestic economy, from the lowest to the highest grade,

and be cannot, using that information, fail of giving his employer that satisfaction which
is the first care that should animate him.

3001. The cottage orne, -ah it is called, is a building suViject only to rules which the
architect chooses to impose upon himself. The only point to be attended to, after in-

ternal comfort has been provided for, is to present picturesque effect in the exterior. The
student should consult the work of Professor Kerr, The English Gentleman's House, 8vo.
London, 3rd edition, 1871, in which will be found a selection of the best examples of
house planning, with a fund of useful observations ; while the illustrated journals of the

present day exhibit plans and views of villas designed in the many peculiarities of

architecture adcpted by the various professors of the art.
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Sect. VII.

FARM-HOUSE.
300'-'. The iriLTc building denominated a farm-house is simple enough in its distribution,

rnd .scarcely justifies a section here, because the jiersons engaged in agriculture have
generally the i»est notion of the mode of suiting it to their own ])articiilar business and the
nature of the farm they occujiy. It is first to be considered whether it is expedient to

I
lace it close to the other buildings of the farm, such as the barns, stables, and stalls for

cattle, &c. If so, it should be designed in character with them, and a large s])ace of ground
IS enclosed for the formation of a farm-yard ; which, notwithstanding the seemingly re-

pulsive nature of the subject, may be made a very picturesque composition as a wlioie.

The farm-house itself though it must be sufficiently large to accommodate the family of
the i'armer, should be restricted in the size of its rooms and the extent of its plan by the
magnitude of the farm, it being altogether an absurdity to plant a large house on a small
farm, not only because of the original cost, which the rent of the land will not justify, but
because of the cost of the annual repairs which a large building entails beyond those of a
smaller one. 'I'he same observation applies to the farm buildings themselves, which in

extent mu.st be regulated by the size of the farm cultivated. It is moreover to be con-
sidered, in respect of the latter, whether the farm be grazing or arable. In the first case
more provision of cattle sheds must be afforded ; in the latter case more barns must be
allotted to the cultivator. These, however, are matters upon which the architect receives

his instructions from the proprietor, and whereon, generally speaking, he is himself incom-
petent to form a correct judgment.

.'500;?. la the commonest farm-houses the external door may open to a plain passage, at

the end whereof the staircase may be placed. On one side of the passage may be a com-
mon kitchen, and on the other side the better or larger kitchen, serving also as a jjarlour

for the farmer and his family. Beyond these, on one side, may be jilaced the pantry, and
on the other side the dairy-room, the hist being much larger than the foriner, and being on
the side of the parlour or best kitchen, not so liable to the heat. To these, as needful, may
be added more rooms on the ground floor ; the ujjper story being divided into bed-
chambers for the family, with garrets over them for the servants. The kitchens should be
placed upon arched cellars on several accounts, not the least of which is that the farmer
should have the mear.s of preserving in good condition the malt liquor or cyder which is

the principal beverage of his establishment. It is a .sad mistake on the part of landed
pro])rietors, though common enough, to think that such buildings are not only below the
care of an architect, but that he is too ignorant of the wants of the farmer to be competent
o tile task ; if, however, he will reflect for a moment, he must admit that the artist who
Ciin make the most of a large plot of ground, with numberless requirements in the accom-
mod;ition, is not less able to turn to the greatest advantage for the comfort of the occiqjier

even a small farm-house.

3004. In the erection of a larger farm-house the choice of the site, as before, must de-

pend on the nature of the ground and the situation of the farm Health and convenience

are the primary governing matters. It must never be placed where it cannot be well

drained. It should be central to the land, and as near the road as the conditions will

admit. For such a building the principal door may open into a moderately wide passage,

having therein a staircase to the u])per rooms. On the right of the passage a common
kitchen may be provided for the family, and on the left a room somewhat larger, wliich in

very small farm-houses used to be called the best kitchen, but which in this may be really

the ])arlour, \\ iiere the family may sit retired from the servants. Under these, cellars, as

above mentioned, may be provided. On the ground floor we may now add a bakehouse
anil scullery to the |)antry and dairy provided in the first scheme, as also closets and such

conveniences for the housewife. 'I'he floor above may be extended ever the additional

looms just mentioned, thus giving lodging room to a larger number of })ersons than to

those contemplated in the first scheme. " In this manner," says Ware, in his Cumphte
Body of Architecture, folio, London, 1756, '-the young architect will very easily see how to

enlarge or contract his plan for the building of farm-houses, according to the intended

bigness." ..." They all consist of the same number of rooms, and in general of the same
number of offices ; this is where the bare article of convenience for farming is concerned.

Where the inhabitant is grown rich, and intends to live in another manner, he may add
what he pleases, which the architect may adopt." ..." It is then no longer to be con-
sidered a farm-house, but as the house of some person of fortune, who intends to live as

those independent of business do. hut withal to have some farming in his eye." When the

farm-house comes to this extent it trenches hard upon the condition of the villa, though not

(juite reaching it, because the latter includes many provisions for a refined mode of living

which the yeoman, the pride of England, does not recjuire; a class which, we fear, the ma-
nufacturing and commertial classes are fast annihilating.
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Sect. VI II.

COTTAGES.

300,'). " FiStatfS," observes Kent, ( Hints to Gentlemen of Landed Property, 8vo. Luiu.on.

1776,) " bein'.i' of uo value without hands to cultivate thein, the lal^ourer is one of the most

valuable members of society: without him the richest soil is not worth ownin;^." It

follows, then, that his condition should be most especially considered, and it is a duty oi.

every country gentleman to take care that the labourers on his estate are so considered as

to be made at least comfortable. " The shattered hovels," says the same author, "which
half tlie poor of this kingdom are obliged to ))ut uj) with, is truly affecting to a heart

fraught with humanity.". . . "The weather penetrates all parts of them, which must
occasion illness of various kinds, particularly agues; which more frecjuently visit the

children of cottagers than any others, and early shake their constitutions." . . .
' We are

careful of our horses, nay, of our dogs, which are less valualile animals ; we bestow con-

siderable attention upon our stables and kennels, but we are apt to look upon cottages ar,

incumbrances and clogs to our property, when, in fact, those who occupy them are the

very nerves and sinews of agriculture." We fear the neglect of tlie comfort of the cottager

has given a greater impulse to poaching and other crimes than his natural propensities

have iiiduced. Tliis, however, is not a matter for discussion here. It is not to be suppose!
tliat we mean the labourer is to be placed in an expensive dwelling; a ditterence of rank

must exist ; and if the whole revenue of the country were divided among the population

per head, it would be seen (as iM. Dupin has recently shown in a most elo(juent and
sound address delivered in Paris as resjjccts France) that the division of it per day,

after allowing for the expenses of the most economical government that could he de

vised, would be such as would not satisfy the lowest class of labourer, much less the in-

genious mechanic. This is a matter so susceptible of proof, and so projier to be generally

promulgated, that we have here gone a little out of our way lest we should be considered

too urgent with respect to the cottager.

;500(j. No cottage ought to be erected which does not contain a warm, comfortal)le,

plain room, with an oven to bake the bread of its occupier ; a small closet for the beer and
provisions, two wholesome lodging rooms, one whereof should be for the man and his wile,

and the otlier for his children. It would be well always, if poss'.ble, that the boys and
girls in a cottage should be separated ; but this unfortunately entails an exjjense, and )ier-

liaps is not so materially necessary, because the boys tind employment at an early age. A
siied for fuel should be attached.

Cottages should always be placed in sheltered spots, and as near as possible to the

farm where the labourer is employed. The wear and tear of a man is not very dissi-

milar to that of an engine, and it temls as much to the interest of the farmer as it does to

tile cotnfort of the lal)ourer that all unnecessary fatigue be avoided.

.S()07. In the erection of cottages it is not only more economical, but more comfortable
to the occupiers, that they should be built double, or in twos at least. In those provinces

where brick or stone can be obtained they should never be constructed with timber, and
tiles, if they can conveniently be had, should always sujiersede thatch. Further observa-

tion on this subject will be unnecessary, for we have ill delivered the principles of our art

if the student be not now prepared to carry out the few hints on the subject of cottages,
-— buildings, in point of fact, of importance paramount to the palace which the sovereign
inli bits.

The following remarks are by J. C. Loudon, and are extracted from a " Report to He:
Majesty's principal Secretary of State, trcmi the Poor Law Commissionurs, on an Enquiry
into the Sanitary Condition of the Labouring Population of Great Britain," 1842.

" Thti essential reqni.siUs of a comfortable labourer's cottage may be thus summed up:
" 1. Tlie cottage should lie placed alongside a public road, as being more cheerful tlian a

solitary situation and in order that the cottager may enjoy the applause of the public when
he has his garden in good order and keeping.

"2. The cottage should be so placed that the sun may shine on every side of it durin<T
the day throughout the year, when he is visible. For tli'is reason, the front of the cotta"-e
can only be parallel to the public road in the case of roads in the direction of north-east,
south-west, north-west, and south-east ; in all other cases the front must be placed obliquely
to the road, which, as we have previously shown, is gr-atly preferable to having the front
parallel to the road.

'• ;5. Every cottage ought to have the floor elevated, tliat it may be dry ; the walls double
or hollow, or battened, or not less than eighteen inches thick, that they may retain heat •

with a course of slate or flagstone, or tiles bedded in cement, six inches above the surface, tJ
prevent the rising of damp

; the roof thick or double, for the sake of warmth ; and i.roject-
111 i eighteen inches or two feet at the caves, in order to keep the walls drv, and to check the
la.liation of heat from their exterior surface.
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" 4. In general, every cottage ought to he two stories liigli, so that the sleeping roiun.^ may

not be on the ground floor ; and tlie ground floor ought to he from six inches to one t'nut

nbove tlie outer surface.

" 5. Tlie minimum of accommodation ought to be tlie kitdien or living room, a bad
kitchen or wash-house, and a pantry, on the ground-floor, with three bedrooms over ; or

two rooms and a wash-house on the ground ^foor, iuid two bedrooms over.

" ()'. Every cottage, including its garden, \ard, iS:c.. ought to occujjy not less than one

sixth of an acre ; and the garden ought to surround the cottage, or at all events to extend

botii before and behind. In general, ihere ought to be a front garden and a l)ack yard, tlie

l.itter being entered from the back kitchen, and containing a privy, liquid manure tank,

place for dust and ashes, and ])lace for fuel.

"7. If practicable, every cottage ought to stand singly, and surrounded by its garden ;

or at all events not more than two cottages ought to be joined together. Among other

important arguments in favour of this arrangement, it may lie mentioned tluit it is the only

one l)y which the sun can shine every day on every side of tlie cottage. When cottages are

joined together in a row, unless that row is in a diagonal direction with reference to a south

and north line, the sun will shine chiefly on one side. By having cottages singly or in

pairs, they may always be ])laced along any road in such a manner that the sun may shine

on every side of them, provided the jioint be given up of having the front parallel to the

road, a ])oint which in our o))inioii ought not for a moment to be put in competition with

the advantages of an e()ual diffusion of sunshine.

• " 8. Every cottage ougiit to have an entrance porch for containing the labourer's tools,

and into wliieh. if possible, the stairs ought to ojjcn, in order that the bedrooms may !)e

communicated with, without passing through the front or !)ack kitchen. 'I'his, in the case

of sickness, is very desirable, and also in tlie case of deaths, as the remains may be carried

down stairs while the family are in the front room.
'• 9. The door to the front kitchen or best room should open from the porch, and not

from the back kitchen, wliicii, as it contains the cooking utensils and washing ajjiiaratus,

can never be fit for being jiassed through by a stranger, or even the master of a family,

wiiere i)roi)er regard is had by the mistress to cleanliness and delicacy.

" 10. When .there is a supjily of clear water from a spring adjoining the cottage, or from

some other efficient source, then there ought to be a well or tank, partly under the floor of

the back kitchen for drawing it up for use, as hereafter described in detail. The advan-

tages of having the tank or well under the back kitchen are, that it will be secure from

froL^t, and that the labour of carrying water will be avoided.

"11. The privy should always be sejjarated from the dwelling, unless it is a proper water-

closet, with a soilpiiie communicating with a distant li(juid manure tank or cesspool.

When detached, the jn-ivy should be over or adjoining a rujuid manure tank, in wiiicli a

straight tube from the bottom of the basin ought to terminate ; by which means the soil

basin may always be kept clean by pouring down the common sloiis of the house. No
surface being left from which smell can arise, except that of the area of the pijie, the double

flap, to be hereafter described, will prevent the escape of the evaporation from this small

surface, and also ensure a dry and clean seat.

" 12. The situation of the liquid manure tank should be as far as possible from that ol

the filtered water tank or clear water well. It should be covered by an air-tight cover of

flagstone, and have a narrow well adjoining, into which the li(juid should filter through a

grating, so as to be pum|)ed up or taken away without grosser impurities, and in this state

ajiplied to the soil about growing crops.

" 1 3. In general, proprietors ought not to intrust the erection of labourers' cottages on

their estate to the farmers, as it is chiefly owing to this practice that so many wretched

hovels exist in the best-cultivated districts of Scotland and in Northumberland.
" 14. No landed jiroprietor, as we think, ought to ciiarge more for tlie land on whidi

cottages are built than he would receive for it from a fanner if let as part of a farm ; and

no more rent ought to be charged for the cost of building the cottage and enclosing the

garden than the same sum would yield if invested in land, or, at all events, not more tl in

can be obtained by government securities.

" 1 5. INIost of these conditions are laid down on the supposition that the intended buildei

of the cottage is actuated more by feelings of human sym])atliy than by a desire to make
money ; and hence they are addressed to the wealthy, and especially to the proprietors of

land and extensive manufactories or mines."

3008. To the foregoing fifteen essential requisites we have only to add a few observa-

tions on the design ot a ^ottage. The plan should not lie ^tnigiiling, oi such as tc> render a

vauety of roof-lines necessary, and although its arrangement shmild be compact, it should

not be ciamped. Shapeless nooks and corners do not become convenient cupboards
and closets or because t ey are enclosed and possess a di)Oi", l>ut raiiier conven ent hiding-

places for mice and dirt. Too uiaiiy pn jjctions make a small building look smaller by
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i?priving it of hreadtli ; and too great a divtrsity of colour gives it a vulgar appearance,

and Irequontly destroys the efl'ect of really good proportions. The temptation to build

pictures(|uely and to try experiments witli new materials and methods of construction, is

much greater in the country than in town. Coloured hricks, bands of ornamental tiles,

glazed patera, and otlur similar attractions, may give variety to elevations, but they must

he adopted with considerable caution in small buildings. New inventions and jjseiido-

economical devices too often prove miserable and expensive delusions. As the details of

construction, &c., which are given in the next section, are equally applicable to those in the

country, this subject will he now dismissed.

3009. In the autumn of 1863 two premiums of 251. each were offered through the Society

of Arts for the most approved designs for cottages, to be built singly or in pairs, at a cost not

exceeding 100/ e.ich. It was essential that each cottage sliould fulfil tlie following require-

ments. On the ground floor, a living-room of about 150 feet superficial ; a scullery or

kitchen of not less than 70 feet superficial ; with a ventilated pantry. On the ui'per floor,

three bedrooms, one to be not less than 100 feet superficial ; fire-places to be provided in

two of the rooms. The height from the ground to the first floor to be 9 leet, and the i)ed-

rooms to he 8 feet in the clear. The memorandum of the Inclosure Connnissioners witli

respect to the substantiality of agricultural buildings to be adhered to. In the estimate,

hrickwork was to be taken at 81. per rod reduced ; Countess slates at 23s. ; and Baltic tin)-

ber at 2s. Sd. per foot cul)e. An allowance of 20 per cent, was to be made for contingencies

and huilder's profit on the c >st prices of labour and materials, with 5 per cent, for superin-

tendence. The prime eost, therefore, of each house was not to exceed 80/., including not

only the cottage, but the fixtures, water supply or well, fenci..g, pa\ing, and all tliose

necessary addenda which the owner must supply.

3010. An able report was drawn up on the 134 des'gns submitted, by the three appointed

judges (given in Builder, 1^64. p. 3.39), towards the conclusion of which they observe "that

although good cottages may possibly be erected, under fivouralile cireumstanci.s. in some

|)arts of England for a lower sum, we consider the probable average cost of a pair of cot-

tages built witli tlie conveniences enumerated, would be about '2Wl. to 300/., and that the

attempt to erect tluni at any considerable reduction upon this amount must result in some

inferior kind of buildings, discreditable to the owner, and wanting in niucli of the necessary

accommodation for a labourer and his family." The premiated design is given in the same

volume, p. 952. On p. 295 of tlie following volume, six builders' estimates are given for

erecting six cottages on the premiated pl.m, ranging from 397/. 13s. 4d. to 527/. the pair;

a difference somewhat accounted for by the designer in his ol servations at p. 319, where he

states tliat 2C0/. the jiair would he tlie price of some he was then erecting, with modifica-

tions. On p. 394 is given a design estimated at 200/., and tendered for at ISO/, the pair,

which is deserving of comparison.

3011. The Central Cottage Improvement Society, London, stated in 1S65, that 'reports

from different parts of the country, of tlie actual cost of building, prove tliat on the average,

each room containing ICO superficial leet, or 10 fe t square, of a cottage or block cf

buildings, costs from f 0/. to 25/., exclusive of land ; this is equivalent to 3d. per f.jot cul>e.

In the five s.ts of plans published hy the society. No. 1, of four rooms, has been built for

162/. ; No 2, slightly larger, for 168/. ; No. 3, same as No. ), with a .scullery, for 175/. ;

and No. 4, more commodious, for an artizan, for 220/ per jiair. The Juunml for I 858, of

the Bath and West of England Society, vol. vi., details a cottage of fi\e rooms, built on

Exmoor, for 60/., with a living room 15 feet by 13 feet.

Sect. IX.

TOWN DWELLINGS FOR THE INDUSTRIAL CLASSES.

3012. The Kading features cf construction and detailed airangiment which may
be considered peculiarly apjilicable to dwellings intended for working men whose
«ages range from 12s. to 24s. per week will be descril)ed herein. Workmen of this class

have been hitherto strangers not only to the conveniences which render home attractive,

but to the barest accommodation necessary to render social life tolerably decent. Unfortn-

nately, the nearer an improved dweJling approaches its misirahle jiredecessor in general

a^^pect and ciiaracter, the more popular it will be. 1 he difficulty, therefore, in designing new
homes for the poor consists in the introduction of improvements which shall lead to the

gradual abandonment of injurious habits, and to jiive no sudden offence to je:.lously

cherished prejudices. To do tiiis elfectively ii is desirable to a'-certain the leading reijuire-

ments of the inhal>itants of ihe district in wliich it is proposed lo build.

3013. A poor man's town dwelling should conNist of a living room and bedroom; a

I'lentiful supply of water; a water-clo'-ct, sink, and lavatory, distinct but not tar remoxeil

from his tenement; a \\a^h-llouse, wiih the means »)f diying clothes in any weather wiihuut

artificial hi at; and, when practicable, a playgiouiid tor children.
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3014. TliL> living-room should be 12 feet by 10 feet clear of all obstructions or pro-
jeetio.-.s, and 8 feet liigli, giving 960 cubic feet at least. The rooms should be of a square
form, as being easily kept clean and made comfortable. Fig. 1353. presents a general plan
of tlie arrangements. The door should open
into a porcli or vestibule, and be placed at the

end of tlie wall opposite to the window, so

that when both are open the air in the dwel-

ling may he effectively changed. The window
sliouid be sufficiently large to light every part

of tlie room. It should be fitted with sashes,

to insure top and bottom ventilation ; and its

sill sliouhi not he more than 2 feet 9 inches

from tliL- floor, to prevent higl) furniture being
placed under it. Tolerably large panes of
gl;iss will be found to last longer than if the
panes be small. I'he fire-place should be as

near tlie centre of its own wall as possible,

and be furnished with a range containing a

boiler, with a tap of the best description fixed Fif. 1355. pk*bodt uwELLiyos, commercial street.

2 inches al^oxe the bottom ; an oven ; and a cooking place at least 10 inches wide from side
to side, with sliding bars, flap and tatch, all of which ougiit to be of wrought iron. The
living-room should have a good serviceable closet the entire height of the room, the front

flush with the chimney breast, to contain shelves for cooking utensils and crockery, &c.,

and a large covered box for coal ; this closet should be lighted by a small window hung
upon centres and to be easily 0|)ened.

30 5. The bedrooms should be 12 feet by 8 feet, and 8 feet high, communicating with
the living room by a door in the wall opposite to the fire-place at the end nearest to the
window, so that enough wall space may be secured for the bed. As these rooms would be
suflSciently warmed from the living-room, fire-places can be dispensed with v/here space is

limited or exp^'use of much importance.

3016. The walls should be well-bu.lt with sound stock bricks (the partitions being
half a brick thick) and coloured with two coats of well sized distemper colour of a warm
cheerful tint. Such walls oflTer no harbour for vermin; they are uninjured v^ht-n nails aie

driven into them ; and their freshness and colour are easily renewed at a trifling expense.
Tlie ceilings should be plastered, not only for a clean appearance, but also as a preventive

against the spread of fire. The floor is best made of wood, though it is apt to get dirty and
toleral)ly difficult to clean. If firewood or coal be broken upon any other floor than a
wooden one the concussion is injurious to it. Tile and asphalte floors are often recom-
inended as the best ; but though they have a cKan appearance, they are cold to the

feet when uncovered by a carpet; are more liable to injury; and are more troublesome to

rejiair. Asphalte a..d cement floors depend in a great measure upon their rigidity for their

efficiency, and require iron beams and brick arches, which are expensive.

3017. As regards ventilation, beyond supplying doors that do not fit too close, windows
that will open at top and bnttom, and fire-places with air-cl;annels underneath the floor, it

is extremely difficult to know how to proceed further without detection. A ventilator

once discovered is instantly rendered useless by being pasteii over. Perforated bricks^

placed throughout the length of the wall in which the window is set, and in that opposite

to it, causes the air to be so diffustd by its passage through the narrow channels with which
the bricks are provided, that the paste-brush is seldom used.

3018. The lavatory should contain a watt-r-closet fitted with a strong galvanized iron,

valve ; a lead trough, for washing purposes, supplied with a high-pressure loose valve cock,

and an enamelled iron l)asin. A sm^dler bad trough or waste, for the discharge of dirty

water, should have an inch service cock above it for supplying pails and kettles. The
walls, coloured as those of the dwelling, should be well painted to the heiglit of 18 inches

ahove each trough, for frequent and easy washing. The floor is best covered with thick

9-inch square tiles, which bear a go;:d deal of wear and tear and slo[)ping in one spot

without injury. The lavatory should have two windows at least, one in the external wall

of the water closet and one at the furthest end of the wall at right angles to it.

3019. To attach a laundry to an extensive range of such dwellings becomes a positive

duty. A washing tub and rinsing tub are necessary, about 3 feet 3 inches long by 1 foot

9 inches wide, with washer, plug, and chain, and a separate cold water service to each.

The top of the tubs should be 3 feet 3 inches above the foot-board, or the floor, if not pro-

vided. A 10-gallon copper, with cold water service, and a tin ladle. The flue of the

copper is to be carefully constructed to insure the heat being well distributed over the

sides and bottom, and to afford facilities for regulating it and for cleaning. Wringing
machines might be provided if hydrometers are not used ; they are easily attached to tlie

tubs. Artificial neans of drying clothes, as adopted with advantage in public wasii-houscs.
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are to l)e avoided in sm;ill laundries, because they cannot be maintained without consider-

able expense. Clothes are more easily and effectively dried when protected from rain, and

suspended in strong cross currents of air.

3020. The water-cistern should be as close to the laundry as possible, in order that the

pipin"' may be short, with very few joints and bends so as to be free from the risks

which attend a variety of levels. More attention is desirable to the dimensions of the iron

piping, and the nature and position of the services, tlian they usually receive. Tlius means

should' be provided for filling, emptying, and cleaning tiie cistern or tank ; also for regu-

lating tlie supply during the time t!iat any portion of the piping is uiider repair. Every

risiiio- main sliotjld be furnished with at least two valves. Tlie first is best fixed in tie

junction between the rising main and the company's street main, so as to regulate the entire

tupply of the builtling. The second should be fixed at ihe bottom of the rising main, so

as to release the water which remains in the pipe after the cistern has been filled. In some

cases an additional cock, 2 feet above eacii fioor level, for the supply of buckets, or for the

connexion of hose in case of fire, may be desirable.

3021. A few square yards o( plai/-grouhd is of inestimalde value for the labouring man's

children. One large ])lay-ground to a block of buildings is of much greater use than

many small yards to as many colta'zes, and has tended as much as anything to ensure the

success of the large blocks ol dwellings in London.

302-2. The drain-jiipes should be of tlie best description, and their diameters larger than

those employed under ordinary circumstances, l)ecause their liabilities to obstruction are

very much greater. The main drains should be external to the building, and sup)]lied

with examination holes at; intervals for repair and cleansing, and should possess tiie means
of being regularly flushed with water. When the ground is sott, the diains, butii large and

small, should be laid upon beds of concrete, to preserve them in their proper falls. Soil

and other pipes should be ventilated by being taken above the roof of the building.

,'3023. Tiie site for a block of associated dwellings should bp as open and in a situation

as public as possible, not only to receive the adva.itages of light ana ventilation, but that it

may be easily found and readily accessible, and that its residents may have contact witli

neighbours whose habits and ajipearance are superior to their own. The ends of the site

should face north and south, so that its east and west sides slould have the morning and
evening sun. It should offer every facility for good drainage; the nature of the subsoil

should be well ascertained, and every necessary precaution taken to avoid, or to clear out,

any accumulation of foul refuse that may have been carted into the vacant site. The most
eeonomical dimensions for a site within the jurisdiction of the JMetropolit.ni Board of

Works in London, are 108 feet long by 60 feet wide. This area will acconimodate a

building 108 feet long by 34 feet wide, and admit of a playground 26 feet deep in its rear.

The multiple of 108 by 34=3600 in round numbers, is the area allowed by Act of Parlia-

ment for a buildmg containing several distinct tenements, and possessing oidy one entrance

and staircase. The height of the l)uilding is best kept at 46 feet from the groiuid-line to

tiie eaves of the roof; it admits of as many stories of divellings as can be occupied with

comfort to the tenants, and it requires no imnecessary thickness of walls. If made five

stories in height it will contain 40 or 45 dwellings, about 16 water-clo.sets, 8 lavatories,

8 wash tubs and coppers.

3024. The following paragraplis comprise a brief description of the dwellings lately built

or now constructing. In the basement, only a small cellnr need be provided lor dust, access

to it is to be obtained by a small external staircase under its first landing, but diNtinct,

so that the dust may be removed without annoyance. The ground, first, seeond, and third

floor plans may be divided througliout their entire length into two equal portions, by a
corridor 4 feet 2 inches wide, on each side of which are arranged the dwellings {Jiy. 1354.).

In the centre is the prin-

cipal entrance, which is

5 feet 6 inches wide, and
furnished with external and
internal folding-doors un-
der tlie immediate super-

vision of the poiter wliose

office adjoins it. The
staircase, placed imme-
diately opposite to the en-

trance, is 8 feet wide, with

solid square stone steps

having a 10-inch tread,

and an average rise of 7

inches. 'I'lie side furtliest

from the corridor has an

arch 7 feel wide, and ei-rte 1864. FKaBODV iJWKLLiMJS, COlIMEliClAL ST&ilKT.
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tending from the ground-line to within a few feet of the eaves of the roof. It is separated
from the corridor by two arches, whose centre pier contains a dust shaft, traversing tlie

entire height of the building, and communicating with the ceHar above named in the base-
ment. It is li inches wide within, open above the roof for ventilation, and is furnished
with a hopper, which receives the dust, and closing flush with the wall at each floor level.

3025. The lavatories adjoin the staircase, those for the men on one side, for the women
on the other. The fourth or topmost floor contains a laundry, about 22 feet long by 12
feet wide, covered with an open timber roof, the tie-beams having standards helping to
support it, and serving as clothes posts. It is lighted by a range of small casements, ad-
mitting air sufficient to remove any unpleasantness that might arise from the laundry, and
to thoroughly dry the clothes. It is furnished with eight sets of wash tubs, some being
separated by slate partitions, for privacy ; eight 10-gallon coppers ; eight wringing ma-
chines, or a patent hydrometer ; trellis framed standing boards; s-ools (as being better
than tables) for clothes baskets; soap boxes and ladles. This floor also contains a bath-
room for each sex, placed over the lavatories; it is furnished with one of Ruffbrd and
•Finch's stoneware baths, and has a service of cold water. Hot water is supplied from the
laundry when required. A cistern lined with lead adjoins each bath-room, and also
supplies the lavatories below it ; this position secures a direct fall to the several services,

and avoids the necessity for frequent bends and joints.

3026. The main drains are 12 or 9 inches in diameter ; the smaller drains, kept as short
as. possible, are 6 and 4 inches, according to their requirements. The ventilation is secured
by the side corridor having a window at each end of it, and by the open staircase in the
middle of its length, all which forbid stagnation and remove impurities. These very prac-

tical observations are mainly due to the paper by H, A. Darbishire, who has designed several

blocks of dwellings in ihe metropolis, as given, with illustrations of those in Commercial
Street, Whitechapel Road, in the Civil Engineer, &c. for 1864.

Sect. X.

SANITARY ASPECT OF HOUSE CONSTRUCTION

3027. This subject may usefully be referred to. Granting that a house is well drained

and that the plumber's work is properly carried out, there are yet other matters to be con-

sidered, so that a house may be a heahhy residence. It should have plenty of light,

plenty of air at all times, pure and dry, or at least as much so as possible. During the

period when the number of windows and the glass in them were each taxed, large win-

dows were advocated ; but as soon as both were taken off, a change of fashion occurred,

and small windows and small panes were again introduced. As regards street architecture,

it is important that the houses should be erected of a height bearing a direct relation to

the breadth of the street in which they are situated. Perhaps the height of the house

should not exceed two-thirds of the width. As regards the direction of a street, the best

is one nearly north and south, as the sun shines on a house on the west side from morn-

ing till mid-day in the front, and from mid-day till the evening on t he back of it. In the

other case, the houses on the south side get scarcely any direct sunlight, in winter none

at all in front ; while those on the nortii side get none to the back rooms. Hence, large

windows are necessary to compensate, by giving as much light as possible, for the direct

sunlight which is necessary to make an apartment wholesome.

3028. Purity of air cannot be maintained in a house unless it be thoroughly dry. Set-

ting aside the not inconsiderable qunntity of water in the atmosphere produced by those

living in it, and by the combustion of gas, oil, and candles, the air in a house is liable to

be rendered moist, 1, by absorption from the soil below ii ; and 2, from the porous material

of which it may be built.

3029. The porosity of most building stones and bricks is remarkable. A cubic foot of

stone will absorb from 5 to 9 lbs. of water, or from half a gallon to nearly one gallon.

The absorption by certain kinds of stone is so rapid that in slight f-howers the water is

all imbibed; and if the surfice be kept wet by constant rains, a largo portion must find

its way inwards, Freestone also allows of the passage of air or other gas by transpira-

tion and diff'usion ;
also bricks, unless these have been exposed to a temperature high

enough to flux the material. The quantity of air diffused into and out of a house by the

walls is very considerable. If the stone be coated with oil, paint, or any silicate solution,

and the absorption be prevented, the valuable property of diffusing air into the house is

prevented. Hollow vrills may secure these advantages. These may be of brick, or of

concrete, or of stone outside and brick inside. In some parts of the country the material

is laid with beds slightly sloping upwarJs somewhat to counteract the effects of the raio,

especially when blown from the south-west
;
perhaps the two incheis of the bed of the

stnne on the oiits'de miplit he bevelled, and the renijunder be worked level.
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3030. Where rubble walls are used, the best thing to be done is perhaps to point them

with a mixture of 1 of Portland cement to 2 of sand, and then to colour the whole with

cement wash. But this should not be done until after one summer's sun has assisted in

drying the stone, or the damp may dry inwards. It is considered that a 2-feet stone will

not dry thoroughly, even under favourable circumstances, in less than two years.

3031. Plaster, whether on brick or lath, is exceedingly porous, and permits of a ready

diffusion of gases. A wall mex-ely whitewashed or coloured is better in a sanitary point

of view than one that is covered with oil paint, which is then practically impervious to

the passage of gases. Wall papers are probably not so bad in this respect as oil paint,

but inferior to colouring or distemper work.

3032. The foundation of a house is an important part of it. The most perfect is a

solid platform of concrete extending over the entire area of the building, from 2 to 3

feet in thickness, and coated on the top with nearly pure cement. Damp cannot pene-

trate this, it is considered. The joists should be laid on sleepers, so as to obtain venti-

lation to the space ; in case of the bursting of a water-pipe or of water getting into the

concrete bed, it should be laid sloping, so that water could be carried off by outs de

gratings. This would be expensive, it is true. Another system would be, to build the

walls and dwarf-walls to a certain level, and then to fill in with hard dry rubbish, and
cover the whole witii cement 3 inches thick, composed of 1 of cement and 2 of coarse

sand. Or, this might be covered with asphalte, also over the walls, or the usual damp
course take its place. This damp course must be put to main and dwarf walls.

3033. Gratings should be placed all round the building, thoroughly to ventilate the

space under the basement floor, about 10 feet apart. If a town house, then about 5 or

6 feet apart and each about 10 by 6 inches. Cross walls should have good openings in them
to obtain this circulation of air. The floor may be considered cold by this ventilation;

if so, the floor ctn be pugged, or the boards be grooved and tongued.

3034. In this wet climate, where occasionally half an inch of rain falls in a d.ay, it is

well to cover the tops of the chimneys, in order to prevent rain from coming down the
stiaight flues into the grate, or down others into the gable walls and keeping them damp,
preventing the smoke rising ; and this cover can be combined with some means for

preventing downdraughts.
3035. A simple method of ventilating a room is to drill a series of smallish holes

vertically through the lower frame or meeting bar of the top sash of the window,
say six or eight to the sash ; the air rises through them into the room in the same manner
as in a Tobin's tube. This is an old custom, and often tends to cure a smoky chimney
caused in a room. Another is to hare a bar of 3 or 4 inches in height to fit in between the
frame on the sill of the lower sash, when raised for the purpose; there will then be a space
left at the meeting rails for inlet of air.

3036. At the meeting of the Sanitary Institute of Great Britain, held at Bolton,
Mr. R. K. Middleton, C.E , read a paper on the then proposed Sanitary Registration of
IhiilJings Bill, 18S7, in which he quoied a specification where water-closets are used. It
is here given, as showing the present views, extremeorotherwise, ofmany sanit;iry officials.

" 1. Every drain or part of a drain inside a house and all soil pipes thali be water-
tight throughout.

" 2. The main drain of the house shall be ventilated at its upper extremity by means
of a continuation of the soil pipe, or by a special pipe provided for the purpose ; such
ventilating pipe, whether connected with the soil pipe or otherwise, having a clear sec-

tional area of 10 square inches throughout, and being carried to such a heiglit that its

outlet shall be at least 3 feet above the eaves of the roof, and the same distance above
any window or opening in the roof, not being a chimney, and not less than 6 feet distant
from any chimney or opening in the roof, whether of the house to which it belongs or of
the next artjoining house, measured in any direction. The main soil pipe shall Le simi-
larly ventilated, and if there be more than one soil pipe, then each such soil pipe which
shall be longer between the basin of the closet and the main drain than 8 feet shall be
similarly ventilated. The main drain shall be disconnected from the sewer or cesspit by
means of a syphon trap of approved construction, provided with m>ans for cleaning the trap
and the portion of the drain between the trap and the sewer or cesspit ; and it shall be
ventilated by an inlet air-pipe or ventibiting disconnecting manhole ; and if there be more
than one outlet ventilating pipe connected with the house drain, then each such portion
of drain and outlet ventilating pipe shall le provided with a s-uitable sjphon trap and an
inlet air-pipe or disconnecting manhole, as already described; and the area of the inlet air-

pipe shall in all cases be at least double that of the outlet ventilating pipe in the clear.

"^3. No pipe which passes through any part of a house, not being a soil pipe or soil

drain, shall be connected directly with the main drain.
" 4. No water-closet shall be situated next to a larder or place where food is stored.

No pan-closet or D trap shall be used, and cxcry water-closet shall be trapped, and shall

be arranged so as to prevent syphonage.
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discliargcd iiito the open air in an exposed position, and shall not be connected with the

soli drain or rain-water pipes, eitlier directly or inilirictly, but sliall act as detectors.
" 6. All sinks, baths, lavatories, and urinals shall be trapped with suitable traps, and the

discharges from them sliall be carried outside the walls of the house, and shall not be con-

nected directly with any soil drain, nor shall they be introduced under tlie gritingof any
trap, but they shall terminate in the open air, and not nt-ar any window or other opening.

" 7. All water-closets, urinals, and slop sinks shall be provided with suitable

flushing cisterns, and the flushing pipe for any closet shall not have a less internal

diameter than 1^ inches, and the height of the flushing cistern above the closet, urinal,

or slop sink shall not be less than 4 feet. It shall be impossible to draw water from
any cistern used for flushing purposes for any other purpose than that of flushing.

'• 8. The cisterns used for general purposes shall be easily accessible, and shall be pro-

vided witli covers ventilated into the open air outside tiie liouse by a rising pipe other
than the overflow pipe, and no pipe from them shall be connected in any way with any
soil pipe, drain, or with any pipe receiving the discharge from any bath, lavatory, urinal,

sirk, or flushiug cistern.

" 9. No rain-water pipe used to receive the waste from any bath, lavatory, sink, or
urinal sliall be placed near a window or other opening; and no rain-water drain sliall

cc'unect directly with a soil drain ; and no rain-water pipe shall be used as or connected
wiih the soil pipe, nor as a ventilating pipe.

" 10. No cesspit shall be constructed in such a manner, nor placed in such a position,

ns to endanger the water supply ; and every cesspit shall bo ventilated by an inlet air

pipe and by an outlet ventilating pipe rising to an elevation above the ground level of not
less than 20 feet, and having a clear sectional area of not less than 10 square inches, tlie

area of the inlet pipe being double that of the outlet ventilating pipe."

Sect. XI.

TECHNICAL SCHOOL AND COLLEGE BUILDINGS.

3037. The remarkable movement in fivour of more efl^cient technical training has called

for an exact treatise on the peculiarities of plan and structural arrangements and flttings of

liiiildings required for its development. Foreign nations have been beforehand with us in

this matter, and have long since provided noble buildings, specially created and admirably
fitted up for the purpose, and well stored with singularly complete industrial and fine art

collections.

3038. Mr. E. C. Robins, F.R.T.B.A., F.S.A., has, besides the lectures delivered by
him. brought together a large amount of information on the subject of technical edu-

cation as taught both in England and abroad, and on the adaptation of architecture to

the rrquirements of this teaching. This new volume is entitled, A Treaiise on the Design

and Constriwtio)i of Ap2)lied Science and Art Biiihlings, and, their suitable Fittings and
Sanitation, ivith a Chapter on Ttchnical Eilncation, 4to. 1887. It contains full descrip-

tions of such institutions as the Bonn, Berlin, and Munich chemical laboratories ; Dii

Biiis-Reymond's Physiological Institute at Berlin; the laboratories at Charlottenburg,

Zurich, Paris, Strassburg. Most of these are accompanied with cuts and diagrams, so

that their interior arrangements may be studied in minutest detail. Descriptions of the

laboratories at South Kensington, Finsbury, Leeds, Bristol, Manchester, Huddersfield,

Oxford, Cambridge, and other English cities, are given; with chapters devoted to the

fittings of these buildings, giving detailed information concerning the hundred and one
minor things which go to make up the perfect laboratory ; as the working benches, demon-
stration tables, drawing rooms, and so on. The heating, ventilation, and sanitation of

applied sciei\ce buildings are also elaborately treated and profusely illustrated. An
appendix gives statistics as to the technical schools in Great Britain : as particulars of

the area occupied by buildings, their cubical contents, the cost of land, cost of flttings,

annual expense of maintenance, number of students, and so forth. One chapter embraces
the planning of schools for middle class education generally, as at South Ilampstead,

Gravesend, Sevenoaks, Caterham, Battersea, Wapping, Haverstock Hill, Stepney, with

the Camden School for Girls, and the North Londo:i Collegiate School for Girls

3039. It has lately been pointed out that technical education was not meant to be a
substitute for apprenticeship. The object is rather to teach boys and young men how to

learn a trade rather than to teach them the trade itself. As a comparison of the views
held by some continental states, and by England, on this subject, it has been stated that

the Finsbury College, London, cost 37,000^. to build, and requires 6,000^. per annum
from the City Guilds for maintenance

; and that the City and Guilds Central Institute

cost 90,000^. to build, and receives 10,000^. per annum ; while at Berlin, a building has
been erected twice the size of Buckingham Palace, which cost 690,000^ to build, and it

receives 37,380?. oer annum from the state!
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BO K I V.

VALUATION OK PUOPLRTT.

CHAP. I.

Thi' valnations in wliicli tlie arcliitt-ct is consulted are properly onlv those wherein Vmild-

ings have heen or may be erected ; from which if he wander, the probability is that lie wdl

create difficultv for himself, tending to exhibit him as a pretender to knowledge not within

the regular course of his occupation. The general |)rinciples, therefore, on which we ))ro-

pose to touch, are confined to the sj>ecies of property above named, as distinguished froir

that in which the resident valuator near the spot in the different provinces is the best

adviser, from the local knowledge he ))ossesses. Tiie auctioneers who with unblushing

effrontery pretend to a knowledge of the value of property in the metroi)olis, are utterly

incompetent to the duties they undertake, from an ignorance of the durability and cost of

buildings, which can be attained by the practice and experience of the architect only.

Buildings may be so disadvantageously j)laced on tiieir sites as to realise nothing

like a proper interest on the money expended in their erection ; and, indeed, so as alto-

gether to destroy even the great value of the ground on whicii they are built. Thus, to

place before the reader extreme cases, which generally best illustrate a sul)ject, let him
suppose a row of hovels built in Piccadilly, and a bouse like Apsley House placed in

Wapping High Street. In both cases the productive value of the ground is destroyed,

there being no inhabitants for such dwellings in the res])ectlve (juarters of the town.

From this it must be evident that the value of town or city property, which consists

principally of buildings, is divisible into two parts; namely,

—

That arising from the value of the soil or site; and
That which arises from the value of the buildings placed upon it.

M'^e will suppose for a house which is fairly let at a rent of 100/. per annum, no
matter what the situation of it be, that it could be built for 1000/., and that the proprietor

or builder would be content with 7 per cent, for the outlay of his money, a rate by no
means larger tlian he would be entitled to claim, seeing that the letting, after it is built, is

a matter of .speculation, and that loss of tenants and other casualties may temporarily

deprive him of the interest of his capital. In this case, then, the rent of the mere building

would be 70/. ; and as the full rent assumed is 100/.,

100—70= 30, which is manifestly the value of the ground or ground rent.

Thus in the cases of valuation of freeholds, wherein the gross rent can be accn-
ratel;/ ascertained, there can be no difficulty in coming at the real value of the ground rent,

because the building rent, or that arising from the expenditure of money on the soil, caji

be immediately ascertained l)y the architect, with tlie rate of interest on it whicli it is I't

the builder should have The remainder of the rent is that inseparably attached to the value

of the soil, and belongs to the ground landlord.

The reason for thus separating the two rents is this: the ground rent, attached as

it is to the soil, is imperishable. It is true that the value of ground is constantly fluc-

tuating from the power of fashion over certain localities; but with this the valuator cannot
deal. The changes are slow ; and the Lord Shaftesbury in the time of Charles 1 1, would
have little thought it possible, when he placed his residence in Aldersgate Street, that his

successors would have dwelt in a house in Grosvenor S(]uare; neither, even five and twenty
years ago, did it cross the mind of the then possessor of the Grosvenor pro])erty that the

Five F'ields at Chelsea contained a mine of wealth in the ground rents of Belgrave and
Katon S(|uares. Such aie the mutations of projierty, with which the jiresent ((uestion is

not involved, unless the gift of foresight, in a degree not to be expected, be given to the
valuator. The other portion of the value of house property is strictly the result of the
perishable part of it, namely, the building itself; and this is limited by the durability of

the building, which has great relation to the time it has already existed, and to the sub-
stantiality with which it has been constructed. The durability, then, or the number of

years a building will continue to realise the rent, is the second ingredient in a valuation,

and is a point upon which none but an experienced person can properly decide.

The rate of interest which the buyer is content to obtain in the investment of his

money in buildings, or, in other words, in the purchase of the perishable annuity arising

from the building, will necessarily vary with the value of money in the market. In the

compensation cases under public improveirents, wherein it is obligatory on the owner to
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part with his proiicrty, the G per cent, rate of the table is generally used, by wliicli the
buyer makes too little interest on tiie )ierisliai)le part of tl e jiropcrty. Few would be in-

clii'ied to invest money in S'jcii property at so low a rate, for a rent which every year, from
wear and tear, becomes less valuable. Individuals imderstanding the subject would
scarcely be found to purchase, unless tl.ey could make at least 8 per cent, for tliis ))art of
the capital. In the cases above mentioned, twenty-five years' purchase, that is, 4 per cent.,

is the usual price at which the ground rent is taken.

Having thus prepared the student, we will present an example of a valuation conducted
on the i)rinciples named. Tiius, suppose a building and the ground on which it stands to

be together worth 15(3/. per annum, and that its durability is sucii that a purchaser may
count on receiving that rent during a term of fifty years. We will suppose the house to

stand upon a plot of ground '24 feet in frontage and 60 feet in depth ; that the size of the

house is 24 feet by 40 feet, and tiiat to build a similar one would cost 1,440/., which, at a
r.ate of 7 per cent, upon the expenditure, would produce a building rent of 100/. I6s. per
annum.

d.

Now the total rent being

The rent arising fiom the building itself

The value of the mere ground must be -

We therefore here have the imperishable part, viz the ground, of the

value of 49/. 4s. per annum, wiiich, giving the purchaser 4 per cent,

interest for his money, is twenty-five years' purcliase for the fee- simple
by the Fourth Talde, that is - - - - - 1230 O

An annuity (from the building) of 10.""/. 16s., to continue for fifty years,

is, by the Fourth Table at 5 per cent., worth 18 '256 years' purchase,

that is ------- . 1840 II

The value of tlie old materials at the end of the term, if taken to be
pulled down and sold for 150/., will be that sum at the end of fifty

years to be received at the present time, discounting at 4 per cent,

from the Second Table -1407 x 150 - - - = 21 2

£ s. d.

1.50

100 16

49 4

Total value of the freehold - - . 309I 2 11

49/. 4s,
In the above valuation the ground estimated by its frontage would be ^V^

—

'1 = 4I». per

foot, and ground is usually let by the foot when demised for building. In the chief parts o£

great cities ground is now usually sold and let at per foot superficial.

The next case of valuation is that of a beneficial lease, in which the rent paid by the
lessee is less than the actual value of tiie premises. The difference between tiiem, there-

fore, is an annuity for the term of the lease, which is so much benefit to the lessee, and is

estimated by the Fourtli Table ; thus

—

Suppose the actual value of given premises be - . . _ £100
Ilent reserved by tiie lessor ------ 50

Beneficial annuity belonging to the lessee - . - _ - £50

If the term of the lease be twenty one years, such is the length of the annuity, and the

question stands as under :

—

An annuity for twenty-one years, discounting at 5 per cent., is by the Fourth Table worth
12'8211 years' purchase, wiiich multiplied by 50/. = 641/. l.f.

It is to be observed that the annuities must be clear after the deduction of all outgoings
which may be necessary to keep it unencumbered.

Let us take another case.

A man takes a lease of ground at 10/. per annum, and lays out 1 ,000/. on a sixty-one years'

lease, interest being 3 per cent. How much must l.e receive as rent to replace the princi-

pal at the end of the term ?

1000/. at 3 per cent. = 30/. + 10/. ground rent = 40/. improved rent.

1/. per annum for sixty-one years at 3 per cent, will amount to 169/. (See Third Table.)

=51. 9s. = the sum to be laid out yearly.
169
And 30/. -1-5/. 9s. =35/. 9s., or 3*59, is the rate of interest to secure or replace the princi-

pal at the end of the term without consideration of repairs, loss of tenants, insurance, &c.
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We now subjoin some ol>servations on tlie va'iialioii of house propertij, which claim the

architectural student's attention. Inwood's Tables for the Pvrchasiity of Eslules, 6,-c. have

lung l)ee.i in general use ; they are founded on tlie elaborate Tal)les by Baily and Smart.

A seiies are given liereafti.r. W. D. Biden, Riilfs, Fonnu/ce, and Tables for the I'ahiatioit

of Estates. §•<:., with iiis smaller work, Fruclicul Rues forValuers, 1862, are useful, and have

furnished the outline for the following remarks.

It is generally considered that the value of a freehold house ranges, according to situa-

tion, style, condition, &c., from 10 to 20 years' purciiase. It naturally follows that pur-

chasers, and some valuators indeed, imagine that house property, as a rule, pays from 5 to

10 per cent, interest on the purcliase-money. Tliis is a great error, as many have ex-

perienced who have endeavoured to realise and to expend yearly 8 per cent, on the cost of

iiouse pro[)erty. The valuation should be made at 5 per cent, (if the purchaser will l)e

content witli that interest); and tlie ])reseiit value of o// the costs, charges, and losses inci-

dent to house property should be fairly stated and deducted in the valuation, and then the

purchaser will not be deluded with the idea that he is to net a very large interest, which

may be spent unconcernedly. Such is the expectation of many of those who are induced to

join Building Societies, and who buy, what appears to them, a bargain, as they will be

receiving for years double or treble the amount of interest obtainable from the funda. A
change of tenants, or other cause, soon shows the diS'erence. Where, however, the buyer

liimself occupies the house, whether freehold or kaseliold, he may make a very advanta-

geous investment of his money. In the latter case, that is, of a leasehold, he must bear in

mind the result of the occupation of the premises, namely, dilapidations, for which he will

I)e called strictly to account by his landlord at the expiration of his term of lease.

Compare the following valuations, made in two ways, of a freehold house, which will

last for about 80 years, the tenants paying the rates amounting to about £l per annum. One
valuator may make out his calculations thus :

—

Gross rent received hy the landlord - . -

Deduct Insurance - "j

„ Land Tax -
J-

when paid by him
„ Sewers Rate J
„ General repairs, 10 per cent.

„ Collection, &c. -

£ s. d. £ s. (1.

C3
"1 10

1 2 fi

15 9
6 6

4 14 6

14 8

iT~

9

48
(In a leasehold valuation, the ground rent would also have to be deducted )

To pay 8 per cent., at years' purchase (Fourth Table) 12^

Presumed value of the property, according to this rough valuation

.Another valuator will make out his calculations as follows :

—

£
Gross rent ---.---
Annual deductions, as before ....

Net rent .......
But property is usually subject to various depreciating con-

tingencies, which must be provided against by an annual

reserve according to the class of building, thus:—
Deduct for losses by bad tenants, s.iy 1 year's rent in 6

And, for extra repairs and expenses contingent upon such

frequent changes, say an equal sum ...
Deduct a sum for rebuilding (say about £630), which, put by

each year in the funds at 3 per cent, compound interest,

will produce that amount at tlie end of the life of the

house, say 80 vears, i.e., £1 per annum for 80 years (Third

Table) - ' - - - = £32l-3o3

£007 O 8

= 10 10

10 10

2

£612726

Clear income from the property - - -

If the purchaser elects to have 5 per cent, for his speculation, the amount
to be paid for the property will be -

The value of the ground in these calculations is included in the rental ; when of some
Importance, it must be valued upon its own merits, as shewn in the previous p;)ge.

23

25 11 3

£512
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But there niny be a fiiril.er expo^iiliture for siir\ey'>rs' charges, solicitors' cliar^ts for

transferring the projierty, and loss of capital by selling out of the funds, wliicli it may !>e

often necessary to deduct from that amount. A matter also of consideration is wlietlKT

the building is in a good state of repair, both in structure and decoration, as ready for a

tenant.

Wlien the property is hasehold, then, as soon as the clear income has been ascertained, it

will have to be multiplied hy the n\imher of years' purchase at the rate of interest required

for the term (Fourth 'JVilile), to find tlie amount that the property is worth. The number
of years' purchase pi o\ ides for tlie percentage and to get back the ]irincipal, tlie annual

instalments of which must be invested at the same rate of interest to produce tlie total sum
at the end of the term (in lieu of the rebuilding fund in the freehold property). Among
Imvood's Tallies, 16th ediiion, 1855, is one (p. 177"), whereby to calculate " tlie present

value of an income fur a ceitain number of years, wliicli is to pay duiing its continuance a

given rate of interest on the purchase-money, and to replace the purchase-money at the end
of the same number of years at a rate of interest to be selected.

'

F'roin the former method of expressing the valuation, it would appear that a purchaser

may realise 8 per cent, upon his outlay ; and so indeed he may, for a few years, if" every-

thing connected with the property be very favourable ; but the latter calculation shows
exactly wluit may be expected, namely, that on capitalising a fiirther sum to form a sinking

fund for certain repayments, then .'> jier cent, per annum may be appropriated as income,

the remainder of the rent being set aside to supply a fund to meet exigencies of no uncom-
mon occurrence. The rial value of the property, moreover, is found to be much less than

What tlie rough calculation would show it to be worth.

I'lie deductions for losses dejiend entirely upon the class of house. First class houses

in good situations let so readily to responsible tenants, who for their own comlbrt and
display maintain the fabric, that the sums to be deducted for the occasional want of occu-

jiants and expenses of reletting are reduced to a minimum. On the other hand, a much
lower class of house, together with the present unsatisfaetorj' mode of letting houses on
three years' agreements, and the still more ineligible arrangement by the year, throw so

much larger amounts for repairs, decorations, and change of tenancy, upon the landlord,

that the total of the sums to be deducted is raised to a very high estimate. Herein the

best judgment of the valuator is called into requisition, and it requires the knowledge ob-

tained by the practical architect to assist his judgment in such matters.

After tlie actual value has been ascertained, another item for consideration is the additional

sum that a purchaser will be induced to give for some reason—such as the property being in

a fashionable neighbourhood; the house possessing arrangements peculiarly suited to his

wishes, and so on : this amount may be called a " fancy price," and when paid had better

be considered as money sunk.

For making rough calculations, according to the first instance, the value of freehold

land in the country is generally considered worth from 30 to SS years' purchase, being cal-

culated on the 3 per cent, tables. In a few very exceptional cases as much as 40 years'

jjurchase has been given ; but the difference constituted a ' fancy price." F'or town plots

from 25 to 30 years' is more usual. Freehold houses and buildings, 1st and 2nd class, fiom

18 to 20 years' purchase, or 5 per cent.; 3rd and 4th cluss, about 16 years' purcha.se. or 6

per cent.

for Leasehold properly :—
1st and 2nd class, from 15 to 16 years' purchase or 6 per cent,

2nd and 3rd „ 14 to 15 ,, 7 „

3rd and 4th „ 12 to 13 „ 8

4th and 5th „ 11 to 12 „ 9 „

5th and 6th „ 10 „ 10

Freehold Ground-rents are valuable in proportion to the extent to which they are

covered by the rack-rent and by the period of reversion. A good ground-rent ought to

be six times covered, that is, five parts are brick and mortar rent, and one part ground-

rent. A reversion, however, unless williin forty years, is not much taken into account.

Some ground-rents in the City of London (where the ground-rent is larger in proportion)

bare sold for Sl^- years' purchase ; those only covered by three times the rack rent, sold

for 25 years' purchase. Leasehold and freehold giound-rents can only be valued according

to locality, circumstances, length of holding, &c. Unsecured ground-rents are usually

valued at 25 years' purchase, but those well-secured at from 30 to 33 years' purchase.

Jniproved ground-rents are not worth so much as the freehold ground-rent, in consequence

of the covenants of sujierior leases, danger of breaches of covenants, &c.

In the valuation of leases held on lives, the operation, after bringing the rent to a clear

annuity, is conducted by means of the sixth, seventh, and eighth tables, given hereafter, as

the case may require.

In the valuation of warehouses, the only safe inethod of coming at the value of a rent«l
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is by tlie quantity of goods or tonnage they will contain after leaving prober gangwaya,

and not overlcading the floors. In corn warehouses, however, the grain being disiributeil

over tl'.e surface of'tlie floor, the squares of floor are taken to com.- at the contents. Goods

warehoused are paid for to the warelionseman usually at a weekly or niontldy rent ; and it

1-, commonly considered that the profit he should make ought to be one half of the rent he

pays to t'le landlord, so tliat in fact two-thirds of the actual rent realised goes to the pro-

prietor, and tlie other third to the warehouseman or lessee. Tal)les of the weiglit and space

occupied by different goods are given in the Glossary ADnENnuM.

We have noticed at the commencement of this chapter that valuations depending

upon building or building land are essentially within the province of the architect. But

as valuations for liailwii/ and Improvement cumpeinations ramify into one and the other, as

well as into ao-rieultural l;md, a portion of tiie subject into which -we do not consider it

desirable here to enter, we will only notice that, as regards the former, there are several

items, bevond those already mentioned, to be taken into cons'deration. A man holding a

property.'and dispossessed ag^iinst his will, has a right to be paid for his interests being so

injuriously aflicted, hence an item for " compulsory sale " is allowed; this was foimerly as

much as 30 per cent, for house property, now it is only 10 per cent. ; while for land, from

10 to 25 per cent, is obtained, according to circumstances. Witii certain exceptions, the

purchase of lands compidsjrily is jjlaced under the provisions of the Statute 8 Vict. cap.

18, "The Land Clauses Act." The assessment of the items usually consists of the fol-

lowing heads:— I. Thevalne of the property taken. 11. Any reversionary or prospective

advantage the owner may be likely to receive at any time; to be estimated in present

money. III. Any advantage the owner may have by carrying on a trade, business, or

profession, in a locality ; whether the same would be utterly destroyed, or a portion be

taken witli him. IV. Tlie cost of removing, or loss by forced sale. V. The value of the

portion only of the property (if so taken), and amount of damage the remainder may
sustain in consequence of the severance; this is usually called consequenlinl damape.

VI. If a portion only be taken, and that portion injuriously divides the remainder of the

property, the estimated amount of dainage is known as severance. VII. Compensation

lor loss of time, trouble, and expense, in find'ng a new investment; loss of interest; tiie

parting with property to which one is attached to and has an interest in ; and other losses

by being forced to give up a property and seek new. This forms the item of compulsory

sale.

CHAP. II.

CIVIL AND ECCLESIASTICAL DILAIMDATIONS.

I he architect, in the cotirse of business, may be commissioned to ascertain the extent of

neglect on the part of an occupant in keeping premises in ])roper order according to tiie

terms upon which the projierty is held l>y him. In civil cases it is not usual for the lessor

to exercise a power, geneniUy reserved to him in leases, of causing his architect to inspect

the premises from time to time to detect dilapidation ; but it is usual for the lessor to CMUse

such an inspection (at a reasonable jieriod, so that the repairs may be done) before the

expiration of the term: this reasonable period inay vary from two to twenty-six weeks,

more or less. After svich inspection or survey, a notice to repair dilapidations according to

its appended schedule is served upon the tenant, who ii-ay either execute the works within

the term, or (unless he can compound witli the lessor for a sum to be ascertained under
arbitration) take the responsibility of paying the charges of the tradesmen employed
by the lessor after the premis.'s have been surrendered, to which a compensation for loss of

rent is naturally added; but this arrangement, if adoptel, is a very exceptional pro-

cedure. It will be e\ident that in cases where a lease expires and is not to be renewed
before other suitable premises can be obtained, the latter method of action may be
desirable ; but generally, and especially in the case of a dwelling-house, the cheapest,

if the most inconvenient, course is for the tenant to have a survey made for iiimself and to

get the repairs executed within the term. In ecclesiastical cases the survey previous to

the end of occupancy is rarely, if ever, practicable ; and a sunr must be ascertained under
arbitration. According to the usual tenor of leases, the lessor expects that the premises

shall be delivered, at the expiration of a term, in as good condition as the nse and wear
during the time will permit, and the lessee undertakes to make good any injury which the

premises may have suflTered through acciderit, neglect, or intention ; these conditions apply,

not only to what was originally demised, but to whatever may have been erected during
his occupation. In ecclesiastical cases the principle, as will hereafter be explained, is

rather different. It may be noticed here that the term wear and tear is a popular mistake
wbicJb the law does not support; use and wear is legitimate, tear is dilapidation.
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In civil dila|)id.ition<; a tenant is bound, according to liis covenant, specific or general,

but never beyond maintaining and npbulding, unless tlie conditions of repair are so had

tliiit no measures sb.rt of reeonstruction are consistent witb saf.?ty, or possible from tlie

extent of decay. His liability is not sujiposed to extend to sucli defects as only indicate

Hge, so long as the efficiency of the part still remains. But if the efJ'tcts of use or age have

proceeded so far as to destroy the parr, or its efficiency in the structure, the tenant is liable,

it l)eing the presumption tliat at the commencement of the term the tenant was satisfied

that every (lart v/as sufficiently strong to last to the close. On tiie same presumption the

degree of liability of the tenant is regulated by the actual condition of the premises at any
time, as specified in his covenant, and admits of no extenuation by reason of dilapidations

existing at the commencement of bis term, as he is presumed to have taken the proper

course to guard hims If against the occurrence of undue liability. In extreme cases, the

liability of a tenant extends to the rebuilding of a party wall condemned as unsafe, to

reconstruction after fire, &c., unless specially excepted. In fact, under the natural and the

legal favour which the lessor enjoys, the person proposing to become the lessee should

employ a professional surveyor, not only to insi)ect the apparent, and as far as he can the

hidden, state of the building, but also to check the conditions contained in the draft of the

lease, which are sometimes extravagant when applied to an old and worn-out fabric, though
they might be reasonable as regards a new structure.

Whatever the tenant has power to retnove during the term cannot be chargeable with

dilapidations. Upon this point the old rule is, that whatever \s fixed to the freehold cannot

be removed by the tenant : tlius a lessee may erect barns or sheds or any building upon
wooden or stone or other blocks laid on the surface of the ground, and take them down, if

be please, without substituting anything in their place ; but if the barns are fixed into the

ground, they immediately become the property of the lessor. There seems, however, to be
au excei)tion in respect of buildings erected for the purposes of trade: hence not only

coppers and ovens may be taken away, Imt workshops and the like erected by the tenant

for his puiticular trade. This exception seems at first to have apjjlied only to wooden
buildings ; but Lord Kenyon held that a brick chimnt y would prevent a tei.ant from
removing a building, and decidid that its being on a brick foundation would not do it.

Though this opinion was not held iiy Lord Ellenborough, yet it was not because the

buildings were of brick, but because they were erected for tlie purposes of agriculture, and
not of trade. It is to i)e remembered, in all cases, that a lessee is bound to leave the

premises in as good condition after the removal of fixtures as though they had never

existed: thus, if a marble be substituted for a wooden chimney-piece, when the former is

removed, the latter, or one of equal value, must be replaced. If a partition be put up and
taken away, all damages to the adjacent work must be repaired.

The general rule for determining what injuries are considered dilapidations, is to ascertain

what is fair ueir without dilajjidation arising from accident or neglect. Injury by acci-

dent is that which happens suddenly, and perceptibly diHi'ring from wear, which occurs

only by lengthened use. Thus the nosing of a step worn away is not dilapidation ; but if

such be broken away instead of worn, it is a dilapidation. It may be said that

accident is defined here with too much latitude, iiiasmich as it takes account of

that which occurs without apparent reason at any particidar time; but we use the term in

common language, and may cite as an example, that if the timbers of a floor decay, the

floor will yield, even without a load upon it. When accident occurs, such alone does not

limit the extent of the dilapidation, but also such injuries to the building as follow in its

train. Thus, if the weather-boarding of a building decay from age, so long as the

covering will keep out wet, it is no dilapidation ; but if broken in any part, that is a dilapi-

dation ; and if from want of reparation any of the internal parts of the building be injured,

such injury is a dilapidation: so if timber or timbers belonging to any part of a house
merely decay, if it or they be still sufficient for the support of the bouse, no dilapidat on
can be chargeable ; but if such timber or tiinbers give way, they must be rejilaced,

and all parts made good which suffered by their failure. Wa^te, in law, is instiffierable,

even in freeholds which are held for lives only. According to Wood^'all {Latidloid and
7e"U7if), " waste may be done in houses by pulling them down or suHeiing them to be

unco> ered, whereby the rafters and other timbers of the house become rotten ; but the bare

sufllring them to be uncovered, without rotting the timber, is not waste: so if a house l)e

uncovered when the tenant cometh in, it is no waste in the tenant to suffer the same to fall

down." In external covering, however, it seems that decay arising from inattention to it is

dilapidation, even though no accident be the cause. It is always considered that though
painting neglected is not itself a dilapidation, yet where decay arises from it, it is one.

Broken glass is not considered a dilapidation, unkss there be more than one crack in the

pane. Soine, however, contend that while the glass is sufficiently entire to exclude the
wind and weather, no waste is assignable. Generally it seems then to be the rule, that

where accident occurs, it is a dilapidation.

In the preceding par^^raph the word neglect has naturally occurred ; dilapidfltion from
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lu'glcct being very often followed bv dilapidation by archlent
:
the latter term is still mora

nc-^rly connected «itli tlie word mistm; which occupies the place here given to "accident"

in 'the Report upon Dilapidations, I'ublishid in 1844 by the Royal Institute of British

Architects. This Report does not deKne its meaning of the word ;n/s«jie ; it is clearly not

the meaning in which the term is generally employed ; for the Report says, " If the

effects of use or age have proceeded so far as to destroy the part or its efficiency in the

structure, this argues neglect or misuse." The student will find it advantageous to stuiiy

the Report, and especially the specification contained therein.

This specification instructs the mason "in cases of broken nosings, or of the treads being -

worn to such an extent as to render the passing up and down dangerous," to piece as

described tlie step ; and also directs the joiner "to put nosings to stairs where partially

detictive, and treads where wliolly so." Tliere is in appearance a contradiction between

tliese views upon worn steps and that given in the commencement of this chapter; but the

practised surveyor will see that they are easily reconciled, and that his judgment must

decide which is, and which is not, fair use and wear. It is to be regietted that the clear

and discriminating section on dilapidations in Chambers and Tattersall, Laws relating to

Biiildiiiq, 1845, contains a sweejjing condemnation of this Report, which is in no way

authorised by tlie evidence adduced.

We have added to the usual definition of dilapidation, namely any injury through acci-

dent, misuse, or neglect, tlie word intention ; and the propriety of the addition, as meaning some-

thin"- dirterent from wilful waste, will be obvious. The erection of a photographer's room

on the top of a liouse in one street may be deemed an injury, and be claimed as dilapida-

tion by a lessor, wlio would demand the removal of it and the restoration of the roof;

wliile in another street, and witliin a inw yards of this dilapidation, the same lessor migiit

consider the same work (if judiciously executed) an improvement which he would not

allow to be removed. So also a grated iron door, instead of the common wooden one, and

similar alterations, may become dilapidations of intention at the pleasure of the lessor.

Tliere is aiiotlier point on which surveyors have frequently differed, namely the insertion of

nails and screws for the suspension of frames of pictures. &c. This may be now cousiden d to

be determined by tlie judgment in the case of Martin and another v. Roe (18.57 ), where hot

house frames, bedded in mortar on brick walls, had been removed without damage except

what was unavoidable to the mortar. Lord Campbell said that, " in considering this

question, we treat tlie removal by the plaintiff as liaving been in fact effected without in-

jury t) the freehold. In all cases of this kind, injury to the freehold must be spoken of

with less than legal strictness. A screw or a nail can scarcely be drawn without some

injury; and when all the harm done is that which is unavoidable to the mortar laid on

brick walls, this is so trifling that the law, which is reasonable, will regard it as none."

Among surveyors it has been held that what is nailed belongs to the frteliold, but that

which can be unscrewed does not, the careful withdrawal of the screw enabling the tenant

to make good the hole.

Although there is a general impression that only damage of broken glass can he claimed

from a yearly tenant, he is to use the building in a husbandlike manner, and is bound to

fair and tenantable repairs so fur as to keep it wind and water tight and to prevent waste

or decay.

It used to be supposed that the judgment in the case of Wise v. INIedcalf (1829) con-

tained an exposition of the whole law on the subject of ecclesiastical dilapidation as far as

regarded incumbents ; and the decision, which is contained in the following words, shouhl

be always in the mind of the surveyor: —"Upon the whole, we are of opinion the

incumhent was bound to maintain trie parsonage (which we must assume upon this case

to iiave been suitable in |)oint of size and other respects to the l)eneHce) and also the

chancel, and to keep them in good and substantial repair; restoring and rebuilding when

necessary, according to the original form, without addition or modern improvement ; and

that he was not bound to supply or maintain anything in the nature of ornament, to which

painting (unless necessary to preserve ex|)osed timl)ers from decay) and whitewashing, and

papering belong." This decls'on is held to estalilish the ])rinciple that the executors of a

deceased incumbent are bound to perform tliose repairs which are necessary to prevent

decay, and to use all reasonal)le means for preventing any future decay. The
case of Wason v. Lambert (1848) showed that jierpetual curates were liable as in-

cumbents for these dilapidations. We have therefore to add, in ecclesiastical cases,

any jirovision against prospective injury ; such as jialnt necessary to preserve exposed

woodwork from decay, the insertion of ties to jilates taking the feet of rafters, the under-

liinnlng of walls at cracks showing continual settlement: these might be entitled dilapida-

tions of precaution, and ought to include the immediate destruction of any erections made

by a late incumbent which were suitable to bis private fortune rather than to the benefice,

as seems to be indicated in the judgment given in the case of Martin and another v. Hoe

( 1857). wherein it is observed tliat. " as to any matter of needless expense or luxtiry or

ornament by which the present Incumbent his gratified his own taste or increased his own
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comr'oit, he is not only not bound, but he ought not, to transmit it to his suecossor."

The principle thus stated is directly opposite to that whicli, as we have above observed,
regulates civil cases, namely, that the occupier must keep in repair whatever may have
been erected during liis occupation. The judgment just cited continue^ in these words :

" It" the successor may recover damages from the executor after such things have been re-

moved by the testator, there can be no doubt he in his turn must maintain it ; and if lie

maintain it he must also restore, and even rebuild when decayed ; so that the benefice
migiit become permanently saddled with a useless burden." '1 he duty to remove such
erections does not, however, appear quite to have been thrown upon the estate of tiie

erector : the same judgment says, "the case now supposed is that of an erection, which, if

the deceased had left out of repair, liis successor could not have maintained any action for

dilajjidations, which he himself therefore woidd not be bound to keep in repiiir, which im-
poses no burden on him, and which he may remove; for it would he unreasonable to hold
that he might not remove, however useless or uiisuitable to tlie livsnnc, or even incon-
venient to the occupation of the parsonage or glebe, that which for one of these reasons lie

was not bound to keep in repair." Finally we would quote from tiie same judgment

:

"with regard to an ecclesiastical benefice, the ciiaracter and object of the building to
which the chattel is attached, and the manner in which it has been so attached, seem of
very great consequence in determining whether there was any intention to separate it per-

manently and irrevocably from the personal estate." In tiiis case the jilaintiH's (executors)
were held justiHed in removing the framework and sashes, valued at SOOZ., of two hot
houses, and might apparently have removed also the brickwork, repairing any waste or

damage to tlie freehold. With respect to that damage we have already referred to this

case.

The real difference between civil and ecclesiastical dilapidations may be thus stated ;

—

One man takes certain premises, engaging to pay a rent in order to derive advantages out
of them, but having no interest in the Ireeiiold. The other m:in receives a salary to do
certain services, the wse of the house being a portion of tiiat s;ilary. In the latter case, if

for a man's own private convenience he lays out a large sum on tiie freehold, that expendi-
ture will seriously affect his successor, if he have to be burdened with large and expensive
erections or decorations suitable perhaps for one of an aristocratic family, hut quite foreign

to the habits of a future rector of the village coming in as an ordinary occupant.

Sucfi are the general principles of the law of dilapidations; ttiese, in their application,

generally impose upon the out-going occupant or his representatives the payment of a sum for

which special provision is rarely made during the occupancy : the misery thus entailed is

sometimes evaded in civil cases by the lessee, who parts witii the remainder of a lease to

any one who will give something for it; or who (if the lessor be not carelul) assigns it to

a man of straw.

CHAP. III.

CALCULATION OF INTKUEST.

Interest, or the value of the use of money, is usually expressed per cent., or after

the rate per hundred on the principal lent. Thus, if we put out 500 pounds sterling at

5 per cent., it signifies that for every hundred pounds the lender is to receive five jiounds

per annum during the continuance of the lo.in. The solution of this (luestion, wliich is

one merely of simple interest, is so obvious, that it is unnecessary further to detain the

reader upon it ; and we therefore pass on to coinj)ound interest, or interest upon interest,

which arises from the principal and interest taken together, as it becomes due at the end
of each stated time of payment.

In the resolution of this question, we are to consider that 100/. at the end of a year

becomes 103/. Let a = principal. Its amount at the end of the year is lound by sayings

if 100 gives 105, what will a give? and we answer -j^ ""^o'
which may be also expressed

14 X a, or a + j^ X a.
.

Thus, by adding its twentieth part to the original principal, we have the principal

at the end of the first year ; adding to this last its twentieth, we know the amount of tiie

given principal in two years, and so on. Hence the annual increases to the principal may
be easily computtd. Suppose, for instance, the principal of 1000/. Expressing the \alues

ill decimal fractions, it will be worth

—
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After 1 year - - -i.1050
52-5 One year s iiitereKt on £1050.

After a years . - - 1102-5
55-125 — 1102-5

After 3 years . - - 1157-625
57-881 — 1157-625

After 4 years - - - 1215-506
60-775 — 1215-506

After 5 years - - - 1276-281 &c.

The method aliove exhibited would, however, in calculations for a number of years, become

very laborious, and it may be abridged in the following manner.

Let the present principal —a ; now, since a principal of 20/. will amount to 21/. al

the end of a year, the principal a will amount to ?J x a at the end of that time. At the end

of the following year the same principal will amount to^2 x « = (55)- x a. This principal

of two years will, the year after, amount to (5^)'' x a, which will therefore be the principal

of three years ; increasing in this manner, at the end of four years the principal becomes

(jt)+ X a. After a century it will amount to (|J)'oo x a, and in general (|j\)" x a is the

amount of the principal after n years ; a formula serving to determine the amount of prin-

cipal after any number of years.

The interest of 5 per cent., which has been taken in the above calculation, de-

termined the fraction |i. Had the interest been reckoned at 6 per cent, the principal a

would at the end of a year be (|g§) x a ; at the end of two years to (jqI)'- x a ; and at the end

of u years to
(||ji;)

" x a. Again, if the interest be at 4 per cent, the principal a will, after n

years, be (|S]i) " X a. Now all these formula; are easily resolved by logarithms; for if,

according to the first supposition, the question be (|',)
" x a, this will be L.(5i)" + L.a, and

IS (sg)
" is a power, we have L.(|^) " = nL. ^^ : so that the logarithm of the principal re-

quired is =n X L.|^+ L.a, and the logarithm of the fraction ?i=L.21 — L.20.

We shall now consider what the principal of 1000/. will amount to at compound
interest of 5 per cent, at the end of 100 years. Mere w = 100. Hence tlie logarithm of

the principal required will be = 100L.|^+ L. 1000, calculated as under :
—

L.21 =1 •;522219.'}

Subtracting L. 20 = 1 -3010300

L.?J= 0-0211893
Multiply by 100

100 L.?g= 2-1 189300
Add L. 1000 = 3 -0000000

5-1 189300 = Logarithm of the principal

required, from the characteristic whereof the principal must be a number of six figures,

and by the tables it will appear to be 131,501/. In the case of a principal of 3452/. at

6 per cent, for sixty-four years, we have a =3452 and n = QA. Principal at the end of tiie

first year therefore =|JJ§ = |3. Hence the logarithm of the principal sougiit = 64 x L.|^ +
L.3452, which will be found to amount to 143,763/.

When the number of years is very great, errors of considerable magnitude may
arise from the logarithms not being sufficiently extended in the decimal places; but as our
object here is only to show the principle on which these calculations are founded, we do
not think it necessary further to pursue that subject.

There is another case which now requires our consideration ; it is that of not only
adding the interest annually to the principal, but increasing it every year by a new sum
— li. The original principal a would then increase in the following manner:—

After 1 year, ?ia + h

After 2 years, (|J)-a + %}p + h

After 3 years, (|i)ia + (|l)'2/< + ?',6 + h

After 4 years, (|l)^a + (f'
)'/; + (^i y^fc + ^6 -<- ^

Afternyears, (|^)"a + (|J)"-'fcH-(:^J)"-2/^ + \^^h
This principal evidently consists of two parts, whereof the first =(5^)"^, and the othor,

taken inversely, forms the series h + ^}> + (It)'^'' + (';!g)'6 + . . . . (is)""
'''• This last series is

evidently a geometrical progression, whose exponent = Hy Its sum, therefore, will be found

by first multiplying the last term (jj)""'/* by the exponent
|J,

which gives ('r,)"/'. Sub-

tract the lirst term i, and we have the remainder (jo)"^~''> ^"*^^ lastly, dividing by the ex-
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ponent minus l,that is, by ^, we have the sum required, =20(|J)"i — 20t. Wherefore the

principal sought is (|J)"a + 20(|l)"i-20i»= (|^)" x (a + 20b)-'J0h.

To resolve this formula we must separately calculate its first term (|l)" x (a + 2Gb),

which is 7jL. 21 + L.(a + 20b), for the number which answers to this logarithm in the tables

will be the first term, and if from this we subtract 206 we have the principal sought.

Suppose a principal of 1000/. placed out at 5 per cent, compound interest, and to it

tliere be annually added 100/. besides its compound interest, and it be required to know to

what it will amount at the end of 25 years. Here a = 1000, b—100, n=25' and the

operation is as follows :—
L.?i = 0-0211 89299

Multiply by 25 we have 25 L.?l = 0-5297324750
L.(a + 206)= 3-4771 21 31 35

= 4-0068537885

Tlie first part or number which answers to this logarithm is 10159-1/. ; from which if we
subtract 206 = 2000 we find the principal in question to be after 25 years 8159-1/.

If it be required to know in how many years a principal of 1000/. under the above

conditions would amount to 1,000,000/. ; let n be the number of years required, and since

a = 1000, 6= 100, the principal at the end of w years will be (|i)" (3000)— 2000, which sum
must make 1 ,000,000/. ; whence results this equation :

—
3000 (Vt)"- 2000= 1 000000

Adding to both sides 2000 we have 3000 (3X) "=1002000
Dividing both sides by 3000 we have (5^) = 334

LTsing logarithms we have nL.|^ = L.334, and dividing by L.^i, we obtain n= ^^. Now

L. 334 =2-5237465 and L. 2' =0-021 1893, wherefore n=
Q-^gUSOS- ^^' 'a'^tly, the two terms

of this fraction be multiplied by 10000000, we shall have 71 = 9^1^33^' equal to one hun-

dred and nineteen years one month and seven days, which is the time wherein the prin-

cipal of 1000/. will be increased to 1,000,000/. In the case of an annual decrease in-

stead of increase of the capital by a certan sum, we shall have the following gradations as

the values of o, year after year, the interest being at 5 per cent., and, representing by 6 the

sum annually abstracted from the principal,

After 1 year it would be |in — 6

After 2 years — (i^)"'^"!^^"^

. After 3 years — Qhy<^-iVif'>-W'-^
After n years — (i)«a -iV^T'^b - (|^)"--6 (|i )6 _ /,.

This principal evidentlyconsists of two parts, one whereof is (Hi)"«i and the other to be sub-

tracted therefrom, taking the terms inversely, forms a geometrical progression, as follows ; —
i>+my>+(^f'+(W'^+ • • • • (U)"~'b

The sum of this progression has already been found = 20 (|^)"6— 206 ; if, therefore, this

be subtracted from ('^^^"a, we have the principal required after n years =(|i)"(« — 20/^) + 206.

For a less period than a year, the exponent n becomes a fraction ; for example, 1 day
= 15!,, 2 days =

3I3,
and so on. It often happens that we wish to know the i)resent value of

R sum of money payable at the end of a number of years. Thus, as 20 i)oiinds in ready

money amount in a twelvemonth to 21 pounds, so, reciprocally, 21 pounds payable at the

end of a year can be worth only 20 pounds. Therefore, if « be a sum payable at the end

of a year, the present value of it is ^a. Hence, to find the present value of a principal a

at the end of a year, we must multiply by |^ ; to find its present value at the end of two

years, it must be multiplied Jjy (2^)'-a; and, in general, its value 11 years before the time of

payment will be expressed by ('^)"a-

Thus, suppose a rent of 100?. receivable for 5 years, reckoning interest at 5 per

cent, if we would know its value in present money, we have

For i?100 due after 1 year, the present value is i, 95-239

after 2 years — 90-704

after 3 years — 86-385

after 4 years — 82-272

after 5 years — 78-355

Sum of the five terms £4.32-9.55

So that In present money, the value is 432/. 1 9s. Id.

But for a great number of years such a calculation would become labor'ous. It

may be facilitated as follows: — Let the annua! rent = a, commencing tlirectlj and con-
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tinning /. years, it will be worth a + (l^}a + C^fa + (l^fa + q°^)*a + C?^)",!, which

is a gfometrical progression whose sum is to be found. We have therefore only to multiply

the last term by the exponent, the product whereof is (p)" a, then subtract the first term,

and the remainder is (llf^^a—a. Lastly, dividing by the exponent minus 1, that is, 5',,

or, which is the same, multiplying by-21, we have the sum requirtd, = -21(|?)""^^a + 2la,

or 21a — 2l"''''a, the value of which second term is easily calculated by logarithms.

CHAP. IV.

COMPOUND INTEREST AND ANNUITY TABLES.

As the architect is often called on to value propertv, we here add some practical obser-

vations on tlie subject, and a set of Tal)les for the ready calculation of such matters, which

we sliall at once explain.

Table First contains the amount of II. put out to accumulate at compound interest for

any niimbtr of years up to 100, at the several rates of ;3, 4, 5, 6, 7, and 8 per cent. Tlie

amount of any other sum is found by multiplying the amount of 11 found in the table at

the given rate per cent., and for ti)e given time, by the pro osed sum.

Example :— Required the amount of 755/. in 51 years, at 5 per cent.

Amount of 1/. for 51 years, at 5 per cent, is _ - - - 12-040769

Given sum .._--..--. 755

or 9090/. 15s. 7{^d. £9080780595

Table Second contains the present value of 1/. payable at t'eend of any number of years

up to 100. Tlie present value of any given sum payable at tlie expiration of any number
of years is found by multiplying the present value of 1/. for the given number of years, at

the proposed rate per cent., by the given sum or jirincipal.

Example: — Required the present value of 9090i payable 51 years hence, compound
interest being allowed at 5 per cent.

By the table, the present value c-f li payable at the expiration of

."^1 years at 5 per cent, is -083051

Given principal .....---- 9090

or 754/. ISs. l^%d. £754-933590

Table Thirp contains the amount of an annuity of 1/. for any number of years, and U
thus used. Take out the amount of 1'. answering to the given time and rate of interest 1

this multiplied by the given annuity will be the required amount.

Example :—Required the amount of an annuity of 27/. in 21 years, at 5 per cent, com-:

pound interest.

Annuity of 1/. in 21 years at 5 per cent. - - - - . 35-719251
Annuity given ...-.---- 27

or 964/. 85. 4/^^^. £964-419777

Table Fourth shows the present value of an annuity of 1/. for any number of years, at

3, 4, 5, 6, 7, and 8 per cent., and is used as follows:

—

First, when the annuity commences immediately. IVIultiply. the tabnlar number answer-
ing to the given years and rate of interest by the given annuity, and the product will be the

value required. (This table provides for the percentage and to get back the principal.)

Example:—Required the present value of an annuity of 45/., which is to continue 48
years, at the rate of 5 per cent.

Under 5 and opposite to 48 years is (years' purchase) - - 18-077157
Annuity given ._»....... 45

or 813/. 9s. 5,','/. £813-472065

Second, whpn the annuity does not commence till after a certain number of years. Mul-
tiply the difference between the tabular numbers answering to the time of commencement
and end, at the proposed rate of interest, by the given annuity, the product will be ilic

present value required.
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Example.

An annuity of 40/. is to commence 20 years hence, and is to continue 30 years ; required

its present value, the rate of interest being 4 per cent.

Under 4 per cent, and opposite to 20 is - - - - - 13 590.(26

Under 4 per cent, and opposite to 50 (20+30) is • - - 21 -482184

Difference ^ - - - 7-89185of

Annuity given - - -.- - - - -- 40;

£315-674320
or 315/. I:3.-i. 5tW.

Table Fifth contains the annuity which 1/. will purchase, compound interest being

allowed. The manner of using this table is obvious, from what has been said relative to

the preceding tables.

Example.

What annuity for 10 years will 500/. purchase, the rate of interest being 5 per cent.?

Under 5 and opposite to 10 is- - - - - - - '129504 -

Principal given ......... 500

£64-752000
or 64/. 15s. 0^.

Tables Sixth, Seventh, and Eighth are for finding the value of annuities on single and

joint lives, and were constructed by Simpson, on the London bills of mortality.

To find the value of an annuity for a single life, at a proposed rate of interest, within the

limits of the table, take from Table VI. the number answering to the given age and proposed

rate of interest, which multiplied by the given annuity, the product will be the value re-

quired.

Example.

What is the value of an annuity of 50Z. upon a single life aged 40 years, according to the

London bills of mortality, the rate of interest being 4 per cent. ?

The value of an annuity of 1/. for 40 years at 4 per cent, is • . - 1 1 -5

Annuity . - . - - - - - -- - 50

Value - £575

To find the value of an annuity of two joint lives, multiply the number in Table VII.

answering to the given ages, and at the proposed rate of interest, by the given annuity, and

the product will be the required value.

Example.

What is the value of an annuity of 60/. for two joint lives, the one being 30 and the other

40 years, interest at 4 per cent. ?

The number answering to 30 and 40 years at 4 per cent, is - - - 8-8

Annuity ..-.--.-.-- 60

Value £5-'80

To find the value of an annuity for the longest of two given lives, proceed as directed in

the case immediately preceding, but using Table VIII., and the product will be the value.

Example.

What is the value of an annuity of 60/. for the longest of two lives, the one being 30 and

the other 40 years, interest at 4 per cent

The tabular number answering at 4 per cent, is ... - 15-9

Annuity ......--_-. 60

Present value - . - - - - - - - - £954 •()

The first five tables which follow are printed from those of Smart; the remainder are

from Simpson.

Tiie calculations involving the valuation of annuities on lives are not very frequently ini-

! posed on the architect, but it is absolutely necessary he should be capable of performing them,

i
as in the case of valuations of leases upon lives, which sometimes occur to him.

4 B



1106 VALUATION UF PROri-RTY.

The First Table of Compound Interest.

The Amount of One Pound in any Nunilier of Years, &c.

Bock IV

' Years. 3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent. 8 per Cent.

4
1

1-014889 I -01 9803 1 -024695 1 -029563 1-034408 1-039230

1 -030000 1 -040000 1 -050000 1 -060000 1-070000 1 -080000

14

2

1 -045335 1 -060596 1 -075929 1-0913;!6 1-106816 1-122368

1 -060900 1-081600 1-102500 1-12:!600 1-144900 1-166400

2i
1 -076695 1-103019 1-129726 1-156817 1-184293 1-212158

S 1 -092727 1-124864 1-157625 1-191016 1 -22504.'5 1-2,59712

3^
4

1-108996 1-147140 1-186212 1 -226226 1-267194 1-?09131

1 -1 25508 1-169858 1-215506 1 -262476 1-310796 1 -360488

5

1-142266 1-193026 1 -245523 1 -299799 1 -.355897 1-413861

1-159274 1-216652 1.276281 1 -338225 1 -402551 1 -469.328

1 -1 76534 1 -240747 1 -307799 1-377787 1 4.50810 1 -526970

6 1-194052 1-265319 1 -340095 1-418519 1 -500730 1 -586874

6J
1-211830 1-290377 1-373189 1 -460454 1 -552:567 1-649128

7 1-229873 1-315931 1-407100 1 -503630 1 605781 1-713824
1

n 1-248185 1-341992 1-441848 1 -548082 1 -661033 1-781058 '

8 1 266770 1 -368569 1 -477455 1 -593848 1-718186 1-8509.30
1

8i
1-285631 1-395672 1-513941 1 640967 1 -777305 l-92.'5.543 1

9 1-304773 1 -4233 1

1

1-551328 1 -689478 1 -838459 1-999004 i

9\ 1 -324200 1-451498 1 -589638 1-739425 1-901717 2-077426
10 1-343916 1-480244 1-628894 1 -790847 1-967151 2.158925

lOil 1.363926 1 -509558 1-669120 1-843790 2-0348.S7 2-243620
11 1.384233 1 -539454 1-7103.39 1 -898298 21 04851 2 -.33 1639
lU 1-404843 1-569941 1 -752576 1-954417 2-177275 2-423110
12 1 •4'.'5760 1-601032 1 -795856 2-012196 2-252191 2-518170

12i 1 -446989

1 -468533

1 -632738 1 -840205 2-071683 2-329685 2-616959

13 1 -665073 1 -885649 2-132928 2-409845 2-719623
13^ 1 -490398 1 -698048 1-932215 2-195984 2-492763 2-82rt:iI5

14 1-512589 1-731676 1 -979931 2-260903 2-578534 2-937193
14J| 1-5.35110 1-765970 2-028826 2-327743 2-667256 3-052421
15

15^

1-557967 1 -800943 2-078928 2-396558 2-759031 3-172169

1-581164 1 -836609 2-1.30267 2-467407 2-8.53964 3-296614
16 1 -604706 1-872981 2 182874 2-540351 2-952163 3-425942
16^ 1-628599 1-910073 2-236780 2-615452 3-053741 3-560344
17 1 -652847 1-947900 2-292018 2.692772 3-158815 3-700018
17^

18

1 -677457 1-986476 2-348619 2-772379 3-267.W3 3-845171

1 -702433 2-025816 2-406619 2-8.54339 3-3799.32 3-996019
18^ 1-727780 2-065935 2-466050 2-938722 3-496229 4-152785
19 1 -753506 2-106849 2-526950 3-025599 3-616527 4-315701

194 1-779614 2-148573 2-589353 3-115045 3-7-10965 4-485008
20 1-806111 2-191123 2-653297 3-207135 3-869684 4-660957

201 1 -833002 2-234515 2-718821 3-301948 4-002832 4-843808
21 1 -860294 2-278768 2-7S5962 3-399563 4-140562 5-033833

21i 1-887992 2-323896 2-854762 3-500064 4-283031 5-231313
22 1-916103 2-;!69918 2-925260 3-60:3537 4-430401 5-436540
22> 1 -944632 2-416852 2-997500 3-710068 4-582843 5-649818

-23 1 -973586 2-464715 3-071523 3-819749 4-740.529 5-871463
2:Ji 2-002971 2-513526 3-147375 3-932672 4-903642 6-101804
24 2-032794 2-563304 3-225099 4-048934 5-072.366 6-341180
244 2-063060 'J -61 4067 3-304744 4-1686.33 5-246897 6-589948
25 2-093777 2-665836 3 386354 4-291870 5-427432 6-848475



Chav. TV COMTOUND INTEREST TABLES.

The I'lKST Table of Comi'OUND INTER^sT continued.

The Amount of One Pound in any Number of Years, &c.

1107

Years. 3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent 8 per Cent.

25i| 2-124952 2-718630 3-469981 4-418751 5-614179 7-117144

26 2-156591 2-772469 3-555672 4-549382 5-807352 7-396353

26Ji 2-188701 2-827375 3-643480 4-683876 6-007172 7-686515

27 2-221289 2-883368 3-7.33456 4-822.345 6-213867 7-988061

27^ 2-254362 2-940470 3-825654 4-964909 6-427674 8 -.301 437

28 2-287927 2-998703 3-920129 5-111686 6-648838 8-627106

28J 2-321992 3-058089 4-016937 5-262803 6-877611 8-965551

29 2-356565 3-118651 4-1161.35 5-418387 7-114257 9-317274

29^ 2-391652 3-180412 4-217783 5-578571 7-359044 9-682796

30 2-427262 3-243397 4-321942 5-743491 7-612/55 10-062656

301 2-4(J.3402 3 -307629 4-428673 5-913286 7'874177 10-457419

31 2 -500080 3-373133 4 538039 6-088100 8-145112 10-867669
3IJ1 2-5S7304 3-439934 4-650106 6-268083 8-425370 11.294013

32 2-575082 3-508058 4-764941 6-453386 8-715270 11-737083
32' 2-613423 3-577532 4-882612 6-644168 9015146 12-197534

33 2-652335 3-648381 5-003188 6-840589 9-325339 12-676049

33^ 2-691826 3-720633 5-1267-12 7-042818 9-646206 13-173337
34 2-731905 3-794316 5-253347 7-251025 9-978113 13-6901.33

34i| 2-772581 3-869458 5-383079 7-465387 10-321440 14-227204

35 2-813862 3-946088 5-516015 7-686086 10-676581 14-785344

15-365380^5\ 2-855758 4-024236 5-652233 7-913310 11-043941

56 2-898278 4-103932 5-791816 8-147252 11-423942 15-968171

36^ 2-941431 4-185206 5-934845 8-388109 11-817017 16-594610

37 2-985226 4-268089 6-081406 8-636087 12-223618 17-245625

37^ 3-029674 4-352614 6-231587 8-891395 12-644208 17-922179

38 3-074783 4-4.38813 6 -.385477 9-154252 13-079271 18-625275

38^ 3-120564 4-526719 6-543167 9-424879 13-529303 19 -.355954

39 3-167026 4-616365 6-704751 9-70."507 13-994820 20-115297

39i 3-214181 4-70T78S 6-870325 9-990372 14-476354 20-904430

40 3-262037 4-801020 7 -039988 10-285717 14-974457 21-724521

40^ 3-310606 '4-896099 7-213841 10-589794 15-489699 22-576785

41 3 -3598 9 J< 4-993061 7-391988 10-902861 16-022669 23-462483

4U 3-409924 5-091943 7-574533 11 -225182 16-573978 24-382927

42 3-460695 5-192783 7-761587 1 1 -557032 17-144256 25-339481

42^ 3-512222 5-295621

5-400495

7-953260 1 1-898693 17-734157 26-333562

43 S-564516 8 149666 12-250454 18-344354 27-366640

43i 3-617589 5-507446 8-350923 12-612615 18-9755-)8 28-440247

44 3-671452 5-616515 8-5.37150 12-985481 19-628459 29-555971

44.1 3-726117 5-727744 8-768469 13 -.369371 20-303836 30-715466

45 3-781595 5-841175 8-985007 13-764610 21-002451 31-920449

454 3-837900 5-956853 9-206893 14-171.534 21-725105 33-172704

46 3-895043 6-074822 9-434258 14-590487 22-472623 3-4-474085

46^ 3-953037 6-195127 9-667237 15-021826 23-24.5862 35 -826520

47 4-011895 6-317815 9-905971 15-465916 24 -045707 37-232012

47i 4-071628 6-142933 10-150599 15-923135 24-873072 38-692642

48 4-132251 6-570528 10-4O1269 16-393871 25-728906 40-210573

481 4-193777 6-700650 10-658129 16-878524 26-614187 41-788053

49 4-256219 6-833349 10-9213.33 17-377504 27-529929 43-427418

49^ 4-319590 6-968676 11 191036 17-891235 28-477180 45-131097

, 50
I.

4-383906 7-106683 1 1 -467399 18-420154 29-457025 46-901612
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lion VALUATION OF PROPKKTY.

The First Table of Compound Interest— continued.

The Amount of One Pound in any Number of Years, &c.

Book IV.

Years.

501
51

' 3 per Cent. 4 per Cent. 5 per Cent. C per Cent. 7 per Cent.
--

8 per Cent.

4-449178 7-247423 11-750588 18-964709 SO -470583 48-741585:

4-515423 7-390950 12-040769 19-525363 31-519016 50-653741

511

52

4-582654 7-537320 12-338117 20-102592 32-60.3524 52 -6409 L2
4-650885 7-686588 12 -642808 20-696885 33 725.347 54-706040

5n

53

4-7201;;3 7-8:i8813 12-955023

13-274948

21-308747 34-885771 56-852185

4-790412 7-994052 21 -9.38698 36-086122 59-082524

53^ 4-861737 8-152365 13-602774 22-587272 37-327775 61 -400360

54 4-934124 8-313814 13-938696 23-255020 38-612150 63-809126

54k 5-007589 8-478460 14-282913 23-942508 39-940719 66-312389
i 55 5-082148 8-646366 14-635630 24-650321 41-315001 68-913856

55\ 5-157817 8-817598 14-997058 25-379059 42-736569 71-617380
56 5-234613 8-992221 15-367412 26-129.340 44-207051 74-42696'4

56| 5 -3 1 2552 9- 1 70302 15-746911 26-901802 45-728129 77-346770
57 5-391651 9-351910 16-135783 27-697101 47 -.30 1545 80-381121
571 5-471928 9-537114 16-5342.57 28-515911 48-929098 83-534512

58 5-553400 9-725986 16-942572 29-358927 50-612653 86-811611

58^ 5-63G086 9-918599 17-360970 30-226865 52 -.354 135 90-217-273

59 5-720003 10-1 15026 17-789700 31-120463 54-155539 93-756540
591 5-805169 10-315343 18-229018 32-040477 56-018925 97-434655

60

601

5-891603 10-519627 18-679185 3298"/690 57-9464-26 101 -257063
1

5-979324 10-727957 19-140469 33-96':906 59-940249 105-229427
,

61 6-068351 10 940412 19-613145 34-966952 62-002676 109-.'i57628

611 6-158703 11-157075 20-097493 36-000680 64-136067 113-647781

62 6-250401 1 1 -378029 20-593802 37-064969 66-342864 118-106239
621 6-343464 11-603358 21-102367 38-160721 68-625592 122-739604

63 6-437913 11-833150 21 -623492 39-28S867 70-986864 127 -.554738

631 6 533768 12-0674 92 22-157486 40-450364 73-429383 1.S2-558772

64 6-6:11051 12-306476 22-704667 41-646199 75-955945 137-759117
641 6-729781 12-550192 23-265360 42-877386 78-569440 143-163474
65 6H29982 12-798735 23-839900 44-144971 81-272861 148-779846

651 6-931675 13-052200 24-428628 45-4.500.30 84-0^9301 154-6165.52

66 7-034882 13-310684 25-031X95 46-793669 86-961961 160-682234
661 7-139625 13-574 288 25-650060 48-177031 89-954152 166-985876 1

67 7-245928 13-843112 26-28.3490 49-601290 93-049298 173-536813
67i 7-353814 14-117259 26-932563 5 1 -067653

52-577367

96-250943 180-344746

68 7-463306 14-396836 27 597664 99-562749 187-419758
68' 7-574428 14-681950 28-279191 54-131713 102-988509 194-772,326

69 7-687205 14-972709 28-977548 55-732009 106-532142 202-4)3338

69^ 7-801661 15-269228 29-693150 57-379615 110-197704 210-,3541 12

70 7-917821 15-571618 30-426425 59 0759.30 113-989392 218-606405

701 8-035711 15 •«7 9997 31-177808 60-822.392 117-911544 227-182441
71 8-155356 16-194483 31 -947746 62-620485 121-968649 236-094918

7H 8-276782 16-515197 32-736698 64-471736 126-165352 245-3570.36

72 8-400017 16-842262 33-545134 66-377715 .130-506455 254-982511

72^ 8-525086 17-175804: 34-373533 68-340040 134-996926 2 64-985599

' 73 8-652017 17-515952 85-222390 . 70-360375 139-641906 275-381112

73^ 8-780839 17-862837 36-092210 72-440442 144-446711 286-184447
74 8-911578 18-216591 36-983510 74-582000 149-416840 297-411601

74^ 9-044264 18-577350 37-896821 76-786869 154 -.357981 .303 07 9203

75 9-178925 18-945254 38-832685 79-056920 159-876019 32 1 -204529



CKAr. IV. COMPOUND INTEFvEST TABLES. 1109

The FiKST Table of Comi-ound Interest — continued.

Tlie Amount of One Pound in any Number of Years, &c.

Years 3 per Cent. 4 per Cent. 5 per Cent. 1 6 per Cent. ? per Cent,
j

8 per Cent.

7.54 9-315592 19 -.320444 39-791662 81-394081 165-377040 333-8055.39
76 9-454293 19-703064 40-774320 83-800336 171 -067340 346-900892
76^ 9-595059 20-093262 41-781245 86-277726 176-953433 360-509982
77 9-737922 20-491187 42-81.30.36 88-828356

j

183-042054 374-652963

78

9-882911 20-896992 43-S70307 91 -454390 189-340173 389-350781

10-030059 21-310834 44-953688 94-1580,57 195-854998 404-625200
78^ 10-179399 21-732872 46-063822 96-941653 202-593985 420-498844
79 10-330961 22-163268 47-201372 99-807541 209-564848 436-995216
791 10-484781 22-602187 48-367013

1
102-758152 216-775564 454-1.38751

80 10-640890 23-049799 49-561441
1 105-795993 224-234387 471 -954M34

80^ 10-799324 23-506275 50-785364
1
108-923642 231-949854 490-469851

81 10-960117 23-971791 52-039513
1

112-143753 239-930794 509-711221

»H 11-123.304 24-446526 53-324632 115-459060 248-186,343 529-707439
82 1 1 -288920 24-930662 54-641488 118-872378 256-725950 .550-488118

82^ 1 1 -457003 25-424387 55-990864 122-386604 265-559387 572-084035

83 11-627588 25-927889 57 373563 126-004720 274-696766 594-527168
83| 11-800713 26-441362 58-790407 129-729800 284-148545 617-850757
84 11-976416 26-965004 60-242241 133-565004 293-925540 642-089341
84^ 12-1547,34 27-499017 61 -729928 137 513588 304-0.'.8943 667-278818
85 12 -.335708 28-043604 63-254353 141-578904 314-500.328 693-456488

851 12-519376 28-598977 64-816424 145-764403 325-321669 720-661124
86 12-705779 29-165349 66-417071 150-073638 336-515,351 748-93.3008

86^ 12-894958 29-742936 68-057245 154-510267 348.-094186 778-314013
87 13-086953 30-331963 69-737924 159-078057 360 071425 808-847648
87| 13-281806 30-932654 71-460108 163-780884 372-460779 840-579135

88 13-479561 31 -545241 73-224820 168-622740 385-276425 873-555460

88^ 13.680261 32-169960 75-033113 173-607737 398-5.3.3033 907-825465
89 13-883948 32-807051 76-886061 178-740104 412-245775 943.439897
891 14-090668 33-456758 78-784769 184-024201 426-430345 980-451503

90 14.300-167 34-119333 80-730365 189-464511 441-102979 1018-915089
I

i
90Jl 14-513389 34-795029 82-724007 195-065653 456 280470

!

1058-887623;
91 14-729481 35-484106 84-766883 200-832381 471-980188 1100-428296
911 14-948790 36-186830 86-860208 206-769592 488-220103 1143-598633
92 15-171365 36-903470 89005227 212-882324 505-018801 1188-462560

92^

93

15-397254 37-634303 91-203218 219-175768 522-395510 12.35-086523

15-626506 38-379609 93-455488 225-655264 540-370117 1283-539564
931 15-859172 39-139675 95-763379 232-326314 558-963196 13.33-89.3445

94 16.095301 39-914794 98 128263 239-194580
1 578-196026 1 386 -222730

94^ 16-334947 40-705262 100-551548 246-265893 5.98-090619
!

1440-604921

95 16-578160 41-511385 103-034676 253-546254 618-669747 H 97 -120548

95.1 16-824995 42-333473 105-579125 261-041846 639-956963 1555-85.3315

^<i 17-075505 43-171841 108-186410 268-759030 661 -976630 1616-890192

96| 17 •?29745 44-026812 110-858082 276-704357 684-753950 1680-321580
97 17-587770 44-898715 113-595730 284-884572 708-314994 1746-241407
971

98

17-849637 45-787884 116-400986 293-306618 732-686727
!
1814-747.306

18-115403 46-694663 119-275517
1

301-977646 757-897043 1885-9407201

98^ 18-385126 47-619400 122-2210.35 310-905016 783-974797 ,1 959-927091

99 18-658866 48-562450 125-239293
|

320-096305 810949836 2036-815978

99^ 18-936680 49-524176 128-332087
1 329-559317 838-85303-5 2116-721258

100 19-218631 50-504948 - 131-501257
1
339-3020S,i

j
867-716.325

2199-761256J



IMP VALUATION OF PROPERTY. Book IV,

The Second Table or Compound Intkrest.

The present Value of One Pound payable at the End of any Number of Years, &c.

Years. 3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent. 8 per Cent.

i 985329 •9S05SO •975900 •971285 •966736 •962250

1 •970873 •961538 •952380 •943396 •934579 •9-25925

u •956630 •942866 929428 •9
1 6307 •903492 •890972

9 •942595 •924,556 •907029 •889996 •873438 •857.338

n •928767 •906601 •885170 •864440 •844385 •824974

3 •915141 •888996 •863837 •839619 •816297 •7938.52

Si •901715 •871 "32 •84.3019 •815510 •789144 •763865

4 •888487 •854 H04 •822702 •792093 •762895 •735029

H •875452 •838204 •802875 •769349 •737518 •T07282

5 •862608 •82 1 927 •783526 •747258 •712986 •680.583

5i •849953 •805965 •764643 •7 '25 801 •689269 •654891

6 •837484 •790314 .746215 •704960 •666342 •630169

6i •825197 •774967 •728-i31 •684718 •644177 •606381

7 •813091 •759917 •7106S1 •665057 •622749 •583490

H •801162 •745160 •693553 •C45960 •602034 •561463

8 •789409 •730690 •676839 •627412 •582009 •540268

Si •777828 •716500 •660527 •609396 •562649 •519873

9 •766416 •702586 •644608 •591898 •54.393 3 •500248

9i •755172 •688942 •629073 •574902 •525840 •481364

10 •744093 •675564 •613913 •558394 •50834 9 •463193

1(4 •733177 •662445 •5'J9l 17 •5)'J3f>0 •491439 •445708

II •722421 •649580 •584679 •5.67S7 •475092 •428882

Hi •711S22 •636966 •570588 •51 1661 •459289 •412692

12 •.01379 •624597 •556837 •496969 •44401

1

•397113

12i

13

•691090 •612467 •543417 •4 8ve!)9 •429242 •3821 '--2

•680951 •600.3 74 •530321 •468839 •414964 •367697

1.3i •670961 588911 •517540 •455376 •401 161 •3538 1

7

14 •661117 •577475 •505067 •442300 •387817 •340461
141 •651418 •566260 •492895 •429600 •374917 •.327608

1.5 •641861 •555264 •481017 •417265 •362446 •315241

I5h •632445 •544481 •469421 •4052 S3 •3o0389 •30334 1

16 •623166 •53.^908 •458111 •393646 •338734 291890

16i •614024 •523540 •447071 •382343 •327467 •28087

1

17 •605016 •513373 436296 •37 1 364 •316574 •270268

ITi

18

•596140 •503403 •425781 ••360701 -.306044 •260066

•587394 •493628 •415520 •350343 •295S63 •250249

IH^ •578777 •484042 •405506 •340--83 •286022 •240802

19 •570286 •474642 •395733 •330513 •276.508 •231712

19^ •561919 •4654 25 •386 J 96 •321022 •267310 •222965

20 •553675 •456386 376889 •311804 •258419 •214548

20^ 545552 •447524 •367806 •30285

1

•249823 206449
21 •537549 •438833 •358942 •29415 5 •241513 •198655

2H •529663 •430311 •350291 •285708 •23.3479 •191 156

22 •521892 •421955 •341849 •277505 •225713 •183940

22i •514235 •413761 •33.i611 •269.136 •218205 •176996

23 •506691 •405726 •325571 •261797 •210946 •170315

28^ •499258 •397847 •317725 •254279 •203930 •16;-885

24 •491933 •390121 •310067 •246978 •197146 •157699

24i •484716 •382545 •302595 •239886 •190588 •15i-!46

25 •477605 •375116 •295302 •232998 •184249 •146U17

1



Chai-. IV. COMPOUND INTEREST TABLES.

The Seco.M) Table of Co.aipou.nd Interest—continued.

The p-estiit Value of One Pomirl p.iyable at the End of any Number of Years, &c,

nil

Years. 3 per Cent. 4 pnr Cent. 5 iier Cent. 6 per Cent. 7 per Cent.
1

8 per Cent.

1 1

25i •470,'598 •367832 •288186 226308 'I78I20 •140505
26 •463694 •360689 •281240 •219810 •172195 •135201
26* •456891 •353684 •274462 •213498 '166467 •130097
27 •450189 •346816 •267848 •207367 •160930 •125186

21h 443.584 •.34008

1

•261303 •201413 •155577 •120461

28 •4. (7076 •333477 •255093 •1956.30 •150402 •115913
28i •4.30S64 •327001 •248945 •190012 •145399 •111538
29 •424346 .320351 •242946 •184556 •140562 •107327
29i •4 18120 •314424 •237091 •179i.57 •135887 •103275
:30 41 1986 •308318 •231377 •174110 •131367 •099377 r

30^ •40594 2 •30233

1

•225801 •169110 •126997 •095625
.'51 •399987 •296460 •220359 •164254 •122773 •(-92016

SIX •394119 •290703 •215048 •159538 •118689 •088542
. .-52 •388337 •285057 •209866 •154957 •114741 •085200
-2^ 382639 •279522 •204808 •150507 •110924 •081983

33 •377026 •274094 •199872 •146186 •1072.34 •078888
331 •371495 •268771 •195055 •141988 •103667 •075910
34 •366044 •263552 •1 90354 •137911 •100219 •0:3045

34;^ •.)60674 •258434 •185767 •133951 •096885 •070287
35' •355383 •253415 •181290 •130105 •093662 •067634

35| •350169 •248494 •176921 •126369 •090547 •035081

S6 •345032 •243668 •172657 •122740 •087535 •062624
36i •339970 •238936 •168496 •119216 •084623 •060260
37' •334982 •234296 •164435 •115793 •08 1 808 •057985
371 •3.30068 •229746 •160472 •1 12468 •079087 •055796

38 •325226 •225285 •156605 •109238 •076456 •053690
381 •320454 •2209 1 •152831 •106102 •073913 •051663

39 •315753 •216620 •149147 •103055 •071455 •049713

3!;1 •31 1 121 •212413 •145553 •100096 •069078 •017836

40 •306556 •208289 •14 045 •097222 •066780 •046030

401 •302059 •204244 •138622 •0944,30 •064559 •044293
41" •297628 •200277 •135281 •091719 •062411 •042621

1U •293261 •190388 •132021 •0S9085 •0603.35 •041012

42 •288959 •192574 •128839 -086527 •058328 •039461

42i •284719 •188835 •125734 •084042 •056388 •037974

43 •280542 •185i68 •122704 •08 1 629 •054512 •036540

43.1 •276 J 27 •181572 •119747 •079285 •052699 •0.35161

44 •272371 •178046 •116861 •077009 •050946 •033834

441 •268375 174588 •114044 •074797 •049251 •032556

45 -.64438 •171198 •111296 •07 2650 •047613 031327

4,51 •260559 •167873 •108614 •070563 •04 '5029 •030145

46 256736 •164613 •105996 •068537 •04-. 198 •029007

46^
47

•25--970 •161417 •1034 42 •066569 •043018 •027912

•249258 •158282 •100949 •054658 •041587 !026858

47* •245601 •155208 •098516 •062801 •040204 •025844

48 •241998 152194 •096142 •060998 •038866 •024869

48^
49

•238448 •149239 093825 •059246 •037573 •023930

•234950 •146341 •091563 •057545 •036324 •023026

49^
50

•231503 •143499 •089357 •055893 •035115 •022157

•228107 •140712 •087203 •054288 03.1947 •021321



1112 VALUATION OF PROPERTY. Book IV.

The Second Table of Compocnd Interest— continued.

'J'he present Value of One Pound payable at the End of any Number of Years, &c.

1

lears. 3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent.
1

8 per Cent. ,

501 •224760 •] 37980 •085102 •052729 •032818 •020516
i

."51 •221463 •1 35300 •083051 •051215 •031726 •019741 1

^11

52

•218214 •132673 •081049 •049744 •030671 •018996

•215012 •130096 •079096 •048316 •029651 •018279

52{ •211858 •127570 •077190 •046929 •028664 •017589

53 •208750 •1 25093 •075329 •045581 •027711 •016925

53^ •205687 •122663 •0735 1

4

•044272 •026789 •016286

54 •202670 •1 2028

1

•071742 •043001 •025898 •015671

54\ •199696 •117945 •070013 •041766 •025037 •015080

55 •196767 •115655 •068326 •040567 •024204 •014510

55i •193880 •1 1 3409 •066679 •039402 •023399 •01 3963
56 •191036 •111207 •065072 •038271 •022620 •013435

56\ •188233 •109047 •063504 •037172 •021868 •012928

57 •185471 •106930 •061974 •036104 •021140 •012440

57| •182750 •104853 •060480 •035068 •020437 •011971

58 •180069 •102817 •059022 •034061 •019757 •011519

58^ •177428 •100820 •057600 •033083 •019100 •011084

59 •174825 •098862 •056212 •032133 •018465 •010665

591 •172260 •096942 •054857 •031210 •017851 •010263

60 •169733 •0950CO •053535 •030314 •017257 •009875

60" •167242 •093214 •052245 •029443 •016683 •009503

61 •164789 •091 404 •050986 •028598 •016128 •009144

61^ •162371 •089629 •049757 •027777 •015591 •008799

62 •159989 •087888 •048558 •026979 •015073 •008466

62-i
•157642 •086181 •047388 •026204 •014571 •008147

63 •155329 •084508 •046246 •025452 •014087 •007839
63J •153051 •082867 •045131 024721 •013618 •007543
64 •1 50805 •081258 •044043 •02401

1

•013165 •007259
641 •148593 •079680 •042982 •0-'3322 •012727 •006985

65 •146413 •078132 , •041946 •022G52._ •012304 •006721

65^, •144265 •076615 •040935 •022002 •011894 •006467

66 •142148 •075127 •039949 •021370 •011499 •006223
661 •140063 •073668 •038986 •020756 •011116 •005988
67 •1 38008 •072238 •038046 •O'iOieO •01 0746 •005762
671 •135983 •070835 •037129 •019581 •010389 •005544

68 •133988 •069459 •036234 •019019 •010043 •005335

68^ •132023 •068110 •035361 •018473 •009709 •005134
69 •130086 •066788 •034509 •017943 •009386 •004940

69^ •128177 •065491 •033677 •017427 •009074 •004753
70 •126297 •064219 •032866 •016927 •008772 •004574

70.J •124444 •062972 •032074 •016141 •008480 •004401

71 •122618 •061749 •031301 •015969 '008198 •004235

7H. •120819 •060550 •030546 •015510 •007926 •004075
72 •119047 •059374 •029810 •015065 •007662 •003921

72^ •117300 •058221 •029092 •014632 •007407 •003773

73 •115579 •057090 •028391 •014212 •007161 •003631
731 •113884 •055982 •027706 •013804 •006922 •003494
74 •112213 •054895 •027039 1 ^013408 •006692 •003362

74| •110567 •053828 •026387
i

^013023 •006470 •003235

75 •108945 •052783 •025751 I •Ol 2649
i ^

•006254 •003113
1



Crai-. IV. COMPOUND INTEREST TABT.KS. Ills:

The Second Table of Compound Interest— continued.

The present Value of One Pound payable at the End of any Number of Years, &c.

Years. 3 per Cent. 4 per Cent. 5 per Cent. fi per Cent.

I
- - —

7 per Cent. 8 per Cent.

75^ •107346 •051758 •025130 •012285 •006046 002995
76 •105772 •050753 •024525 •01 1 93.3 •005845 •002883

76| •104220 •049767 •023934 •01 1 590 005651 •00277J
77 •102691 •048801 •02.3357 •011257 •005463 •002669

77i •101184

•099700

•047853 •022794 •0109.M •005281 •002568

1 78 •046924 •022245 •010620 •005105 •002471

78.1 098237 •04601

3

•021 709 •010315 004935 •002378

79 096796 •0451 1

9

•021185 •010019 •004771 •002288

79^ •095376 •044243 •020675 •009731 •00461 3 002201
80

80^

•093977 •043384

•042541

•020176 •009452 004459 •002118

•092598 •0'9690 009180 •004311 •002038
81 •091239 •041715 019216 •008917 004167 •001961

.8U, •089901 040905 •018753 •008661 •004029 •001887
82 •088582 •0401 1

1

•018301 •008412 •003895 •001816
821 •087282 •039332 •017860 •008170 •003765 001747

83 •086002 038568 •017429 007936 003640 001682
83^ •084740 •037819 •01 7009 •0.>7708 003519 •001618
84 083497 •037085 •016599 •007486 •003402 •001557
84> •082272 •036364 •016199 •007272 •003289 •001498
85

85^

•081065 •035658 •015809 •007063 •0031 79 •001442

•079876 •034966 •015428 •006860 •003073 •001387
86 •078704 •034287 •015056 006663 •002971 •001 335
861 •077549 •03.3621 •014693 •006472 •002872 •001284
87 •07641

1

•032968 •014339 006286 •002777 001 236
871

88

•075290 •032328 •013993 •006105 •002684 •001189

•074186 •031 700 •013656 •005930 •002595 •001144

88i •073098 031084 •013327 •005760 •002509 •001 101

89 •072025 •030481 •013006 •005594 •002425 •001059
891 070968 •029889 •012692 •005434 •002345 •001019

90 •069927 029308 •012386 •005278 •002267 •000981

901 •068901 •028739 •012088 •0051 26 002191 •000944

91 •067891 •028181 •011797 004979 •002118 •000908

911 •066895 027634 •011512 004836 •002048 000874
92 •065913 •027097 •01 1235 004697 •001980 000841

92^ •064946 •026571 •010964 004562 •001914 000809

93 063993 •026055 •010700 004431 001850 •000779

93^ •063054 •025549 •010442 004304 •001789 •000749

94 •062129 •025053 •010190 •004180 001729 000721
94i •061218 024566 •009945 004060 •001671 .000694

95

95.1

•060320 •024089 •009705 •003944 •001616 000667

•059435 •023621 •009471 003830 •001562 •000642

96 •058563 •023163 •00924,3 •003720 •001510 •00061 8

96.', •057704 •022713 •009020 003613 •001460 •000595
97' •056857 •022272 008803 003510 001411 •000572

97^

98

•056023 •021839 •008590 •003405 001364 •000551

•055201 •021415 •008383 •003311 •001319 •000530

98.1 •054391 •020999 008181 003216 001275 000510
99 •053593 •020592 •007984 •003124 •001 233 •000490

991 •052807 •020192 •007792 •003034 001)92 •000472

100
)

•052032 •01 9800 •007604 •002947 001 I 52 •000454



1114 VALUATION OF PROPERTY. Uo.K 1 \;.

The Third Table of Compound Interest.

The Amount of One Pound per Annum in any Number of Years, &c.

\pars 3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent. 8 per Cent. '

1

i
•496305 •495097 •493901 -492716 -491 543 -490381

I 1 -000000 1 -000000 1 -000000 1-000000 1 -000000 1 000000

H 1 -51 1 1 94 1-514901 1-518596 1-522279 I -525951 1-529611

2 2-030000 2-040000 2-050000 2-060000 2-070000 2 -080000

^ 2-556530 2-575497 2-594526 2-613616 2-632768 2-651980

3 3-090900 3-121600 3-1 ,52500 3-18.3600 3-214900 3-246400

3^ 3 -633226 3-678517 3-724252 3-770433 3-817061 3-864138

4 4-183627 4-246464 4-310125 4-374616 4-439943 4-506112
4.i 4-742222 4-825658 4-910465 4-996659 5-084256 5-173270

5

5i

5 -.309 135 5-416322 5-525631 5-637092 5-750739 5-866600

5-884489 6-01 8684 6-155988 6-296459 6-440154 6-587131

6 6-468409 6-632975 6-801912 6-975318 7-153290 7-335929
6-.1 7-061024 7-259431 7-463788 7-674246 7 -890964 8-114102

7 7-662462 7-898294 8-142008 8-393837 8-654021 8-922803 '

u 8-2728.55 8-549809 8-836977 9-134701 9-443332 9-763230 '

8 8-892.336 9-214226 9-549108 9-897467 10-259802 10-636627

^ 9-521040 9-891801 10-278826 10-682783 11-104365 11-544288

9 10-159106 10-582795 11-026564 11-491315 11-977988 12-487557

H 10-806671 11-287473 11-792767 12-323750 12-881671 13-467831

10

lOi

11-463879 12-006107 12-577892 13-180794 13-816447 14-486562

12-130872 12-738972 13-382406 14-063175 14-783388 15-545258

11 12-807795 13-486351 14-206787 14-971642 15-78.3599 16-645487

JU 13-494798 14-248531 15-051526 15-906966 16-818225 17-788879

12 14-192029 15-025805 15-917126 16-869941 17-888451 18-977126

12^

13

14-899642 15-818472 16-804102 17-861384 18-995501 20-211989

15-617790 16-626837 17-712982 18-882137 20-140642 21 -495296

ISJi 16-346631 17-451211 18-644307 19-93.3067 21-325186 22-828948

14 17-086324 18-291911 19-598631 21-015065 22-550487 24-214920

14)^ 17-837030 191 49260 20-576523 22-129051 23-817949 25-655264

15 18-598913 20-023587 21 -578563 23-275969 25-129022 27-152113

15Ji 19-372141 20-9152.30 22-605349 24 -456794 26-485205 28-707685

16 20-156881 21 -824531 23-657491 25-672528 27-888053 .30-324283

16;^ 20-953305 22-751839 24-735616 26-924202 29-339170 32.-004.300

17 21-761587 23-697512 25-840366 28-212879 30-840217 .33-750225

171 22-581904 24 -66 1 91

3

26-972397 29-539654 32-392912 35-564644

18 23-414^35 25-645412 28-1.32384 30-905652 33-9990.32 .37-450243

181 24-259361 26-648389 29-321017 32.-312033 3.T-660416 .39-409816

19 25-116868 27-671229 ::o-539003 33-759991 37-378964 41-446263

19.! 25-987142 28-714325 31-787068 35-250755 39 156645 43-562601

20

2()1

26-870.374 29-778078 33 -065954 36-785591 40-995492 45-761964

27-766756 .30-862898 34-376421 38-365S01 42-897610 48-047609

21 28-676485 31-969201 3 3 719251 39-992726 44-865176 50-422921

21? 29-599759 3.3-097414 37-095243 41-667749 46-900443 52-891418
22 .30-536780 34-247969 38-505214 43-392290 49-005739 55-456755

22i

23

31-487752 35-421310 39-950005 45-167814 51-183474 58-122731

32-452883 36-61 7S88 41-430475 46-995827 53-4.36140 60-893295

231 33-432385 37-838163 42-947505 48-877882 55-766317 63-7725.30

24 34-426470 39-082604 44-501998 50-815577 58-176670 66-764759

24
i

35-435356 40-351689 46-094880 52-810555 60-669959 69-874354

25 36-459264 41-645908 47-727098 .'34-864512 63-249037 73-105939
-J



Chap. TV. COMPOUND INTEREST TABLES.

Thf Third Table of Compound Intfp.kst— continned.

The Anioant of One Pound per Annum 'n iny Number of Years, &c.

1115

Years. 3 per Cent. 4 per Cent. 5 per Cent. 6 piT Cent. 7 per Cent. 8 per Cent.

25^ 37-498417 42-965757 49-399624
!
56-979189 65-916856 76-464302

j

26 38-553042 44-311744 51-113453 59-156382 68-676470 79-954415
26^ 39-62.3369 45-684387 .52-869605 61 -397940 71-531036 83-581446
27 40-7096.33 47-084214 54-669126 63-705765 74-483823 87-350768
27^ 41-812070 48-511763 56-51.3086 66-081817 77-538209 91 -267962

28 42-930922 49-967582 58-402582 68-528111 80-697690 95-338829
28^ 44-066433 51 -452233 60-338740 71-046726 83-965884 99-569399
29 45-218850 52-966286 62-322711 73-639798 87-346529 103-965936
29| 46-388425 54-510323 64-.355677 76-309529 90-843495 108-534951
30 47-575415 56-084937 66-438847 79-058186 94-460786 113-28.3211

30^ 48-780078 57-690735 68-57.3461 81-888101 98-202540 118-217747
31 50-002678 59 -.3283.35 70-760789 84-801677 102-073041 ]23-:i45868

•3H 51 -24.3481 60-998365 73-002134 87-801387 106-076718 128-675167
82 52-502758 62-701468 75-298829 90-889778 110-218154 134-213537
S2i 53-780785 64-438300 77-652241 94-069470 ' 114-502088 139-969180

33 55-077841 66-209527 80-063770 97-343164 118-933425 145-950620
3.^^ 56-394209 68-015832 82-534853 100-713639 123-517234 152-166715
34 57-7.30176 69-857908 85 -066959 104-183754 128-258764 158-626670
S4> 59-086035 71-736465 87-661596 107-756457 133-163441 165-340052
35 60-462081 73-652224 90-320307 111-434779 138-236878 172-316803

.351 61-858616 75-605923 93-044675 115-221844 143-484882 179-567256
36 63-275944 77-598313 95-8.36322 119-120866 148-913459 187-102147
36^ 64-714374 79-630160 98-696909 123-135155 154-528824 194-932637
37 66-174222 81 -702246 101-628138 127-268118 160-337402 203-070319

37^ 67-655806 83-81 .'-.367 104-631755 -'31-523264 166-345841 21 1 -527248

38 69-159449 85-970336 107-709545 135-904205 172-561020 220-315945

38^ 70-685480 88-167982 110-863342 140-414660 178-990050 229-449428
39 72-234232 90-409149 114095023 145-058458 185-640291 238-941221
391 73-806044 92-694701 117-406510 149-839540 192-519354 248-805382
40

401

75-401259 95-025515 120-799774 154-761965 199-635111 259-056518

77 -020226 97-402489 124-276835 159-829912 206-995708 269-709812
41 78-66.3297 99-826536 127-839762 165-047683 214-609.';69 280-781040
411 80-3.30832 102-298588 131-490677 170-419707 222-485408 292-286597
42 82-023196 104-819597 1.35-231751 175-950544 2.30-6 L>2239 304-243523
42.1 83-740757 107-390532 139-065211 181-644890 239-059387 316-669525

43 85-483892 110012381 142-993338 187-507577 247-776496 329-583005

43^ 87-252980 112-686153 147-018471 193-543583 256-793544
|

343-00.3087

44 89-048'109 115-412876 1 51 -1 4.3005 199-758031 266-120851 356-949645

44^ 90-870570 118-19.3599 155 -.369395 206-156198 275-769092 371 -443334

45 92-719861 121-029392 159-700155 212-74.3513 285-749310
1

386-505617

45Ji 94-596687 123-921343 164-137865 219-525570 296-072928 402-158801

46 96-501457 126-870567 168-685163 226-508124 306-751762 418-426066

46^ 98-434587 129-878197 173-344758 233-697104 317-798033 435-331505

47 100-396500 132-945390 178-119421 241-098612 329-224.385 452-900152
47'47j 102-387625 136-073325 183011996 248-718930 .341-04.3896 471-158026

48 104-408395 1 39-263206 188-025392 256-564528 353-270093 490-132164

48^ 106-459254 142-516258 193 162596 264-642066 365-916969 509-850668
49 108-540647 145-833734 198-426662 272-958400 378-998999 5,30-342737

49^ 110-65.3031 149-216908 203-820725 281-520590 392-531156 551-638721
50 112-796867 152-667083 209-347995 290-335904 406-528929 573-770156

1



1116 VALUATION OF PROPERTY.

The Thihi) Table of Compound Interest—continued.

TTie Amount of One Pound per Annum in any Number of Years, &c.

Book IV



CflAP. IV COMPOUND IXTEIIEST TABLES. iri7

The Third Table of Compound Interest— continued.

The Amount of One Pound per Annum in any Number of Years, &c.

Tears. 3 per Cent. 4 per Cent. 6 per Cent. 6 per Cent. 7 per Cent, 8 per Cent.

75}, 277-186404 45801 11 16 775 833241 1339-901361 2348 -243432 4160-069247

76 281-809781 467-576621 795-486404 1380-005600 2429-533437 4323-761154

76]i
286-501996 477-331560 815-624903 1421-295443 2513-620472 4493-874786!

77 291 -264074 487-2796S6 836-260724 1463-805936 2600-600778 4670-662046

77^ 296-097056 497-424823 857-406149 1507 573170 2690-573905 4854-384769

78 301-001996 507-770873 879-073760 1552-634292 2783-642833 5045 -31 501 Ol

781 305-979968 518-321816 901 -276456 1599-027560 2879-914078 5243-7,355511

79 31 1 032056 529-081708 924-027448 |1646-79i;350 2979-497831 5449-940211
79i 316-159367 540-054688 947 -:!40279'l695 -969214 3082-50S064 5664-234395
80 321-363018 551 -244976 971 -228821 1746-599891 3189-062679 5886-935428,

80| 326-644148 562-656876 995-707293 1798-727367 3299-283628 6118-373147

SI 332-003909 574-294775 1020-790262 1852-395884 3413-297067 6358-890262
•811 337-443472 586-163151 1046-492658 1907-651009 .3531 -23,3482 6608-842999

82 342-964026 598-266566 1072-829775 1964-539637 -3653-227861 6 «6 8 -601 4 83

82.1 348-566776 610-609677 1099-817290 2023-110069 3779-419826 7138-550438

83 354-252947 623-197229 1127-471264 2083-412016 3909-953812 7419-089602

8.3^ 360-023780 636-034064 1155-808155 |2145-496673 4044-979214 7710-634474

84 365-880535 649-125118 1184-844827 2209-416737 4184-650579 8013-6167701

84i 371-824493 662-475427 1214-598563 2275-226474 4.329-127759 8328 -4852321

85 377-856951 676-090123 1245-087068 2342-981741 4478-576119 8655-706112

85.1 383-979228 689-974444 1276-328491 2412-740062 4633-166702 8995-764050

86 390-192660 704-133728 1308-341422 2484-560645 4793-076448 9349-162600
86.1 396-498605 718-573422 1341-144916 2558-504466 49.58-488372 9716-425174

87 402-898440 733-299077 1374-758493 .2634-634284 5129-591799 10098-095609

,"' 409-393563 748-316358 1409-202161 2713-014734 5306-582558 10494-739188

88 415-985393 763-631040 1444-496418 2793-712.341 5489-663225 10906-9432571

881 422-675370 779-249013 1480-662269 2876-795618 5679-043337 113.35-318323

89 429-464955 795-176282 1517-721238 2962-3.35082 5874-939651 11780-498718

89.1 436-355631 811-418973 1555-695383
].3050 403355 6077-576370 12243-14.3789

90 443-348903 827-983333 1594-607300 3141 -075187 6287-185426 12723-938615

«,i 450-446300 844-875732 1634-480152 '3234-427556 6504-006716 13223-595292

9] 457-649370 862-102667 1675-3.37665 |3330-539698 6728-288406 1,3742-853705

911 464-959689 879-670762 1717-204160 3429-493210 6960-287186 14282-482916

92 472-37885) 897-586773 1760-104549 3531 -372080 7200-268595 14843-2,82001

921 479-908480 915-857592 1804-064368 3636-262802 7448-507289 15426-081549

93 487-550217 934-490244 1849-109776 3744-254405 7705-287396 16031-744561

931 495-305734 953-491896 1895-267586 3855-438571 7970-902^:00 16661-168073

94 503-176723 972-869854 1942-565265 ,3969-909669 8245-657514 17315-284126

94.1 511-164906 992-631572 1991 -0.30965 4087-764885 8529-865996 17995-061519

95 519-272025 1012-784648 2040-693528 4209-104249 8823-853540 18701-506856

I 951 527-499853 1033-336834 2091-582514 4334-030778 9127-956615 19435-666440
96' 535-850186 1054-296034 2143-728205 4462-650504 9442-523288 20198-627405

961 544-324849 1075-670.'308 2197-161639 4595-072625 9767-913579 20991 -51 9756

97 552-925692 1097-467875 2251-914615 4731-409534 10104-499918 21815-517597

971 561-654594 1119-697120 2308-019721 4871-776982
1

10452i667529 22671-841336

98 570-51 3462 1142-366590 2365-510346:5016-294106 10812-814912 23561-759005

98| 579-504232 1165-485005 2424-420708 ;5 1
65 -083601 11185-354256 24486-588643

99 588-628866 1189-061254 2484-785863 5318-271753 11570-711956 25447-699726

99j 597-889359 1213-104405 2546-641743 5475-988617 11969-329054 26446-515734

100 607 -287732. 1 237 -623704 2610-025156 5638-368058 12381-661793 27484-515704



1118 VALUATION' OF PllOrRinY IV.

The Fourth Table of CoMronvn Inizrest.

Tlie present Value of One Tound per Annum for any Number of Years to come, &c.

I

Yearg.
1

3 per Cent. 4 per Cent. 5 per Cent. G per Cent. 7 per Cent. 8 per Cent. 1

1

•489024 -485483 •481998 •478568 -475193 -471869

•970873 -961538 •952380 •943396 -934579 •925925

H
2

1 -445654 1 -428349 1-411427 1-394876 I -378685 1^.3628 4 2

1-913469 1 -886094 P859410 1 -833392 1-808018 1 ^783264

4 2-374421 2-334951 2 •296597. 2-259317 2-223070 2^187816

2^82S611 2-77.5091 2 •723248 2-673011 2-624316 2^577096

3i
3-276137 3-206683 3^139616 3-074827 3-01-215 2-951682

4 3^717098 3-629H95 3^545950 3-465105 3-387211 3^312126

4.1
4-151589 4-044888 3^94249I 3-844177 3-749733 3-658964

5 4-579707 4-451822 4-329476 4-212363 -1 -100197 3^992710

^ 5 001543 4 -850854 4-707135 4-569978 4-4:i9003 4 •313856

6 5-417191 5-2421,36 5-075692 4-917.324 4-766539 4-622879

6.^

7

5-826741 5-6-'5821 5-435366 5-254696 5-083180 4^920237
6-230282 6-002054 5-786373 5-582381 5-389289 5^206370

7^

8

6-627904 6-370981 6-128920 5-900657 5-68,5215 5^481701

7 01 9692 6-732744 6-463212 6-209793 5-971298 5-746638

H 7 •4057.52 7-087482 6-789448 6-510053 6-247865 6-001575

9 7-786108 7-435331 7-107821 6-801692 6-515232 6-246887
91 8 160905 7-776125 7-418522 7-084956 6-773705 6-482940

10

10.)

8 -530202 8-110895 7-721734 7-360087 7 -023581 6-710081

8-894082 8-43S870 8-017640 7-627317 7-265145 6-928648

11 9-252624 8-760476 8^306414 7-886874 7-498674 7-138964

11.! 9-605905 9-075837 8-588228 8-138978 7-724435 7-341.340

12 9-954003 9 -.585073 8-863251 8-383843 7 -942686 7-536078

in 1 0-296995 9-688.305 9-131646 8-621678 8-153677 7-723463

13 10-634955 9-985647 9-393572 8-852682 8-357650 7-903775

13', 10-967956 10-277216 9-649187 9-077054 8-554838 8-077281

14 1 1 -296073 10-563122 9-898640 9-294983 8-745467 8-244236
Hi 11-619375 10-843477 10-H2082 9-506655 8-929756 8-404890

15

15J

11-937935 11-118387 10-379658 9-712248 9-107914 8-559478

12-251821 11-387958 10-611507 9-911939 9-280145 8-703231

16 12-561102 1 1 -652295 10-837769 10-105895 9-446648 8-851369
16( 12-865845 11-911499 11058 57

8

10-294282 9-607612 8-989103

17 131661 18 12-165668 11-274066 10-477259 9-763222 9-121638

in

18

13-461986 12-414902 1 1 -484.360 10-654983 9-913656 9-249169

13-753513 12-659296 1 1 -689586 10-827603 10.059086 9 -.371 887
18,1 14^040763 12 898945 1 1 -889867 10-995267 10-199679 9^489971

19 14-32,3799 13-133939 12-085320 11-158116 10-:i35595 9^603599

19^ 14^602682 13-364370 1'-' •276064 11-316289 10-466990 9-712937

20 14-8^7474 13-590326 12-462210 1 1 '469921 10-594014

10-716813

9-818147

201 15^148235 13-811894 12-643870 11-619141 9^919.386

21 15^415024 14-029159 12-821152 11-764076 10-835527 10^016803

21' 15-677898 14-242206 12-994162 1 1 -904850 10-950292 101 10542
22 15-936916 14-151115 13-163002 12-041581 11-061240 10^200743
22'

1 -

23

16^192134 14-655967 13-327773 12-174387 11-168497 10^287539

16^4436G8 14-856841 13-488573 12 -.303378 11-272187 10^37 1058

23^ 16 •691392 15 053814 13-645498 12-428667 1 1 -372427 10-451425

24 16^935542 15-246963 13-798641 12-550.357 1 1 -469334 10-528758

24i 17^176109 15-436360 13-948094 12-668553 11-563016 10-603171

25 17-413147 15-622079 14-093944 12-783356 11-653583 1 10-674776
1

. ^ . .



1119Chap. IV. COMPOUND INTEREST TABLES.

TuF. Fourth Table of Compound Intekkst — continued.

The present Value of One Pound per Annum for any Number of Years to come, A.c,

• Years. 3 per Cent. 4 per Cent. 5 per Cent. r, per Cent. 7 per Cent. 8 per Cent.

25.^ 17-646708 15-804192 14-2.36280 12-894862 11-741137 10-743677
26 17-876842 15-982769 14-375185 13-003166 11-825778 10-809977

26i 18-103600 16-157877 14-510742 13-108360 11-907604 10-87.3775
27 18-327031 16-329585 14-643033 13-210534 1 1 -986709 10-935164

27i 18 •5471 84 16-497959 14-772136 13-309774 12-063182 10-99423^

28 18-764108 16-66.3063 14-898127 13-406164 12-137111 11-051078
281 18-977849 16-824960 15-021082 13-499786 12-208581 11-105774
29 19-188454 16-98;;714 15-141073 13-590721 12-277674 11-158406
29^ 19-^95970 17-139385 15-258173 13-679044 12-344468 1 1 -2090.50
30 19-603441 17-292033 15-372451 13-764831 12-409041 1 1 -257783

30i 19-801912 17-441716 15-483974 13-848154 12-471465 1 1 -304676
31 20 000428 17-588493 15-592810 13-929085 12-531814 11-349799

•311 20-196031 17-732419 15-699023 14-007693 12-590155 11-393218
32 20 388765 17-873.551 15-802676 14-084043 12-646555 11-434999
32.^ 20-578671 18-011942 15-903831 14-158201 12-701079 1 1 -475202

33 20-765791 18-147645 16-002549 14-230229 12-753790 11-513888
33' 20-950166 18-280713 16-098887 14-300189 12-804747 11-551113
34 21-131836 18-411197 16-192904 14-368141 12-854009 11-586933
341 21-310841 18-539147 16-284654 14-434141 12-901632 11-621401
35 21-487220 18-664613 16-374194 14-498246 12-947672 11-654568

351 21-661011 18-787642 16-461575 14-560510 12-992180 1 1 -686482
36 21-832252 18-908281 16-546851 14-620987 13-035207 11-717192
361 22-000981 19-026578 16-6.30072 14-679727 13-076804 11-746743
37 22167235 19-142578 16-711287 14-736780 13-117016 11-775178
371 22-331050 19-256325 16-790545 14-792195 13-155891 1 1 -802540

38 22-492461 19-367864 16-867892 14-846019 13-193473 1 1 -828868
381 22-651505 19-477236 16-943376 14-898297 13-229805 11-854203
39 22-808215 19-584484 17-017040 14-949074 13-264928 11-878582
391 22-962626 19-689650 17-088929 14-998393 13-298883 1 1 -902040
40 23-114771 19-792773 17-159086 15-046296 13-331708 11-924613

401 23-264685 19-893894 17-227552 15-092824 13-363442 1 1 -946333

41 23-412399 19-993051 17 294367 15-138015 13-394120 1 1 -9672.34

411 2:5-557947 20-090283 17-359573 15-181909 13-423777 1 1 -987346

42 23-701359 20-185626 17 -4 -'3207 15-224543 13-452448 12-00)698

42^

43

23-842667 20-279118 17-485308 15-265952 13-480166 12-025320

23-981902 20-370794 17-545911 15-306172 13 -.506961 12-043C39
431 24-11909 4 20-460690 17-605055 15-345238 13-532865 12-060482

44 24-254273 20-548811 17-662773 15-383182 13 557908 12-077073
441 24-:i87470 20-635279 17-719100 15-420036 13-582117 12-09.30.38

45 24518712 20-720039 17-774069 15-455832 13-605521 12 108401

4.% 24-648029 20-8031.03 17-827714 15-490600 13-628147 12-123184

46 24-7 75449 20-884653 17-880066 15-524369 13-650020 12-137408

461 24-900999 20-964570 17-931156 15-557169 13-671165 12-151096
' 47' 25-OJ4707 21 •04-2936 17-981015 15-589028 13-691607 12-164267

47i
25-146601 21-119779 18 029673 15-619971 13-711369 12-176941 1

48 25 -266706 21-195130 18-077157 15-650026 13-730474 12-1891.36

48]^ 25-385049 21-269018 18-123498 15-679218 13-748943 12-200871

49 25-501656 21 -.341472 18-168721 15-707572 13-766798 12-212163
,

491 25-616553 21-412518 18-212855 15-735111 13-784059 12-22.3029

50 25-729763 21-482184 18-255925 15-761860 13-800746 12-231,484



11 '-'0 VALUATION OF PROPEIITY. Book IV.

The Fourth Table of Compound Interest— continued.

The present Value of One Pound per Annum for any Number of Years to come, Stz.

Years. 3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent. 8 per Cent.

m 25-8-11313 21 -550498 18-297957 15-787841 13-816878 12-24.3545
1

51 25-951227 21-617485 18-338976 15-813076 13-832473 12-253226
1

sn 26-059528 21-683171 18-379007 15-837586 13-847549 12-262542

52 26-166239 21-747581 18-418072 15-861392 13-862124 12-271506

5n 26-271386 21-810741 18-456197 15-884515 13-876214 12-280131

53 26-374990 21-872674 18-493402 15-906974 13-889835 12-288431

53.1 26-477074 21 -933-105 18-529711 15-928788 13-903004 12-296418

54 26-577660 21-992956 18-565145 15-949975 13-915734 12-304103
541 26-676771 22-051351 18-599725 15-970554 13-928041 12-311498

55 26-774427 22-108612 18-63.3471 15-990542 13-939938 12-318614

55i 26-870651 22-164760 18-666405 16-009957 13-951440 1
2 -.32546 1 i

56 26-965463 22-219819 18-698544 16-028814 13-962559 12 -.332050
1

56\ 27-058884 22-273808 18-729909 16-047129 13-973308 12-538390
j

51 27-150935 22-326749 18-760518 16-064918 13-983700 12-344490
57> 27-241635 22-378662 18-790390 16-082197 13-993746 12-350361

58 27-331005 22-429566 18-819541 16-098980 14-003458 1
2
-.3560 10

581 27-419063 22-479482 18-847990 16-115280 14-012847 12-361445
59 27 -505830 22 -.528429 18-875754 16-131113 14-021923 12-366675

59\ 27-591324 2J -576425 18-902848 16-146'491 14-030698 12-371708
60 27-675563 22-623489 18-929289 16-161427 14-039181 12-376551

60\ 27-7.58567 22-669640 18-955093 16-175935 14-047381 12-.381211

61 27-840353 22-714894 18-980275 16-190026 14-055.309 12-385696
61.' 27-920939 22-759269 19-004851 16-203712 14-062973 12-390011
62 28-000.342 22-802782 19 028834 16-217005 14-070382 12 -.394 163
62.' 28-078581 22-845451 19-0522,39 16-229917 14-077545 12-398158

63 28-155672 22-887291 19-075080 16-242458 14-084469 12-402002
6;3.l 28-231632 22-928318 19 097370 16-254639 14 091 163 12-405702
64 28-306478 22-968549 19-119123 16-266470 14-097635 12-409261
64.' 28-380225 23-007998 19-140352 16-277961 14•103^91 12-412687
65 28-452891 23-046681 19-161070 16-289122 11 -109939 12-415983

65\ 28-524491 23-084614 19-181288 16-299963 14-115786 12-419154
66 28 -595040 23-121809 19-201019 16-310493 14-121438 12.422206

66\ 2 S -664554 23-158282 19-220274 16-320720 14-126903 12-425143
61 28-733048 23-194047 19-239066 16-330653 14-132185 12-427969
67i 28-8005^8 23-229118 19-257404 16-340302 14-137292 12-430688

68 28-867037 23-263507 19-275301 16-349673 14-142229 12-433304
68.« 28-932561 23-297228 19-292766 16-358775 14-147002 12-^335822

69 28-997123 23-330295 19-309810 16 •.36 7616 14-151616 12-4.38245

69.'. 29 060739 23 -.362720 19-326444 16-376203 14-156077 12-440576
1

70 29-123421 23-394514 19-342676 16 -.384543 14-160389 12-442819

701 29-185183 23-425692 19-358518 16-392644 14-164558 12-444978
71 29-246040 23-456264 19-373977 16-400513 14-168588 12-447055
71', 29-306003 23-486242 19-389064 16-408155 14-172484 12-149053
72 29-365087 23-515638 19-403788 16-415578 14-176250 12-450977

72| 29-423304 23-544464 19-418157 16-422788 14-179891 12-452827

73 29-480667 23-572729 19-432179 16-429790 14-183411 12-454608

73^ 29-537188 23-600446 19-445863 16-436592 14-186814 12-456321

74 29-592881 23-627624 19-459218 16-443198 14-190104 12 457970
741 29-647756 23-654275 19-472251 16-449615 14-193284 12-459557

75 29-701826 23 •680408 19-484969 16-455848 14-196359 12-461083



Chap. IV. COMPOUND INTEREST TABLES. lli'I

The Fouktu Table of Compound Interest — continued.

llie piesent Vali e of One Pound per /\nnum for any N:iral>cr of Years to come. &c.

Years. 3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent. 8 per Cent.

751 29-755103 23-706033 19-497382 16-461901 14-199.331 12-462553
76 29-807598 23-731161 19-509495 16-467781 14-202204 12-463966
761 29-859323 23-755801 19-521316 16-473492 14-204 982 12-465326
77 29-910289 23-779963 19-532852 16-479038 14-207668 12-466635
771

; 78

29-960508 23-803655 19-544110 16-484426 14-210264 12-467895

30-0099*9 23-826887 19-555097 16-489659 14-212774 12-469107
1

781 30-058745 23-849668 19-565819 16-494741 14-215200 12-470273

1

79 .30-106786 23 872037 19-576283 16-499678 14-217545 12 471395
79i .30-154122 23-893912 19-586495 16-504473 14-219813 12-472475
80 30-200763 23-915391 19-596460 16 -509 ISO 14-222005 12-473514

80.1 .30-246720 23-936454 19-606185 15-513654 14-224124 12-474514
81 30-292003 23-957107 19-615676 16-518047 14-226173 12-475476

m .30-336621 23-977.359 19-624938 16-522315 14-228153 12-476402
82 .30-380585 23-997218 19-633977 16-526460 14-2.30068 12-477292
82- 30-423904 24 -01 6692 19-642798 16-530486 14-231919 12-478150

83 30-466588 24-035787 19-651407 16-534396 14-2.33708 12-478974
ii^ .30-508645 24 054511 19-659808 16-538194 14-235438 12-479768
84 30-550085 24-072872 19-668007 16-541883 14-237111 12-480532
84' .30-590917 24-090876 19-676008 16-545466 14-238727 12-481267

' 85

851

30-631151 24-10853! 19-683816 16-548946 14-240290 12-481974

.30-670794 24-125842 19-691436 16-552.326 14-241801 12-482654
86 30-709855 24-142818 19-698872 16-555610 14-243262 12-483309

86^ 30-748343 24-159464 19-706129 16-558798 14-244674 12-483939
87 30-786267 24-175786 19-713212 16-561896 14-246039 12-484545

87^ 30-8236,34 24-191792 19-720123 16-564904 14-247359 12-485129

88 30-860453 24-207487 19-726868 16-5678i.'6 14-248635 12-485690

88^ 30-8967.32 24-222877 19-733451 16-570664 14-249868 12-486230

89 30-932479 24-237968 19-739874 16-573421 14-251060 12-486750
891 .30-967701 24-252766 19-746143 16-576098 14-252213 12-487250

90 31 -002407 24-267277 19-752261 16-578699 14-253327 12-487732

901 31 -036603 24-281506 19-758232 16-581225 14-254405 12-488195

91 31 -070298 24-295459 19-76'1058 16-583678 14-255446 12-488640

91.^ 31-103-198 24-309140 19-769744 16-585061 14-2564.53 12-489069

92 31-136211 24-322556 19-775294 16-588376 14-257426 12-489482

921 SI -168445 24-335712 19-780709 16-590624 14-258367 12-489879

9.3 31 -200205 24-348612 19-785994 16-592807 14-259277 12-490261

931 31-231500 24-361261 19-791151 16-594928 14-260156 12-490628

94 31 -262335 24 373665 19-796185 16-596!;S8 14-261006 12-490982

94^ 31-292718 2'! -385828 19-801097 16-,59S989 14-261828 12-4913^3

95 31-322655 24-397755 19-805890 16-600932 14-262G23 12-491650

95,5 31-352154 24-409450 19-810568 16-602819 14-263391 12-491965

96 31-381219 24-420918 19-815133 16-604653 14-264133 12-492269

96 i 31 -409858 24-432164 19-819589 16-606433 14-264851 12-492560

97 31 -438077 24-443191 19-823937 16-608163 14-265545 12-492841

97^ 31 -465881 24-454004 19-82S180 16-609843 14-266216 12-493111

98 31-49.3278 24-464606 19-832321 16-611474 1 4-266865 12-49.3372

981

99

31-520273 24-47.5003 19-836362 16-613059 14-267492 12-493622

Sl-546?<72 24-485198 19-840305 16-614599 14 268098 12-493862

99>', 31-573081 24-495196 19-844154 16-616094 14 268684 12-494094

100

& F.

31 -598905 24-50-19^8

25 000000
j

19 847910 16-617546 14-269250 12-494317

33-333333 20-000000 16-666666 14-285714 12-500000
j

1
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The Fifth Table of Compound IrfTEaicsT.

The Annuity which One Pound will purchase for any Number of Years to come, &c.

Years. 3 per Cent. 4 per Cent. 5 por Cent. 6 per Cent. 7 per Cent. 8 per Cent.

1 1 -030000 1 •O40000 1 •osoooo 1 •oeoooo I ^070000 1^080000

2

•691728 •700108 •708502 •716909 •725328 •733760

•522610 •530196 •537804 •545436 •55,3091 •560769

n •421155 •428274 •435426 •442611 •449828 •457076

S •353530 •360348 •367208 •374109 •381051 •388033

4

•305237 •31 1848 •318510 •325221 •331981 •3: 8789
•269027 •2754 90 •28201

1

•288591 •295228 •301920

^ •240871 •247225 •253646 •2601.33 •266685 •273.301

5 •218354 •224627 •230974 •237396 •243890 •250456

5h
6

•199938 •206149 •212443 •218819 •225275 •231811

•184597 •190761 197017 •203362 •209795 •216315

7

•171622 •177751 •183980 •190305 •1 96727 •203242

•160506 •166609 •172819 •179135 •185553 •192072

•h
•150877 •156961 •163160 •169472 175894 •1 82425

8 •142456 •148527 •154721 •161035 •167467 •174014

8i •135030 •141093 •147287 •153608 •160054 •1 66622

9 •128433 •134492 •140690 •147022 •153486 •16(!079

H •122535 •128593 •134797 •141144 •147629 •154251

10 •117230 •123290 •129504 •135867 •142377 •149029

10.1 •112434 •118499 •124724 •131107 •137643 •144.328

11 •108077 •114149 •J203S8 •126792 •133356 •140076

llJl •104102 •110182 •116438 •122865 •129459 •136214

12 •100462 •106552 •112825 •119277 •125901 •132695
12' •097115 •10:5217 •109509 •115986 •122644 •129475

13 •094029 •100143 •106455 •112960 •119650 •126521

1S> •091174 •097.302 •103635 •1 10167 •116892 •123804

M 088526 •094668 •101023 •107584 •114344 •121296

14.> •086063 •092221 •098599 •105189 •1 1 1 985 •118978

15

15.1

083766 •089941 •096342 •102962 •109794 •116829

•081620 •087812 •094237 •100888 •107756 •114833

16 •079610 •085820 •092269 •098952 •105857 •112976
161 •077725 •083952 •090427 097141 •104084 •111245

17 •075952 •082198 •088699 •095444 •1024 -'5 •109629
171 •074283 •080548 •087074 •093852 •100870 •108117

18 •072708 •078993 •085546 •092356 •099412 •106702
18.1 •071221 •077525 •084105 0909^8 •098042 •10f^74
19 •069813 •076138 •082745 •089620 •096753 •104.27
191 •068480 •074825 •081459 •088368 •095538 •1029.55

20 •067215 •073581 •080242 •087184 •094392 •101852

20.1 •066014 •072401 •079089 •086064 •093311 •100812
21 •064871 •071280 •077996 •085004 •092L89 •099832
211 •063784 •070213 •076957 •083999 •091321 •098906
22 •062747 •0691 98 •075970 •083045 •090405 •098032
22.1 •061758 •068231 •075031 •082139 •089537 •097204

23 •060813 •067309 •074136 •081278 •088713 096422
23.1 •059911 •066428 •073284 •080459 •0S7931 •0956!-0

24 •059047 •065586 •072470 •079679 •087 189 •094977

24.1 •058220 •064782 •071694 •078935 •086482 09431 1

'25 •057427 •064011 •070952 •078226 •085810 •093678
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The Tifth 1'able of Compound Interest— continued.

nie Aiiiuiity which Ono I'cind will purchase for any Number of Years to come, &c.

Years. 3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent. 8 per Cent.

or 1 •056667 •063274 070243 077550 •085170 •093078
26" •055938 •062567 •059564 •076904 •084561 •092507
261 •055237 •061889 •068914 •076287 •083979 •091 964
27 •054564 •061238 •068291 •075697 •083425 •091448

27.\ •053916 •060613 •067695 •075132 •082896 •090956

28 •053293 •060012 •067122 •074592 •082391 •090488

28 J •052G93 •059435 .•066573 •074075 •081909 •090043

29 •052114 •058879 •066045 •073579 •081448 •089618

29.1 •051557 •058345 •065538 •073104 •081007 •089213

:50 •051 01

9

•057830 •065051 •072648 •080586 •088827

30i •050500 057333 •064582 •072211 •080183 •088458
31 •049998 •056855 •064132 •071792 •079796 •088107
31 i •049514 •056393 •063698 •071389 •079427 •087771
32 •049046 •055948 •063280 •071002 •079072 •087450

32.J
•048594 •055518 •062877 0706.30 078733 •087144

33 •048156 •055103 •062490 •070-72 •078408 •086851
33i •047732 •054702 •0621 1 6 •069929 •078096 •086571

34 •047321 •054314 •061 755 •069598 •077796 086.304
341 •046924 •053939 •061407 •069280 •077509 •086048

35

351

•046539 •053577 •061071 •068973 •077233 •085803

•046165 •053226 060747 •068678 •076969 •08.'5568

'Mi •045803 052886 060434 •068394 •076715 •085344

36.1 •045452 •052558 •060132 •0681^^1 •076471 •085129

37 •04511 1 •052239 •059839 •067857 •076236 •084924

3 71 •044780 •051930 •059557 •067603 •076011 •084727

38 •044459 •051631 •059284 •067358 •075795 •084538

38^ •044147 •051341 •059020 •067121 •075586 •084358

39 •043843 •051060 •058764 '066893 •075386 •084185
391 •04 3549 •050788 •058517 •066673 •075194 •084019

40 •043262 •050523 •058278 •066461 •075009 •083860

401 •042983 •0502G6 •058046 066256 •074831 •083707

41 •042712 •05001 7 •057822 066058 •074659 •083561

41.1 •042448 •04 9775 •057605 •065S67 •074494 •083421

42 042191 •049540 •057394 •065683 •074335 •08.3286

421

43

•041941 •049311 •057190 •065505 •0741 S3 •083157

•041698 •049089 •056993 •065333 •074035 •083034

43A •041460 •048874 •056801 06.) 166 •073894 •082915

44 •041229 •048664 •056616 •065006 •073757 •082801

441 •04 1 004 •048460 •056436 •0648.50 •073626 •O.S2692

45

451

•040785 •048262 056261 •064700 •073499 •082587

•040571 •048069 •056092 •064555 •073377 •0S2486

46 •040362 047882 •055928 064414 •073259 •082.389

4f)l •040159 047699 •055768 064279 •073146 082297
47 •039960 04 7521 •055614 064147 •07.3037 •082207
471

48

•039766 047348 •055464 064020 •072932 •082122

•039577 047180 •055318 •063897 •072830 •0^2040

48.1 •039393 •047016 •055176 •063778 •072732 •081961

49 039213 046857 •055039 •06.\66'^ •072638 •081885

49' 039037 046701 •054 ^06 063552 •072547 081812
50 •038865 046550 •054776 063444 •072459 081742
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The Fifth Table of Compound Interest— continued.

The Annuity which One Pound will purchase for any Number of Vears to come, &«.

1

Years

501

3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent. 8 per Cent, i

•038697 •046402 •054650 •063339 •072375 •081675

51 •038533 •046258 •054528 •063238 •072293 •081611

51.1 •038373 •046118 •054409 •063140 •072214 •08154 9

52 •0.58217 •045982 054294 •063046 •072139 •081489
52i

53

•038064 •045848 •054182 •062954 •072065 •081 432

•037914 •045719 •054073 •062865 •071995 •081377
531 •037768 •045592 •053967 •062779 •071926 •081324

54 •037625 •045469 •053864 •062696 •071861 •081273

54^ •037485 •045348 •053764 062615 •071797 •081224

55 037349 •045231 •053666 •062536 •071736 •081177

55'^ •037215 045116 •053572 •062461 •071677 •081132

56 •037084 •045004 •053480 •062387 •071620 •081089
561 •036956 •044895 •053390 •06231 6 •071565 •081047

57 •036831 •044789 •053303 •062247 •071511 •081007
571 •036708 •044685 •053218 •062180 •071460 •080969

58 •036588 •044584 •053136 •062115 •071410 •080932
581 •036470 •044485 •053056 •062052 •071363 •080896
59 •036355 •044388 •052978 •061 992 •071316 •080S62
591 •036243 044293 •052902 •061932 •071272 •080829
60

601

•0361 32 •044201 •052828 •061875 •071229 •080797

•036024 •044111 •052756 •061820 •071187 •080767

6J •035919 •044023 •052686 •061766 •071147 080738
61.

j

•0.35815 •043938 •052618 •061714 •071108 •080710
62 035713 •0438.54 •052551 •061 663 •071071 •080683
62i •035614 •043772 •052487 061614 •071035 •080657

63 •035516 •043692 •052424 •061567 •071000 •080632
631 •0.35421 •043614 •0523()'3 •061520 •070966 080608
64 •035327 •043537 052303 •061476 •070933 •080584

64^ •035235 •043463 •052245 •061432 •070902 •080562

65

651

•035145 •043390 •052189 •061390 •070872 080511

•035057 •043318 •0521,34 •061349 •070S42 •080520
66 •034971 •043249 •052080 •061310 •070814 •080.501

66.L •034886 •043181 •052028 •061271 •070786 •080481

67 •034S03
1

•043 1 1

4

•051977 •061234 •070760 •080463
671 •034721 •043049 •051928 •061198 •070734 080446 1

68 •034641 •042985 •051879 •061163 070710 •080429
681 •034563 -042923 •051 832 •061129 •070686 •080412

69 •034486 •042862 •051787 •061096 •070663 •080397
691 •034410 •042803 •051742 •061064 •07064 1 •080382

70 •034336 •042745 •051699 •061033 •07C619 •080367

70- •034263 •042688 •051656 •061002 070598 •080353

71 •0341 92 •042632 •051615 •060973 •070578 •0.-0340

7U •034122 •042578 •051575 •060945 •070.359 080327
72 •034054 •042524 •051536 •060917 •070.540 •080.il 4

73

•033986 •042472 •051498 •0608 91 •070522 •080303

•033920 •042421 •051461 •060865 •070504 •080291

731 •033855 •042372 •051424 •Ofi0839 0704 87 •080280

74 •033741 •042323 •051389 •060815 070471 080->69

7-1.^ •03.3729 •042275 •051355 •060791 •070455 080259
75 •033667 •042229 •051321 •060768 070440 •080249
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The Fifth Table of Compound Interest— continued.

The Annuity which One Pound will purchase for any Number of Years to come, &c

!

I Tl ears 3 per Cent. 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent 8 per Cent.

75.1 •OS3607 •042183 •051288 •060746 •070425 •080240
76 •033548 •042138 •051257 •060724 •070411 •0802,31
7«1 •033490 •042094 •051225 •060703 070397 •080222
77 •033433 •042052 •051195 •060683 070384 •080214
771 •033377 •042010 •051166 •060663 070371 •080205

78 •033322 •041 969 •051137 •060644 •070359 •080198
78^ •033268 •041929 •051109 •060625 •070347 080190
79 •0.3.'^2I5 •041 890 •051082 •060607 •070.335 0S0I83
79.1 •033162 •041851 •051055 •060589 •070324 080176
80 •OS'' 1 1

1

•041814 •051029 •060572 •070313 •080169

801 •033061 •041777 •051004 •060555 •070303 •0S0163
81 •033012 •041741 •050979 •060539 •070292 •080157

8H •032963 •041706 •050955 •060524 070283 •080151
82 •032915 •041671 •050932 •060509 •070273 •080145
821

83

032868 •041637 •050909 •060494 •070264 •0801 40

•032822 •041604 •050886 •060479 •070255 •080134

83^ •032777 •041572 •050865 •060466 •070247 0801 29
84 •032733 •041540 •050843 •060452 •070238 •080124
84.1 •0.i2689 •041509 •050823 •060439 •070230 0 0120
85 •032646 •041479 •050803 •060426 •070223 •080115

S5\ •032604 •041449 •050783 060414 •070215 •080111

86 •032562 •041420 •050764 •060402 •070208 •080106
86.1 •032522 •041391 •050745 •060390 •070201 •080102

1 87 •032482 •041363 •050727 •060379 •070194 •080099

87.1 •032442 •041336 •050709 060368 •070188 •080095

88 •032403 •041309 •050692 •060357 •070182 •080091

88.| •032365 •041283 •050675 •060347 •070176 •080088

89 .032328 •041257 •050658 •060337 •070170 •080084

80.i
•032291 •0412.32 •050642 •060327 •070164 080081

90 •032255 •041207 •050627 •060318 •070159 •080078

901 •032220 •041183 •0.50611 060309 •070153 •080075

91 •032185 •041159 •050596 060300 •070148 •080072

1 91^ •032150 •041136 •050582 •06029

1

•070143 •080070

92 •032116 041114 •050568 •060283 •070138 •080067

92^ •032083 •041091 •050554 •060275 •070134 •080064

93 •032051 •041070 •050540 •060267 •070129 •080062

9% •03201 8 •041048 050527 •060259 •070125 •osoooo

94 •031987 •041027 •050514 060251 •070121 •080057

94^ •031956 •041007 •050502 •060244 •070117 •080055

95 •031 925 •040987 •050490 •060237 •0701 1

3

•080053

95]^ •031895 •040967 •050478 •060230 •070109 •080051

96 •031866 •040948 •050466 •060224 •070105 •080049

9G\ •031837 •0-10929 •050455 •060217 070102 •080047

97 •031808 •0J 0911 050444 060211 070098 •080045

97^ •031780 •040893 050433 •060205

•060199

070095 •080044

98 •031752 •040875 •050422 •070092 •080042

98.1 •03 1 725 0^0858 •050412 •0601 93 •0700S9 •080040

99 •031698 •040841 •050402 •060188 •070036 •080039

991 •031 672 •Oh OS 24 •050392 •0601 82 •0700^3 •080037

100 •03 1 646 •040808 •050383 •060177 •070030 •0800.36

F.S.

1

•030000 •040000 •05(XXX) •060000 •0700'30 •080000



1126 VALUATION OF rUOPERTY. Book IV.

Table VI. Showing the Value of an Annuity on one Life according to the Probabilities

of Life in London.

Year's value at Year's value a

Age. Age.

3 per Cent. 4 per Cent. 5 per Cent. 3 per Cent. 4 per Cent. 5 per Cent.

6 18-8 16-2 14-1 41 13-0 11-4 10-2

7 18-9 16-3 14-2 42 12-8 11-2 10-1

8 19-0 16-4 14-3 43 126 11-1 100

^ 1
and 1-

10 J

44 12-5 110 9-9

19-0 16-4 14-3 45 12-3 10-8 9-8

46 12-1 10-7 9'7

11 190 16-4 14-3 47 11-9 10-5 9-5

12 18-9 16-3 14-2 48 11 -8 10-4 9-4

13 18-7 16-2 14-1 49 11-6 10-2 9-3

14 18-5 16-0 14-0 50 11-4 10-1 9-2

15 18-3 15-8 13-9 51 11-2 9-9 9-0

16 18-1 15-6 13-7 52 110 9-8 8-9

17 17-9 15-4 13-5 53 10-7 9-6 8-8

18 17-6 15-2 13-4 54 10-5 9-4 8 '6

19 17-4 15-0 13-2 55 10-3 9-3 8-5

20 17-2 14-8 13-0 56 lO-I 9-1 8-4

21 17-0 14-7 12-9 51 9-9 8-9 8-2

22 16-8 14-5 12-7 58 9-6 8-7 8-1

23 16-5 14-8 12-6 59 9-4 8-6 8-0

24 16-3 14-1 12-4 60 9-2 8-4 7-9

25 16-1 14-0 12-3 61 8-9 8-2 7-7

26 15-9 13-8 12-1 62 8-7 8-1 7 6

27 15-6 13-6 120 63 8-5 7-9 7-4

28 15-4 13-4 11-8 64 8-3 7-7 7-3

29 15-2 13-2 11-7 65 8-0 7-5 71
30 15-0 13-1 11-6 66 7-8 7-3 6-9

31 14-8 12-9 11-4 67 7-6 7-1 6-7

32 14-6 12-7 1 1 -3 68 7-4 6-9 6-6

33 14-4 12-6 11-2 69 7-1 6-7 6-4

34 14-2 12-4 110 70 6-9 6-5 6-2

35 141 12-3 10-9 71 6-7 6-3 6-0

36 13-9 12-1 10-8 72 6-5 61 5-S

37 13-7 11-9 10-6 73 6-2 5-9 5-6

38 13-5 11-8 10-5 74 5-9 5-6 5-4

39 13-3 11-C 10-4 75 5-6 5-4 5-2

40 13-2 11-5 10-3

Table VI. a. Expectation of Life.

De Moivre's Hypothesis on the duration of human life, namely, that of 86 persons born

one dies every year till all are extinct, has led to an empirical rule of easy recollection for

the expectation of life, namely, to subtract tlie age from 86 and halve the difl'erence for an
answer. In the left hand side of the subjoined table is shown the number ofjiersons out

«f 10,000 who may be expected to die in the year following their attaining the age marked
in the first column, according to the Hypotiiesis, to the Northampton and Carlisle tables,

and to the Belgian one of Quetelet. Tiie tai)le on the right shows the values of annuities

on lives at 3 per cent, in years' purchase, whence it appears that in money results the

Hypothesis curiously agrees with the celebrated Northampton tables.

Age.
Hypo,
thesis.

North-
ampton.

Carlisle. Belgium. Age.
Hypo-
thesis.

North-
ampton. Carlisle.

10 132 92 45 88 .10 19-9 20-7 23-5

20 152 MO 71 120 20 18-5 18-6 21-7

80 179 171 101 126 30 16-8 16-9 19 6
40 217 209 130 144 40 14-8 14-8 171
50 278 284 134 183 50 12-5 124 14-3

60 385 402 335 325 60 9-7 98 10-5

70 6'25 649 5J6 680 70 6-4 6-7 7-1

80 1667 1343 1217 1425 80 2-3 3-8 4-4
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Tablk VII. Showing the Value of an Annuity on the jciat Continuance of two Lives,

according to the Probabilities of Life in London.

Age of the Value at Age of tiic Value at

Younger. Elder. 3 per Cent. 4 per Cent. 5 per Cent. Younger. Elder. 3 per Cent. 4 per Cent. •"i per Cent.

10 14-7 13-0 11-6 55 7-9 7-3 6-7

15 14-3 12-7 11-3 60 7-2 6-7 6-2

20 13-8 12-2 10-8 30 65 6-3 6-1 5-7

25 13-1 )l-6 10-2 70 5-8 5-5 5-2

30 12-3 10-9 9 7 75 5 1 4-9 4-7

35
40

11-5

107
10-2

9-6

91
8-610 35 9-9 8-8 8-0

45 100 9 8-1 40 9-4 8-5 7-7

50 9-3 8-4 7-6 45 8-9 8-1 7-4

53 8-6 7-8 7-1 50 8-3 7-6 7-0

60 7-8 7-2 6-6 35 55 7-7 7-1 6-6

65 6-9 6-3 6-1 60 71 6-5 6-1

70 61 5-8 5-5 65 6-4 6-0 5-6

75 5-3 5-1 4-9 70
75

5-7

5*0

5-4

4-8

5-1

4-6

15

20
13-9

13-3

12-3

11-8

11-0

10-5 40 91 81 7 '3

25 12-6 11-2 10-1 45 8-7 7-8 7-1

30 11-9 10-6 9-5 50 8-2 7-4 6-8

^i5 11-2 10 9-0 55 7-6 6-9 6-4

40 10-4 9-4 8-5 40 60 7-0 6-4 6

15 45 9-6 8-8 8-0 65 6-4 5-9 5-5

50 8-9 8-2 7-5 70 5-7 5-4 5-1

1 55

60
65
70
75

8-2

7-5

6-8

6
5-2

7-6

7

6-4

5-7

5

7-0 75 5-0 4-8 4-6

6-5

6-0

5-4

4-8
45

45
50
55
60
63

8-3

7-9

7-4

6-8

6-3

7-4

7-1

6-7

6-3

5-8

6-7

6-5

6-2

5-8

5-420 12-8 11-3 10-1

25 12-2 10-8 9-7 70 5-6 5-3 5

30
35
40
45

50
55
60
65
70
15

11-6 10-3 9-2 75 4-9 4.7 4-5

20

10-2

9-5

8-8

8-1

7-4

6-7

6
5-2

9-8

9-2

8-6

8-0

7-5

6 '9

6-3

5-1

5

8-8

8-4

7-9

7-4

6-9

6-4

5-9

5-4

4-8

50

55

50.

55
60
65
70
75

7-6

7-2

6-7

6-2

5-5

4-8

6-8

6-3

61
5-7

5-2

4-6

6-2

6-0

5-7

5-3

4-9

4-4

55
60
65
70
75

6-9

6-5

6
5-4

4-7

6-2

5-9

5-6

5-1

4-5

5-7

5-3
5 -'2

4-8

4-3

25

25
30
35
40
45
.50

55
60
65

70
75

11-8

11-3

10-7

100
9-4

8-7

8-0

7-3

66
5-9

5-\

10-5

101
9-6

91
8-5

7-9

7.4

6-8

6-2

5-6

4-9

9-4

9-0

8-6

8-2

7-8

7-3

6-8

6-3

5-8

5-3

4-7

60

60
65

70
75

61
5-7

5-2

4-6

5-6

5-3

4-9

4.4

5-2

4-9

4-6

4-2

65
65
70
75

5-4

4-9

4.4

5
4-6

4-2

4-7

4.4

4

30

30
85
40
45
50

10-8

10-3

9-7

91
8-5

9-6

9-2

8-8

8-3

7-8

8-6

8-3

8

7-6

7-2

70
70
75

4-6

4-2

4.4

4

4-2

3-9

75 75 3-8 3-7 3-6
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Tabi.b VIII. Showing the Value of an Annuity on the longer of two Lives.

Age of the Value at Age of the Value at
1

Younger. Elder. 3 per Cent. 4 per Cent. .5 per Cent. Younger. Elder. 3 per Cent. 4 per Cent 5 per CriiA

13-410 23-4 19-9 17-1 55 17-4 15-1

15 22-9 19-5 16-8 60 17-0 14-8 13-2

20 22-5 19-1 16-6 30 65 16 6 14-5 12-9

25 22 '2 18-8 lC-4 70 16-1 14-1 12-6

30
35

40

21-9
21 -C

21-4

18-6

18-4

18-3

16-2

16-1

160

75 15-6 13-7 12-2

10 35 18-3 15-8 13-8

45 21-2 18-2 15-9 40 17-8 15-4 13-5

50 20-9 18-0 15-8 45 17-4 151 13-3

55 20-7 17-8 15-7 50 17-1 14-8 13-1

60 20-4 17-6 15-5 35 55 16-7 14-5 12-9

65 20-1 17-4 15-3 60 16-3 14-2 12-7

70 19-8 17-2 15-1 65 15-8 13-8 12-4

75 19-5 16-9 14-8 70
75

15-3

14-8

13-4

13-0

12-0

11-6

15

20

22-8

22-3

19-3

18-9

16-7

16-4 40 17-3 15 13-3

25 21-9 18-6 lG-2 45 16-8 14-6 13-0

30 21-6 18-3 16-0 50 16-3 140 12-7

35 21-3 18-1 15-9 55 15-9 13-9 12-4.

40 21-1 17-9 15-7 40 60 15-4 13-5 121
15 45 20-9 17-3 15-6 65 14-9 13-1 11-8

50 20-7 17-6 15-4 70 14-5 12-7 11-4

55
60
65

20-4

20-1

19-8

17-4

17-2

16-9

15-3

15-2

15-0

75 14-0 12-3 110

45 16-2 14-2 12-8

70 19-4 16-6 14-7 50 15-7 13-8 12-5

75 18-9 16-3 14-4 55 15-2 13-4 121
45 60

65

14-7

14-1

12-9

12-5

11-7

11-420 21-6 18-3 15-8

25 21-1 17-9 15-5 70 13-6 12-0 11-0

SO
35

40

20-7

20-4

20-1

17-6

17-4

17-2

15-3

15-1

15-0

75 13-1 11-6 10-6

50 150 13-3 12-1

20 45 19-9 17-0 14-9 55 14-5 12-9 11-7

50 19-6 16-8 14-7 50 60 13-9 12-4 11-3

55 19-4 16-6 14-5 65 13-3 12-0 10-9

60 19-1 16-3 14-3 70 12-8 11-5 10-5

65 18-7 16-0 14-1 75 12-3 11 -0 10-1

70
75

18 '2

17-7

15-7

15-3

1 S -8

13-5

55

55
60
65

13-6

130
12-4

12-4

11-9

11-3

11-3

10-9

10-525 20-3 17-4 15-1

30 19-8 17-0 14-9 70 11-8 10-8 10-0

35 19-4

19-2

18-9

18-7

18-4

18-0

17-6

17-2

16-7

16-7 14-7 75 11-3 10-3 9-5

25

30

45

50
55
60
65
70
75

16-5

16-3

16-1

15-9

15-6

15-3

15
14-6

14-5

14-3

14-2

• 14-0

13-8

13-6

13-3

12-9

60

60
65
70
75

12-2

11-5

109
10-3

11-2

10-6

10-1

9-5

10'5
]

10-0

9-5

9-0

65
65
70
75

10-7

100
9-3

100
9-4

8-7

9-4

8-9

8-3

80
35

40
45

50

19-3

18-8

18-4

18-1

17-8

16-6

lG-2

15-9

15-6

15-4

14-5

14-2

14-0

13-8

13-6

70
70
75

9-2

8-4

^•6

7-9

8 2

7-6

75 75 7-6 7-2 6-9
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A BRIEF SYNOPTICAL LIST OF THE PRINCIPAL

ARCHITECTS,
ANCIENT AND M B E B N

,

WITH THEIR CHIEF WORKS,

Revised by Wyatt Papwokth

ji^Q.^E.—Many of the Names herein are more fully noticed in the body of this work, and

some few others will be found by reference to its Index.

BEFORE CHRIST.

1th. Century.

1, Agamedes and Trophonius of Delphi.—Mentioned only in mythology; temple

to Apollo at Delphi ; a temple to Neptune near Mantina;a.

II. Theodokus and Uhcecus, of Samos.—Labyrinth atLemnos; some buildings at

Sparta ; the temple of Jupiter at Samos; foundations of one of tlie temples of

Diana at Epliesus.

III. IIerjiogenes of Alabanda.—Temple of Bacchus at Teos; and that of Diana at

JMagnesia.

6th, Century,

IV. Demetrius and P^onius, of Ephesus.—Continuation of one of the temples of

Diana, at Epliesiis,. which liad been begun by Chersiphron or Ctesiphon and
bis son Metageues.

V. Daphnis of Miletus.—With PjEonihs, temple of Apollo at Miletus.

VI. EuPALiNUs of Mtgara.—Tunnel for the aqueduct, and some edifices at Samos.

Tii. Chirosophus of Crete.—Temple to Ceres and Proserpine ; another to the Paphian
Venus, and one to Apollo ; all at Tegea.

viii. Mandrocles of Samos.—Bridge of boats over the Thracian Bosphorus, for King
Darius.

IX. Memno of Persia.—A magnificent palace at Ecbatana for Cyrus.

5lh. Century.

X. PvTHius of Priene.—Mausoleum at Halicarnassus ; the temple of IMinerva at

Priene, and wrote a treatise on it. In the former he was assisted by S;ityrus.

XI. Spintharus of Corinth.—Rebuilt the temple of Apollo at Delphi, whicli bad
been destroyed by tire.

XII. LiBo of Elis.—Temple of Jupiter Olympius at Olympia.

xiii. IcTiNUS of Athens.— Parthenon at Athens, and wrote a treatise upon it ; perhaps

the temple of Ceres and Proserpine at Eleusis ; temple of Apollo Epicurius

near Phigaleia.

XIV. Callickates of Athens.—Assisted Ictinus in the erection of the Parthenon.

XV. Mnesicles of Athens.—Propylea of the Acropolis at Athens.

XVI. Antistates of Athens.—A temple of Jupiter at Athens.

XVII. ScoPAS of Paros.—One side of the Mausoleimi at Halicarnassus; a column of the

temple at Ephesus. Employed on temple of Minerva at Tegea.

XVIII. HiPPODAMUs of Miletus.—Laid out Munychia in the Piraeus and Rhodes.

XIX. CoROEBus and 3Ietagenes Xypetius of Athens.—Perhaps the temple of Ceres

at Eleusis.

XX. PoLYCLiTus.—A theatre with a dome at Epidanrus, liighly praised by Pausanius.

XXI. Archias of Corinth.—Many temples and other edifices, at Syracuse.

XXII. Callias of Aradus.—-Machinery.

xxin. Tarchesius and Argelius.—Wrote treatises on Architecture ; the former is

supposed to have erected the temple to jEsculapins at Tralles.

XXIV. Mnesthes.— Pseudodipteral temple of Apollo at Magnesia.
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4th. Century

XXV. Deinocrates or Dinochares of Macedoni;!.— Ilobuilt the last teinplo of Diana at

Ephesus ; laid out the city of Alexandria, and designed many edifices there;

proposed to transfurm jMoiint Atlios intc a colossal tiguie of Alexander.

XXVI. CALLniAciiL-s of Corltith.— Ilei)uted inventor of the Corinthian order. Vitruviiis,

I), iv. chap. 1

.

XXVII. SosTRATUs <)f Cnidiis.—Tiie Pharos near Alexandria,

xxvui. Eui'oi.E.MUs of Argos.—-Several temples and a theatre at Argos, The HerjEum
near Myceiise.

?>rd. Ceiitnry.

XXIX. PnA^AX of A^rigcntum.—Varous hui'dings at A^rigentum.
XXX. Cleodamas of Bvzantiiim.— Rtstored, with Athenajus. the cities destroyed bv

the ScytliEe and others.

Sreif. Century.

XXXI. CossuTius of Rome.— Additions to the temple of Jupiter Olyrnpius at Athens,

for Antiochus Epiphanus, king of Syria, and afterwards destroyed.

xxxii. Philo of Athens or of Byzantium.— Enlarged tlie arsenal and tlie PiraJiis at

Athens ; erected the great theatre, rebuilt by order of Hadrian. Wrote <in

Arihiteeture.

XXXIII. Hermodokus of Salamis.—Temple of Jupiter Stator in tlie Forum, and tenii)le

of Mars in the Circus Flatninins, at Rome,
xxxiv. Caius Mutius of Rome.—Temples to Honour and Virtue near the trophies of

Marius at Rome.
\st. Century.

xxxv. Batrachus and Saurus, of Laconia.—These two architects bnilr the temple
and enclosed by the portico of Octavia, at Rome. 'J'he name of the first (JAa-x paxos^

XXXVI. signifies a frog ; and tiiat of tiie latter i^aa-vpos), a lizard. Tlicv are con-
sidered to have perpetuated their names by the representation of those anima's
in tlie eye of the volutes of the Ionic order, of which a capital has been found

;

and in the churches of St. Eusebius and of St. Lorenzo fuori le Mura, at

Rome, are pedestals sculptured with them.
XXXVII. Dexiphanes of Cyprus, or Cnidos.—A causeway; and rebuilt or repaired tlie

Pharos at Alexandria, erected i)y Sostratus.

xxxviii. Valerius of Ostium.— Covered in a theatre at Rome,
xxxix. Cyrus of Rome.—Architect to Cicero and his brother.

XL. PosTHUMius of Romc.—Many works at Rome and Naples.

XLi. Lucius Cocceius Auctus of Rome.— Grotta della Sibella from Tiaciis Avernlis to
Baia;; a temple at Pozzuoli ; tunnel of Ciinis, near tlie Lacus Avernus.

xi.ii. FussiTius or Funrius of Rome.—Several buildings at Rome. The first Roman
who v^rofe copiously on architecture.

XLiii. Messidius and 1'hiloxenus.—Formed an aqueduct near Rome for Cicero's

brother.

XLiv. Nujusius.—Th.'atre at Herculaneum ; buried a.d. 79.

AFTKR ClllilST.

1st. Century.

1. Marcus Vitruvius Pollio of Fano.— Basilica Justitia; at Faiio. Writer on architec-

ture, the oldest work extant on the ait.

2. Vitruvius Cerdo of Verona.—Triumphal arch at Verona.
3. Celer of Rume.— Golden liouse of N.?ro, wiih Severus of Rome.
4. Rabiiuus of Rome.—Palace of Domitian and woiks connected therewith, on Mount

Palatine.

5. MusTius of Rome.—Temple to Ceres at Rome.

2nd. Century.
6. .TuLius FiioNTiNus of Rome.— He has left a work on aqueducts.

7. A poi.LonoRus of Damascus.—The forum of Trajan, the col ntnn of Trajan, and other
buildings at Rome; a stone bridge over the Danube in Lower Hungary, tlie

remains of which are stdl vi ible.
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8. Caius Julius Lac ek. of Home.— Bridge over tlie Tagus at Alcaiitiira, in Spain ; a

temple there, now dedicated to San Giuliano.

9. Detrianus of Rome.—M;>les Hiidriani and the Pons Aelins ; now called the Castello

and Ponte Sant' Angelo ; removed the c<ilossal statue of Nero for Hadrian.

10. Antoninus, Senator, of Rome.—Pantheon at Epidaurus ; baths of /Esculapius, in the

same city.

4tta. Century.
1 1. METRonoRus of Persia.— Many buildings in India, and some at Constantinople. Tlie

first known Christian archiieet.

12. Alvpius of Antioch.—Employed by Julian to lay the foundation of a new temple at

Jerusalem.

Stli. Century.
13. CvRiAnES, Consul, of Rome.—A basilica and bridge for Theodosius, carried on by

Auxentius, senator. Synimaeluis, prefect, and Afrodisius, consul.

14. Sennamar of Arabia.—Sedir and Khaovarnack, two celebrated palaces in Arabia.

THE SCYTHIAN UEVASTATIONS.

15. Aloisius of Padua or Rome.— Buildingsfor Theodoric; assisted Danieliu the erection

of the celebrated mausoleum at Ravenna, the cupola of which is of one stone, 36
feet diam. outside, 30 feet inside, and hollowed within.

6tb. Century.

16. jEtherii's of Constantinople.—The vestibule called Chalce in the Imperial Palace .it

Constantinople, for Anastatius I ; and a wall in Thrace .54 miles long.

17. Anthejiius of Tralles.— Sta. Sophia at Constantinople; be was assisted by Isinouus

of .Miletus.

18. Chrvses of Alexandria.—Constructed the embankments along the Euripus, near

Dara, in Persia, to keep the river in its channel, and to keep out the sea.

7th. Century.

19 and 20. Isidorus of Byzantium, and Joannes of Miletus.—The city of Zenobia, on the

river Euphrates, in Syria, for Justinian.

Stb. Century.

'Ji. Abuei-rrahaman I. of Spain.— Gave the designs for the mosque at Cordova.

9th. Century.

22. RoMUALDUS of France.—Cathedral at Rheims, the earliest example of Gothic arclii-

tecture.

23. Magnus Eginhardus of Odenwald, in Germany.— Pra-fect of buildings to Charle-

magne, The monastery at Mulinheim, now Seligenstadt ; drawing of monastery

for Gozpertus, abbot of St. Gall in Switzerland.

24. TionA of Spain.— Palace for King Alphonso tlie Chaste, at Oviedo, now the epis-

copal pal ice; churches of St. Salvador (since destroyed), St. 3Iichael, and St.

Marv, and St. Julius outside the walls.

10th. Century.

25. Eberharb, abbot, of Switzerland.—Church and monastery at Einsiedlen, in Swit-

zerland, and completed by Tieti.and, abbot.

26. Abdallah bkn Said of Spain.—Eastern aisles of the mosque at Cordova.

11th. Century.

27. BusKETUS or Buschetto.— Church of S. Paolo at Pistoja, 1032. Duomo at Pisa,

the earliest example of the Lombard style of architecture. It was built in 1063.

28. HuMBEKT, archbisliop. of Lyons.—Erected the stone bridge over the Saone at Lyons,

and is recorded as the architect.

29. PiETRO Di UsTAMRER of Spain.—Crypt of the cathedral at Chartres, or l)y bishop

Fulbert ; rebuilt the church of St. Isidorus at Leon, and erected a bridge tiiere

SO. Carilepho, bishop of Durham, of England.—Began the cathedral church of Durham,
"on a plan which he had brought with him from France," where he had been abbot

of St. Vincent, in Normandy.

12th. Century.

31. Lanfrancus of Italy.—The cathedral at Modena, 1099-llOS.

32. Landfriijus of Normandy.— Erected the castle of Pithiviers in Normandy, and then

that of Ivry; after which this "architect " was beheaded, that he might not erect

another elsewhere.
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53. GuNDULPHUs, tiisliopof Rochester, of England.—Considered to have designed Rochester

Castle ; his house, and the abbey for nuns at Mailing in Kent; Wliite Tower of

the Tower of London, and western portion of Rochester Cathedral ; the eastern

portion erected later by Bishop Ernui.f.

54. Odo, prior of Croyland, of England.—Church of Croyland Abbey. Ahnold, a lay

brotlier of the abbey, was employed as mason.

35. Lalvs of the Land of Canaan.—Neath Castle, Glamorganshire, and other castles,

monasteries, and churches; built Lalyston ; appointed architect to King Henry I.

36. RayiMUndo of Montfort, of France.—Cathedral at Lugo, in Spain, all but the belfry

and facade.

37. DioTi Sai.vi, or D. de Petroni, of Italy.—Baptistry at Pisa, in the Lombard style.

38. BuoNO of Ravenna.—Palaces and churches at Ravenna ; tower of St. Mark at Venice,

which is 330 feet high, and 40 feet square, built 1148-54 ; the Castel del Uovo
and the Castle Capuaiio, at Naples ; and palazzo de' Signori at Arezzo.

30. Grua.mons of Pistoia.—Part of churches of St. Andrea and of St. Giovanni at

Pistoia.

40. Ai-vAii Garcia of Estella, in Spain.—The reputed designer of the cathedral at Avila
del Rev, in Spain.

41. SuGGER, of France.— Built parts of his abbey church of St. Denis, near Paris.

42. PiETiio Cozzo of Limena in Italy.— Sahi dulia Ragione at Padua, which is about 261
feet lang, 88 feet wide, and 87 feet high inside. The roof was burnt in 1420, and
restored by Rizzio and Piccino, of Venice; it was dismantled by a whirlwind in

1756, and restored by B. Ferracina.

43. WiLHEL.Mus of Germany.—Campanile at Pisa, 178 feet high, with Bonano of Pisa.

'ioMASo, also of Pisa, completed it in the 14th century.

44. William of Sens.—Choir of Canterbury Cathedral, after the fire of 1174; completed
by William the Englishman.

13tb. Century.
45. IsENBERT of XAiNCTEs.in Francc.— Bridges at Xainctesand Rochelle. Recommended

by King John to the citizens of London as a proper person to finish London Bridge,
begun by Peter of Colechurch, in 1176.

46. Helvas de Berham or Derham, canon of Salisbury, of England.— Overseer for

twenty years of the works at Salisbury Cathedral, from its foundation. He was
succeeded by a certain Robert. He may be the same person who is called Elyas
the Engineer, in records of the reigns of Kings Richard I. and John, relating to

tlie repifir of the king s houses at Westminster.
47. Edward Firz-Ono of England.—Supposed master of the works at Westminster Abbey

Church for King Henry III.

48. Robert de Luzarches of France.— Cathedral of Amiens; continued by Thojias de
CoRSioNT, and finished by his son Regnault, as stated in the labyrinth in the nave.

'iD. EsTiENNE de Bonnueill of Pjris.— Church of the Trinity at Upsala, in Srt'eden,

built after the model of Notre Dame at Paris, with ten companions and as many
pupils.

50. Wilars de Honecort of France.—Author of a vellum sketch book, preserved at

.Paris
; published by Lassus and Darcel in 185f?, and tran.slated by Professor

Willis 1859. Church of St. Elizaijeth at Cassovia, now Kasciiau, in Hungary; and
of .St. Yved de Braine ; and one at Cambray.

51. PiEKRE DE CoitBiE of France.— IVJany churches in Picardy, and perhaps the apsidal

chapels at Rheims Cathedral.

52. Jacopo or Lato of Florence (there were sferal other artists of this name).—Church
de'Monaci Cassinensi (afterwards the Ves»ovado, and now the cathedral ) at Arezzo,
continued by IMargaritone. The piers of the ponte della Carraja at Florence.

53. Jean de Chelles of France.—Gabled fronts of the transept and first chapels of the

choir at the cathedral of Notre Dame at Paris.

54. PiERiiE DE MoNTEREAu or DE iMoNTREuiL, in France.—The first Sainte Chapclle at

Vincennes ; the refectory, dormitory, cha|)ter-liou.se, and chapel of the Virgin in

the monastery of St. Germain des Pres, near Paris ; the Sainte Chapelle at Paris,

and other churches.

55. Hues Likekcieks of Rheims, in France.—CImrch of St. Nicaise at Rheims, now de-
stroyed. He was succeeded by Robert de Coucy, It is one of the early specimens
of pure Gothic in France.

56. San Gonsalvo of Portugal.—A bridge and a church at Amaranto.
57. San Pietro Gonsalvo of Tui, in Portugal.—Stone bridge at Tui,
5S. San Lorenzo of Portugal, - Stone bridge at Cavez.
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59. Jacopo of Germany.—Remodelling the buildings of tlie monastery of St. Francisco
at Assisi ; tlie Palazzo del Barjello ; and the facade of the archbishop's palace,

both at Florence.

60. Nicola of Pisa.^—Monastery and church of the Dominicans at Bologna; church of
San Micheli ; some palaces ; and tlie octagonal campanile of the Augustins at

Pisa; church del Sail Antonio at Padua; church of Santa Maria at Orvieto
;

church de' Fratri Minori at Venice ; abbey in the plains of Tagliacozzo, near
Naples, as a memorial of the victory by Charles I. over Conrad ; design for the
ciiureh of San Giovanni at Siena, and for the church and monastery della Santis-
sima Trinita at Florence; Dominican monastery at Arezzo, carried out bv ]Macp-

lione, his scholar. Repairs and alterations to the duomo at Volterra, and tlie

Dominican monastery at Viteibo.

61. Henri he Narbonne of France.— Cathedral at Gerona, in Spain, which city he
undertook to visit six times a year.

62. Jacobus de Favariis of Narbonne, in France.—Succeeded him at Gerona.
63. Fuccio or Fucius of Italy.—Perhaps restored the cliurch of Santa Maria sul' Arno at

Florence. The gate and tovvers near the river Volturno at Capua. Fiiiislied the
Cartel Capuano, now the Vicaria, and Castello dell' Uovo, at Naples, commenced
by Buono.

64. Fekrante Maglione of Pisa.—Cathedral and church of San Lorenzo at Naples.
Palazzo Vecchio and many churches at Naples, in conjunction witii Giovanni
Benincasa. Dominican monastery at Arezzo, from tlie designs of Nicolo da
Pisa.

65. Masuccio of Naples.—Completed the Castel Nuovo, and the church of Santa Maria
della Nuova; designed the churches of San Domeiiico Maggiore and San Giovanni
Maggiore ; restored the cathedral of San Gennaro ; designed the Palazzo Saul'

Angelo and Palazzo Colombrano; all at Naples.

66. Giovanni da Pisa, in Italy (son of Nicola da Pisa).— Campo Santo or public cemetery,
and the tribune of the Duomo, at Pisa; Castel Nuovo, and thechurth of Santa Maria
della Nuovo at Naples ; facade of the cathedral at Siena ; many buildings at

Arezzo and other towns in Italy. He was the first architect in the modern style

of fortification.

67. Erwin von Steinbach, in Germany.—The portail of the cathedral at Strasbourg,
from 1277 till his death in 1318. His son continued the work.

68. Stefano Masuccio of Naples.— Church of Santa Chiara at Naples. The lower part
of the campanile is attributed to him or to his pupil Giacomo dk Sanctis.

69. Pedro Perez of Spain.—Commenced the cathedral at Toledo.

Ifttb. Century.

70. Arnolfo di Cambio or Arnolfo di Lapo of Florence.— Restoration of tlie ponte di

Trinita; the churcli of Santa Croce ; the walls of tlie city, with the towers; the

loggia of the Or San Michele ; the principal chapel of the Badia, enlarging the

church and the campanile ; Palazzo della Signori, now Pallazzo Veccnio ; design,

model, and foundation of the cathedral of Sta Maria del Fiore, with the Loggia and
the Piazza dei Priori ; all at Florence

71. Johannes de Middelton, of Durham.— As mason erected the lower part of tlie dor-

mitory of the monastery ; completed by Peter Dryng in HOI.
72. Andrea da Pisa in Italy.— Designed the Castello della Scarperia at MugcUo, at the

foot of the Apennines ; designed tlie chuich of San Giovanni at Pisluja ; fort. lied

and enlarged the ducal Palazzo Gualtieri at Floieiice.

73. Agostino d.* Siena, or va Pisa, in Italy, and bis brother Angelo da Pisa.—North
and west facades of the cathedral at Siena, and two gates ; church and monas-
tery of San Francisco ; Palazzo de' Nove Magistrati

; grand fountain in the piazza

opposite the Palazzo della Signoria ; hall of ilie council cliainher, and Palazzo

Publico ; church della Santa Maria in Piazza Manetti, all at Siena, and all built by

him in conjunction with his brother; also se\eral works at Afcsisi, Orv:eto, and otlier

towns.

74. William Bovden of England.—Chief architect (or master mason) for the chapel of

the Virgin at St. Alhaus Abbey Church.

75. Henry {Lutumus, or stonemason) of Evesham, in England.—Chajiter-house, refec-

tory, abbot's hall, and kitchen of the monastery at Evesham.

76. Walter de Weston of England.— Clerk of the works at Westminster, kept the rolls

of expenses of the erection of St. Stephen's Chapel.

77. Thomas of Canterbury, in England,—Master mason, 1330, at St Stephen's Chapel,

Westminster.
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78. Raimond du Temple of France.— Greit staircase at the Louvre at Paris.

79. llicHAKD DE Farleigh of England.— Master mason at Bath and Reading; at Salis-

bury Cathedral he worked with Robert, the mason. (See No. 4b').

SO. Nicolas Bonaventuha of Paris.—Employed on cathedral at Milan 1388, followed

hy Jean Ccimpomosia of Normandy, and by Jean Mignot in 1399.

81. GiACo.MO Lanfrani of Italy.—Church of San Frnncesco at Imola ; church of San

Antonio di Ca-tello at Venice, and some tombs at Bologna.

82. Jean Ravy or Rait of Fiance.— Finislied the cliurch of Notre Dame at Paris.

83. Hans Hilts, Hiltz, or HiJLrz, of Cologne.—-Conducted tlie woiks, after the death

of the Steinhachs, at Strasburg Ciithedral, to the four winding staircases up to the

cupola. His son Hans completed the tower.

84. JosT DoTziNCER of Worms.— Succeeded Hiltz; he made the font, repaired the choir

and the vaulting. He had sufficient influence to caiiSi.', H52, the confederacy of

the masons' lodges in Germany, and is considered by many as thus commencing

the modern Freemasonry.

P.") Alfonso Domingues of Lisbon.—Said to he the first architect engaged on the monas-

tery at Batalha in Portug il.

SO. David Hacket, or Auuete, or Ouguet, of Ireland.—Commenced the chapel of the

founder at the Batalha, in Portugal.

87. William OF WvKEHAM, bishop of Winchester, in England.—Supposed to have de-

signed New College, Oxford, and the College at Winchester, both founded by him ;

rebuilt or cased the nave of Winchester Cathedral ; and erected some portions of

Windsor Castle.

88. Williaji de WvNFORn, of EngLiiid.—Master mason ; was employed by Wykeham on

many of his buildings.

89. Alan de Walsingham, sacrist and prior at Ely, in England.—The Lantern Tower
and accessory portions, and the Lady Ciiapel, at Ely Cathedral.

90. William Reade, bishop of Chichester, of England.— First library at Merton College,

Oxford; Amberley Castle, Sussex ; an eminent mathematician.

91. Andrea ni Cione, called Orcagna, ot Florence, and his br,>ther Jacopo di Cione.—
Additions to the Gran-ducal palace, and the Loggia de' Lanti, at Florence. His

brother built the tower and gate of San Piero Gattoliiio at Florence.

92. Gainsborough, or Gavnisbukg, of England.—Employed at Lincoln Cathedral, where

his gravestone still exists.

92'i. IIenky Yevele or Zenei.ev, and Stephen Lote, of London.—Contracted for the

stonewoik of the tomb of the first wife of Richard II. ; and devised the form and

model for raising the walls of Westminster Hall, London.

15th. Century.
0'1. FiLipi'o DI Ser Brunellesco DEI Lapi of Flopeuce.—Dome of the cathedral of

Santa Maria del Fiore at Florence. A council of artists (rom all parts was held

in 1420, to advise on this scheme. The Palazzo I'itti, begun and half built by

hiin, completed by Luca Fai.celli ; great part of the church of Sail Spirito ; chap-

ter-house and a chapel to the cln.rch of Ste. Croce ; the church degl' Angeli, never

completed ; the fortress of Milan, and several works al>out tlat city ; a model for

the fortress of Pesaro ; the old and new cit ulels at I'isa ; some other works there,

iis well as at Trento, and in other parts of Italy ; and the drainage of the country

round Mantua. He set the first example of a purer style in the arcliitect-ure of Italy.

94. MiciiELozzo MiCHEi.t zzi of Florence.— Palazzo di JVIedici, now lliccardi, the first

building in Florence on modern rules; Palazzo Cafaggiolo, at Miigello; Domi-
nican monastery and church ot S. M irco ; No\iziata della Santa Croce; chaptl in

the church dei Servi ; Villa IMeuicea di Careggi, now Orsi ; Palazzo Tornabiioni,

now Corsi ; with several other buildings at Florence. Library at the monastery of

the Black Benedictines at Venice ; Palazzo at FiL^sole ; some buildings at Trento;

a beautiful fountain at Assisi, the old citadel at Perugia; alterations to the jialace

at Milan presented by Francisco Sfurza to Cosmo di Medici ; and other great

works in various towns m Italy.

95. Juan Alonso or Alfonso of Siiain.— Directed the construction of the castle of

Mouraon in the Alemtejo ; and designed the sanctuary church of the monastery at

Guadalupe in Spain.

96. Gitii.iANo DA Majano, near Fiesole.—Succeeded Lapi at the Duomo at Florence;
Palazzo del Poggio Riale at Naples, and many works in that city, besides

fountains. An edifice in the first Cortile in the Vatican at Rome ; palace of Sail

JVlarco at Rome; and restored the clinrch. Began to enlarge the church of Sta.

Casa, at Lorcto, completed by his nephew Benedetto da Majano.
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97. Norton or Morton, of England (fellow and warden).—Restored St. Mary Reucliffe

cViurch, Bristol, after the fall of tlie spire in 1446.

98. John Drtell or Davell or Druell, of England.— Surveyor at the erection of All

Souls' College, Oxford, of which he was a fellow.

99. Roger Keyes, of England.— Fellow and warden of the college, succeeded to Dryell

;

lie had been master of the works of Eton college, Berkshiie.

100. Wir.LiAsi HoRwoD (freemason) of England.—Nave, aisles, and tower of the Collegiate

chapel at Fotheringay, Northamptonshire.

101. Nicholas Cloos, or Close (afterwards bishop of Lichfield) of England.— Supposed
to have designed King's College chapel, Cambridge ; though, according to some,
his father was the architect.

102. Christodoulos.—Mosque of Mahommed 1 1, on the site of the church of the Apostles

with eight schools and eiglit liospitals, all at Constantinople.

103. Baccio Pintelli of Florence.—Church and monastery of Santa Maria del Popolo ;

the celebrated Capella Sistina in the Vatican; the hospital of Santo Spirito in

Sassia ; Ponte Sisto ; the church of San Sisto ; the church of St. Agostino ; tlie

church of San Pietro in Vincola
;
palace for the Cardinal del Rovere in Borgo

Vecchio, all at Rome. Repaired the church and monastery of San Francesco at

Assisi. The palace for the Duke Federigo Feltre at Urbino is attributed to

him. He first set the example of grandeur in the architecture of chapels.

104. Bartolomeo Suakdi, II Brainantino, of Italy.—Many works at Milan, and other

parts of Italy.

105. Giovanni del Pozzo, of Cuenca, in Spain.—Dominican monastery, and a great
bridge over the Huexar, near Cuenca.

lOS. Andrea Ciccione of Naples.— IMonastery and church of Monte Oliveto, now S.in

Carlo Borrcmeo ; great portal of the church of San Lorenzo; church of Sta.

Marta ; Palazzo of Bartolomeo Riccio, now Ercolense ; and several other con-
vents and palaces, all in the city of Naples.

107. Aiustotile Alberti or Ridolfo Fioravanii of Bologna.— Restored the tower of the

church of S. Biagio, at Cento, to its perpendicular position; removed the Campanile
of Santa jNIaria del Tempio, at Bologna, several feet; rebuilt a bridge over the

Danube in Hungary; built the Church of the Assumption at Moscow, in wl \h
city he is supposed to have built the Kremlin, and other works.

108. William Orchvearde of England.—Master mason of IMagdalen College, Oxford.
109. Francesco di Giorgio of Siena,—Tlie ducal palace at Urbino, attributed also to

Alberti, Luciano, and Pontelii.

110. To.MiiAso Formentone of Brescia.— Palazzo Municipale or Delia Loggia, at Brescia,

one of the four chief town-halls in Italy; continued by San.sovino and completed

by A. Palladio.

111. I/UciANo ui Martino or L. di Lauranna.— Palazzo for the Duke Federigo Feltre at

Urbino, completed by Pontelii.

11-2. Leone Battista Alberti of Florence.—Church of San Francisco at Rimini; churches

of San Sebastiano and of San Andrea, at Mantua. Tne principal facade of Santa

IMaria Novella, at Florence, has been attributi'd to .Alberti, but from the circum-

stance of its I)eing Gothic, it is more pro'iahly by Betiini ; the gate and Corinthian

loggie are, however, from the designs of Alberti. Palazzo Rucellai; and the

choir and tribune of the church della Nunziata, both at Florence. At Rome he

altered the papal palace for Pope Nicholas V., and re|)aired the aqueducis of the

Aqua \'ergine, and decorated the fountain of Trevi. Many buildings in Italy are

attributed to him, but are by his pupils.

113. Jan Keldekmass of Germany.—Completed the old Hotel de Ville at Louvain, now
the council chamber.

114. Mathieu de Layens of Louvain —Hotel de Ville at Louvain ; choir of the church

of Ste. Walirude at Mons; Tabernacle, baptiNtry, and altar of the Virgin in the

church of S. Leonard at Leau; completed the church of S. Sulpice at Diest, begun
by S. van Vorst, and erected the tower.

115 Hans Bofbi.incer and Matthaeiis B )ebi.[Nger.—Commenced the Frauenkirclie at

Ksslingen, nea- Stuttgart, continued by his son, who built the Katherine:ikirche

and the Spitalkirche. Employed on the cathedral at Frankfort-sur-JMainc, and on
that at Ulm.

116. Richard Beauchamp, bishop of Salisbury, in England.— Built the great hall, parlour,

and chamber ot the palace at Salisbury : appointed masterand supervisor of the works
of St George's ChajK-l at Windsor Castle (where he was succeeded by Sir Regi-
nald Bray, who was comptroller ot the roval works to Henry "\'I1 ); and built a

chantiy chapel in Salisbury Catludial.
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117. John Kendale of England.^Supervisor of the king's works throughout the realm.

1 Edvv. IV.

118. John Ashfield of England.- Master of the new works, H73, at Bristol Cathedral .

Prior John Martyn succeeded him.

119. DoNATO Lazzari, usually called Bramante d'Urbino, from the town near his birth.

place.—The octagonal church of Sta. Maria Incoronata at Lodi ; two churches

and a palace at Casale ; churcli at Canobbio. At Milan, the church and sacrisiy

of St. Satiro; chapel of the large lazaretto, and (lart of that building itself; tlu

monastery of San Ambrogio and its cloisters, and the cupola of the church of Sta.

Maria della Grazie. Designed and commenced the building of St. Peter's at

Rome; many works in the Vatican, particularly the library and tiie Belvedere
court, &c., for Julius II. ; the circular Doric chapel in the convent of San Pietro

Montorio ; the jialaces of S. Giacomo Scossacavalli, afterwards Giraud and Tor-
Ionia, del Duca de Sora, della Cancelleria (if not due to the brothers Giamberti
Sangallo), dell' Nuovo dell' Imperiale ; tlie churches of SS. Euloy de' Orfani,

Lorenzo, and Damaso ; cloisters of the monastery della Pace. &c., at Rume ; the
Strada Julia in that city; ducal palace at Urbino; Palazzo Publico at Bre>-cia

;

church of Sta. Maria del Monte, near Forli ; cathedrals at Citia di Ca'.tello,

Faenza, and Foligno ; fortress at Civita Vecchia, and other engineering works at

Milan ; marble exterior to the Santa Casa at I^oreto; Villa Imperiale near Pesaro,
chtirches of San Sepolcro and of Santa Maria della Campagna at Piacenza;
church of the Madonna, outside Todi, in the f rm of a Greek cross, in imitation of
his design for St. Peter's ; and many other works.

120. Ventura Vitoni of Pistoja.— Church dell' Umilta at Plstoja, after the design of
Bramante, whose pupil he was.

121. Martino LoMBARno of Venice.— Scuola or confrafernita di San Marco at Venice, and
perhaps the church of S. Zaccaria in same city, but the interior is considered
earlier. Other palaces there are attributed to him.

122. SiMONE PoLLAJuoi-o, or II Cronaca, of Florence.—Facade and additions in the
cortile to the Palazzo Strozzi, begun by Majano ; convent of the Padra Serviii

;

sacristy of Santo Spirito ; and the Council Hall, all at Florence; church of San
Francisco, at S. Miniato, near Florence.

12.'5. NovEi.LO DA San Lucano of Naples.— Palace of Prince Robert Sanseverino, duke of
Salerno, now a church; and restored the church of San Domeuico Maggiore,
both at Naples.

124. Pietro Lojibardo of Venice.—Tomb of Dante, the poet, and its chapel in the
church of San Francisco; the two great columns in the piazza, at Ravenna ; clock

tower to the churcli of Sau IVIarco ; Palazzo Lr rcdano-Vendramin-Calergi ; church
of Sta. Maria de' Miiacoli; works at the ducal palace; besides many others at

Venice ; a cloister in the monastery of Santa Giustina at Padua; the Cathedral at

Cividal del Friuli.

16th. Century.

125. John Alcock (bishop of Ely) of England.—Comptroller of the royal works, temp.
Henry VII.; his chapel in Ely Cathedral ; supposed to have designed St. Mary's, or
the University Church, Cambridge; Collegiate Church of Saint Giles at Malvern.

126. William Bolion, prior of St. Bartholomew, Smithfield, in London.—Master of the
works at the chapel of King Henry VII., at Westminster, and is supposed to have
designed it.

127. Gabriello d'Agnolo of Naples.—Church of S. Giuseppe; church of Santa Maria
Egizlaca

; palace of Ferdinando Orsini, duke of Giavina, at Naples.
128. GiAN Francesco Morjiando of Mormaniio.—Church of San Severino; Palazzo Filo-

marini ; Palazzo Cantalupo ; the small church della Stella, at his own expense ; all

at Naples.

12:0. John Cole of England.—Master mason of the spire at Louth church, Lincolnshire.
1.'30, John Hylmer and William Vertue of England.— Froema.-,ons, erected the vaulting

of the choir of St. George's Chapel, Windsor.
131. Giuliano Gia.mberti, called San Gallo, of Florence.— Part of the cloister of the

monastery of Santa Maddelena de' Pazzi at Florence ; cloister for the F'ratri Ere-
mitani di S. Agostino; the Poggio Imjicriale; fortress near the Porto a Prato,
and other works, at Florence; a magnificent i)alace at Popgio a Cajano for Lo-
renzo di Medici, with a hall IG3 feet by 68 feet by 65 feet high, having a ceiling

the widest then known ; repaired the cupola and roofed the churcli della IMadonna
at Loreto

; restored the roof and decorations of the ceiling of the cliurch of Santa
Maria Maggiore; restored the church dell' Anima ; Palazzo Rovere, near S..n

Pietro in Vineola, and oiher works at Rome; thurch of Madonna delle Carceiiat
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Prato ; Palazzo Rovere at Savona ; an unfinished palace at Milan; fortress and
Doric gate of San Marco at Lucca; works at Pisa ; fortifications at Ostia.

132. Martin Chambiches or Chambiges of Canibrai, in France.— Em()loytd to construct
tlie portail of the cathedral at Troyes. Directed witli Jean Vast the erection of
tlie transepts to the cathedral at Beauvais, and was succeeded by M. La lye.

J 33. Pierre Gadyer of Paris.— Probably designed for Francis L the Cliateau de Ijoulof^ne

or Madrid, near Paris, now destroyed.

1,'}4. DoMEsiro BoccADORO, called Dominique de Cortone.— Remodelled the Hotel dc
Ville at Paris to an Italian de ign.

135. Tui.Lio LoMBARDO of Venice.—Assisted his father Pietro in the Cappella Masjo-ioro

in the Cathedral at Treviso. At Venice, the palazzo Corne-'-Spinelii ; the churcli

of Sia. Maria de' Miracoii, and several other buildings and fine tombs. Cathedral
at Belluno. Tlie transept, if not tlie whole of the chureh of tlie INIadonna della

Grazie at Treviso, completed with the help of liis kin-mcn Giul o and Sante.

136. Leonardo da Vinci, near Florence.—Aqueduct of the Adda and other engineerin"-

works at Milan; various machines, plans, and works on architecture.

I.i7, Fra Giovanni Giocondo of Verona, railed Joconde in France.—"Diviseur des
batiinens "; bridge of Notre Dame at Paris ; fortifications at Trevi'-o ; built the
Foadaco de' Tedeichi, cleansing of the Lagunes, and made a design for the Ponfe
Rialto, all at Venice. After the death of Bramante, lie was engaged with Raf-
faele and G. da San Gallo in erecting St. Peter's at Rome. Several works at

Verona are attributed to him.

138. Hans Hoi.bein of Basle.—Gateway at Whitehall ; ceiling of Chapel Royal at St.

James's Palace; Wilton House, Wiltshire. Ditd 1,543.

139. RoMBAUT Keldekmans, of Malines.— Staircase to Hotel de Villa at Oudenaarden ;

works to the lower portion of Hotel de Ville at Gaud; house for Grand Conseil

at INIalines ; and chapel of the palace of the dukes of Brabant at Bruxelles.

140. Li'iiovico BtRETTA of Brescia (?).— F'ayade of the church of Santa Maria del Mira-
coii at Brescia, in a florid cinquecento arabesque style.

141. Raffaello Sanzio of Uibino.—Continued the church cf St. Peter at Rome, after

the death of Bramante, his master in architecture ; engaged at the Palazzo Far-

nese, and stalling near tiiereto ; repaired and altered the church of Santa Maria in

Navictlla ; Palazzo Catfarelli, now Stoppani ; the gardens of the Vatican ; the

fa5ade of the church of San Lorenzo, and of the Palazzo Uggoccioni, now Pan-
dolfini, all at Florence.

142. John OF Pauda in Italy.— Deviser of buildings to Kings Henry VI 11, and Edward
VL of England. Supposed to have designed Somerset House; and Sion House,

Middlesex. Also attributed to J. Thorpe (175). and J. Shute (200).

143. Hfctor Ashei.ey of England.— JMaster mason and supervisor in the erection of

Hunsdon House, Hertfordshire.

144. Roger Amice of England.— Surveyor to King Edward VI. ; Almes Knight's

lodgings at Windsor Castle.

145. Andrea Contucci of Monte Sansavino, in Italy.—The cappella del S.igramento in

the church of Santo Spirito at Florence
;

palazzo della Cauonica, and fortifications

at Loreto ; church della Nunziata at Arezzo ; chapel for the monks of St. Agostino,

and his own house at Sansavino ; buildings at Venice ; and a palace at Evora, with

soine other buildings in Portugal.

14C. Bartolommeo Buono of Bergamo, in Italy.— Three chapels in the church of S.

Rocco ; bell chamber, attic and spire to the Campanile of San Marco; andsuperir-

tended the works at the Procurazie Vecchie, all at Venice.

147. GuGLiEL.MO Di Bergabio, Called II Bergamasco, of Italy.— Cappella Emiliana, near

the Camaldolese in the island of Murano ;
palazzo di Calmerlenghi, near the

poiite Rialto at N'enice ; palace at Portagruaro, at Friuli
;
porta di Santo Tom

inaso at Treviso
;
porta del Portello at Padua.

148. Giovanni ni Ololzago of Biscay, in Spain — Cathedral of Hucsca, in Arragon.

149. Pedro de Gujiiel of Alcala, in Spain.—Monastery of Sta. Eiigra9ia at Saragossa ;

college of S. Ildefonso at Alcala de Henares ; and church of SS. Justo y Pastor.

150. Juan Campero of Spain. ^— Church and convent of S. Francis at Torrtlaguna, in

Spain; commenceti the cathedral at Salamanca, under Gil de Hontanoii ; and

the aqueduct. Removed a cloister at Sego\ia to the site of the new cathedial;

and heightened the tower of the montstery of St. Maria del Parral, in that

city.

151. Antonio GiAMBERTi (da San Gallo) of Florence.—Churches of the IVIadonna at

Montefiascone ; the Canoniea, with a double loggia ; fortifications at Civita Vec-

cliia, Civita Castellana, Montefiascone, Perugia, and many other strong places in

4 D
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Itcily. Altered the tomi) of Hadrian at Rome to its present fmrn as ilie castle of

S. Angelo, and its fortifications

152. Antonio Picconi (da San Gallo) of Mugello, near Florence.— Completed the church

of Sta. Maria di Loreto, near Trajan's column at Rome; the cupola is by G. del

Duca. Palazzetto of the Counts of Parma, near the p,ate of Venice, and other palaces

in Rome and repaired some rootns in tlie Vatican. Palazzo at Gradoli.and restored

the fortress of Capo di Monte near tliereto. Made a design for tlie fortress at

Caprarola. Palaces for Bart, Ferratino, and Cardinal di Santa Prassedia

;

church for Cardinal Alborense ; continued the erection of Sf. Peter's on a new plan,

after the death of his uncle Giuliano da San Gallo; church of the F'lorentines

anJ of Santa M-iria di Monferrato, all at Rome. F'ortifications at Civita Verchia,

Parma, Arcona, Placenza, Perugia, and Florence. Church of the IVIadonna at

Loreto, nearly rebuilt. At Castro he built the fortress, I^ahizzo I'Osteria, and the

Mint. At Rome, triumphal arch of wood at the palace of S. Marco for the entry

of Charles V. ; the bastions to the walls and the gate of Siinto Spirito; the Cap-
eJlaPaolina; the staircase at the Slsiine Chapel, and the Palazzo F^arnesC near

the Campo di Fiore, are among his luimerous works.

15:3. Rai.dassare Peruzzi of Volterra.— Plan and model of the catheJral at (^arpi ; de-

signs for the facade of San Petronio, and for the gate of San iMicliele in Rosco at

Bologna; fortifications at Siena. At Rome, the little palace for Agostino Chigi,

now called the Farnesina, in the Lungara
; palazzo Massiini, near the church of

San Pantaleo ; villa di Papa Giulio III. ; cortile of the palazzo d'Altemps;
casino at the palazzo Chigi ; tomb of Pope Hadrian IV. in the church dell'

Anima; palazzo Spinosa, now the hospital degli Eretici convertiti ; and assisted in

the erection of St. Peter's.

Ii4. Marco di Pino of Siena.—Modernised the church della Trinita di Palazzo, and built

the church and convent of Gtsu Vecchio at Naples.

155. PiETRo Berretini, or PiETRO nA CoRTONA.—Port.co of the ch'irch of Sta. IMaria

della Pace at Rome; made a design fir the fayade of the Louvre; palazzo Sac-

chetti at Ostla; sever.il chaptls ; the facade of the church of Sta. Maria in

Via Lata, and the church of SS. Maria Martina and Luca E\angelista, his

masterpieces ; and the cupola and other parts of the church of San Ambrogio and
Carlo in the Corso.

156. ANnuEA Biuosco, or Riccio, of Padua.— Church of Sta. Giustina, and loggia and
council house in the Piazza degli Signori, at Padua.

I.t". Giovanni Meui.iano of Nola.in Italy.— At Naples, Strada di Toledo; churches of S.

Giorgio de' Genovesi and of S. Giaccmo degli Spagnnoli ; palazzo of the Principe

di Sansevero, and palazzo of the Duta della Toire ; the Castel Capuano, altered to a

court of law ; a fountain at the extremity of the Mole ; and triumphal arches at

Naples for the entrance of Charles V.

158. 1'erdinando Manlio of Naples.—Third cortile to the palazzo Reale ; church and
hospital della Nunziata ; Strada di Porta Nolana, and di Capua, with other streets

and palaces at Naples ; a bridge at Capua.
15!). .Than Gil de Hontanon of Rasines, in Spain.— '' Maestro principal " at the cathedral

of Salamanca, erected from the designs of A. Rodriguiz and A. de Egas.

IPO. RoDRiGo Gil de Hontanon of Spain.— Contiiuied the cathedrals of Salamanca and
of Segovia; works at Seville ; church at N'alladolid; rebuilt the dome of the

cathedral at Seville ; and commenced the cathedral at Segovia.

161. Baccxo d'Agnoi.o of I'lorence.— Several triumplial arches for the visit of Pope Leo
X., and of Charles V., at F"lorence. Campanile of San Miniato in IMonte was
executed, and that of Santo Spirito commenced, by him ; designed the entablature

and gallery roimd the bottom of the cupola oC Sta. Maria del Fiore, the great altar

and choir of which was built by iiis son Giui.iano; jalazzo for Giovanni Bartolini

on the Piazza della Santa Trinita, and the palaies, all at Florence.

162. Giovanni Maria F'alconetto of Verona.^Loggia of two storeys at the palazzo

Cornaro ; and a music hall ; commenced the church of Sta. Maria dille Grazie ;

Doric portal to the palazzo del Capitanio; ga'es of S. CJiovanni, and of Savon-

arola, all at Padua
; palazzo Savorgnano at Usopo in F'riuli.

163. PiETRo BE Uria of Spain.— Bridge of Almaraz, over the Tagus, having two arches,

one about 130 feet, and the other 119 feet

164. Alonzo de CoVAKRir/siAs DE Leiva of Spain.—Worked for, or "as consulted upon

the cathedrals at Toledo, Salamanca, Plasencia, Segovia, and Seville. Arehiepiscopal

palace at Alcala de Henares. With Luis de Vega rehiiilt and enlargi d the palaces

at IMadrid and Toledo for Charles V. With ^'i(iana he designed the celebrated
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Hieronymite chiircli and monastery of S. Miguel de los Reyes at Valencia, and
cominencen the cloister of it ; and other works.

t65, Diego Siloe of Toledo.— Cathedral and Alcazar at Granada; church and convent ol

S. Jerome in the s.ime city.

166. GiiiOLAMO Genoa of Urbino.—Repaired the ducal palace at Urbino ; built another
on the Monte lni])eriale, near Pesaro ; church of Fan Giovanni Battistaat Pesaro;
facade of the cathedral, and restored tlie bishop's palace at Mantua; convent de'

Zoccolanti at Monte Baroccio ; and the ^hurch of St. Maria delle Grazie, and tiie

episcopal palace, at Sinigaglia. His son Bartoloivieo assisted him, and also prac-

tised at Pesaro, Urbino, and other places.

IfiT. !MicHELE San Michem of Verona.— Cathedral at Montefiascone; tliurch of S. Do-
menico at Orvieto ; fortresses in the Venetian territory, in Corfu, Lombardy, and
the ecclesiastiial states, as at Legnani, Orzi Nuovo, and Castello; palazzo di

Canossa, dell'Gran Guardia on the Bra; Pellegrini de' Verzi ; the preficturate and
fd^ade of the palazzo Bevilacqua ; chapel Guareschi in the church of S. Bernardino;
design for the campanile of the Duomo ; churches of Santa Maria in Organo de'

Monaci, di Monte Dliveto, di S. Giorgio, and della Madonna dilla Campagna
;

gates Nuova, del Pallio, di S. Zenone. del palazzo Pretorio, and del palazzo Pre-
fettizio, all at Verona ; as well as fortifications of the same city, where triangular

bastioj s were first introduced, that of della Madtllena being erected in 1527.

168. Phii.ibert DE L'OiiJiE of France.—Commenced the Tuileries ; built the cliateaux of
St. iNIaur, Anet, Meudon, and many others. Wrote on architecture.

169. Gaieazzo Alessi of Perugia in Italy.— Directed the works at the monastery of

S. Pietro ; entrance gateway of the fortress and the governor's residence ; chapel

del Sacramento in the cathedral, and the front of the church of Sta. Maria del

Popolo, and several ))a1azzi, all at Perugia. VVorks at the arsenal and the haven
and mole at Genoa, where he executed the public granaries ; loggia dei Banchi with

a large hall; Palazzo Reale ; cupola, choir, and other works of the duomo of

S. Lorenzo ; the church of Sta. Maria di Carigiiano ; the Stradi nuova and
nuovisMima, with most of the palazzi in them, and other palacts in the Borgo di

S. Pier d' Arena. At Bologna, at Milan, and other cities, he designed many
palaces and churches; later he made a design for the church del Gesii at Rome,
and for the Escuiial in Spain.

170. Sante Lombaicdo of Venice.—Assisted Ids father Giulio in the Scuola di S. Rocca ;

palazzi Trevisani and Gradenigo; the church of S. Georgio de' Greei with Chiona;

all at Venice.

171. Michel Agnolo Blonarroti Si.mone of Florence.— Chapel and cupola of the new
saciisty to the church of San Lorenzo

;
part of the facade of the church; library

of the Medici, generally called the I-aiirentian Library ; all at Florence. Church
of San Giovanni, which he did not finish ; Fortifications at Florence, and at Monte
San jNIiiiiato. Monument of Julius IL in the church of San Pietro in Vincola;

the Campidoglio, with the palazzo de' Conservatorj, the building in the centre, and
the flight of steps; the celebrated cornice and other portions to the palazzo Farnese ;

and several gates, particularly the I'orta del Popolo and the Porta Pia, all at Rome.
Plans for many other palaces, churches, and chapels. He was employed on St.

Peter's, after the death of Ant. Picconi da San Gallo, making many alterations in

the design, and giving the inodel for the great dome, which was followed out,

except as to the lantern.

172 GiACOMO Barozzi, of Vignola in Italy.—Vaiious buildings at Bologna ; Farnese

palace; church of S. Agostino ; palazzo di S. Giorgio dei Scotti, all at Pi.iccnza.

Received tlie cliarge of the Acqiia Vergine at Rome, and the works at the Vigna

of Pope Julius III. (or his villa), and other buildings for liimand liis family.

Constructed the celebrated palace at Caprarola, near Viterbo, for Cardinal

Alessandro Farnese. Became architect to S. Peter's after the death of Buonarroti,

when he designed the lateral cu])olas ; and many other works in that city, inclu-

ding the church del Gesu up to the cornice. 'I'he large church of Sta. Maria degli

Angeli at Assisi. Consulted on the designs for the Escurial in Spain, and made

one which was highly approved.

173. Giui.io Pippi of Rome, called GiuLio Romano.—Villa Madama ; Palazzo Lante at

San Pietro ; church della Madonna del Orto ; Palazzo Ciccia porci alia Strada di

Banchi ; Palazzo Cenci sulla Piazza S Eustachio, and other buildings in Rome.

The celebrated Palazzo del Te at Mantua; palace at 3Iarmiruolo near that city;

modernised the ducal palaces, the Duomo, and many oiher buildings in Mantua;

facade of San Petronio at Bologna; and works at Vicenza.

17^. Eustace M.vscall or Makshaii. or Malcolm of England.— Clerk of the works at

i 1)'.'
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the buildino' of Chiistcliurch Colle;ie, Oxford ; and cliitf cleik of accounts for all

the buildings cf Henry VI 11. within twenty miles of London.

17.5. John Thorpe of England.—A long liit of his supposed works will be found in Book

I., Enjiland.

176. Henricx of Flanders.— Foreman at the first Royal Exchange, London,, erected for

Sir r. Gresham, who " bargained for the whole mould and suljstance of liis work-

manship in Flanders."

177. Damian Forment or Moiu.anes, of Valencia, in Spain.— Facade of the church of

Sta. Engrayia, at Saragossa.

178. Martin de Gainza of Navarre, in Spain— Carried out works at the Cathedral at

Seville, and made the design for the capilla real attached to it, and finished by F. Ruiz.

179. Alonso Berruguete, of Paredes de Nava, in Spain Has given his name to that

phase of the Renaissance style, which was the fashion of the sixteenth century in

Spain, also called the Platercsque style; but it is unknown wiiat works he designed

other than shrines, altar-pieces, and tombs.

180. Juan Sanchez of Spain.—" Maestro mayor " of tiic works of the city of Seville, is sup-

posed to have designed the Casa del Ayuntamiento in it.

181. Pedro di Valdevira of Spain.— Chapel of S. Salvador, at Ubeda ; palace in the

same place ; hospital and chapel of S. Jaiio at liatza.

182. Pedro Ezguerra of Ojobar, in Sp.iin.— Works at the cathedral at Plasencia; cliurch

of S. Mateo at Caceres; tiiat at Robledillo; and commenced that at Malpaitida.

18:3. 1'erdinando Ruiz of Cordova, in Spain.—Continued the capilla real, and heightened

the Torre della Giralda of the cathedral, at Seville.

184. Pedro Machuca of Spain.— Royal Palace of tie Alhambra at Granada. Succeeded
by iiis son Luis.

185. Antonio Fiorentino of Uillo Cava near Floreme.— Church of Santa Catterina a

Formello at Naples.

186. Jacopo Tatti, called Sansovino, of Florence.—Commenced the cliurch of S. I\Iar-

cello, and built that of S. Giovanni de' Fiorentini ; Loggia on the Via Flaminia,

close to the Porto del Popolo ; Palazzo Gaddi, now del Nicolini, at Rome.
Church of San Francesco della Vigria, finished by Palladio ; continued the Scuol.i

begun by M. Lombardo; the Zecca or mint ; Palazzo Cornari on the Grand
Canal; and other public buildings; besides repairing many domes of the churches f.f

San Fantino, of San Martino, of the Incurables, and of San Geminiano; all at Venice.

187. Theodore Haveus or Heave, of Cleves.— Caius Court of Cains College,Cambridge,
with its gateways.

188. DoMfNGo Teotocopuli of Greece.— College of the Donna Maria d'Arragona at

Madrid ; churcli and convent of Dominican nuns ; also of the Ayuntamiento at

Toledo ; church and convent ofthe Bernardine nuns at Silos.

189. El Padke Bartolome Busta:mente of Spain.— Gave the plans for the Jesuits'

college at Cadiz, Caravaca, Segura, Trigueros, and Murcia ; and hospital of Sail

Juan Bautista, near Toledo.

190. Juan Bautista de Toledo in Spain.—Designed the Escurial completed l>y Juan de
Ilerrera; assisted in planning the Strada di Toledo at Naples; church of San
Giacomo degli Spagnuoli in the same city ; and palace at Posilippo.

191. Juan de Herrera, of Mobellan, in Spain.—^Continued the Escurial after the death
of his master, Juan Bautista; bridge of Segovia at INIadrid ; palace at Araiijuez ;

south f.i^ade of the palace at Toledo; cathedral at Valladolid; exchange at Se-

ville. He was consulted on designs for many works in Spain and Portugal.

192. Pierre Lescot of Paris.— F'ontaine des Innocents in the Rue St. Denis, at Paris.

carved by Jean Gougeon. His design for the court of the old Louvre was prcf. rred

by S. Serlio to one of his own. He executed the part showing a Corinthian
order with a Composite one over it.

193. Sebastiano Seklio of Bologna.—Employed by Francis I. of France at Fontaine-

bleau and at the Louvre. Was the first to publish the Ancient Edifices ot Italy

and wrote a treatise on architecture

194. Jean Cambiche of Paris.—The salle du Centaiire, and the lower storey ofthe jietite

galerie at the Louvre. Master ofthe Masons at the hotel de ville at Paris.

195 Bartolommeo Ammanato, of Florence, in Italy.— Palazzi Rncellai and Mattel at

Rome; ponte della 'I'rinita; continued the Palazzo Pitii; church of San Giovanni,
at his own expense; all at Florence; and many works at Pisa, Lucca, and other

cities.

196 NicoLO Abate or NiroLo da Modena.—Old chateau of Meudoii ; tomb of Francis I.,

at S.Denis, both usually attributed to de TOrme ; and decorated the apartments of

the palace of Fontainebleau.
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197. Andrea Pai.ladio, of Vicenzn, in Italy.—Arcades to the S;ila della Ragione; eiectecl

the Olympic Theatre after the ancient type, and many other edifices; with the
Palazzi Tiene, Chiericali, and Valmarana, all at Vicenza ; Villa Capri near that
city, and numerous other hiiildings in neighhouring towns. The church 11 Re-
duntore and otlur works at Venice. Published a treatise on architecture, and a
book on the ancient ruins.

198. Beknardo ri.MANTE BuoNTMENTi of FlorcHce.— Villa of Marignolla, now Capi)oni

;

the casino liehind San iNlarco ; the corridor half a mile long extending to the
l)alazzo Pitti

; palazza for the Acci^ijuoli, now the Corsiiii ; a fa9ade to the Strozzi
palace, and to the palazzo llicardi ; the fa9a(le of the churcli della Santissima
'i'rinita, all at Florence ; the loggia de' Banchi, ducal palace, and facade of the
church of San Spirito at Pisa ; the palazzo at Siena ; and works in other p;:rts

of Italy.

199. DoMENico FoNTANA, of Coiro, in Italy.— Raised, transported, and fixed, the four
great obelisks in Rome, with many improvements there ; tiie Doric arcade and
loggia to the front of the church of S. Giovanni Laterano; a [lalazzo on one side of
it for tiie use of the Popes; enlarged the papal palace; b;iilt the palazzo Wattei,
now Albani; the library at the Vatican and other works there ; and restored the

columns of Antonine and Trajan. The Royal palace and other works at Naples.
200. John Shute of England.—A painter and architect, temp. Queen Elizabeth. Wrote

the first work on architecture in England.
201. Henry Hawthorne, of England.—Surveyor of the works to Queen Elizabeth ; de-

signed the gallery novv part of the library at Windsor Castle, " a fine specimen of
.Anglo- Italian architecture."

202. Sir Thomas Tresham of England.—Liveden IIou.se, Northamptonshire ; Rushton

Lodge and the triangular lodge, in the same county. Also given to J. Thorpe (175).

•/OS. Robert and H. Smithson of England.— WoUaton, Nottinghamshire.

204. Louis de Foix of France.—-New mou-tli to the river Adour; Tour de Cordouan, the

lighthouse at the mouth of the Gironde. near Bordeaux,

205. Jean Baptiste Androuet du Cerceau of Orleans, in France.— Pont Neuf at

Paris; hotels de Sully, de Mayenne, and des Fermes or hotel Sequier Made more

drawings for monastic buildings, churchfs, &c. , than any architect in France during

half a century. Rebuilt church of Notre Dame at Clery ; and S. Etienne du

Mont at Paris.

206. Jacques Androuet du Cerceau of France.— Finished the works al the Louvre

next the river for King Henry IV. There were four architects of the name of rfw

Cerceau, and their works are not wtll separated. W^rote on architectuie.

207. ViNCENZo ScAMOzzi of Vicenza.—Additions to the library of S. Mark at Venice;

finislied tlie Olympic theatre by Palladio at Vicenza ; theatre at Sabionetta ; and

other buildings. Wrote on architecture.

208. Jacques de Brosse of Paris.— Palais du Luxemburg at Paris and other works;

chateau de Monceaux, near Me.'ux ; chateau of Colomier, near Paris ; fi<;ade of

the church of SS. Geronis and Protais; and the great hall of the Palais de Justice,

both at Paris,

209. Carlo Maderno, of Bissone, Largo di Como.— Altered Michael Angelo's design

for S. Peter's at Rome, from a Greek to a Latin cross ; began the palace of

Urban VIII., and many churches and palaces.

17th. Century.

210. John Warren of England.—Tower of St. Mary's Church, Cambridge, designed l)y

John Ai-cock.

2U. LsiGO Jones of London.—Banqueting House, Whitehall, being part of his design for

a noble Palace; Chapel, Lincoln's Inn; Surgeons' Hall ; arcade to Covent Garden

and the Church; the grand portico to old S. Paul's Cathedral; and many other

important works.

212. Giambattista Aleotti of Ferrara.— Fortress at Ferrara; many theatres and otli^r

public buildings at Mantau, Modena, and Venice; and the great theatre at

Parma.

2! 3. PiEHRE LE MuETof Francc.—Grand hotel de Ltiynes; hotel Laigleand Beauvilliers ;

finished the Church of tlie Val de Grace ; all at Paris.

214. Thibaut Metezau of Dreux, in France.—Commenced the Porte S. Antoinc at Paris ;

and the salle des Antiques at the Louvre. Louis Metezau, the sop, is supposed

to have directed the construction of the first half of the great gallery of the Louvre,

as far as the third vi'icket.

215. Francesco Borro.mini of Bissano, in Italy.—Worked at the Palazzo Barberini

;
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church and monastery of S. Carlo alle quattro Fontane ; completed the collegio

deila Sapienza, with its church ; additions to the oratorio di S. Felipe Novi in

Vallicella, and to the cluircli of Sta. Agnese in the piazza Navona ; several other

churches and chapels ; rf^t )red the interior of the baptistry of Constantine ; and
many other works ; all at Rome.

216. Alessandro Algakdi of Bologna, in Italy.—Villa Pamllli, called Belrespiro
;

fa9ade of Chnrdi of S. Jgnazio, at Rome.
217. Giovanni Lorenzo Bernini of Naples.—The piazza, colonnade, and staircase, and

other works at S. Piter's, with its Baldachir.o; grand foimtain in the Piazza Na-
vona, and (ithers; the great palazzo di Monte Citorio ; several large cha|)els; all at

Rome. Cathedral at Terni
;
porta Nuova at Ravenna; villa Rospi^liosi at I'is-

toja. Visited France and made a design for the completion of the Louvre. Tlie

front, if not all the oval church of S. Andrea al Noviziito dei I'P. Gesuiti on the

Quirinal, considered by Bernini liimself as his master))iece.

218. Bernard Jansen of England.— Built Andley End, Essex; the greater part of

Nortl)ampton, afterwards Northumberland, House, London; also Charlton House,
Wiltshire, and Lulworth Castle, Dorsetshire; all for 'Phomas Howard, earl of
Suffolk.

219. AuGusTiN Bernardino of Spain.—Collegiate Church of San Nicolas at Alicante in

Spain; he was succeeded by Martin ue Meta; it is considered a fine work in

design and detail.

220. PiRRO or PvRUHo LiGORio of Naples.—Additional buildings at (he Vatican; the cisino

in the wood of the Belvedere, now villa Pia ; palazzo Lanceolutti, at Rome.
Additions to the villa d'Este at Tivoli; published Antichitd di Rotnn.

221. Giovanni DA Ponte of Venice.— Restored the public edifices of the Rialto, &c.

;

rebuilt the college at the ducal palace
; great Council Hall ; storelouse of the

arsenal; bridge of the Riidto; the prisons adjoining the Uoge's pa'.ace, and the

Bridge of Sighs; all at Venice.

222. FRAN901S Mansart of Paris.— Portail of the Church of the Feuillans, rue St.

Honore, now destroyed, at Paris. West front in the entrance court of tlie Cliateau

at Blois; church and nunnt-ry of the Val-dc-Grace, continued from nine feet by

Le Mercier ; chateau des Maisonssur Seine for the President Rene de I^ongueil;

gallery for antiquities, and stabling for Cardinal de Mazarin ; many chateaiix, in-

cluding that of Dj Fresne, near Meaux ; the portail of tiie church of the Minims
in the Place Royal at Paris ; with many other works.

22,3. Ci.AUDE Perraui.t of Paris.—Fagade of the Louvre; the Observatory; trium))hiil

arch now destroyed; chapel of Notre Dame in the cliurch of the Petits Peres, all

at Paris. Chapel at Sceaux. Translated Vitruvius.

22 5. FRAN501S Blondel of Ribemont, in France.—Part of bridge over the Clirrente at

Saintes ; Gate of St. Denis at Paris; repaired and decorated the gate of St.

Antoine, and rebuilt that of St. Bernard. Published a Coiirs d'Architectnre.

225. Antoine le Pautre of France.—Wings of the chateau at St. Cloud. Church of the

nunnery of Port Royal ; and Hotels de Gevres and de Beauvais, all at Paris. Pub-
lished his designs and fine plates for decorations.

226. Jacques i.e Mekcier of Pointoise, in France.— Pulled down the Keep of the old

Louvre and enlarged the court, with other works. The centre of the present

west fa5ade of the Tuileries. The palace, and the Sorbonne, for Cardinal Riche-

lieu, and his chateau in Poitou ; completed the church of the Peres de I'Oratoire,

rue S, Honore, begun by C. Metezau ; continued the church of the abhaye de

Val of Grace, began by F. Mansart ; church of S. Roch, completed by R. de

Cotte ; all at Paris; many other works there and elsewhere.

227. Thomas Holt of York, in England.— Bodleian Library; Wadham College; the

large quadrangle of the PuSlic Schools
;
garden quadrangle of Merton College :

and other works ; all at Oxford.

228. — Marsh, or March, of Lincolnshire, in England.— Additional buildings at Bols-

over castle, in Nottinghamshire, sometimes attributed to J. Smiihson ; and both

names are given to Nottingham Castle.

229. Sir Christopher Wren, of East Knoyle, in England. —After the Fire of London
1666, he presented a plan for rebuilding the City. The Cathedral of St. Paul

began and completed by him 1675-1710. The churches of St. Andrew, Holborn;
St. Bride, Fleet-street; Christ Church, Newgate-street; St. Dunstan's in the East;

St. James, Westminster; St. Lawrence, Jewry ; St. Mary Aldermary, Bow-lane;
St. INIichael, Cornhill ; and St. Stephen, Walbrook ; all masterly works, among a

large number of otlier churches. College of Physicians, Warwick-lane ; Lecture

Theatre at Oxford; Chelsea College; Marlborougli House; part of HamptoD
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Court Palace; the colonnades and other portions of Greenwich Hospital ; lihrarv of
'1 rinity College, Cambridge ; the Monument of London ; repairs at Wes.minslei
Aljbey ; and many other buildings.

230. Robert Hooke of England.—Old Bethleliem Hospital in Moortields ; Aske's Alms-
houses at Hoxton ; Duke of Montague's house in Bloomsbury, but being burnt
was rebuilt by P. Puget. He gave a plan for rebuilding the City of London afier

ihe Fire of 1666, and was appointed one of the surveyors for laying out the land.

'iSl. Henry Aldricu of Westminster, in England.—Tliree sides of the quadrangle of

Clirist's Church, called Peckwater-sqiiare ; chapel of Triiiity College ; and Cliurcli

of All Saints, all at Oxford. Published Elementa Architectura Civilis.

j:V2. Jules Hardouin Mansart of Marly, in France.— Dome of the Hotel des Invalides
;

Gcilerie du Palais Royal; the Place Louis le Grand, and tiiat dcs Victoires;

Royal Cliateau de Clagny; additions to the Royal Chateau at Versailles; chateau
de Marly; staircase and other works at S. Cloud; Maison Royale de S. Cyr ;

new chateau at Meudon ; decoration of the choir of Notre Daine at Paris; altera-

tions at Chambord ; and many other works.

2.32a. Carlo Fontana of Bruciato, near Como.— Completed with Bernini the churchei
built by C. Rainaldi in the Piazza del Popolo at Rome; several cha|)els ; aque-
duct and sup))ly of water to the Vatican, &c., with some of the fountains; Palazai

Grimani and Bigazzini, now Torlonia; all at Rome. Completion of the caihedr;d

at Bergamo ; designs for college and church of the Jesuits near Azpeitia in Spain.

Baptistry chapel at S. Peter's at Rome ; entrance, campanile, and cortile to the

])alazzo della Camera Apostolica; and many other works, in which he was assisted

by his son, two nephews, and several pupils. He published several works.

2:>;{. Juan Bautista Monegko of Spain.—Archiepiscopal palace at Alcala finished by J.

Gomez de Mora.

234. Clement Metezau of Dreux, in France.— Made dcs"gns for tiie Luximliouig

;

commenced the church of the Peres de I'Oratoire; hotel de Chevreuse; the famous
dyke at La Rochelle; Chattau Neuf at S. Germain en Laye, and some otheis.

South transept of church at Dreux.

235. John Abel of England.—Market houses of Brecon, Hereford, Weobhy with its

schoolhouse, Kington, and Leominster; the timber work of the church at Abbey-
dore, Herefordshire; appointed "carpenter" to King Charles L

"206. N'lcoDEMus Valentinson Tessin of Stralsuiid.—Croun architect of Sweden. Palace

at Drottningsholm, completed by his son ; the Royal villa of Stromsholni ; and
the mausoleum of Charles Gustavus.

IStli. Century.

2:)7. NicoPEMUS Tessin (Count) of Nykoping.— Royal palace at Stockholm after the fire

of 1697; laid out the grounds at Diottningsholm and at Ulriksdal ; cathedral at

Calmar; design for rebuilding jialace at Copenhagen, curtailed after his death,

1728.

2;j,'>. JoHANN Bernhard FiscHEBSof Prague, called von ERtACH, and his son Joseph
Emanuel Fischers, barou von Erlach.—Designed the hunting-seat at Schtjii-

bi uiin, and additions at the palace ; winter palace now the mint ; and palace in the

S. Ulrich ^'orstadt, at Vienna. The palace in the old town at Prague: church of

the Virgin at Salzburg; church of S. Carolus Borromoeus at Vienna; and many
other l)uildings. His son assisted him in most of them, besides the Hof Bihliothck

at Vienna ; the Reichs Kanzlei in the Burg jilatz ; the Reit Schule ; and the front

of the stables for 400 horses.

2:^9. FiLiPPO IvARA, or JuvAKA, of Messina.— Royal palace in the environs of Messina;

church of the Carmelites in the Piazza di San Carlo ; church of the Virgin on

the Monte di Superga ; church of the Virgine del Carmine ; and an interior stair-

case at the palace ; all at Turin. Design for the monastery and palace at Mafra in

Portugal; finished cupola of Sant' Andrea at Mantua; palazzo Birago di Borghe

at Turin, and a number of other works.

240. Sir John Vanbrugh of England.— Blenheim in Oxfordshire; Castle Howard, Vork-

sliire ; .Easthury, Dorset; King's Weston, tiear Bristol ; Clarendon Printing

Office at Oxford; the Opera House of the time ;
jiart of Greenwich Hospital, and

a few other buildings.

S^l. Colin Campbell of Scotland.—The front great gate and street wall of Bmlington

House. Piccadilly; Rolls House, Chancery lane, London; Houghton Hall, Nor-

folk, finished by T. Ri|)ley ; Goodwood, near Ciiicluster; and piirt of (Jreinwich

Hospital; Wanstead llouse, Essex ; Mereworth Castle, near ^laid.itoni'. Com-
piler of the Vitruvius Britannicus, 3 vols.
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242. Robert de Coitk of Paris.— Continued Man-ait's woiks at the dome of tlie

Invalides; tlie chapel at Versailles, and the house at Trianon. Decorations at Notre

Dame; neiv Imildings at St. Denis; many hotels. Designs for foreign princes.

243. Nicholas Hawksmore ot East Drayton, in England. —Assisted his master, Sir C.

Wren, in many of his works. The churclies of St. George, Bloonisbury; St.

Anne, Limehouse; St-. George-in-th.e-E;ist ; St. Mary Woolnoth ; and Clirist

Chiircl), SpitalHelds ;
part of Greenwich Hospital, &c. Assisted Sir J. Vanbrugh

at Castle Howard, and at Blenheim.

244- Jean Battiste Ai.exandhe le Blond of France.—L'Hotel de Clermont or de

Sessac, at Paris. Employed in Russia by I'eter the Great, on his residence* at

Peterhof and at Strehlna, Part of the archbisiiop's palace at Auch. Edited tlie

second and improved edition of D'Aviler's '' Cours ;" and published works on

architecture.

245. Alessandso Galilei of Italj'.— Fa5nde of the church of S. Giovanni de' Fiorentini,

and of that of S. Giovanni Laterano, with the splendid capella Corsini therein ; at

Rome.
1 i6. Jacques Gabriel of Piiris.— Buildings at Bordeaux, Rennes, Paris, &c. Completed

the Pont Royal at Paris, under F. Romain; Episcopal palate at Blois ; designs

for the new street facades at Ilennes, and the places I^ouis XIV. and XV.; bridge

over the Loire at Blois, and many other bridges. The place at Nantes ; town

hall, chapel, and Hall of States at Dijon; portails of the cathedral at La Rochelle,

and at Orleans; and commenced the great sewer at Paris, finished Ity his son.

247. John Ja.mes of Greenwich, in I'^ngland.— St. George's Church, Hanover-square;

mansion for Sir Gregory Page, Bart., at Blackheath
; employed at Greenwich

Hospital, St. Paul's Cathedral, and Westminster Abbey.

248. GiAcoMo Leoni of Venice.—-Dover House, Old Burlington-street; Bramliam-park,

near Leeds ; Moor-park, near Rickmansvvorth ; Lathom House, I.,ancashire ;

Lyme Hall, I ear Manchester; Bold Hall, near Warrington; and oihcT country

seats in England. Published a translation of Palladio's Architecture.

249. Germain de Boffuani) of Nantes, in France.—Much employed in Paris and Ger-

many ; rebuilt the Palais du Petit Bourbon ; built three houses for himself, which

he sold to noblemm; restored the Arsenal, and the Grand Chambre of the Palais

de Justice; restored vaulting of the transept, and other works at Notre Dame;
many buildings in the provinces, in Ger.many ; and in Lorraine, as the hotel de

Craon at Nancy, the chateau at Luneville, and the chateau called the Pa'ais de la

3Ialgrange, near Nancy, one of his best works; sevcal bridges; the chapel and
main buildings of the Hopital des Enfaiis Trouves; new buildings for the hospitals

de Bicetre, of the Salpetriere, and at Cipion ; and the chateau de Bossette, near

]\Ielun. He published a Livre d'Architecture.

250. Michel d'Ixnard of Nismes.—-Reconstructed the premiere abbey of St. Blaise of the

Benedictine order, in the Black Forest; Hotel Sekingen at Freihourg, in Bresgaii

;

Palace of Clemensburg at Treves; Hotel de Miroir at Strasburg.

251. James GiBBS of Aberdeen, in Scotland.— Bartholomew Hospital, Smiihfield ; Rad-
clifFe Ijibrary at Oxford; St. Mary's, or the New Church in the Strand; that of

St. Martin's-in-the-Fields ; the Fellows' Building-^, Library, and Senate House
of King's College at Cambridge; Canons, Middlesex, for Duke of Chandos

;

circular colonnade at Burlington House, Piccadilly; and a number of other

edifices. Published his " Designs, &c."
252. WiLLiAsi Adam of Maryburgh, in Scotland — Dt signed upwards of thirty residences;

town house at Dundee ; thiee hos|)itals at Edinburgh; library and university at

Glasgr,w; church at Hamilton; Hoptone House; Castle Kenmure, and Fleurs

Castle, all in Scotland. He was assisti d by his son John, who completed Fort

George, and designed Dumfiies House, Douglas Cattle, cS:c. Robert, James, and

William were other sons, and architects of repute. Published Vitnicius Scoticus.

253. William Kent of Rothei ham, in England.—-Additions at Kensington Palace; laid

out Hyde-park; royal residence at Kew ; modernised Rainham House, Norfolk;

several houses in London ; Library in the Green-park for Queen Caroline

;

Devonshire House, Piccadilly; range of buildings in Margaret-street, Westminster,

now the Law Courts; and the Horse Guards, St. James's- pa; k. He published

Inigo Jones's designs.

2.54. Thomas Ripley of England.—Houghton Hall, Norfolk ; Adn^.iralty, Whitehall.

255 Charles Labelye of Vevay, in Switzerland,—Westminster Bridge, London
;
pulled

down 1861,

236. Ferpinando Gali.i BiBiENA of Bologna.— Celebrated for theatrical decorations and

painted architecture. Theatre of Parma. Published L\-}icliitecture Civile, S<.c.,
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1711. Great hnll or theatre at Prague for Charles VI, His three si)ns, Giuseppe,

Alessandro, and Antonio, practised as architects.

257. Giuseppe Gali.i Bibiena of Parma—An amphitheatre at Prague for 8,000 persons.

Some large buildings in Silesia ; works at Dresden and Berlin.

258. Alessandro Gai.i.i Bibiena of Parma.— Great theatre, and the church of tlie

Jesuits at Mannheim.
259. Antonio Galli Bibiena of Parma.—Theatrical decorations ; various works in Italy,

"Vienna, and in Hungary. Published " Varie Opere." Theatres at Pistoja, Siena,

Treviso, Pavia, and Bologna. Enlar^ied tliat of La Pergola at Florence.

260. FiiANCESCO Galli Bibiena of Italv, brother of Ferdinando.— Tiieatrical decorations
;

rlaing school, &c., at Mantua ; theatres at Vienna, Nancy, Verona, and Rome.
261- Giambattista Sacchetti of Turin.— Royal Palace, Madrid.

262. John Wood of Bath.—Large iinprovements at Bath—the Crescent, Circus, Queen
S(]uare, &c. ; Prior Park for Mr. Alien; Buckland Park for Sir John Tlirock-

morton ; Exchange at Bristol.

263. Jean Nicholas Servandoni of France.— Facade of the church of St. Sulpice at

Paris; Staircase of the Hotel du Cardinal Auvergne; round chapel of M. de Live;
Rotunda with twelve Coripthian columns, for Marshal de Richelieu

;
parish chtircli

of Coulanges in Bourgogne ; and many other works, besides theatres and theatrical

decoration--, and designs for foreign princes.

264. George Dance, sen., of London.^Mansion House ; the churches of St. Luke's, Old
Street: St. Leonard's, Shoreditcli; and St. Botolph. Aldgate ; all in London.

265 LuiGi Vanvitelli of Italy.—Palace at Caserta, near Naples.

266. Jacques Fran(;ois Blondel of Rouen, in France — Opened the first private academy
of architecture; design for the Imperial Acadeiny at Moscow; street and square

opposite the cathedral at Rouen ; other works both there and at Strasbourg; im-
provements at the city of Metz, including the round church of the Royal Abliey of

St. Louis, the Episcopal Palace, facade of the building occupied by the Parliament,

the Hotel de Ville, Corps de Garde, &c. Improvements of the city of Cambray
;

and many country houses in France and Germany, and in Flanders. Publislied
-' Anhitecture Fran^oise " and a " Cours d' Architecture."

267. John Bkettinciiam of England.— Finished Holkham Hall, Norfolk ; Norfolk
House, St. James's Square.

268. Robert Furze Brettingham of England.—Erected the gaols at Reading, Hert-
ford, Poole, Downpatrick, and Northampton; Winchester House, St. James's
Square; No. 9, Berkeley Square; INIaidenhead Bridge; and made many alterations

at noblemen's mansions in the country.

269. Ferihnando Fuga of Florence Completed the Fabbrica della Consulta on the

Quirinal ; the great addition to the wing of the Pontifical Palace at the corner of

the Via delle Quattro Fontaiie; church of Sta. Maria dell' Orazione; completed
the Palazzo Petroni and the Palazzo Corsini; all at Rome. Church and nunnerv of

Sta. Caterina della Ruota at .\quila; restored the church of Sta. Maria Maggiore;
enlarged the hospital of Sto. Spirito in Sassia ; and other works at Rome. The
great hospital and the public cemetery, the Palazzo Giordani, and the very large

Palazzo Caramanica; commenced the Granili, to contain a granary^ artillery arsenal,

and storehouse ; and other works at Naples.

270. ^I. Aug. Simonetii of Italy.— Museo Pio Clementino in the Vatican at Rome.
271. Jacques Ange Gabriel of France.—Continued his fatlier's works. The Ecole JNIili-

taire and Champ de Mars ; and Garde !!\Ieuble, all at Paris ; theatre at Versailles ;

chateauat C()mi)iegne ; additions to that at Choisy; and north and west facades to

the court of the Louvre.

272. Jean Rodolphe Perronet of France.— Director of the bridges and roads of France ;

bridge of Neuilly, and mnny others.

SV*?. Jacques Germain Soufflot of Irancy, near Aiixerre, in France.—Hospital, Exchange,
Concert- rooiu, and Theatre, all at Lyons; facade, nave, and towers of the church of

St. (ienevieve, at Paris.

27'1. Sir William Chambers of Ripon, in England.— Visited China, and jjuhlished

works on Chinese architecture and Oriental gardening. P^^goda and other builii-

ings at Kew ; villa at Roehampton for Earl of Besborougli ; Duddingston, nciW

Edinburgh, for Lord Ahercorn; and mansions for other noblemen ;, Casino near

Dublin for Lord Charlemont; Somerset House, in the Strand, L(?ndon. Pub-
lislied '* The Decorative Part of Civil Architecture."

275. Robert Adam of Kirkaldic, in Scotland.—Screen at the Admiralty in London;
Kedlestoiie for Lord Scarsdale; Register Office at Edinburgh; Infirmary at Glas-

gow; the Edinburgh University; Luton House; Lansdownc House, Berkeley
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Square ; Adelphi Terrace, Portland Place, and other liouses in London; Ken Wood
House, Highgate; entrance sireen at Sion House, Middlesex. Ilis brother James
assisted in most of the later works. Pubiislied " The Ruins at Spalatro," and" Works
in Architecture."

'.76. Sill lloBEUT Taylor of London.—Parts of Bank of England now taken down ; villa

at Kiclimond tor Sir Cliarles Asgill ; Duke of Grafton's house, Piccadilly

;

mansion for Lord Ho«ein Hertfordshire; Stone Buildings. Lincoln's inn; Ely
House, Dover Streit; Lord Grimstone's at Gorhambury ; and many others, which
are eiigiaved in ids " Designs."

277. Jam.^s Paine of London.—Mansion House at Doncaster; Wardour Castle; and
Worksop Manor House. Designs published.

278 V'jCTOR. Louis of Paris.—Designed a palace at Warsaw ; employed at Nancy and
Liineville ; church at Besanyon, and at Dunkirk; theatre at Bordeaux for

4,000 ])ersons (published); Galleries at the Palais Royal, and the Theatre d(.'s

A'arietes, introducing fiaming in i/on ; botli at Paris; the Hotel de la Prefecture,

the Banque, and Maison Font'rede at Bordeaux.

L'79 Jacques Denis Antoine of Paris.—Hotel des Monnaies; new buildings at the

Palais de .Justice ; Greek portico to the Hospice de la Charite, all at Paris; Mint
at Berne, and other works.

280 Clauhe Nicolas Ledoux of Dormans, in France.— Hotels d'Halleville, d'Uzes, of
the Prince de INIoiilmorency, de Montesquieu, de Thelusson, and de Guimard

;

five blocks or maisons Holstein, and many maisons, all at Paris; theatre at

Marseilles; Chateau Benouville in Normandy, and other works, which with inany
designs are given in Kraff't's Receuil, and in his own fine publication.

281 Henrv Holland of London.—Carlton House for the Prince Regent; Claremont
for Lord Clive. Large additions at Trentham, Staffordshire; Sloane Street and
Hans Place, Chelse.i ;

portico in Whitehall; improvements at Woburu Abbey,
Bedfordshire; the Albany in Piccadilly, and additions to the Assembly Rooms
at Glasgow ; Old Drury L^ine Theatre, &c.

282 Josti'H BoNOMi of Rome.— Dale Park, Sussex ; Gallery for the Townley collection

in Lancashire; Church at Packingtcm, Warwickshire, solidlv vaulted throughout;
additions at Langley Hall, Kent; Eastwell House, Kent; Mausoleum at Blick-
ling Park, Norfolk; Longford Hall, Shropshire; additions to Lamliton Hall,

Durham, for Earl of Durham; and an Italian mansion at Roseneath, Dumbar*
tonsliire, his most celebrated work; the portico, projecting for carriages to set down
under it, is remarkable for having a centtal column.

283 Jacques Guillaume le Guand of Paris.— I'lieatre Feydtau ; Halle au Draj);

roof to Halle au Ble (burnt) at Paris; and other works.

iI84 Karl Gotthard Langhans of Landshut, in Silesia.—Government House, Theatre,
Exchange, Church, and many Houses, all at Breslau ; Great Poor House at

Kreuzburg ; the Brandenbntger-Thor ; tower of St. Mary's Church, Hercules
Bridge, National The.itre, Palate of Prince Wilhelm, all at Berlin; the Palace
'I'lieatre at Charlattenbtirg.

2-i.7 Robert Mvlne of Scotland.— Blackfriars Bridge, pulled down 1864; Inverary
Castle, &c.

Si86. Jacques Gondoin of S. Ouen sur Seine, in France. — Lcole de IMedecine, Paris, and
published a description of it. The Colonne de la Grande Armee was erected in

conjunction with Letkre.
'287. Heinkich Karl von Fischer of Mannheim, in Germany.—Theatre, Infirmary,

Hall of Antitjuities at the Academy, and several mansions, all at Munich. Opera
House at Vienna.

288. George Dance, Jun. of London.—Newgate Prison; St. Luke's Hospital; College

of Surgeons, Lincoln's Inn Fields, all in London; and many country mansions.

280. James Gandon of London. —Custom House, &c. ; Exchange ; P^our Courts, &c.
in Dublin. Published with Woolfe, Vitruviiis Biitannicus. Designs for Exchange
at Dublin ; and for St. Luke's Lunatic Asylum, London. New Docks, Stores, and
Custom House ; East Portico, &c., to Houses of Parliament, now the Bank ; the

Four (Law) Courts; Screen Arcade and Wings, with additions to House of

Commons, Cailisle Bridge; and Inns of Court; all at Dublin; Court House
and Gaol at Waterford.

290. Sir John Soane of London.— Bank of England; Board of Trade; State Paper
Office; Entrance to House of Lords; and many works in London, besides his

own bouse in Lincoln's Inn P'ields, now his Museum. Published " Z)csi'(/hs,'' &c.
291. Charles Pehcier of Paris.— Restorations, &c. at the Louvre and Tuileries ; Cliapelle

Expiatoire. Piil)lisbed " Recueil de Decorations,'' and otiiei books of ornament,
with Pierre Francois Leonard Fontaine.
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292. DoMFNico Merlini of Brescia.— Several apiirtinents in the Palace at W>.i saw; and
villis near that city.

203. John Kendall of Exeter, in England.—''Mason and Architect" to the new works
at Exeter Cathedral, lt-Oj-30.

294. Thomas Coolev of England — Royal Exchange; Chapel in Piirenix Park ; Hiber-
nian Marine S.-hools Newgute Prison; the western wing of the Four (Law)
Courts; all at Dublin.

295. James Essex of England —The earliest in modern times who practised solely

mediajval art; restoration of J^ly and other cathedrals; alteraiijr.s at various

colleges at Cambridge and Oxford.

296. T. Thomond of France.—The great Theatre, and the Exchange, at St. Petersburg.

297. .Iames Wyati of England. —The Pantheon Assembly Ilooiiis; Palace at Kew;
P'onthill Abbey ; Doddington Hall ; Ashridge House ; and many restorations.

298. JoHANN Aman of St. Blasien, in Baden.— Building for the reception of the Mueller
Collection ; interior of the Chapel of the Palace, a Theatre, Hohe Markt,
Dorothea- Hof, a new Court Theatre, all at Vienna, New Theatre at Pesth ;

repairs to the Cathedral at Vienna; restorations, &c., at the Palace of Schon-
brimn, with the Conservatories.

299. John Carr of Horbury, called Carr of York.— Kirby Hall near York, and the

Race Stand; Harewood House near Leeds for Earl of Harewood ; 'I'aldey House,
Cheshire, for Lord de Tabley : Lythani Hall near Preston; Constable Burton
near Hull; Thoresby Lo 'ge, Notts, for Duke of Kingston; east front of Went-
worth Castle for Earl of Strafford; Aston Hall, Rotherham; Basddon Park,
Berkshire ; Town Hall, Newark ; Court House at Yoik ; County Lunatic
Asylum ; Crescent and perhaps the Stabl.ng at Buxton Baths; ]\Iausoleum at

Wentwortb ; and many other buildings ;ind houses.

SOO. Don Josef Martin de Aldehuela of Manzaneda in Valencia.— Ciiurch and
College of the Jesuits at Teruel ; completed Church of San Filipe Neri at Cuen(ja;

witli other Churches, &c., in that city; Acjiieduct, 6 miles long, to INIalaga ; great

Briilge at Ronda over the Tajo, and water supply. Went to Granada to design

the Palace for Charles V.

3Jl. CiusEi-fE PiERMARiNi (if Foliguo.—As pupil of Vanvitflli he assisted in (lie Palace

at Caserta ; and in the alterations at the Palazzo Imperiale at Milan, which latter

work was trans'errtd to him; and in which city he designed the Teatro "La
Scala;" Monte di Pieta ; Teatro della Canohbiana; Porta Orientale ; tlie extensive

f.^ade of the Palazzo Belgioioso; several pala/zi, with luany extensive im-
provements,

19tli. Century.

302. ViNCENzo Brenna of Russia.— Carried out Bazhenov's design for the Palace of .3t.

Michael, now the School for Engineer Officers; Obelisk of black granite ; the

Exercising House, 540 ft. by 120 ft., at St. Petersburg. Designs publishe 1.

303. Henry William Inwood of England.— St. Pancras New Church ; St. JMartin's

Chapel ; Regent Square Chapel ; Somers Town Chapel ; all in London. I'ublished

"The Ercchthieon at Athens."

304. Jean Nicolas Louis Di;rand of France.— Published "Recueil et Parallels dcs

Edifices," and other works

305. Augustus Pui.in of England. —Published '"Specimens of Gothic Architecture,"
" Examples of Gothic Architecture;" "Antiquities of Normandy," and other

works.

306. John Nash of England.—Brighton Pavilion: Haymarket Theatre; Buckingham
Palace ; Regent's Park, and its terraces of dwellings ; Regent Street and tlie

Quadrant; many residences, &c.

307. Sir Jeffry Wyatville of England.—Extensively rebuilding and altering Windsor

Castle.

308. William Wkkins of En^^land.— St. George's Hospital; London University;

National Gallery; Universiiy Club House; in Lontion. Downing College,

Cainbridge. Published a translation of ])art of" Vi'.ruvius."

309. Benjamin Henry Latrobe of Fulnec near Leeds, in England.— Several mansions

in Surrey and Sussex, &c. Visited America, wliere he rendered the James ri\er

navi"-able; AV'ater Supply at Pli'ladelphia; and Bank of Pennsylvania; com-

pleted the exterior of the north wing of the Capitol at Washington, added corre-

sponding vving, &c. ; designed the central portion, and the Hall of Representatives:

at this building Charles Bi;i,iincii succeeded him, and erected the Rotunda, iS:c.

Water Supply to New Orleans; Exchange and Caihedud at Baltimore; Bank of

United States at Philadelphia.
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310. Thomas Harrison of Richmond, Yorkshire.— Bridge over the river Lime at Lan-

cHster ; rebuilding of the Castle there as a Gaol ; new County and Crown Courts;

Brid'i-e over the Uerwent at Derby, and others; Prison, County Courts, Aritiouiy,

&i-., at Chester, wholly of stone; Broom Hall, Fifeshire, for E»rl of Elgin
;

Athenceum, Lyceum, and Lil)rary of tlie Literary Society, at Liverpool ; Theatre

Athena-um, and Excliange, at Manchester ; Grosvenor Bridge at Ciiester over the

river Dee, 200 feet span ; and many other works. Designed a Palace for Count

Michael Woronzow, to he built in tlie Ukraine on the Dnieper.

311. Il Marchese Luigi Cagnoi.a of ^lilan.— Poita del Sempione or Arco della Pace ;

Porta di Ticino ; Ca-ino de' Nobili ; all at INIilan. Many ma<j;iiifieent projects
;

and the Palazzo for hiinself at Inverigo, with a central salone of 45 ft. diameter.

Sli!. SrEFANO and LriGi Gasse of Naples.—Observatoiv ; additions to Villa Reale;

Reale Edifizio di San Giaconio, or Palazzi de' Ministtri ; and the Dogana ; all at

Naples.

SI 3. Thomas Rick.man of England.—New Court of St. John's College, Cambridge;
restoration of the Bishop of Carlisle's Palace, Cumberland; upwards of twenty-

five cluirches in tlie Midland Counties; several private dwellings. Publisheil

"Attempt to Discriminate the Styles of Architecture in England."

314. Caul pRiEnRK h von Schinkei. of Prussia.—Hauptwache, Theatre, and Museum
;

Werdur-Kirche ( Gothic) ; Bauschule, and Observatory, all at Berlin; Theatre
at Hamburg; Schloss Krzescowice, Charlottenhof, and the Nicolai-Kirche at

Potsdain. Published his designs, many of which were not executed.

315. Joseph Mithael Gandy of England.— Phoenix and Pelican Assurance Offices;

additions to the prisons at Lancaster ; buildings at Liverpool. Published " Designs "

for rural buildings. Better known for his artistic conceptions of architectural

restorations.

316. Friedrich von Gartner of Bavaria.— Facade of the Porcelain Establish nnent

;

Ludwigs-Kirche, Bibliothek, and Record Offite ; and many other buildings at

Munich. The Befreiungshalle at Kelilheim; Pompeian House at Aschafienburg,
&c. Published his designs.

S17. Sir Richard Morrison and William Vitriivius Morrison of Dublin.— .Altera-

tions of cathedral at Cashel ; County Court House, Clonmcl; Shelton Abbey;
Kilruddery Hall ; Ballyfin; Court House, Carlow ; Longford Castle ; &c.

318. Harvev Lonsdale Ei.mes of England.—Collegiate Institution; St. George's Hall;

at Liverpool.

;il9. Peter John Gandy-Deering of England.—Associa'cd with Wdkins in the Chib
House, and University. St. Mark's Church, North AudKy Street; and Exeter
Hall, at London. Published "Pompeiana" with Sir W. Gell, and many Class'c

Anti(|uities for the Society of Dilettanti.

.TiO. Jacob Gay of Fiance.—Extensive fortified warehouse for grain at Novogeorgievsk,
near Warsaw, and the Greek church of the Alexandrian colony.

321. Augustus Welby Northjiore Pugix of England.—His residences at Salisbury,

and at Ramsgate vitli a chapel adjoining. No less than thirty six Roman
Catholic churches, including the cathedral of St. George, Southwark, and those

at Killarney and Enniscorthy ; the church at Cheadle; and extensive alterations

at Alton Towers. Published " Contrasts," "'i'rue Principles, &c.," " Designs for

Metal and Timber," &c.

322. PiETRo AiGNER of Gallizia, in Austria.—Churches of St. Alexander, and of St.

Andrew; Observatory, said to be the finest in Europe; Guard House, Govern-
ment I'alace, completion of the Mint, University Library, Radzivill Palace and
great Bazaar, all at Warsaw. Cathedral at Szuwalkach in Lithuania; and other

works.

;523. William Porden of England. -Stables at the Pavilion at Brighton, with the Riding
Hou-es, &c. Eaton Hall, Cheshire, for the Marquis of Westminster, &c.

324. John Haviland of Taunton, in England.—I'ittsburgh Penitentiary; Eastern Peni-

tentiary at Cherry Hill; ILiU of Justice, New York; Naval Asylum, Norfolk;
New Jersey State Penitentiary, and many others, with gaols, asylums, and county
halls, all in the United States."

325. GuiLLAUME Abel Blouet of Passy, in F'rance.—Completed the Arc de I'Etoile ;

works at the jalace at F'onlainebleau. Published " Expedition Scientifique de

Morce; " supplement to Rondelet's •' L'Art de Batir ;
" and revised tlie tenth

edition of that work.
326'. James Gillespie-Graham of Orchil, in Scotland.—Culdecs Castle, Perthshire; Ross

Priory, Dumbartonshire ; Dunse Castle, Berwickshire ; and many country resi-

dences; Victoria or Assembly Hall, at Edinburgh ; chapels there and at Glasgow.
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'i-27. William IIenkv Playfair of Scolland.—St. Stephen's Church; Royal Institution;
National Gallery ; Donaldson's Hospital; Free Church College; Surgeons' Hall;
all at Edinl)ur<i}i.

328. JoHM BuiTTON of England.—Published the "Cathedral Antiquities'* 14 volumes;
'^Arcliitectural Antiquities," 5 vols. ; ''Edifices of London," 2 vols. ; and many
others. Began the restoration of Redcliffe Church, Bristol.

329. LuiGi Canina of Rome.—Published many works on the History of, and Discoveries
connected with, Classic Architecture.

330. LouisTuLLius Joachim Viscosti of Erjnce.—Completed ihe Palace of the Louvre ;

Monument of Moliere in the Rue Richelieu ; Fountain on site of the old Opera
House, Place Louvois ; Fountain in Place St. Sulpice ; facade of the angle of
two streets in the Rue Neuve des Petits Champs ; tomb of the Emperor Napo-
leon 1. at the Iiivalides, all at Paris.

S31. Thomas Hamilton of Scotland.—The High Schools; College of Physicians; ami
some churches ; Pavilion for the Grey Festival, 18.'^4

; all at Edinburgh. Monii-
ment to Burns, near Ayr.

332. Alfhonse Ricaud de Montferrand of France.—Column to the Emperor Alex-
ander; and Church of St. lsa:ic, at St. Petersburg. Both published.

333. Sir Charles Barry of London.—The Travellers' Club House (published); the
Reform Club House ; Bridgewater House ; the Houses of Parliament ; Privy
Council Office; laid out Trafalgar Square ; three churchts at Ball's Pond,
Cloudesley S<]uare, and Holloway; all in London. The Grammar School at Bir-
mingham. Clifden House, near Reading. Trentham Hall, Derbyshire. St.

Peti-i's Church at Brighton. A church, the Athenaeum, and the Royal Institu-

tion, at Manchester.

331. Ernst Fuieduich Zwirner of Prussia.— Restoration of Cologne Cathedral. Church
at Reinageii.

ti35. David Hamilton of Glasgow.— Hutcheson's Hospital ; Nelson Monument; Royal
Exchange; Western Club House, aiul othtr buildings, all at Glasgow. Castle

Toward; Dunlop House; Airth or Kier Castle; Hamilton Palace ; and Lemiox
Castle, all in Scotland.

336. Robert Mills "of Charleston, South Carolina. The Congregational Church at

Charleston, with a dome 90 feet diam. invide, the first in that country. Seveial

edifices at Philadelphia, includingthe Bank (the first building in the Gothic style),

and the timber biidge over the Schuylkill, about 340 feet span. Tlie Court
House and other buddings at Richinoiid ; Monument to Washington at Balti-

more, and two churches there; Lunatic Asylum at Columbia; Penitentiary at

New Orhans; and buildings at Charleston. The Bunker Hill monument. Many
works for the Goiernment at Washington. He largely inrroduced a fire-proof

svstem into ttie construction of his buildings.

337. Leo VON Klenze of" Prussia.—Tiie Glyptothek, and other public and private works
at iVIunich. The Walhalla, near Ratisbon. Buildings at St. Petersburg. De-
signs published.

338. James Bunstone Bunning of England.— City of I.,o!idon School. Highgate and
Nunhead Cemeteries; Bethnal Green Workhouse; Freemason's Orphan Stliocil-^,

Brixton; the Coal Exchange; City Prison, Holloway; Billingsgate Market

;

INletropolitan Cattle Market, Islington; Alterations in Newgate Prison; Pauper
Lunatic Asylum at Stone . with many im])rovements in the City of Ijondon.

.V-)9. Ll'dwig Forster of Austria.—Publisbcd the Allgemeine Baiizeitinig, 38 volumes

(to 1873). Buildings in \ieima.

340. Charles Robert Cockerell of London.— Philoso|)hic Institution at Bristol.

Hanover Cha|;el, Regent Street. St. Da\id's College, Lam, eter. National

IMonument, Calton Hill, Edinburgh. University Library and Museum, Cam-
bridge. Westminster Life Office, Strand. Dividend Pay Office, ;nd the Private

Drawing Ofl^ice, in the Bank of England ; and Bianeli Banks at IVIanchester, Bristol,

and Liverpool. Sun Fire Assurance Office. 'I'aylor and Raiuiol|.h Galleries

and Library at Oxford. Liverpool and Louden Insurance Buildings at Liverpool.

Comjiletion of the Fitzwilliam INIuseum at Cambridge, commeiued by G. Basevi ;

and of St. George's Hall at Liv.rpool, commenced by H. L. Elmes.

341. Joseph Gwilt of London.— Compiler of the "Encyclopedia of Architecture,'"

and writer of many other works.

342. LuiGi Canoni-a of Milan.— Anfiteatro Diurno for 30,000 speitaiors, for Napoleon

I. ; Tcatro Carcano, Re, and Fiando ; the interior of Palazzo Orsino, and Casa

Canonica, all at Milan. Theatres at Brescia, Mantua, and Parma.

343. Louis voN Zanth of Wiirtemburg.—The Wilhelma near Stuttgardt, in a Moori.sh
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Style; design for a large village and its luiildings in Hungary; published " Tlie

Anti.juities of Sicily " witli J. I. Hittorff.

Ml. Sir Josei-h Paxton of Milton Bryant, Bedfordshire.—Tiie Conservatory for llie

ViL'toria Regia at Cliatswoi th, and other buildings there. Tlie suggestion for liie

building of the Industry of All Nations 1851. Village of Edensor near Chats-

worth ; Mentmore for Baron Mayer A. de Rothschild. Mansion at Ferrieres in

France for Baron James de Rot'ischild. Alterations at Lismore Castle, Ireland,

for Duke of Devonshire. Eaid out Parks at Liverpool, Birkenhead, Glasgow,

and elsewhere.

34,x Capt. Francis Fowke of Belfast, in Ireland.—Raglan Barracks, Devonport. Addi-
tions to South Kensington Museum ; Picture Galleries for the Sheepshanks,

Vernon, and Turntr collections tiierein. Industrial Museum, Edinburgh. New
buildings for South Kensington Museum. National Gallery, Dublin. Design
for Gardens, Conservatory, and south arcades, Royal Horticultural Gardens; the
building for 1862 Exhibition, and entrances to the Gardens. Design for Natural
History Museum. Original design for the Royal Albert Hall.

«4C. Jacques Igvace Hittorfk of Cologne.—Pr.ictised at Paris, where, with I<ecointe, he
conducted several funeral jjomps, and many festivities; reconstructed the

interior of the Salle Favart, and rebuilt the Theatre of the Ambigu Comique.
Published with Zanth, •' Architecture Moderne de la Sicile," and " Architecture
Antique de la Sicile; " and with Olivier, an edition of the '' Inedited Antiquities

of Athens." Designed the circular Panorama in tlie C'liamps Elysees ; Grand
Cirque Olympique ; Cirque on the Boulevard des FilUs du Calvaire; assisted in

raisinij the Olielisk of Luxor, and designed its pedestal ; and the Fount.iins in

the Place de la Concorde : with Lepkre, the basilican church of St. Vincent de
Paul : Mairie on the Place du Pantheon; another, with a suite of buildings close

to the Church of S. Gennain I'Auxerrois; laid out part of the Bois de Bou-
logne ; designed the circular edifices in the Place de I'Arc de I'Etoile ; and Ter-
minus of the Great Northern Railway of France.

347. Sir Robert Smirke of London.— Large additions at the Royal Mint,' London
;

Covent Garden Theatre ; General Post Office; Penitentiary, Milll)ank ; British

Museum up to 18-17 ; King's College, London ; Central Portion, alterations, &c.,

at the Custom House; Restoration of York Minster, 1828; Belgrave Chapel,
and many churches; Wellington Testimonial, Dublin ; Courts of Justice at six

cities, and other similar buildings. Lowther Castle, Cumberland, lor Earl of

Lonsdale ; Eastnor Castle, Ledbury, Herefordshire, for Earl Sotrers ; Drayton
Manor, fjr Sir Robert Peel; and many other mansions, and additions to them;
Lhiion, Carlton, and Junior United Service Clubs; several of the interiors of the

Dining Halls to the Inns of Court; Serjeants' Inn; .Approaches to London
Bridge.

348. Philip Haudwick of London.—House and Warehouses at St. Katherine's Docks;
New Hall of the Goldsmiths' Company ; Entrance portico, the large hall, and
hotels, at the Railway Station, Euston Square; New Hall and Library for Society

of Lincoln's Inn ; all at London.

349. Charles Texier of Versailles, in France.— Restored Arch at Rheiin<;. Published
" Description de I'Asie Mineuie," and ''L'Armeuie, la Perse, et la Mesopotamie."
Sent to Algeria, he measured all the Roman works in that country. Published
" Byzantine Architecture," and '• Principal Ruins of Asia Minor," both with

R. P. Pullan.

350. St I James Penn'ethorne of Worcester.—Assisted Mr. J. Nash in carrying out in

London, the improvements in the Strand; Carlton House Terrace ; St. James's

Park ; various improvements in the streets of the Metropolis, for the Govern-
ment. The St. James's Bazaar; St. Julian's, Sevenoaks, for C. J. Herries; Dil-

lington House, Ilminster, for Mr. J. L. Lee ; Swithland Hall for Mr. Butler

Danvers ; Christ Church, Albany Street; and Trinity Church, Gray's Inn Road.
Formed and laid out Victoria and Batlersea Parks, and Kensington Palace Gar-
dens. Museum of Economic Geology, Piccadilly. General Record Office,

Chancery Lane. State Ball Room, Supper Room, and Galleries, at Buckingham
Palace. Additions to Somerset House, i'rontinjr Lancaster Place. Alterations at

the National Gallery; and at Marlborough House for the Prince of Wales.

University of London, Burlington Gardens ; and many other works for the Govern-
ment,

351. Sib Thomas Deane of Monkstown.near Dublin.—Banks, with other buildings, and
the Court house with a fine portico, at Cork ; Queen's College, Cork; Lunatic
Asylum at Killarney ; addition to Trinity College, Dublin, in the Venetian style;

Museum at Oxford with his son Thomas and Mr. Woodward.
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352. Edward Walters of Lordon.^—Many large wareliouses in the Renaissance style at
Manchester; and numerous hcnses in the suburbs ; Free Trade Ha I ; Manchester
and Salford Rank; stations on the Midland Railway; church in Cavendish
Street; Fire Insurance Office, King Street; Warrington Public Hall, &c. ; all

at Manchester. Died January 22, 1872, aged 63.

353. Sir William Tite of London.—Restored, ^Tith David Liing, the church of St.

Dunstau's-in-the-East. Designed the Scotch Church, Regent Square; the Royal
hJxciiange; London and Westminster Rank, Lothbury, with C. R. Cockerell,
R.A. ; several railway stations ; all in London. The termini and most of the
stations on the Caledonian and Scottish Central Railways; and on the line from
Havre to Paris Memorial Church, Gerrard's Cro^s. Largely employed in the
valuitioa, purchase, and sale of the land required for the extensive railway and
improvenipnt works of his time. Died April 20, 1873, aged 75.

354. Owen Jones of London.—Designed St. James's Hall and its decoration ; the decora-
tion of the Hall of the Fi.shmongers' Company; that of Fonthill House, near
Salisbury, for Mr. Alfred Morrison, and of his residence in Carlt n House
Terrace; of Preston Hall, for Mr. Henry Brassey; of the Exhibition of Industry
of All Nations, 1851 ; and of the Crjstnl Palace, Sydenham. Designed furniture,

&c. Publishtd " Plans, &c., with Details, of the Alhambra," in colours, fol.

1836-45; "Designs for Mosaic and Tesselated Pavements," 4to. 1842; "An
Apology for tlie Colouring of the Greek Court at the Crystal Palace," 8vo. 1854

;

"The Grammar of Ornament," 100 plates, fol. 1856; 112 plates, 1865. Many
other works on colour and ornament. Died May 1 (?), 1874, aged 65.

355. Alexander Tho.mson of Balfron, Scotland, called "Greek Thomson," after the siyle

to which the bent of his studies entitled him.—Designed the Cnledouian Road
United Presbyterian Church

; the St. Vincent Street U.P. Church ; and Queen's
Park U.P. Church ; the Egyptian Hall, Union Street ; two buildings on north side

of Sauchiehall Street ; all at Glasgow. Died March, 22, 1875, aged nearly 58.

356. Pierre pRANqois Henri Labrouste of Paris.—With Visconti, superintended the
decorations for the funor-il ceremony consecrating the return of the remains of
the Emperor Napoleon I. to Paris. Opened an atelier. Designed the Library of

Ste. Genevieve ; the enlargement of the National Library, with new reading room,
&c. Appointed general inspector of diocesan edifices. Died June 24, 1875,
aged 74.

357. David Bryce of Edinburgh.—Designpd many public offices, banks, &e., in

Edinburgh, in various styles; as Fett. s College; the Sheriffs' Court; Edinburgh
Royal Infirmary ; Lanark Infirmary; several churches in Edinburgh, Dalkeith,
Dundee, Falkland, St. Mungo's, &c. In a long list of mansions, and of additions
and alterations, are mentioned Panmure, f(;r Earl of Dalhousie ; Kinnaird Castle,

for Earl of Soutliesk
; Langton, for Marquis of Breadalbane ; and the mausoleum

for the Duke of Hamilton. Died May 7, 1876, aged 73.

358. R.\phael Brandon of London.—With his brother Arthur, who died December 18-i7,

published "Parish Churches," sixty-three in number, 8vo. 1848. Then " Analysis
of Gothic Architecture," seven hundred examples, 4to. 1849; "Open Timber
Roofs of the Middle Ages," thirty-five examples, 4to. 1849. Designed the church
in Gor.^'on Square for the members of the Catholic Apostolic Church, in conjunc-
tion with Mr. Ritchie. Church in Great Windmill Street, Haymarket; and one
at Knightsbridge. Died October, 1877.

359. Sidney Smirke of London.—With his brother Sir Robert, designed the Oxford and
Cambridge Club, Pall Mall. He restored the Temple Church, and published an
account of it, 1845. A block of buildings in the Temple; the Conservative Club,
St. James's Street; Carlton Clubhouse, Pall Mall ; the circular Reading Room,
and other parts, at the British Museum ; the Exhibition Rooms for the Royal
Academy of Arts, Barlington House. Died December 8, 1877, aged 77.

360. Sir Matthew Digby Wyatt of Devizes.—Travelled for two years, and on his
returned published "The Geometric Mosaics of the Middle Ages," fol. 1849.
Reported, 1849, on the Industrial Exposition at Paris. Published "Industrial
Arts of the Nineteenth Century," foL 1853; "Metal Work and its Artistic

Design," fol. 1852. As superintendent of the Fine Arts department at the
erection of the Crystal Palace, he, with Owen Jones, designed several of the
Courts, and wrote the descriptions. He designed the Court and interior

finishings of the new India Office, Whitehall; Addenbroke's Hospital, Cam-
bridge ; the Royal Indian Civil Engineering College at Cooper's Hill ; restored

the hall of Clare College, Cambridge ; designed the Crimean Memorial Arch
at Cliatham, for the Royal Engineers, &c. ; the man-ion for Louis Hulh, Esq.,
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at Possingworth, Sussex; the red brick house for Lady Marian Alford at

Kensington Gore. He published his "Lectures" as Slade Professor in 1870.

Died May 21, 1877, aged 57.

361. Sir Ge iege Gilbebt Scott of Gawcott, nearBuckingham.—W.B. MofiFattwas partner

for some years ; they designed, 1841, the Martyrs' Memorial at Oxford ; St. Giles's

Church, CamberwtU; and tlie Infant Orphan Asylum, Wanstead. He designed

the St. Nicholas Church at Hamburg ; Cathedral at St. John's, Newfoundland
;

1854, the Parish Chiu^oh of Doncaster, Yorkshire; from 1849, as architect to

the dean and chapter of Westminster, he continued the restorations of the

church, and restored the chapter-house. Designed the Foreign OlRce, including

the exterior of the India Office, 'Whitehall ; the Memorial to the Prince Consort,

Hyde Park ; and the new Cathedral at Edinburgh. Eestored portions of nearly

every cathedral in >ngland, and some in Wales; Tewkesbury Abbey choir, &e.,

and St. Alban's Abbey. Designed the Albert Memorial Chapel, at Windsor

;

St. Mary Abbott's Church, Kensington ; cliapel of St. John's College,' Cambridge
;

Glasgow University Buildings; Leeds Infirmary; Preston Town Hall; houses in

the Broad Sanctuary, AVestminster ; and very numerous new churches ; also

numerous rebuildings and restorations. He wrote " Gleanings from Westminster

Abbey," 1861 ;
" Eemarks on Secular and Domestic Architecture," 1857 ;

"Lec-

tures on the Else and Development of Mediaeval Architecture," 2 vols., 1879 ;

and many papers and essays. Died March 27, 1877, aged 67.

362. Edward Blore of Derby.—Designed, 1816, Abbotsford, for Sir Walter Scott; was

employed for many years in making drawings for antiquarian and other publica-

tions; and published "The Monumental Remains of Noble and Eminent
Persons," 1824-26 ; and was among the first to stimulate the revival of Gothic

Architecture. Restorations at Peterborough, Glasgow, Ely, and Winchester

Cathedrals ; Merton College Chapel, Oxford ; Bart'reston Church, Kent ; Thorney

Churcii, Cambridgeshire ; Ramsey, Huntingdonshire ; and several others. Rebuilt
- theresidence, restored the hall and chapel ofLambeth Palace. Designed the Palace

ofAloupka, in the Crimea, for Prince Woronzow; Worsley Hall, Lancashire;

Haveringland Hall, Norfolk ; Cranford Hall, Dorset ; and otliers. Made exten-

sive alterations at Wadham and St John's Colleges, Oxford ; and at Windsor
Castle. Designed the new front, &c., to Buckingham Palace; and works of

restoration, &c., at Westminster Abbey for several years. Died September 4,

1879, aged nearly 90.

363. JosKTH Louis Due of Paris.—Designed, 1833-40, the Colonne de Juillet; and

after 1840, the buildings of the Palais de Justice, including the new Salle des

Pas Perdus, all at Paris. In 1869 he received the Grand Prix of 100,000 francs

decreed every five years by Napoleon III. Died January, 1879.

361. Gottfried Semper of Altona, in Denmark.- -Designed, 1834, the Court Theatre,

and the Synagogue, at Dresden; and 1847, began the now Museum. He retired

to Paris, and then to Loudon, where, 1853, he designed the Wellington funeral

car. After some years he went to Zurich as Professor of Architecture ;
designed

the large Polytechnic School; the town hall; the railway station. The re-

building of the Court Theatre, at Dresden, was carried out by his son Manfred.

Designed the Exchange ; new Museum ; additions to the Imperial residence; and,

with von Hasenauer, the Imperial Coui-t Theatre; all at Vienna. Died at Rome
May 15, 1879, aged 76.

365. Eugene Emmanuel Viollet-le-Duc of Paris.—In 1840 he was nominated, with

Lassus, in tlie restoration of the Ste. Chapelle, at Paris. He restored the Abbey
Church of Vezelay ; the churches of St. Pierre, Montreale ; the Hotel de Ville, at

Nai-bonne ; the church at Poissy, of St. Nazare in Carcassonne, and at Seniur.

With Lassus, 1846, the restoration of Notre Dame, at Paris ; works at the Abbey
of St. Denis ; 1849, commenced the restoration of the fortifications at Carcassonne

;

at the Cathedral at Amiens, and the Syndical Hall at Sens; Notre Dame, at

Chalons-sur-Marne ; the Cathedral at Laon ; the Chateau de Pierrefonds.

Designed the Protestant Cathedral at Lausanne; and the Chateau d'Eu, forthe

Comte de Paris. Besides the important " Dictionnaire Rai.sonne de 1'Architec-

ture Fran^aise," 185.3-68, he published " Essai sur I'Architectura Militaire,"

1854; "Dictionnaire uu Mobilier Fran9ais," 1855 ;
" Entretiens sur I'Architec-

ture," 1858-68 ; and others. Died September 17, 1879, aged 65.

366. Edward Middlkton Barry of London.—Designed, 1857, St. Saviour's Church,

Haverstock Hill; the schools inEndell Street, for St. Giles's-in-the-Fields ; 1857,

Covent Garden Theatre, for Mr. Gye, with the Floral Hall adjoining ; was

appointed, 1860, to complete the new Palace at Westminster, after the death of
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Sir C. Barry. Designed the Halifjix Town Hall ; new Opera-house at Malta ; the

staircase to the Royal Academy rooms at Burlington House ; the new chambers,
" Temple Gardens "; the Cannon Street and the Charing Cross Hotels, with the
Queen Eleanor Cross ; the Hospital for Children, Great Ormond Street ; the
Birmingham and Midland Institute, Rebuilt Crewe Hall, Cheshire ; designed the
decoration of St. Stephen's Chapel, Westminster ; and the additional galleries

to the National Gallery of Pictures. Died January 27, 1880, aged 49.

367. Jean Pieree Cluysenaar of Liege.—Designed the March6 de la Madeleine ; the

Hotel du Conservatoire ; and the GaleriesSt. Hubert, all at Bruxelles. He pub-
lished "Batiments des Stations, &c.," 4to., 1862; " Mai sons de Compagne,
Ch4teaux, &c.," 4to., 1862. Died January (?), 1880, aged 69.

368. JoHANN Hejnrich Steack of Biickeburg, in Holstein.—As a student of Schinkel's

he assisted in designs for the then Crown Prince, afterwards Frederick William IV,,

at the new Palace at Berlin ; 1828, in the erection of the Palace of Prince Carl,

and the Palace of Prince Albrecht. He completed the Palace of Babelsberg,

near Potsdam, as well as the present Imperial Palace. At Berlin, he designed
the Palais Raczynski, 1843; the churches of St. Peter and St. Andrew; the

National Gallery, 1866-76 ; the Column of Victory in the Thiergarten,

1871-75; and the Villa Borsig. He published several works, including his

discovery, 1862, of the Theatre of Dionysius at Athens. He was lecturer at the

Academies, and also " baumeister " from 1838 to the Emperor of Germany. Died
June 13, 1880, aged 75.

369. Benjamin Ferrey of Christchurch, Hampshire.—Laid out the estate of Sir Geo.
Gervis, and designed the Bath Hotel, with several rows of villas, at Bournemouth.
Restored the nave and transepts and the Lady Chapel of Wells Cathedral ; and
the Bishop's palace and chapel. Designed the Church of St. James, at Morpeth

;

of St. Stephen, Rochester Row, Westminster; the town halls at Dorchester and
Luton ; the church at Buckland St. Mary ; Wynnstay, for Sir W. W. Wynn

;

Bulstrode, for Duke of Somerset ; mansion for the Duke of Connaught at Bngshot
Park, &c. His invention of stamping plaster was carried out at Macclean Church,
near Ampthill ; at All Saints', Blackheath ; at Streatham Parish Church, and
other cliurches. Died August 22, 1880, aged 70.

370. Thomas Heney Wvait of Loughlin House, Roscommon.— He practised in London
in partnership with David Brandon from 1838 to March 17, 1851, and designed

the Assize Courts at Winchester, Devizes, Usk, Brecon, and Cambridge. Among
numerous hospitals, &c., those at Malta ; for Norfolk and Norwich ; Wiltshire

Lunatic Asylum ; and the Buckingham Lunatic Asylum ; the Exchange Buildings

at Liverpool ; the cavalry barracks at Kuightsbridge, London ; railway station

at Florence ; Adelphi Theatre, London ; St. Aidan's College, Birkenhead ; Oatland

Park Hotel, Surrey ; mansion in Park Lane, for Sir Dudley Majoribanks ; with

many others ; and alterations. Among the numerous new churches, in Wiltshire,

that of Wilton, near Salisbury ; memorial church to George Herbert at Bemerton,

&c. ; in Dorsetshire, in London, in Cambridgeshire, &c. ; the Garrison Church at

Woolwich ; also the earlier restorations at LlandafF Cathedral, and at Wimborne
Minster. Died August 5, 1880, aged 73.

371. William Burges of London.—Gained, in conjunction with Mr. Clutton, the first

premium for Lille Cathedral ; was occupied in the decoration of the Chapter

House at Salisbury ; -also the first premium for the Memorial Church at Con-

frtantinople ; designed Brisbane Cathedral, and the Cathedral at Cork ; restorations

at Waltham Abbey; at Cardiff Castle, for the Marquis of Bute; decoration of

chapel of Worcester College, Oxford; designed the Art School at Bombay;
made designs for Hartford College, United States ; carried out his own house in

Melbui-y Road, Kensington ; designed AVorcester College Hall ; and new churches

at Studley and Skelton, near Ripon. Died April 20, 1881, aged 53.

372. Decimus Burton of London.—Designed, 1824-26, the Colosseum, Regent's Park,

and the Hyde Park improvements, including the Ionic fntjade and the triumphal

arch ; the Calverley Park estate at Tunbridge Wells, for Mr. John Ward ; Grove

House, Regent's Park ; Royal Naval Club, and the Athenneum Club, Pall Mall

;

Holford House, St. Dunstan's Villa, and St. John's Lodge, Regent's Park ; Worth
Park, Sussex; Stapleton Palace, near Bristol; the new town, church, hotel,

lighthouse, &c., at Fleetwood ; the Union Club, United Service Club, and Junior

United Service Club, London
;
palm house, winter garden, &c., at Kew ; and

numerous ijrivate houses. Died December 14, 1881, aged 81.

373. Anthony Salvin of Sunderland Bridge, Durham.—Designed Mamhead, near Elx^-ter;

Mori y Hall; restored the hall at Brancepeth Castle ; designed MethlevHall;
4 E
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Parham Court, and many others ; Peckforton Castle ; restored tlie Beauehamp
Tower and Traitors' Gate at the Tower of Lonilon ; also Carnarvon Castle, -with

numerous others; the Curfew Tower and other works at Windsor; Alnwick

Castle, Northumberland. Designed Keele Hall, Staffordshire; Thoresbj Hall,

Nottinghamshire. Eestored Petwoi-th House ; Birdsall House ; Fernhurst Church,

Sussex ; Kilndown Church ; the Church of the Holy Sepulchre, Cambritlge, &c. ;

and Dunster Castle. Died December 17, 1881, aged 8'2.

374. George Edmund Street of Woodford, Essex.— Designed Hadley Church, Essex;

others at Constantinople, Rome, Genoa, Lausanne, Vevay, Miirren, and Paris;

All Saints' Church, parsonage, and schools, at Boyne Hill, Berkshire ; Church of

St. James the Less, Garden Street, Westinin-ter ; St. Peter's Church, Bourne-
mouth ; and the nave to Bristol Cathedral. Restored south trausept and the

reredos at York Minster. Designed the Courts of Justice, London ; the churches
of St. Margaret at Liverpool ; All Saints at Clifton ; St. Mary Magdalene at

Paddington ; St. Saviour at Eastbourne ; St. John at Torquay ; St. Philip and St.

James at Oxford ; the Theological College at Cuddesdon ; Dulecht House and
Chapel. Restored Christ Church Cathedral. Dublin. He published " Brick and
Marble Architecture in Italy," 8vo., 1855 ;

" Gothic Architecture in Spain," 8vo
,

1865; and wrote numerous papers and lectures. Died Dec. 18, 1881, aged 57.

375. CoNTE CoMMKNDATORE ViRGiNio Vespignani of Rome.—Architect to the Church of

St. Peter's at Rome. Died December 3. 1882.

376. David Rhind of London.—At Edinburgh, designed the Commercial Bank Buildings
;

Life Association of Scotland ; Normal School, Chambers Street ; Stewart's

Hospital; addition to the Assembly Hall on Castle Hill; and the Commt-rcial

Bank, Glasgow. Died Aj>ril 26, 1883.

377. SiGNOK Emilio de Fabris of Florence. -Designed the new facade to tlie Cathedral
of Santa Maria, at Florence, ordered 1869. Died (on the eve of the day ap-
pointed for uncovering this great work) June 28, 1883.

378. Heinrich Freiherb von Ferstel of Vienna.—At Vienna, the Votivkirche ; the
new University ; the Palace of the Grand Duke Charles Ludwig Victor ; and
several other works therein. Died July 15, 1883, ag^d 55.

379. Jean Baptiste Ciceron Lesueur of Clairefontaine, ne^r Ramb(.Hiillet, France,

—

Designed the Parish Church at Vincennes ; Conscr\'atoire de Musiqueat Geneva
;

at Paris, a great number of pi'incely mansions ; 1840, extension and completion
of the Hotel de Ville (burnt 1871), &e. Published, with F. Callet, " Edifices Pub-
liques, &c., de Turin etde Milan," 1855 ;

" Vues Choisies dcs Monuments Antiques
de Rom»," 1827; " Chronologie des Rois d'Egypte," 4to., 1848; " Histoire et

Th^orie de I'Architecture," 1879. Died December 25 (?), 1883, aged 89.

380. Theodore Ballu of Paris At Paris, he completed the Church of St. Clotilde (by
Gau); carried out the reconstruciion of the Hotel de Ville after 1873 ; designed
the churches of La Trinite and St. Ambroise ; restored the ancient Tower of St.

Jacques de la Boucherie ; and the ancient Church of St. Germain I'Auxerrois.

Died May 23, 1885, aged 68.

3 5l. Thomas Leveuton Dokalds^in of London.—Designed the Church of the Holy
Trinity, South Kensington ; the town mansion of Mr. H. T. Hope, in Piccadilly,

with M. Dusillion of Paris ; mansion for Mr. H. Hippibley at Lambourn, Berk-
shire; University Hall, Gordon Square; the library .and laboratDry at University

College, Gower Street; Gordon Street Church; Scotch Churcii, Wo dwich ; and
Scottish Corporation Hall, Crane Court, Fleet Street. He published " Examples
of Doorways from Ancient and Modern Buildings in It.ily and Sicily," 4to.,

1833-36; "Lime, Mortar, Stucco, &c.," 4to., 1840 ; •' Architectura Nuniismatica,"

4to., 1859; read a vast number of papers at the Royal Institute of British

Architects, of which he was the first secretary, and one of the chief f .unders in

1835 ; and was for many years Professor of Architecture at University College.

Died August 1, 1885, aged 90.

382. Theodore Labrouste of Paris.—Designed the Maison Municipale de Sante, Fau-
bourg St. Denis. Died November 28, 1885, aged 86.

383. James Fergtjssgn of London.—Designed the picture gallery for Miss North's
paintings in Kew Gardens, illustrating his theory of lighting temples. Pub-
lished " Rock-cut Temples of India," 1845 ;

" True Principles of Beauty in Art,"

1849; " Picturesque Illustrations of Ancient Architecture of Hindostan," 1847;
*' Handbook of Architecture," 2 vols. 1855 ;

'" Moiiern Styles," 1862 ; "History of
Architecture," 2 vols. 1865 ;

" History of Ii dian and Eastern Architectarc,"

1876 ;
" Topography of Jerusalem," 1847 ; "Palaces of Nineveh and Persepoli.?

restored," 1851; "Mausoleum of Halicaruassus," 1862; "Rude Stone Monu-
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ments," 1873 ;
"Tree and Serpent Worship," 1873 ;

" Temples of the Jews," 1878
;

"Cave Temples of India," 1880, with Mr. James Burgess; "The "Parthenon,
an Essay on Lighting Temples," 1885; and many lectures and papers. Died
January 9, 1886, aged 78.

384. Henht Hobson Richardson of Louisiana, U.S.A.—Educated at Harvard University,
he proceeded, 1869, to Paris, where ho studied; settled at New York for three
years, and then at Boston, where he designed Trinity Church and two others

;

1878, Sever Hall, and 1881, Austin (Liw School) Hall, both for' Harvard Uni-
versity ; the New York State Capitol at Albany from 1868, at an estimated cost
of four million dollars, but will probably cost double that amount; in 1878,
Messrs. Eidlitz, Richardson, and Olmsted were appointed joint architects, but to
Richardson is due, after 1875, the south side, with a central staircase seventy
feet square, and the Senate chamber, opened March 1881. He also designed,
1884, the County Buildings and the Jail at Alleghany, Pennsylvania ; 188-5, the
Field Building or Store at Chicago, 325 feet long; the Cincinnati Chamber of
Commerce, Ohio; with several libraries, dwelling-houses (including his own),
railway stations, &c. He exercised great influence upon the architectural art of
his country. Died April 27, 1886, aged 48.

385. R. Kyeye Penson of Oswestry.—He held several appointments in Carmarthenshire
and Cardiganshire, and designed a large number of churches, residences, schools,
bridges, and other works, especially St. Mark's Church, Wrexham ; and Dynevor
Castle, Llandilo, for Lord Dynevor ; with numerous restorations of churches, &c.
Died May 22, 1886, aged 70.

386. John Peichaed of LlandafT.—Was a pupil of A. W. Pugin, and held the position of
diocesan architect for nearly forty years. Superintended the restoration of many
churches, as well as that of the cathedral in conjunction with Mr. J. P. Seddon,
the general restoration with Mr. T. H. Wyatt, and subsequently by himself. He
remodelled, about 1865, Eatington Hall, Warwickshire; and designed the mauso-
leum of the Bute family at Cardiff Castle. Died Oct., 1886, aged 68.

387. Geoege Vullia.my of London.—A pupil of Sir C. Barry ; travelled much abroad,

returned in 1843. Succeeded Mr. Marrable at the Metropolitan Board of Works
as superintending architect in 1861, and for whom he designed the group of

buildings on the south side of Queen Victoria Street, near Bucklersbury ; addi-

tional story, &c., to the offices of the Boiird ; several of the i'ire Brigade stations,

&c. Amongst his private works are the French Protestant Church, Bloomsbury;
church, &c., at Queenhithe ; the memorial tower to the Earl cf Ellesmere

;

Dyffi-yn in Merionethshire ; the restoration of the north transept of Rochester

Cathedral; All Saints' Church, Ennismore Gardens; the pedestal and sphinxes
for the Cleopatra's Needle, &c. Died November 12, 1886, aged 69.

388. Geoege Goldie of York.—He was pupil, and then partner with Messrs. Hadfield

and Weightman of Sheffield. He removed to London, and designed the Church
of St. Wilfrid, at York ; the Pro-Cathedrals at Kensington, at Durban in Natal,

and at Middlesborough ; the Cathedral at Sligo ; the Church of St. John of Jeru-

salem, in Great Ormond Street ; Upsall Castle, and Weston Manor in the Isle of

AVight; and many Roman Catholic churches, &c. Died March 1, 1887, aged 59.

389. VicTOE Maeie Chakles Rdprich-Robeet of Paris.—He designed the Church of

Flers ; the rrstoration of the Chateau d'Amboise ; the Church of Ste. Trinite at

Caen ; the Church of Ouistreham in the C dvados diocese. Besides " Flore Monu-
mentale," 1866, and the monograph on the Church and Monastery of Val de Grace,

1875, he had nearly completed a great work on "Norman Architecture in

Normnndy and England." Died May 7, 1887, ;iged 67.

i
390. SiE Hdeace Jones of London.—Commencing practice in 1846, he designed the

British and Irish Magnetic Telegraph Company's offices, Threadneedle Street

;

the Sovereign Assurance office, Piccadilly ; Royal Surrey Music Hall ; Cardiff

Town Hall ; Caversham Park, and other buildings, warehouses, residences, &c.

;

and was surveyor to several estates. In Febru;iry 1864 he was appointed archi-

tect to the Corporation of the City of London, which office he held for twenty-

three years, for whom he designed, 1868, the Central Meat Market; 1875, the

Poultry and Provision Market ; 1883, the Fruit Market ; 1871, the Foreign Caitle

Market at Deptford ; 1877, the reconstruction and enlargement of Billingsgate

Market; and 1882, the rebuilding of Leadenhall Market, with large additions,

&c., to the Islington Cattle Market. He also completed, 18G4, the City Lunatic

Asylum at Dartford ; designed, 1864, the new r.'of and other works to the Guild-

hall; 1872, the library and museum, and 1884, the new council chamber.

Several stations for the City police; artizans' dwellings in Farringdon Road; the

bascule bridsxe over the river Thames beyond the Tower, commenced 1885, with
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J. W. Barry as engineer ; the Guildhall School of Music, on the Embankment

;

and the Temple Bar Memorial, are among his later designs. In 1882-83 he was
President of the Royal Institute of British Architects. Died May 21, 1887,
aged 68.

391. Daniel Ramee of France —Much occupied for the "Monuments Historiqiies " of
France. Restored the Palais de Justice at Beauvais ; the Church of St. Vulfran
at Abbeville, Notre Dame de Noyon, the Church of St. Riquier, that at Senlis,

and many others. He published many works, especially " Histoire G^n^rale de
I'Architecture," 8yo , 1843 ; 2nd edit. 1862; and others named in the list of publi-
cations. Died September, 1887, aged 81.

392. Edwaed I'Anson of London.—President of the Royal Institute of British Archi-
tects at the time of his death, January 30, 1888, aged 76.

393. George Godwin of London.—Edited "The Builder" from 1845 (vol. iii.), foi

nearly forty years, retiring in October 1883.—Died January 27, 1888, aged 73.
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PUBLICATIONS EELATING TO ARCHITECTURE.

I. GRECIAN AECHITECTTJEE.

Aberdeen, Earl of. Inquiry into the Principles of Beauty in Grecian Architecture. 8vo.
Aikin, £. Essay on the Doric Order. Folio. 1810 [1822.
Aurfes. Th^orie du Module deduite du texte de Vitruve. 8vo. Nismes, 1862.
Beule, E. L'Acropole d'Atheoes. 2 vols. 8vo. Paris, 1853.
Blouet, A. Expc^dition Scientifique en Moree. 3 vols, folio. Paris, 1 826-39.
Botticher, A, Olympia. 8vo. Berlin, 1883.
Canina, L. L' Architettura Antica. 5 vols. 8vo. and folio. Eome, 1834-43.
Carapanos, C. Dodone et ses Euines. 4to. Paris, 1878.
Choiseul-Gouffier. Voyage Pittoresque de la Gr^ce. 2 vo^s. folio. Paris, 1782-1809.
CLirke, J. T. American Explorations at Assos. 4to. Cambridge, U.S.A., 1883.
Cockerell, C. E. Temple of Jupiter Olympius at Agrigentum. Folio. 1825.

^— The Temple at .(Egina and at Bassse. Folio. 1860.
David, F. A. Antiquites Etrusques, Grecques, et Eomaines ; with explanations by Hugues

d'Hancarville. 6 vols. Paris, 1787.
'Delagardcttp, C. M. Les Eaines de Paestum, ou Posidonia. Folio. Paris, 1799.
Donaldson, T. L. Collection of the most approved Examples of Doorways from Ancient
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Falkener, E. Daedalus
; or, the Cause and Principles of the Excellence of Greek Sculp-

ture. 8vo. 1860. Ephesus and the Temple of Diana. 8vo. 1862.
Faso Pietrasanto, D. (Duca di Serradifalco). Le Antichita delln Sicilia. 5 vols, folio,

Palermo, 1834-42.

Fergusson, J. The Parthenon ; an Essay on the Mode by which Light was introduced
into Greek and Eoman Temples. 4to. 1883.

Gaertner, F. Monuments of Greece and Sicily. Folio. Munich, 1819.
Geymiiller, H. de. Samothrace. Svo. Paris, 1882.
Gwilt, J, Essay on Grecian Architecture, to his edition of The Decorative Part of Civil
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Harris, W., and Angell. S. Metopes of the Temple at Selinus. 4to. 1826.
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2nd edition. Text, 4to. Plates, folio. Paris, 1870.
Ittar, S. Eaccolta degli Antichi Edifiej di Catania. Folio Catania, 1812.
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Labrouste, H. Les Temples de Psestum. Folio. Paris, 1877.
Le Eoy, J. B. Les Euines des plus bfaux Monuments de la Grece, considerees du c6t6 de
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Luynes (le Due de), and Debacq, F. J. Metaponte. 10 plates, folio. Paris, 1833.
Major, T. Euines de Psestum. 24 plates, folio. 1768.
Michaelis, A. Der Parthenon. Folio. Leipzig, 1870.
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edition, Svo. 1852. [Chambers. Folio. 1826.
Papworth, J. B. Essay on Grecian Architecture, to his edition of the Work by Sir W.
Pennethorne, J. Elements and Mathematical Principles of the Greek Architects and
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Penrose, F. C. Principles of Athenian Architecture; with reference to the Optical Ee-
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Puchstein, 0. Das lonische Capitell. 4to. Berlin, 1887.

Quatremere de Quincy, A. C. Jupiter Olympien. Folio, plates. Paris, 1815.
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Schliemann, H. Troy and its Eemains. Svo. 1875. Mycenae: A Narrative of Ee-
searches and Discoveries at Mycenae and Tiryns. Svo. 1878. Ilios : the City and the
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1881. Troja: Eesults of the latest researches, &c. Svo. 1S84. Prehistoric Palace.

4to. 1886.

Smith, W. Dictionary of Greek and Eoman Antiquities. 2nd edition, Svo. 1848.

Society of Dilettanti. Unedited Antiquities of Attica, comprising the Architectural
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II. ROMAN ARCHITECTURE.
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les Thermes de Diocletien. 4to. Lausanne, 1883.
Grangent, M. M,, Durand, C, et Durant, S. Description des Monuments Antiques du

Midi de France. Folio, plates. Paris, 1819.
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later editions. [Folio. Milano, 1803.
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Smirh, R. M., and Porcher, E. A. History of the recent Discoveries at Cyrene in 1860-
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Taylor, G. L., and Cresy, E. Architectural Antiquities of Rome. 2 vols, folio. 1820-

1822. Second edition with additions, folio. 1874.
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Vaudoyer, A. L. T. Description du Th^tre de Marcellus a Rome. 4to. Paris, 1812.
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Histoire de TArt chez les Anciens. 3 vols. 4to. Paris, 1790.

. Monumenti Antichi Inediti. 2 vols, folio. Napoli, 1820.

Wood, R. Ruins of the Balbec and Palmyra. 2 vols, folio, 1753-57.

Zestermann, A. Die antiken und christlichen Basiliken. 4to. Leipzig, 1847.
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Bonomi, J. Nineveh and its Palaces. 8vo. 1852.

Botta, P. E., and Flandin, E. Monuments de Ninive. 5 vols, folio. Paris, 1849-50.
Fergusson, J. The Palaces of Nineveh and Persepolis restored. Svo. 1851.

Flandin, E., and Coste, P. Voyage en Perse. 6 vols, folio. Paris, 1851.

Layard, A. H. Researches and Discoveries in Nineveh, and an Enquiry into the Arts,

&c., of the Ancient Assyrians. 4th edition, 2 vols. 8vo. 1850. Monuments of

Nineveh, from drawings made on the spot. Folio. 1849. The Palace of Sennacherib.

Folio. 1853.

Loftus, W. K. Travels and Researches in Chaldaea and Susiana. Svo. 1857.

Perrot, G., and Chipiez, C. Histoire de I'Art dans I'Antiquite. Chald^e et Assyrie. Svo.
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Place, V. Ninive et I'Assyrie. Svo. and folio. Paris, 1867-70.
Rich, C. J. Ruins of Babylon and Persepolis. Svo. 1816.

Texier, C. Description de TAsie Mineure. 3 vols, folio, Paris, 1839.

Description de I'Arm^nie, la Perse et la Mesopotamie. 2 vols, folio. Paris, 1842.
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Principal Ruins of Asia Minor. 63 plates. Folio. 1865.
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Jones, 0., and Goury, J. Plans, &c., of the Alhambra. 2 vols, folio. 1838-42.

Le Bon, G-. La Civilisation des Arabes. 4to. Paris, 1884.

Murphy, J. Arabian Antiquities of Spain. 97 plates, folio. 1828.

Salzenberg, W. Altehristliche Baudenkmale Constant! ropels vom V. bis XIII. Jahr-

hundert. Folio. Berlin, 1854.

Spanish Government. Monunientos Arquitectonicos de Espana. French and Spanish

text. 2 parts, folio. Madrid, 1859-86.

Taylor. L'Alhambra. 10 coloured plates, folio. Paris, 1853.

C. Egypt, Holy Land, &c.

Belgrado, Ab. di. Architettura Egiziana. 4to. Parma, 1786.

Canina, L. L' Architettura Antica; Egiziana, &c. 5 vols, folio ; text 4to. Roma, 1834-43.

Cassas, L. F. de. Voynge Pittoresque de la Syrie, de la Phenicie, de la Palestine, et de

la Basse-Egypte. 2 vols, folio. Paris, 1798.

Cesnola, L. P. di. Cyprus: i.s Ancient Cities, Tombs, and Temples. 8vo. 1877.

Cost e, P. Architecture Arabe ; ou Monuments de Caire. Folio. Paris, 1820-22.

Denou, V. Voj'age dans la Basse et la Haute-Egypte. Folio. Paris, 1802. Translated

byAikin. 4to. 1803. [4to. 1878,

Fergusson, J. Temples of the Jews and other Buildings in the Haram area at Jemsalera.

Gau, F. C. Ant'quites de la Nubie; ou Monuments inedits des Bords du Nil, situes

entre la premiere et la seconde Cataracte. Folio. Paris, 1824-25.

Hay. R. Illustrations of Cairo and Egypt 30 plates, folio. 1840.

Lepsius, C. R. Denkmaler aus Aegypten und Aethiopen, &c. New edition, 6 vols, folio.

Berlin, 1849-59.

Letters from Egypt, translated by L. and J. C. Horner. 8vo. 1853.

Long, G. Egyptian Antiquities in the British Museum, viz. monuments, obelisks, temples,

sculpture, statues, pyramids, &c. 2 vols. 8vo. 1832.

Mai'iette Pacha, F. A. F. Le Serapeum de Memphis. Folio. Paris, 1857-63.

Choix de Monuments et de Dessins decouverts, pendant le deplacement du S^ra-

p^um. 4to. Paris. 1856.

Abydos; Vol. 1, Ville Antique, Temple de Seti. Folio. Paris, 1869.

Monuments divers recueillis en Egypte et en Nubie. Folio. Paris, 1872.

_ The Monuments of Upper Egypt. 8vo. Alexandria, 1877.

Parker, J. H. The Twelve Egyptian Obelisks in Rome; their History explained by
translations of the Inscriptions upon th«m. 2nd edition, 8vo. Oxford, 1879.

Pennethorne. J. The Geometry and Optics of Ancient Architecture. Folio 1878.

Perring, J. E., Andrews, E. J., and Vyse, Col. The Pyramids of Gizeh, from actual

survey in 1837. Folio. 1839-42.

Perrot, U., and Chipiez, C. Histoire de I'Art dans I'Antiquite. L'Egypte. 8vo. Paris,

1882. Phenicie, Cypre. 8vo. 1885. Judee, Sardaigne, Syrie, Cappadoce. 8vo. 1887.

Prisse d'Avennes. L'Art Arabe d'apres les Monuments du Kaire depuis le VII° Siecle a
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Quatremere de Quincy, A. C. L'Architecture Egyptienne consideree. 4to. Paris, 1803.

Rosellini, I. I Monumenti dell' Egitto e della Nubia illustruti. New edition, lo vols.

8vo., 3 vols, folio. Pisa, 1835-47.

Sharpe, S. History of Egypt from the Earliest Times till the Conquest by the Arabs,

640 A.D. 2 vols. 8vo. 1859.

Teynard, F. Egypte et Nubie ; Sites et Monuments. Folio. Paris (1858).

Thrupp, J. F. .Ancient Jerusalem. History, Topography, and Plan of the City, Environs,

and Temple. Svo. Cambridge, 1855.

Tournefort, J. P. de.^ Voyage into the Levant. 2 vols. 4to. 1718.

Vogiie, M. de. Les Eglises de la Terre Sainte. 4to. Paris, I860.

Le Temple de Jerusalem ; Monographic du Haram -ech-Cherif. Folio. Paris, 1864.

Wilkinson, Sir J. G. Manners and Customs of the Ancient Egyptians. Two series.

5 vols. Svo. 1837-46.

Williams, G. The Holy City: Notices of Jerusalem; with Professor Willis's Archi-

tectural History of the Holy Sepulchre. 2nd edition, 2 vols. Svo. Cambridge, 1849.

Wilson, E. Cleopatra's Needle, with Notes on Egypt and Egyptian Obelisks. Svo. 1878.

Our Egyptian Obelisk. 4th edition, 8vo. 1877.

D. India, &c.

Cole, H. H. Ancient Buildings in Kashmir. .Photog. 4to. 1869.

Cunningham, A. On the Aryan Order of Architecture as exhibited in the Temples of

Kashmir. 8vo. Calcutta, 1848.

Daniell, T. and W. Oriental Scenery. 9 vols, folio. 1813.

Dixon . Oris?a and its Temples and Eock-cut Caves. Folio. 1860.
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Fer.nisson, J. Illustrations of the Rock-cut Temples of India. Svo. and folio. 18 l.>.

°
Picturesque Illustrations of Ancient Architecture in Hindostan. 17 plates, folio.

1 847
"Tree and Serpent AVorship ; or, Illustrations of Mythology and Art in India in

the first and fourth centuries after Christ, from the Sculptures of the Buddhist Topes at

Sanchi and Amravati. 4to. 1868.

and Burgess, J. The Cave Temples of India. 8vo. 1880.

Kaye, J. W. Simpson's India, Ancient and Modern, after his Water-colour Drawings.

2 vols, folio 1870. ,. -r •

Langles, L. Monuments, anciens et modernes, de I'llindostan. 2 vols, folio. Pans. 1818.

Sewell, R. Report on the Amaravati Tope, and Excavations on its Site in 1877. 4to.

1880.

Taylor, M., and Fergusson, J. Architecture m Dharwar and Mysore. Folio. 18(56.

Tennent, Sir J. E. Ceylon : an Account of the Island. 2 vols. 8vo. 1859.

VVilsen, F. C, and Brumund, J. F. G. Boro Boedner op het Eiland Java. Dutch and

French text. Plates, 4 vols, folio. Leyden, 1873-74.

E. Great Britain, Russia, France, &c.

Brash R. R. Ecclesiastical Architecture of Ireland to the close of the Twelfth Century.

4to.' 1875. [Paris, 1870.

French Government. Dictionnaire Archeologique de Gaule; Epoque Celtique. Folio.

Imre, H. Mo .umenta Hungarise Archseologiea. 4to Pest, 1869.

Kanitz, F. The Byzantine Monuments of Serbia. Vienna, 1862.

Maskell, A. Russian Art; for South Kensington Museum. 8vo. 1885.

Rddel, P. Recherches sur les Monuments Cyclopeens, etc.. 8vo. Paris, 1841.

Stephens, G. Old Northern Runic Monuments of Scandinavia and England, now fi st

collected. Folio. Copenhagen, 1866.

Stroganov, S., Zagoskin, M. N., SnegircV, J. M., and Veltman, A. T. The History of

Architecture in Russia. Russian text. 6 vols. 4to. and folio. Mos ow, 1849-53.

Verneilh, L. de. Architecture Bjzantine en France; St. Front de Perigueux et les

Eglises a coupoles de I'Aquitaine. Plates, 4to. 1851.

Waiing, J. B. Stone Monuments, Tumuli, and Ornaments of Remote Ages ;
Remarks on

the Early Architecture of Ireland and Scotland. F^olio. 1870.

F. North and South America.

Bollaert, W. Antiquarian, &c.. Researches in New Granada, Equador, Peru, and Chili,

with Observations on the Monuments. 8vo. 1860.

Gualdi, P. MonumentiS de ]\Iejico. F"olio. Mexico, 1841-42.

Norman, B. M. Rambles in Yucatan: a Visit to the Ruins of Chi-Cheo, K.ibah, Zayi,

and Uxmal. 8vo. New York, 1843.

Squier, E. Travels in Central America, particularly in Nicaragua. 2 vols. 8vo. New
York, 1853. [ton. 1848.

and Davis, E. H. Ancient Monuments in the Mississippi Valley. 4to. Washing-

Wa'deck, F. de. Voyage Pittoresqne ot Archeologique dans la Province d'Yucatan en

1S34 et 1836. Folio. Paris, 1838.

IV. GOTHIC AND RENAISSANCE ARCHITECTUKE.

J. Great Britain and Ireland.

Architectur.d Association Sketch Book. Folio. 1867-87. [8vo. 1837.

Bardwell, W. Temples, ancient and modern ; or. Notes on Church Architecture. Largo

Bentkam, J. History and Antiquities of the Church at Ely. 4to. 1771.

Essay on Gothic Architecture. 8vo.

Billings, R. W. Architectural Illustrations of Carlisle Cathedral. 4to. 1839.

Illustrations of the Architectural Antiquities of the County of Durham. 4to.

1846. • [4 vols. 1848-52.

The Baronial and Ecclesiastical Antiquities of Scotland Illustrated. 240 plates,

Blore, E, Monumental Remains of Noble and Eminent Persons. 8vo. 1824-26.

Bowman, H., and Crowther, J. S. The ChurLdies of the Middle Ages. 2 vols, folio.

1845-53.

Brandon, R. and J. A. Analysis of Gothic Architecture. 2 vols. 4to. 1847-49.

Parish Churches; being Perspective Views of English Ecclesiastical Structures.

8vo. 1848-51.

Britton, J. Cathedrals, comprising Canterbury, York, Salisbury, Norwich, Oxford

"Winchester, Lichfield, Hereford, Wells, Exeter, Worcester, Peterborough, Gloucester,

and Bristol. 4to. 1821-35.



TO AKCHITKCTUlfH. 11&7

Britlon, J. Architectural Antiquities of Great Britain, -i vols. -Ito. 1S07-1 L Vul. 5,

1826 ; 2nd fdition, 1835 ; containing Clironolcgic;il and lli.storical Illui^tl•ations of the

Ancient Ecclesiastical Architecture of Great Britain.

History and Antiquities of Bath Abbey. Royal 8vo. 1825.

History and Antiquities of EedclyfiPe Church, Bristol. 4to. 1813.

and Brayley, E. W. History of the Ancient Palace and late Houses of Par-

liament at Westminster. 8vo. 1836.

Carter, J. Ancient Architecture of England. 2 vols, folio. 1837-

Caveler, W. Select Specimens of Gothic Architecture. 4to. 80 plates. 1839.

Clayton, J. Ancient Half-timber Edifices of England. 26 plates, folio. 1846.

* Close, S. P. Holycross Abbey, CO. Tipperar}'. Measured drawings. Folio. Belfast, 1868.

Collie, J. Plans, &c., of Glasgow Cathedral. 34 plates, folio. 1835.

Colling. J. K. Details of Gothic Architecture. 2 vols. 200 plates, 4to. 1851-56.

Cotman, J. S. Architectural Antiquities of Norfolk. Folio, 60 plates. 1818.

Aivhitectural Antiquities of Normandy. 2 vols, folio. 1820-21.

Cottingham, L. N. Plans, &e., and Details of Henry VII. 's Chapel, Westminster. 72
plates, 2 vols, fulio. 1822-29.

Dallaway, Rev. James. Observations on English Architecture. 8vo. 1806.

Notices of Ancient Church Architecture in the Fifteenth Century. 4to. 1824.

Discourses on Architecture. 8vo. 1833.

DoUman, F. T. Examples of Ancient Pulpits in England. 30 plates, 4 to. 1849.

Examples of Ancient Domestic Architecture ; illustrating the Hospitals, Bede-

houses, Schools, &c., of the Middle Ages in England. 4to. 1866-58.

and Jobbins, J. R. An Analysis of Ancient Domestic Architecture in Great
Britain. 2 vols. 4t<). 1861-64.

Duearel, A. C. Anglo-Norman Antiquities. Plates, folio. 1767.

Dugdale, W. History of St. Paul's Cathedral in London. F'olio. 1688.

Vastlake, C. L. Hisiory of the Gotliic Revival. 4to. 1872.

Edinburgh Architeetnral Association. Sketch Book. F'olio. Edinburgh, 1886-7.

Ferrey, E. B. South Winfield Mnnor House: Plans, &c. 4to 1870.

Freeman, E. A. History of the Cathedral Church of Wells, as illustrating the History

of the Cathedral Churches of tiie Old Foundation. 8vo. 1870.

Gage, J. History and Antiquities of Hengreave in Siitfblk. Royal 4to, plates. 1822.

Glasgow Arcliitectural Sketch Book. F'olio. Glasgow, 1885.

Glynne, S. R. Notes on the Churches of Kent. 8vo. 1877.

Gough, R. Sepulchral Monuments in Great Britain 5 vols, folio 1796.

Grose, F". Essay on Gothic Architecture. 8vo. 1800.

Gunston, A. P. 'Kelso Abbey: Plans, &c. Folio. 1881.

Habershon, M. Ancient Half-timbered Hous-es of England. 4to. 1836.

Harlfield, J. Ecclesiastical, Castellated, and Domestic Architecture— of Essex.

81 plates, folio. 1848.

Halfpenny, J. Gothic Ornaments in the Cathedral of York. 4to. iOo plates. 1795.

F"ragmenta Yetusta; or, Remains of Ancient Buildings in York. Royal 4to.

34 plates. 1807. [59 plates. 1813.

Hall. Sir J. Essay on the Origin, History, and Principles of Gothic Architecture. 4to.

Hawkins, J. S. Origin and Establishment of Gotiiic Architecture. Plates, large 8vo. 1813.

Hill, A. Monograph of Cormae's Chapel, Cashel. 4to. Cork, 1874.

Ardfert Cathedral, co. Kerry. 4to. Cork, 1870.

,, Ancient Irish Architecture; Kilmalkedar Church, co. Kerry, and Temlilenahoe

Church, CO. Kerry. 4to. Cork, 1870.

Ingram, J. Memorials of Oxford. 3 vols. 4to. Oxford, 1837.

Johnson, J. Outline Views of Beverley Minster. 10 plates, folio. (1845.)

Reliques of Ancient English Architecture. 4to. 1852-53. [Devizes-, (1876).

Jones, Rev. W. H. The Saxon Church of St. Laurence, Bradford-on-Avon. 8vo.

Kendall, J. Elucidation of the Principles of English Architecture usually denomina'cd

Gothic. 8vo. 1818.

Keux, J. Le. Memorials of Cambridge. 2 vols. 4to. Cambridge, 1845.

King, E. Munimenta Antiqua. 4 vols, fulio. plates. 1799-1805.

King, R. J. Handbook to the Cathedrals of England, 6 vols. 8vo. (Murray), 18 ;i-69.

Handbook to the Cathedrals of Wales. 8vo. 1873.

Lamb, E. B. Studies of English Domestic Architecture of tlie tines of Henry VIII.,

Elizabeth, and James I. Folio. 1846.

Longman, W. The Three Cathedrals of St. Paul. London. 8vo. 1873.

Lucas, C. Les Eglises circidaires dAngleterre : precede de Notes sur les Tempi, s

ronds de la Grece et de lltalie et sur I'cglite du St. Sepulcre de Jerusalem. 2nd

edition. 8vo. Paris, 1882.

Mackenzie, F. Collegiate Church of St. St-pheu, AVcstminstcr. 18 plates, folio. J 841.
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Mackenzie, F.. and Pugiti, A. Specimens of Gothic Architecture, consisting of Doors

Window's, Buttresses, Pinnacles, at Oxford. 4to. 61 plates.

Millers, G. Description of the Cathedral Church of Ely, &c. 8vo. 1808.

Milner, J. Treatise on the Ecclesiastical Architecture of England. 8vo. 1835.

Nash, J.
'

Mansions of England in the Olden Time. 4 series, folio. 1839-49.

Views of the Interior and Exterior of Windsor Castle. Folio. 1849.

Neale, J. The Abbey Church of St. Alban, Herts. Folio. 1878.

Niven, W. Old Worcestershire Houses. 1873. Old Warwickshire Houses. Folio.

1878. Old Staffordshire Houses. Folio. 1882.

Paley, F. A. Illustrations of Baptismal Fonts. 8vo. 1844.

Gothic Mouldings. 4th edition, 8vo. 1877. [1858.

Parker, J. H., and Grosvenor, Rev. F. Mediaeval Architecture of Chester. Svo. Chester,

Perry, J. T., and Henmau, C, jun. Illustrations of Mediaeval Antiquities of the County

of Durham. Folio. Oxford, 1867.

Petit, ReT. J. L. Remarks on the Principles of Gothic Architecture as applied to ordi-

nary Parish Churches. 2nd edition, 2 vols. Svo. Oxford, 1846.

Petrie, G. Ecclesiastical Architecture of Ireland; Origin and Uses of the Round Towers

of Ireland. 2nd edition, Svo. Dublin, 1845.

Potter, J. Specimensof Ancient English Architecture. 42 plates, 4to. 1845-48.

Pugin, A. Specimens of Gothic Architecture, selected from various Ancient Edifices in

England. 4to. 2 vols. 1823. Examples of Gothic Architecture. 3 vols. 4to. 1836.

Examples of Gothic Ornaments. 4to. 1831. Examples of Gothic Gables. 4to. 1831.

Pugin, A. W. N. Treatise on Chancel Screens and Rood Lofts. 4to. 1851.

Reed, F. H. Illustrations of Tattershall Castle, Lincolnshire, from measured Drawings.

Folio. 1872.

Richardson, C. J. Studies from Old English Mansions ; their Furniture, Plate, &c.

4 series, folio. 1841-48. Architectural Remains of the Reigns ot Elizabeth and
James I, 2 parts, folio. 1838-40.

Robinson, G. T. Military Architecture of the Middle Ages ; Kenihvorth, Warwick, and

Maxtoke Castles, 8vo. 1859.

Ruprich-Robert, V. M. C. L'Architecture Normande au XI" et XII° siecles. In

progress. Folio. Paris, 1884-87- [1863.

Scott, G. G. Gleanings from Westminster Abbey, with appendices. 2nd edition, Svo.

Sharpe, E. Architectural Parallels; or, the Progress of Ecclesiastical Architecture

through the 12th and 13th centuries. 121 plates, folio, 1845-48. Supplement. 60

plates of full-sized details, folio. 1848. The Architecture of the Cif'tercians. 4to.

1874. Seven Periods of Church Architecture. 2nd eilition, Svo. 1871.

Johnson, J., and Kersey, A. H. The Churches of the Nene Valley, Northampton-

shire. 4to. 1880,

Shaw, H. Specimens of the Details of Elizabethan Architecture. 4to. 1839.

Series of Details of Gothic Architecture, selected from various Cathedrals,

Churches, &c. Folio. 1823.

Simpson, F. Series of Ancient Baptismal Fonts. Svo. 1828,

Smith, J. Specimens of Ancient Carpentry. 4to. 36 plates.

Society of Antiquaries of London. Archseologia, 4tc, 1773-1874. It contains Essays

on Gothic and English Architecture, and subjects connected with it, as well as on

Ancient and Modern Architecture.
-^ Vetusta Monumenta. 6 vols, large folio.

Society of Antiquaries of Scotland, Transactions, 4 vols. 4to. Edinb., 1712-18r33,

Proceedings. 9 vols. 4to Edinb., 1852, &c.

Spring Gardens Sketch Book. 7 vols, folio. 1866-78.

Stewart, D, J. The Architectural History of Ely Cathedral. Svo. 1868.

Stokes, M. Early Christian Architecture in Ireland. Svo, 1878,

Stothard, C. A„ and Kempe, J. A. Monumental Effigies of Great Britain. Folio, 1817.

Taylor, H. Old Halls in Lancashire and Cheshire. 4to, Manchester, 1SS4.

Turner, T, H., and Parker, J. H. Some Account of Domestic Architecture of England,

12ih to loth centuries. 3 vols, in 4 vols. Svo. Oxford, 1851-53-59.

Wakeman, W. F. Handbook of Irish Antiquities. Svo. Dublin, 1848.

Walcott, M. p]. C. Ancient Church of Scotland: History of all the Cathedrals, Con-

ventual and Collegiate Churches, and Hospitals. 4to. 1874, Church and Conventual

Arrangement, Svo. 1861.

Waring, J. B. Stone Monum'^nts, Tumuli, and Ornament of Remote Ages. 4lo. 1870.

Warton, Rev. T. Essay on Gothic Architecture. Svo. 1800.

AVaterhouse, P. Pedim'ents and Gabl s. 4to. Oxford, 1 886.

Wickes, C. Illustrations of the Spires and Towers of the Mediaeval Churches of England.

3 vols. 72 plates, folio. 1853-59.

Wild, C. Cathedral Church of Lincoln. 4to. 1838.
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Wilkinson, G. Prdcticar Geology and Ancient Architecture o^ Ireland. 8vo. 1845.
Williams, R. L., and Uudrnvood, M. The Village Churches of Denbighshire. 4to.

Denbigh, 1872.

Wilson, F. R. An Architectural Survey of the Churches iu the Archdeaconry of Liudis-
farne, Northumberland. 4to. Newcastle, 1870.

Winkles, B. Cathedrals of England and Wales. 2 vols. 1836-42.
Woolnoth, W. Ancient Castles of England and Wales. 2 vols. 8vo. 1825.

IV. GOTHIC AND RENAISSANCE ARCHITECTTJRE.—7?. Other Countries.

Adler, F. Mittelalterliche Backstein-Bauwerke des Preussischen Staates. 150 plates,

folio. Berlin, 1860-66. [T-.uluuse, 1882.
Aillaud, L., Rolland, J., and de Rivieres. La Cathedrale Ste.- Cecile d'All.i. Foho.
Anderson, R. Examples of the Municipal, Commercial, and Street Architecture of

France and Italy, from the 12th to the loth Century. 4to. 1874.
Architectural Association. The Domed Churches of Charente. 4to. (1882.)
Arundale, F. Buildings and Antiquities of Jerusalem, &c., with a Tour iu Syria and

Egypt. Plates, 4to. 1838.

Arundel Society, The. Cathedral of Santiago de Corapostella in Spain: Sculpture of

the Portico. Photog, folio. 1868. Sculptured Ornament of the Monastery of-

Batalha. Folio. 1868. [Paris, 1877.
Benois, N., Resanoff, A., and Krakau, A. Monographic de la Cathedrale d'Orvieto. Folio.

Blavignac, J. D. Histoire de I'Architecture Sacree du IV" au X'' Siecle dans les anciens
Evech^s de Geneve, Lausanne et Sion. 2 vols. 8vo. Lausanne, 1853-54.

Boissere, S. Denkmale der Batikunst vom Yllten bis zum Xlllten Jahrhundert am
Nieder-Rhein. 72 plates, folio. Munich, 1833.

Vues, Plans, Coupes, et Details de la Cathedrale de Cologne. Large folio.

Stuttgardt, 1827. Text in 4to. [1836-42.
Botticher, C. G. W. Die Holz-Architectur des Mittelalters. 26 plates, folio. Berlin,

Bourasse, J. J. Les CMthMrales fie France. 4to. Tours, 1843.

Le plus belles Eilises du Monde, notice historique. Svo. Tours, 1857, 1861.

Cahier, C. Nouveaux Melanges d'Arcbeologie, d'Histoire et de Litterature sur leMoyeu
Age. 4to. Paris, 1874.

and Martin, A. Melanges d'Arch^ologie, &c. 4 vols. 4to. Paris, 1847-56.
Cappelletti. Le Chiese d' Italia dalla loro origine sinoai giorni nostri. 8vo. V^enezia, 1847.
Cnroto, G. Antichita di Verona. Folio. Verona, 1764.

Caumont, A. de. L'Architecture Religieuse. 4th edition, Svo. Paris, 1859.

Chapuy, N. M. J., and Ramee, D. Le JVloyen Age Monumental et Archeologique. 2 vols.

folio. Paris, 1840-44.

La France Monumentale et Pittoresque. Folio. Paris, 1842, &c.

Chitton, H. Illustrations of the Domestic Architecture of France. Folio. 1853-56.

Cresy, E., and Taylor, G. L. The Architecture of the Middle Ages at Pisa. 4to. 1829.

Diinein, F. de. Etude sur I'Architecture Lombarde, et sur les origines de rArchiteclure

Romano-Byzantine. TbXt4to. ; 100 plates, folio. Paris, 1865-82.

Davie, W. G. Architectural Studies in France. Folio. 1877- [Paris, 1847.

I'ecloux et Doury. Histoire Arciieulogique, etc., de la Sainte Chapelle du Palais. Foliu.

Delaqueriere, E. Darcription Historique des Mais-ons de Rouen. 2vols. 8vo. Rouen, 1841.

Didron, A. N. Annales Archeologiques. 28 vols. 4to. Paris, 1844-81.

Lassus, J. B. A., and Duval, A. Monographie de la Cathedrale de Chartres.

Text4to. 1835. Plates folio. Paris, 1842.

Dresser, C. Japan: its Arcliitt-cture, Arts, &c. Folio.

Drouyn, L. La Guienne Milifaire. 4to. Paris, 1863.

Durand, P. Monographie de Notre Dame de Chartres. 4to. Paris, 1881.

Eseosura, P. de la, and Villa- Amd. L'Espagne Artistique et Monumentale. French and
Spanish text. 3 vols, folio. Paris, 1842-59.

Essenwein, A. Norddeutseldands B.icksteinbau im Mittelalter. Folio. Carl sruhe, 1863.

Fergusson, J. Essay on the Ancient Topography of Jerusalem. 8vo. 1847. [1878.

. . Temples of the -Jews, and other Buildings in the Haram area at Jerusalem. 4to.

Furster, E. Monuments d'Architecture, de Sculpture et de Peinture de rAllemagne,

depuis I'etablissement du Chrii^tianisme jusqu'aux temps modernes. 4 vols, folio.

Paris, 1859-60.

Denkmale Deutschcr Kunst von Einfiihrung des Christenthums bis auf die neueste

Zeit. 4to. Leipzig, 1858-67. [folio. 1863.

Fourmois et Simoneau. Le Rhin Monumen'ale et Pittoresque d'apres Nature. 30 views,

Franchctti. G. Storia e Descrizione del Duomo di Milano 4to. Mi-lan, 1821.

I'rench Government. Archives de la Commission des Monuments Historiques. Plates,

folio. Paris, 1856^76. :.>..,-.„.
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Gailbabaud, J. L'Architecture du Moyen Age et de la Renaissance du V« au XVII*

Si6cle et'les Arts qui en dependent. 400 plates, 4 vols. 4to. 1 vol. folio. 1850-59.

George, E, Etchings on the Mosel. 4to. 1873.

Gladbach, E. Der Schweizer Holzstyl in seinen cantonalen und eonstrucfivec Verscliie-

denheiten ver"-leichpnd dargestellt mit Holzbauten Deutschlunds. Folio. J3annsta<lr,

Goerz, R. Die I'eterskirche zu Mainz constructiv erlautert. Folio. Mainz, 1847. [1863.

Gravina, D. 15. II Duomo di Monreale. 2 vols. Folio. Palermo, 1859.

Guhl, E. Der Dom zu Koln. 4to. Stuttgart, 1851.

Guilhermy, F. de, and Lassus, J. B. A. La Sainte Chapelle de Paris, apr^s les restaura-

tions. Folio. Paris, 1857.

Hefner-Alteneck and Becker, C. Kunstwerke und Gerathschaften des Mittelalters und

der Renaissance. 3 vols. 4to. Frankfurt, 1852-63.

Heidoloff, C. A. von. Niirnburg Middle Age Buildings. Folio. 1843.

Die Kunst des Mittelalters in Schwaben. Text by F. Miiller. 8 parts, 30 plates,

folio and 4to. Stuttgart, 1855-64.

Johnson, R. J. Specimens of Early French Architecture ; selected chiefly from the

Churches of the Isle of F"rance. Folio. Nevccastle-on-Tyne, 1861-64.

Joliment, F. J. de, and Chapuy, N. M. J. Les Cath^rales de i'rance. 115 plates,

folio. Paris, 1826-31.

Jong, S. de. Contributions to the Knowledge of the Gothic or Pointed Style in the

Netherlands. Folio. Amsterdam, 1847.

Jourdain, L., et Duval. Les Stalles de la Cath^drale d'Amiens. 8vo. Amiens, 1843.

Kallenhach, G. G. Geschichts-Abriss der Deutsch Mittelalterlichen Baukunst. 8vo.

86 plates entitled " Chronologie," folio. Munich, 1846. [4to. Halle, 1850, &c.

and Schmitt, J. Die christliche Kirchenbaukunst des Abendiandes. 48 plates,

King, T. H. Study Book of Medi;eval Architecture and Art : the Principal Monuments
to uniform scales. 200 plates, 2 vols. 4to. 1859.

Knight, H. G. Saracenic and Norman Remains, to illustrate The Normans in Sicily.

New edition, folio. 1846.

Ecclesiastical Architecture of Italy, from the time of Constantino to the 15th
century. Plates. 2 vols, folio. 1842-44.

Kreutz, G. L. La Basilica di S. Marco in Venezia. 57 plates, folio. Venice, 1843-53.

Lacroix, P. Les Arts au Moyen Age et a I'Epoque de la Renaissance. 8vo. Paris,

1869; 1872, 2nd series. [Paris, 182).

Langlois, E. H. Description Historique des Maisons de Rouen. 8vo. with plates.

Lassus, J. B. A., and Quiidierat, J. E J. Album de Villard de Honnecourt, Architec'o

du XIIP Siecle: Considerations sur la Renai^s:lnce de I'Art Fran9ais au XIX" Si6cle.

72 plates, 4to. Paris, 1858. Translated, with notes, by Prof. R. Willis. 4to. 1859.

Lenoir, A. Architecture Monastique. 4to. Paris, 1852-56.

Lespeyres, P. Die Kirchen der Renai^sance in Mittel-Italien. Folio. Berlin, 1882.
Lozano, P. Antigiiedades Arabes de Espagna. 2 vols, folio. Madrid, 1804, &o.
Liibke, W. Die mittelalterliche Kunst in Westfalen 8vo.; plates folio. Leipzig, 1853.

.— Ecclesiastical Art in Germany during the Middle Ages, translated from the
Germnn by L. A. Wlieatley. 2nd edition, 8vo. Edinburgh, 1873, 1876.

Lucas, C. Architecture en Portugal, Melanges hist, et areh^ologiqiie. 8vo. P.ris, 1870.
Lusson, A. L. Specimen d'Architecture Goihique ; ou Plans, Coupes, Elevations de la

Chapelle du Ch&teau de Nenville. Folio, 17 plates. Paris, 1839.

Luynes, Le Due de. Recherches sur les Monuments, etc., des Normands, etc., dans I'ltalie

M^ridionale. Folio. Paris, 1844.

Mallay, M. Essai sur les Eglises Romanes et Romano-Byzantines du Puy de Dome.
Folio. Moulins, 1838-40.

Mandelgren, N. M. Monuments Scandinaves du Moyen Age, avec les peintures qui les

d&orent. Folio. Paris, 1862. [Bruxelles, 1854.

Maquardt, C. Monuments d'Architecture et de Sculpture en Belgique. 2 vols, folio.

Martin, P. Recherches sur I'Architecture du Moyen Age et de la Renaissance a Lyon,
etc. Folio. Lyon, 1863.

Milan. Nuova Deserizione del Duomo di Milano, &c. 4 to. plates. Milano, 1820.
MithofF, H. W. H. ArchivfiirNiedersachf-ens Kunstge?chichte. F'olio. Hannover, 1863
MoUer, G. Denkmaler der Deutschen Baukunst, herausgegeben von Hessemer. 190

plates, 2 vols, folio. Leipzig, 1821. Vol. iii. edited by E. Gladbach. New edition,

folio.
'

Frankfurt, 1852.

Moret, S,, et Chapuy, N. M. J. Moyen Age Pittoresque. Folio. Paris, 1857, &c
Murphy, J. Plans, &c., and Views of the Batal ha in Portugal. Folio, plates. 1795.

2nd edition, 1836.

Nail, E. le. Le Chateau de Blois; ext^rieur et interieur, ensemble et details, etc.

Folio. Paris, 1875. [folio. 1862.

NesSeld, W. E. Specimens of Mediaeval Architecture in France and Italy. 100 plates,

1
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Nodier, C , and Taylor, J. Voyages Pittoresqups de I'AricifeUue France : Haiite-Xor-

mandie ; Daupliine; Franche-Comt6 ; Auvergne ; Languedoc; Cliampagne ; Picardie
;

Bretagne. 14 vols, folio. Paris, 1820-46.

Norwegian Government. The Cathedral at Throndheim, by P. A. Munch and H, E.

Schirmer. Folio. Christiania, 1800.

Okely, W. S. Development of Christian Architecture in Italy. 8vo. 1860.

O.sten, F. Bauwerke in der Lombardei vom VI (ten bis zum XVIten Jahrhundert.
French and German text. Folio. Darmstadt, 1846-48.

Palloni, B. Chiese Antiche cli Pisa. 8vo. Pis<), lb35.

Paravicini, T. V. Die Renaissance-Architektur der Lombardei. Fol'o. Dresden, 1883.
Pellassy de 1 Oiisle. Hittoire du Palais de Compiegne : Chronique du Sejour des Souve-

rains dans oe Pa'ais. Folio. Paris, 1862.

Perelle, A. (Eavres Diverses : Recueil des plus belles Vues, &c. 2 vols. 428 engravings
of castles, &c. Folio. Langlois, 1680, cir.
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Denkmaler der Baukunst in Preussen. Folio. Berlin, 1852, &c.
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Whewell, W. Architectural Notes on German Churches; with Nottr-s on a Tour in

Picardy and Normandy. 3rd edition, with Notes on the Churches of the Rhine, by M.
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Brettingham, M. Plans, &c., of Holkham, in Norfolk. F\jlio. 1763.
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Designs for the Eadclyffe Library at Oxford. Folio. 1747.
Goldicutt, J. Heriot's Hospital, Edinburgh, the Design of Inigo Jones. Folio. 1828.
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Jebb, E. Eeporton the Construction and Ventilation of Pentonville Prison. 8vo. 1844.
Jessop. Baths and Washhouses, 8vo. 1853.
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Description of H.R.H. Prince Albert's Model Houses for Families. 8vo. 1851.

Robins, E. C. Technical School and College Building. 65 plates, 4to. 1887.

Rubinson, J. B. Shop Fronts of a plain and elaborate character. 4to. Derby, 1870.



J, 74 l'i;i5M(;,\TI0NH UV.LVnSCi

Jiolmori, !•; I{. Hi'li'i'<l A rcliiKrliini ; or, IIhi I'lftii/iiiig, l»<i>il;;niii(/, tiinl I' iiriii»lii((t( of

H(;lioul(ioii«(!H. Hvi», J«7/», 2ii'l i<lii i"M, Hv«. 1«V7.

Hrioll, II. H, (/'l((iritii.l»l(> (ifi'l I'/iroclii-il KHUt.\i\'iH\iiiii:utH. ll'/, l;',;',!,

<;ii'ciil<ir IloHpiliil VV'UvJm, Hv(,. \HHo.

and f-rriilli, VV. (unl .). Atxrdooti I<oyn.l Indrmfiry, It/*, IHHJ,

SUrfortli, J. Jh'n'muH (<>! ViWn \i.fH'i(\i;ii<-i:H, iD \i\n1iiH, H^i, Ivlifil/iuj/li, IM>)/),

Di'Mfitm i'lji- Vill/i, JDjuidH/ccx (ukI l>i.r;ii Ardulw.'lurw. lU^ j/LtUso, 'll^>, l'',»liM-

HtfVtuiHou, ,f. J. IfoiJMo Arcliitwitiirc. 2 vol«, Hvo, 1880,

Ht,r(!(!(,, W. C. Ht^jsim I/<iii(i(lry IJijil')i»i«'» (ind M>»/flii»»rry, 8»o, 187'/.

Taylor, A. 'J'. Tho ToworM (uirJ Hl.»;<!(;l»;x <J<!Higii<'<l J/y Hir (), Wr';«i, Hvo. I ))!»!.

Tru'^fiM., (J. lU:miiun fur ('mmtry i'Aiiiri:iii:H. AUi. \HM),

"WjiUm, W. VirjWH of t,l)«!HwiUof t.lif! Nol/ility, Ai(;,, in Kr((<lrt(i'l. -ll/). 1775' '•!'>.

'WI)iM/>ck, N. HIiopH I'rofiU of l/jndofi ; f,h<;ir 'y//(».(fiicti<»(», dwrr/Mlio/i, /Ir;, It//. \HUK
{Hi'M 'Ifi/i (JiiiU IC/igiwit'-r ; 'I'lm liuiUUr ; 'Ih; iiwUiLtwj Huum i The ArtihUetd , nw\*i\\H,r

Illcutr»t.«d Jourriiiln in CIomm XXlii.)

V. MODERN ARCHITECTUEE, .-//. I'mawck awo hk-miiiM.

i\<);im — , L';vi';l -, (lo'l Li-Uinii. lU-/-M-il t\i^ fHiiWiun inix\tTn\*'« \i-*. \i\itH rt'.ui»ri\n',i\t\m

«!X(V;nf/<;« 4 I'HriH. ';'}|/l(if>'<», folio. J'ari*, I8A8.

Altioy, M„ «jt I/Urif/c, !>, J/<;» i'TWiun lU; \'n.r\n. Hvo. i'tir'in, ]Hiii.

Armnud, A. Vhtuu, C«/tip<x, et (H^vntiotm «lu Orfind Jl//t«l c/;n/*truit A I'ttriw fen l^^ftl '/.

ViAio. Vnr\n.

JJaiUrrl, L, i'nnn tit mn yi'-nntntsm. Folio. I'«ri«, I80JJ-/}. (IHfJI,

V>n\tJtr<i, v., <?t, ('/<i\U-X, V. JMo«o<fr4jyJii<; <J«!<< Hall** (UmlrttlfM fh \'nr*n, ViA'tn. I'Hnu,

BHfqni, 1' L'Ari-h'iUftnrn fii'»li.rii", *:u yrittifu. \2tl \i\hU-m. VitU't, I'ttrip, IHCti (th,

JinmUit, A. Ac. k'tiyw'-i* '!« Vi'iurun ft \i\\>mt:n. 2 roli. 4fo- J'»ri>t, l^'O/-

Yt'-riy, A. J/i IU-m---.-'' ''' -'t- - «« Vmuct;, H\J'/''tmt'un An (Utui\i<iti,'A'uih fX

d'Or$ti;imsnUit'iou A: VIII k i/min \tV, 4»y/ l'>trt», \%f>\ li'i.

VAaiuIiA.Ij. Mn'mm*. '

,

• -U; \n IMi(\'{m. VoWit. I'nnn, \m'.h

lilimAfA, J. Vi. l^Un, Omy*}, i-jU:iritiitm «?fc U^A*il»Auiumft!»a}lUirnMHf,(it'.rmH.in, Folio,

I'jiri*, 181'}.
I
ViAu). i'nm, IHii.

Vtrfti^n'mrt,, A. T. Plarm 'In I'nWin d« U Vt/mrm 4* F«n« «fc 'In (%uit^'tkrt', y/limV-l/inm.

CM'utt, V. VnnWAts Ai^ MAivyfo. /J/: Fan*, Ac IHM k IHCAt. VoVm. I'ur'tn, iHffI U.
fct I>?r«mx 'k .' ."' ' '' I'am, -I'l jAnttM, Mit/. lUm, IHi,

«.-tl^w>;, A ,
• , \1voV*,iU>, l'Hnn,\firt\ m.

V,mxH\Ut*, IHr^t-fti. \Vl4mMU, IH7i,

OmU, I*. J>* (>A).\>Mn.\» An ftt, Vht^tt/nrv,, l^ ft^ttrf. (%.i)U'Ani\*t An HlntmilU. %v».
VnWnn\f U V^mn^r Af M^ntnitif., Hro, M;»nt<ri()*, IH7i,

Ihily, Q. UAt ' »n XIX* W*i-An', Mu'w^t* A*i VurU, Z foU, ftAUt,

Vim*, \Hf,'A~i. -.", % \i,U. t/At/,, lUrtft, \>ilU, TUitA Mtrun, H*m
Jjii/^/fdiuM)!. ..... u.; -'•'- ','«««, C1*«(*|J*» FM»»4-r«if*«,

\y^T<)^\,\i. yi,. ....n, IftA'u*, V»rU,\H(iH,

li'^lnrihih, i. .'

.

I^'ii*, V'Aitt. i'Hfm, IHtiJ,

('n>if/T%, A. tUi. J>:i-; i'itrU, \hi'i.

F^ri^iW. J.'' {ifi^H
**'mrii^r, C, Ij '.-tm, I'ar^imiVt^rtfi k I'Mr'm, thru*, y»

'

i'mmiv^-iu, H. h. '.-.
.

-..' ','' i^, hvi, t>iM,
f'rnut,A. lUitmtnion i, 4*/h I'minM, lUiT ft'/,,

»«>tii£f( <k# iUtiMf»i*"m : . . .
-

. VfAt/t, -

J-vltm'Xiit, F. a, T, d«, L-.- ,'.'. ...-, /:** F/ax**>w# 4wmi l''*ir*,|*.4',l^1<*«, 4(j,, |'*,. ,.

Pam, 1«12, j(>./y/>

l-^6»au»d, J, O^ «* I«ifti<w, C, F, . .->.« ** 4* •» i^(M». 2 r^y|», /'* - «,

Marktt*, F,/, L'Ai)4iiif*«t* Fk^- .. I'****, I7i!7. V'y(, 2, F^m, <7>/>5.

G<;«t«mNt*9« f/jr JlaiPflt, J, F«ir„<, , ;2;, I F«i^i*, 1*12,



TU ARCHITECTURE. H75
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Sillies d'Asile, e'c. 3 vols. 4to. Prtris, 187i)-81.
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. Saminlung architectonischer Entwiirfe. 50 plates, folio. Munchen, 1817.

Knoblauch, G., and Hollin, F. Die neue Synagogue in Berlin. Folio. Berlin, 1867.

Metzgcr, E. Formenlehre zur Rundbogen-Architoclur. Folio. Miinchen, 1851.

Moller, G. Entwurfe ausgefiihrter und zur Ausfiihruug bcstimmto Gcbiiude. 29 plates,

folio. Darmstadt, 1825-31.

Prussian Government. Vorlegobliitter fiir Baumcistcr. 4to. and folio. Berlin, 1844.

Baczynski, A. Ilistoire de I'Art Moderne en Allomagne. 3 vols, folio. Paris, 1836-41.

Schinkel, C. von. Sammlung architoctonischer Entwiirfe. Largo folio. 174 plates.

Berlin, 1819-48.
Stieglifz, C. Plans et Dessins tires de la Belle Architecture (England and Francs). 113

plates, folio. Liepzig and Moscow, 1801.

Stiller, A. Das neue Museum in Berlin, Folio. Potsdam, 1850. Das none Univer-

sitilts-gebaude zu Konigsberg, Folio. Berlin, 1865. Die burg IlohonzoUern.

Folio. Berlin, 1866. [1847.

Titz, E. Architectonische Mittheilunsen aus der Neuzeit Berlins. 2 parts, folio. Berlin,

Unger, .1., and Voigt. Collection of Sketches of Private Houses and Municipal Buildings,

principally executed at Munich. Folio. Munich, 1850.

V. MODEEN AECHITECTUEE.—J9. Spain, Italy, Russia, &c.

Prado, J. de S. J. do. Monumento sacro da Fabrica do Real Convonto de Mafra. Folio.

Lisbiia, 1751.

Eaczynski, A. Les Arts en Portugal. Svo. Paris, 1846.

. Dictionnaire Historico-Artistiquo de Portugal, pour fairo suite a I'ouvrnge ayant
pour titre Les Arts en Portugal. 8vo. Paris, 1842.

Vivian, G. Scenery of Portugal and Spain. 31 plates folio. 1839.

Wyatt, Sir M. D. An Architect's Note Book in Spain, principally illustrating th«

Domestic Architecture of that Country. 4to, 1872.
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Itonarni, P. P. Templi Vaticani Historia. Folio. Romse, 16%. [1808-15.

CJlerjiri, 0. Disegni e ScriLti d 'Opere di Architettura. 90 plates, 2 vols, folio. Viceiiza,

Callet, F., et Lesiieur, J. B. C. Architecture Italienae; ou Palais, Maisons, et autres

Edifices d'lt.die. Folio. Pari.s, 1827.

Cassina, F. Le Fabbriche piii cospicue di Milano. Folio. Milan, 1840-44.

r Italia Monumpnta'e; Galleria dalle principali Fabbriche Antiche e Mcdtrne

d' Italia. 2nd edition.- Folio. Milan, 1870.

Cicognara, L. Le Fabbriche piii cospicue di Venezia, misurate, illustrate, ed intagliate.

2 vols, large folio. Venezia, 1815.

Clochar, P. Palais, IVfaisons, et Vues d'ltalie. Folio, 102 plates, Paris,1809.

Costa, G. Delizie del Fiume Brenta, e^presse ne Palazzi e Casini situate sopra le ."^ue

Sponde. Folio. Venezia, 1750. [Folio. Paris, 17(53.

Bumont, G. M. (Envres d'Architeeture ; contenant les Details de St. Pierre de Rome.
Fontana, C. Templum Vaticanutn, et ipsius Origo. Folio. Eomse, 1694.

Gauthier, M. P. Les plus beaux ^fiditices de la Ville de Genes et de ses Environs. Fo'io.

Paris, 1824-1830.
Geymiiller, H. de. Les projets primitifs pour la Basil ique de S. Pierre de Rome. 4 to.

and folio. Paris, 1875-80.

Grandjean de Montigny, A., et Famin, A. Architecture Toscane. Folio, 73 plates. Paris,

1837. New editions, 1846; and 1875.
Guarini, G. Architettura Civile. 2 vols, folio. Turin, 1737.

Guarino, C. G. Disegni d' Architettura. Folio. Turin, 1686.

Gwilt, J. Notices of the Buildings of Architects of Italy. 8vo. 1818. [1825-39.
HittorfF, J., et Zinth, L. Architecture Moderne de la Sicile. Imperial folio. I'aris,

Isabelle, C. E. Parall^le des Salles Rondes de I'ltalie. 2ad edition, folio. Paris, 1863.

Lindi, ^-. Rac?qltardi alcune Faeciate di Palazzi e Cortili di Bologna. Folio. Bologna.
Letarouilly P. Edifices de Rome Moderne. 3 vols, folio, text 4to. Paris, 1829-55.

Le Vatican et la Basilique de Saint Pierre de Rome. 3 vols, folio. Paris, 1882.

Magrini, A. II Palazzo del Museo Civico in Vicenza. 4to. Vicenza, 1855.
Les Batimens et Desseins receuillis et illustres, par Ottavio Bertotti Scamozzi.

In French and Italian. 4 vols, folio. Vicenza, 1787.
Palladio, A. L' Architettura di. Folio. Venpzia, 1642.
Parker, C. Villa Rustica ; selected from Buildings in the Vicinity of Rome and Florence,

and arranged for Lodges, Dwellings, and Schools. 3 vols. 4to. 1849.
Percier, C, et Fontaine, P. F. L. Choix des plus ci^l^bres Maisons de Plaisance de Rome

et de ses Environs. 75 plates, folio. Paris 1824. [Firenze, 1830.
Pieraccini, F. La Piazza del Granduca di Firenze co' suoi Monumenti. Folio, plates.

Price, L. Interiors and Exteriors in Venice. Folio. 1843.
Ronzani, F., e LucioUi, G. San Michele ; Fabbriche Civile, Ecelosiastiehe e Militari.

147 plates, folio. Venezia, 1832.
Ro.ssi, G. J. Raccolta di Fontane nell' ulmaCifta di Roma, Tivoli e Frascati. 4lo. Rome.
Rossini, L. Scenografia degl' Interni delle piu belle Chiese e Basiliche antiche di Roma.

Folio. Rome, 1843.
• I Monumenti piu iuteressanti di Roma dall' X. Sec. sino al XVIII. Folio.

Rome, 1818.

Rupp, L. Chiese Principali d' Europa (11 buildings). Folio. Milan, 1824.
S.icchi, A. Architettura Practiea—le Abitazioni. Folio. 1874.
Sanmichele, M. Porte di Citta o Fortezze, Depositi Sepolcrali, ed altre principali Fab-

briche pubbliche ed private, da F. AlbertoUi. Imperial folio. Milan, 1815.
Suvs, F. T., et Haudebourt, L. P. Palais Massimi a Rome; Plans, Coupes, Elevations,

Profiles, Voutes, Plafonds, etc. 43 plates. Paris, 1818.
Tusi, F. M., and Becchio, A. Altars, Tabernacles, and Sepulchral Monuments of the
XlVth and XVth Centuries existing at Rome. Italian, French, and English text by
Mrs. S. Bartlet. Folio. Lagny, 1843.

Valentini, A. Le Quattro principali Basiliche di Eoma, 2 vols, folio. Rome, 1836-46.
Yriarte, C. See IV. H.

Coste, P. Monuments Modernes de Perse. Folio. Paris, 1866.

Domidoff, A. de. Excursion Pittoresque et Archeologique en Russie, etc., en 1839.
Folio. Paris. [1864.

Kiprianoff, V. Histoire Pittoresque de I'Architecture en Russie, etc. 8vo. Petersburg,
Quarenghi, G. Edifices construites a St. Petersbourg. Folio. St. Peters., 1810.

Fabbriche e Disegni. Folio. Milano, 1821. [1846-48.
Ricard de Montferrand, A. Cathedrale de St. Isaac a St. Petersbourg. Folio. Paris,
Rusca, L. Recueil des Dessins de differcns Batimens construits a St. Petersbourg, etc.

180 plates, large folio. §t. Petersburg, 1801-10.
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Denmark. Danirai-k Fremstillet i Billeder. 74 plates, folio. Kjubedliaven, 1860.

Graffenritd und Stiirler, M. ron. Schwtjizerisclie Arehitektur. French and German text.

2ud edition, folio. Berne, 1847.

Hochstetter, J. Schweizerisehe Architectur in perspectirischen Ansiehten, etc. Folio.

Carlsruhe, 1863.
Varin, A. et E. L'Architecture Pittoresque en Suisse, ou Choix de Constructions Eus-

tiques prises daus toutes les parties de Ja Suisse. 4to. 1860.

Earnard, H. School Architecture, with Illustrations of the most approved Plans. 5th
edition, Svo. Hartford, U.S. 1854.

Strickland, W. Public Works in the United States of America. 8vo. 1841.

VI. THEATRES.

Arnaldi, Conte E. Idea di un Teatro nelle principali sue Parti simile a' Teatri Auticlii

air Uso moderno accomodato. 4to. Vicenza, 1762.
Beccega, T. C. SuU' Architettura Greco-Romano applicata alia Coetruzione del Teatro
moderno Italiano e suUe Maccliine Tcatrali. Folio. Venezia, 1817.

Borgnis, J. A. Ues Machines Imitatives et des Machines Theatrales. 4to. 27 plates.

Paris, 1820.

Boullet. Essai sur I'Art de construire les Theatres, leurs Machines et leurs Mouvemens.
4to. plates. Paris, 1801.

Cavos, A. Traite sur la Construction des Theatres, 21 plates, 4to. Leipzig, 1849.

Grand Theatre de Moscou. 1860.

Contant, C, et Filippi, J. de. Parallele des Principaux Theatres Moderne? de I'Europe,

et des Systemes de Machines Theatrales Francjaises, Allemandes et Anglaises. 134
plates, 2 vols, folio. Paris, 1840-42.

Daly, C, et Davioud, G. Theatre Imperial du Chatelet. Theatre Lyrique. Folio.

Paris, 1871.

Descrizione del Nuovo Sipario dell' Imperiale Regio Teatro della Scala in Milano. Small
folio. Milano, 1821.

Donnet, A., et Kauffman, J. A. ^ Architectonographie des Theatres de Paris ; ou ParalUde
Historiqueet Critique de ces Elifices, consideres sous le Rapport de I'Architecture etde
la Decoration. 2 vols. Svo., plates 4to. Paris, 1837.

Dumont. Parallele de Plans des Salles de Spectacle d'ltalie et de France, avoc des
Details de Machines Theatrales. Imperial folio, 61 plates. Paris, 177 4.

Fontanesi, C. F. Decorations for Theatres; or, Designs for Scene Painters. Fulio,

24 plates. 1813.

Galliari. Decorations de Theatre. Folio, 24 plates. Mi'an.
Gamier, C. Le Nouvel Opera de Paris. Text 2 vols, folio. Paris, 1878-81. Phites

6 vols, folio. Paris, 1875-80.
Giorgi Felice. Descrizione Istorica del Teatro di Tor di Nino. 4to. 9 plates. Rome,

1795.

Gosset, A. Construction des Theatres. Folio. Paris, 1886.

Kammerling, H. Das Victoria-Theater zu Berlin. Folio. Berlin, 1861.

Lachez, T. Acoustique et Optiqne des Salles de Reunions Publiqnes, Theatres et Amphi-
theatres, etc. Svo. Paris, 1848.

Landriani, P. Osservazioni sui Defetti prodotti nei Teatri dalla cattiva Costrnzione del

Palio Scenico, e su alcune inavvertenze nel dipingere le Decorazioni. 4to. 9 [lates.

Milano, 1815.

Langhans, C. F. Das Victoria-Theater in Berlin. 4 plates, folio. Berlin,

Louis, V. Salle de Spectacle de Bourdeaux. Atlas fjHo, 21 plates, containing plans of

several other theatres. Paris, 1782.

Magne, A. Mouographie du Tlieatre du Vaudeville erig6 par la Ville de Paris sous la

direction de. Folio. Paris, 1871.

Morelli, C Pianta e Spaccato del nuovo Teatro d'Imola. Folio, 19 plates. Roma, 1780.

Patte, P. Essai sur I'Architecture Theatrale. Svo Paris, 1782.

Saunders, G. Treatise on Theatres. 4to. 13 plates. 1790. Of little value.

Schinkel, C. F. von. Theatre at Hamburg. 6 plates. Berlin, 1828.

Semper, G. Das konigliche Uoftheater zu Dresden. Folio. Brunswick, 1849.

Strack; J. H. Das altgriechische Theatergebaude, nach sammtlichen bekanntcn Ueber-

resten. Folio. Potsdam, 1843.

Titz, E. Das neue Victoria-Theater in Berlin. 24 plates, folio. 1861.

Ware, S. Remarks on Theatres, and on the Propriety of Vaulting them with Brick and
Stone. Svo. plates. 1809.

Wyatt, B. On the Rebuilding of Drury Lane Theatre. 4to. plates. 1812.
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VII. ETJRAL ARCHITECITJRE, GAIDENS, STABLING, &c.

Alpliand, A. Les Promenades de Paris, Bois de Boulogne, et de ViDcennes, etc. 2 vols.

folio. Paris, 1874. [8vo. 1852.

.Andrews, G. H. Construction of Agricultural Buildings of erery Description. 3 vols.

Birch, J. Examples of Labourers' CottHges. 8vo. Ih71.

Bla'^kburne, E. L. Suburban and Rural Architecture; English and Foreign. 1865

Cliateauneuf, A. de. Architeetura Domestica. Folio. 1839-40. [1849.

Dean, G. A. Construction of Farm Buildings and Labourers' Cottages. 4to. Strartord,

. Series of Selected Designs for Country Residences, Lodges, &c., erected for

the Prince Consort, Earl of Leicester. &c. 4to. 1867.

Denton, J. B. Farm Homesteads of England. 2nd edition, T-'J plates, Svo. 1865.

Downing, A. J. Architecture of Country Houses; with Remarks on Furniture, &c., and

Warming and Ventilating. New edition 8vo. New York, 1852. [York, 1853,

Architecture of Cottage Residences, "with Additions, &c. New edition, 8vo. New
Theory and Practice of Landscape Gardening ; with a view to the Improvement

of Country Residences ; with Remarks on Rural Architecture. 4th edition, Svo. New
York, 1849.

Fawkes, F. A. Horticultural Buildings. Svo. 1881.

Gray, W. J. Rural Architecture; Plans, &c., of Farmhouses, Cottages, Schools, Gates,

Railings, &c., with Specifications. Svo. Edinburgh, 1853. [ton, 1849.

Hartshorne, C. H. Labourers' Cottages on Estates of Duke of Bedford. 8vo. Northamp-
Hints on Ornamental Gardening; Designs for Garden Buildings, &c. Svo. 1823.

Hughes, J. A. Garden Ar -hi tecture and Landscape Gardening. Svo. 1866. [ciety. 1857.

Isaac, T. W. P. Essay on Labourers' Cottages
;
premiated by the Royal Agricultural So-

Isabey, L., and Leblanc. Villas, Maisons de Ville et de Campngne, compos^es snr les

motifs des habitations de Paris Modernes. Folio. Paris, 1864-67.

Kemp, E. How to lay out a Garden : Plans, &c. New edition, Svo. 1864.

Kerr, R. A small Country House; the Planning of a Residence to cost from 2,000/. to

Knightley, T. E. Stable Architecture. Folio 1862. [5,000/. Svo. 1873.

Krafft, J. C. Plans des plus beaux Jardins Pittoresques de France, d'Angleterre, et

d'Allemagne, et des Edifices, Monumens, Fabricjues, etc., qui concourent a leur Em-
bellissement, dans tons les Genres d'Architecture. 2 vols, oblong 4to. Paris, 1809.

— Recueil d'Architecture Civile, contenant les Plans, Coupes, et Elevations des

Chateaux, Maisons de Campagne, et Habitations Rnrales. Folio. Paris, 1809.

Loudon, J. C. Encyclopaedia of Cottage, Farm, and Villa Architecture. Svo. 1839.

Encyclopaedia of Gardening, &c. New edition, Svo. 1850.

Macintosh, C. The Book of the Garden. 2 vols, Svo. Edinburgh and London, 1852.

Major, J. Theory and Pr-ictice of Landscape Gardening. 4to. 1852.

Menzies, W. Cottages for Rural Districts. Svo. 1885.

3Iiles, W. General Remarks on Stablt's and Examples of Stable-Fittings. Svo. 1860.

Morton, T. C. The Prince Consort's Farms. 4to. 1863.

Normand, C. Recueil varie de Plans et de Fa(,-ades, Motifs pour des Maisons de Ville et

de Campagne. Folio, 53 plates. P^tris, 1815.

Papworth, J. B. Rural Residences: a Series of Designs for Cottages, Decorated Cottages,

small Villas, &c. 8vo. 1832. [Svo. 1823.

Hints on Ornamental Gardening; Designs for Garden Buildings, &c. 29 plates,

Repton, H. Landscape Gardening, &c. The entire works, edited by J. C. Loudon.

New edition, 8vo. 1842. [bird. 3rd edition, Svo. 1853.

Rham, W. C. Dictioniiry of the Farm, with Supplement. Revised by W. and H. Rayn-
Richardson, C. J. F]nglis<hman's House, from a Cottage to a Mansion. Svo. 1870.

Robinson, P. F. Rural Architecture; or, a Series of Designs for Ornamental Cottages.

4to. 1823. Ornamental Villas. 4to. 1837. Village Architecture. 4to. 1837.

Farm Buildings. 4to. 1837.

Robinson, W. Parks, Promenades, and Gardens of Paris, described and considered in

relation to wants of our own citips Svo. 1869.

Robson, G. Modern Domestic Building Construction. Folio. 1876.
Siebeck, R. Art of Landscape Gardening, represented in a Plan and elucidated by the

Determining Motives. Translated by R. H. Westley. 6 plates, 4to. 1862.

Picturesque Garden Plans. 24 coloured plates, folio. 1864.
Smith, C. H. J. Parks and Pleasure Grounds; Practical Notes on Country Residences,

Villas, &c. 12mo. 1852.

Standish, J., and Nuble, C. Practical Hints on Planting Ornnmental Trees. Svo. 1852.

Starforth, J. Architecture of the Farm ; being a Series of Designs for Farmhouses,
Factors' Houses, Agricultural Labourers' Cottages, and Farmstcadings. 4to. 1853.

Stephens, H., and Burn, R. S. Book of Farm Buildings : their Arrangement and Con-

struction. Svo. Edinburgh, 1861 ; and 1871.
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Strick'and, C. W. Cottage Construction and Design. 18 plates, 8vo. 1861.

TattersaLl, vi. tSporling Architecture. 4to. 1842.

Tiiom.-on, J. Retreats: a We. ies of Designs. 4to. 1833.

Vuux, C. Villas and Cottsiges : a Series of Designs prepared for Execution in tlia

Ucited States. 8vo. New York and London, l^oT.

Villa and Cottage Architecture. Published by Blackie. 4to. Edinburgh, 1869, 1880.

V^mcent, J. Country Cottages ; Designs for Improved Dwellings lor Agricultural

Labourers. 20 plates, 2iid edition, 4to. I860. [1846.
Walter, T. U., and Smith, J. J Cottage and Villa Architecture, &c. 4to. PhiladeJpliia,

Weaver, B. Hints on Cottage Arcliitecture ; Designs for Labourers' Cottages, tingly, iu

pairs, and in groups. 2nd edition, folio. Bath, ISoO.

Hints on Villa Architecture; Selection of Designs for Schools, Cottages, aud
Parsonage Houses. 10 plates, folio.

Wickes, C. Handybook of Villa Architecture. 61 plates, 4 to. 1887.

Wilkinson, W. English Country Houses; Practical Treatise on House Building. 4to.

Oxford, 1870, 1875.

VIII. HISTORY OF ARCHITECTTJIIE, THEORY, &c.

Barry, E. M. Lectures on Architecture ; Avith Memoir. 8vo. 1881. ^
Bnt-issier, L. Histoire de I'Art Monumental dan>i I'Antiquite et au Mojen Age, suivia

d'un Traite sur la Peinture sur Verre. 2nd edition, revised, 8vo. Paris, 1860.

Charteau, L. Histoire et Caract^res de I'Architecture en France depuis I'epoque Druidique
jusqu'a uos jours. 8vo. Paris, 1864.

Cousin, J. G^nie de FArehitecture. 4to. 60 plates, Paris.

Donaldson, T. L. Architectural Maxims and Theorems. 8vo. 1847.

Durand, J. N. L. Becueil et Parallele des Edifices de toxis Genres, anciens et moderiies.

Folio, 90 plates, and 8vo. text by Le Grand. Paris, 1801-9. [8vo. 18.55-62.

Fergusson, J. Handbook of Arcliitecture ; a History and Description of all Styles. 3 vols.

Historical Inquiry into the True Principles of Beauty in Art. 8vo. 1849.
— — History of Architecture in AU Countries, from the Earliest Times to the

Present Day. 2vols. 8\-o. 1862-67. Modern Architecture. 2nd edition, Svo. 1874.

Bude Stone Monuments in All Countries; tlieir Age and Uses. Svo. 1873.

Freeman, E. A. History of Architecture. Svo. 1849.

Gailhabaud, J. Monuments anciens et modernes, consisting of plans, &c., of the most
remarkable edifices in the world. Four series, 4to. Paris. 1842-52.

. L'Art dans ses Diverses Branches, on I'Architecture, In Sculpture, &c., chez tous

les Peup'es et a toutes les Epoques jusqu'en 1789. 4to. Paris, 1861.

Garbett, E. L. Treatise on the Principles of Design in Architecture. 12mo. 1850.

Gwilt, J. Eudiments of Architecture, Practical and Theoretical. Svo. IS'26.

Henszlmann, Dr. Theorie des Proportions appliquees dans rArchitecture depuis la XII*
Dynasiie des Kois egyptieus jusqu'au XVI^ Si^cle. Folio, text 4to. Paris, 1860.

Part 1 only.

Hope, T. Historical Essay on Architecture. 3rd edition, Svo. 1840.

Isabelle, C. E. Les Edifices circulaires et les Domes. 77 plates, folio. Paris, 1843-55.

Kugler, F. Denkmiiler der Kunst ; by Voit, Guhl, and Caspar. Folio. Stuttgart, 1S45.

Handbuch der Kunstgeschichte. Svo. Stuttgart, 1848.

Geschichte der Baukunst. 3 vols. Svo. Stuttttart, 1859.

Law, H. Eudiments of Civil Engineering. 12mo. 1852.

Lefebre. Marvels of Architecture, translated by E. Donald. Svo. 1870.

Le Grand, J. G. Es^ai sur I'Histoire Generale de I'Architecture Svo. Paris, 1819.

This is the text to Durand's "Parallele,"

Lesueur, J. B. Histoire et Theorie de I'Architecture. Svo. Paris, 1879.

Lloyd, W. W. General Theory of Proportion in Architectural Design. 4to. 1863.

Liibke, W. Geschiclite der Architectur. 2nd edition, Svo. Cologne, 1858. Transla'ed

by F. E. Bunnett. 2 vols. 8vo. 1868.

Montfan9on, B, de. L'.Vntiquite Expliquee et Eepresentee en Figures. 5 vols, folio.

Supplement, 5 vols, folio, 964 plates. Paris, 1729-33.

Nicholson, P. Principles of Architecture. 3 vols. Svo. 1836.

Otte, H. Handbuch der Kirchlichen Kunst: Archiiologie des Deutschen Mittelalters.

Svo. Leipzig, 1854. [1845.

Oudin, J. Manuel d'Archeol gie Religieuse, Civile et Militaire. 2nd edition, Svo. Paris,

Paley, F. A. Manual of Gothic Architecture. Svo. 1846.

Patte, P. Memoires d'Architecture. 4to. Paris, 1769.

Petit, J. L. Remarks on Architectural Character. Folio. Oxford, 1846.

Poole, G. A. History of Ecclesiastical Architecture in England. Svo. 1848. [1852.

• Churches, their Structure, Arrangement, and Decoration. 3rd edition, ISmo.
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Pii"-iii, A. "W. N. The True Principles of Pointpd or Christian Arcliitec-tiire. 4to. 18+1.

.^_1 Cont^i^!^ts ; or, a Parallel between the EdiSces of the XlVth andXVth Centuries

and the Present Day. 13 plates, new edition, 4to. 1841. [Paris, 1870-72.

Eaniec, D. Manuel do I'Histoire Generale de I'Architecture. 2nd edition, 2 vols. 12mo.

, .' Histoire de TArehitecture en France depuis les Eomains jusqu'au XVP Siecle.

12mo. Paris and Leipzig, 1846. [York, 1887.

Eeber, F. von. History of Ancient Art: and History of Medifeval Art. 8vo. New
Eeynaud, L. Traits de I'Architecture, contenant des Notions G^nerales sur les Principes

de la Construction et sur I'Histoire de I'Art. 82 plates, folio. Paris, 1850.

Eickmtn, T. Attempt to Discriminate the Styles of English Architecture. 6th ed tion,

with additions by J. H. Parker. 8vo. Oxford, 1862. 7th edition, 1881. The 4th

edition of 1835 contains the Topographical List of Buildings.

Eoyal Institute of British Architects. Transactions. 2 parts, 4to. 18 7 and 1842.

Sessional Papers. 31 vols. 4to. 1853-84. Now series, 4to. 3 vols. 1885-87.

Euskin, J. Seven Lamps of Arcliitecture. 8vo. 1849.

Scott, L. The Eenaissance of Art in Italy. 4to. 1883.
_

[1859.

Scott, Sir G. G. Eemarks on Secular and Domestic Architecture. 2nd edition, 8vo.

Lectures on the Else and Development of Mediaeval Architecture. 2 vols. 8vo.

1879.

Se-oux, D'Agincourt. Histoire de I'Art par les Monumens. 6 vols, folio. Paris, 1823.

Smith, T. E. Gothic and Eenaissance. 8vo. 1884.

and Slater, J. Classic and Enrly Christian. Svo. 1882.

Viollet-le-Duc, E. E. Entretiens sur I'Architecture. 2 vols. 8vo. Paris, 1863-72.

Plates, folio. 1864. Translated by B. Bucknall. Svo. 1877.
. Compositions et Dessins. Folio. 1881-84.

Habitations of Man in all Ages. Transl. Svo. 1876.

Histoire d'un Hotel de Ville et d'une Cathddrale. Svo. Paris, 1882. [1885.

White, W. H. The Past, Present, and Future of the Architectural Profession. Timo.
. Architecture and Public Buildings; their Eelatiou to School, Academy, and

State, in Paris and London. 8vo. 1884. [Munich, 1827-31.

Wiebeking, C. F. von. Architecture Civile. Text, 7 vols. 4to., and plates folio,

Winckelman, J. J. Eemarques sur I'Architecture des Anciens. Svo. Paris, 1783.

Histoire de I'Art chez les Anciens. 3 vols. 4to. Paris, 1790.

Monumenti Antichi Iiiediti. 2 vols, folio, 184 plates. Napoli, 1820.

Woods, J. Letters of an Architect. 2 vols. 4to. 1828.

IX. ELEMENTARY WORKS, ORDERS, DETAILS, MOULDINGS.

All)erti, Leo Bapt. Librl de Ee .Sldificatoria. Folio, 1st edition. Florence, 1485.

Numerous later editions.

. Translated into English by G. Leoni, Folio. 1726-55.
Androuet du Cerceau, J. Livre d'Architecture. Folio, 50 plates. Paris, 1662.
Antoine, J. Traite d'Architecture. 4to plates. Treves, 1768.
Aviler, C. A. d'. Cours d'Architecture. 4to. Paris, 1760.
Barozzi da Vignola, G. ffiuvres completes. Folio. Paris, 1823.

Ordini d' Architettura Civile. 4to. 44 plates. Milano, 1814.
Blondel. J. F. Cours d'Architecture. 9 vols. 8vo. 300 plates. Paris, 1771-1777.
Bullet, P. Architecture Pratique. 8vo. Paris, 1774. Edited by Mazois. Paris, 1824.
Chambers, Sir William. The Decorative Part of Civil Architecture; with Essay on

Grecian Architecture, and other Additions, by J. G wilt. 2 vols. imp. Svo. 66 plates. 1 823.

Treatise on the Decorative Part of Civil Architecture; with Essay on Grecian
Architecture, by J. B. Papworth. The origimil plates. Folio. 1826.

Clerc, S. Le. Treatise on Architecture, translated by Chambers. 3 vols. Svo. 1732.
Detournelle, A. Projets d'Architecture. Folio, 60 or 120 plates. Paris, 1805-6.
Durand, J. N. L. Le(;ons d'Architecture. 2 torn. 4to plates. Paris, 1819.

Partie Graphique des Cours d'Architecture. 4to. 34 plates. Paris, 1821.
Evelyn, J. Parallel of Ancient and Modern Architecture ; translated from E. Freart,

Folio. 1680. Folio. 1723.
Felibien, M. Principes de I'Architecture, de la Sculpture, et de laPeinture. 4to. plates.

Paris, 1697. [Svo. 1851.
Freeman, E. A. Essay on the Origin and Development of Window Tracery in England.
Gallaccini, T. Trattato sopra gli Errori degli Architetti. Folio. Venezia, 1767.
Goldmann, K, Architecture of, by L. C. Sturm. German text. Folio. Augsburg, 1716-52.
Hoffstadt, F. Gothisches A-B-C Buch. Text Svo. ; 43 plates, folio. Frankfurt, 184.3-4.5,

1845-64. Translated into French. Folio. Paris, 1851. [1882.

Kinross, J. Details from Italian Building.s, chiefly Eenaissance. Folio. Edinburgh,
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Leeds, W. H. Rudimentary Treatise on tlie Ortlers of Architeetnro. 12mo. 1849.

L'Eveill^, C. J. Considerations sur les Frontons. 4to. Paris, 182-1.

L'Orme, P. dp. (Euvres d'Arehitecture. Folio, 2 vols, in 1. Paris, 1626; Rouen, 1618.

The Treatise on Architecture, in 9 bonks, was first published in Paris, 1567. The tenth

book, on Carpentry, entitled, " Nouvelles Inventions pour bien Batir et a petit Frais,"

folio, Paris, 1561-68, and 1576. [edition, 4to. Edinburgh, 18^6.

Mahan, D. H. Elementary Course of Civil Engineering. Edited by P. Barlow. New
Mandar. C. F. Etude d'Architecture Civile; ou Plans, Elevations, Coupes, et Details

n^cessaires pour Clever, distribuer, et d^corer uneMaison etsesDependanees. Imperial
folio, 122 plates. Paris, 1830.

Manetti, G. A. Studio degli Ordini d'Architettura. Folio, 25 plates. Firenze, 1808.

Mauch, J. M. von. Neue systematisehe Darstellung der Architektonischen Ordnuugen
der Griechen, Romer und neuern Baumeister. 100 plates, 4to. Potsdam, 1850.

Nicholson, P. Principles of Architeeturo. 3 vols. 8vo. 1795-8. 1830.

Normand, C. Nouveau Parall^le des Ordres d'Architecture des Grecs, des Romains et

des Auteurs Modernes. Folio, 63 plates. Paris, 1819. Translated by A. Pugin. 1829.

Palladio, A. See Class II.

Perrault, C. Ordounance des Cinq Esp^ces de Colonnes. Folio. Paris, 1683.

Robson, E. R. School Architecture ; being Practical Remarks on the Planning, Design-
ing, Building, and Furnishing School Houses. 8vo. 1874.

Scamozzi, V. L' Idea dell' Architettura Universale. 2 vols, folio. Venetia, 1615.

Serlio, S. Architettura. 4to. Venetia, 1567. Later editions.

Serrure, E. Cours Classique d'Architecture. Folio. Gand, 1874. [2 vols. 8vo. 1849.

Sharpe, E. Treatise on the Rise and Progress of Decorated Window Tracery in England.

The Seven Periods of English Architecture defined and illustrated. 8vo. 1851.

The Mouldings of the Six Periods of Gothic Architecture from the Conquest to

the Reformation. 4to. 1871.

Shute, John. The First and Chief Groundes of Architecture. Folio. 1563.

ThioUet, F. Lemons d'Architecture, Theorique et Pratique, comprenant I'Histoire des

Ordres, etc. 6 vols. 4to. Paris, 1843.

Trimeu, A. One Thousand authenticated Mouldings of Mediaeval Architecture, from the

best examples. 53 plates, 8vo. 1863.

Yisentini, A. Osservazioni sopra gli Errori degli Architetti ; contin. al Trattato di T.

Gallaccini. Folio. Venezia, 1771.

Vitruvius. De Architectura, cum notis Variorum, a J. de Laet. Folio. Amst. 1649.
. Architettura di, tradotta ed comentata da B. Galiani. Folio. Siena, 1790.

—- Trad, et coment. da Barbaro. Folio, woodcuts. Venezia, 1556.

. Architecture of; by Poleni and Stratico. 8 parts in 4 vols. 4to. Utini, 1825-30.

by A. Marinio. 4 vols, folio. Rome, 1836. [3 vols. 4to. Paris, 1837.

by Perrault. Folio. Paris, 1684. Augmentee par E. Tardieu et A. Coussin.

Traduction Nouvelle, par Maufras. 2 vols. 8to. Paris, 1847.

Translated by J. Gwilt. Imperial Svo. 1826.

Wiebeking, C. F. Architecture Civile, Theorique, et Pratique ; I'Histoire descriptive des

Edifices anciens et modernes les plus remarquables. 7 vols. 4to.; 260 plates, folio.

Munich, 1823.

X. MATERIALS.

AiJstin, J. G. Preparation, &c., and Application of Limes and Cements, &c. 12mo. 1862.

Bale. M. P. Wood-working Machinery ; Saw Mills ; Stone-working Machinery. 8vo.

1885.

Elagrove, G. H. Marble Decoration, and the Terminology of British and Foreign Marbles.

Svo. 1888. [185 7.

Burnell, G. R. Limes, Cements, Mortars, Concretes, Ma«ticks, and Plastering. 12mo.

Burnham,S. M. History and Uses of Limestones and Marbles. 8vo. Boston, U.S.A., 1883.

Brun, F. M. le. Sur I'emploi du Beton. 4to. Paris, 1843.

Coignet, F. Beton Agglomfer^ pour Fortifications, Fonts, etc. Svo. Paris, 1862.

Davis, C. T. Practical Treatise on the Manufacture of Bricks, Tiles, and Terra-

cotta, &c. Svo. Philadelphia, 1884. [Process. Svo. 1868.

Day, St. J. V. Manufacture of Malleable Iron, with special reference to the Richardson

DoJison, E. Treatise on the Manufacture of Bricks and Tiles, 12mo. 1850.

Drake, C. Building in Concrete. Svo. 1874.

FaiJH, H. Portland Cement for Users. Svo. 1881. [edition, Svo. 1869.

Fairbairn, W. Iron ; its History, Properties, and Processes of I\Iauufacture. 3rd

Farraday, M. Prevention of Dry Rot in Timber. Svo. 1836.

Flachat, E., Barrault, A., and Petiet, J. Traite de la Fabrication du Fer et de la

Fonte, etc. 3 vol* 4to, and folio. Liege, 1852.
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Gilmore. Practical Treatiso on Limes, Hydraulic Cements, and Mortars. 8vo. Now
Godwin,' G. Nature and Properti^is of Concrete. 4to. 1836. [York, 18(53.

Hodgkinson, E. Experimental Researches on the Strength and other Properties of

Cast Iron, &c. 8vo. 184G.

Holtzapffel, C. Descriptive Catalogue of the Woods commonly employed for the

Mechanical and Ornamenral Arts. 8ro. 1843.

Hull, E. Treatise on Building and Ornamental Stones of Great Britain and Foreign

Countries. Svo. 1872.

Hutchinson, J. New Experiments in Building Materials, in reference to their Conduct-

ing Power, Dryness, and Resistance to tlie Progress of Fire. 8vo. 1843.

Hyatt, T. Experiments with Portland Cement Concrete, combined with Iron, as a

Building Material. 4to. 1877.

Keily, J. Expansion of Strnctures by Heat. 8vo. 1887.

Kirkaldy, D. Experimental Inquiry into the Tensile, Strengtl), &c., of Wrought Iron

and Steel. New edition, Svo. Glasgow, 1863.

Results of an Experimental Inquiry into the Mechanical Properties of Steel.

Laslett, T. Timber and Timber Trees. 8vo. 1875. [4to. 1873.

Lee, A. Marble and Marble Workers. Svo. 1888.

Lingard, J. Inquiry into the Nature and Construction of Timber, including the Causes

of Dry Rot. 2nd edition, Svo. 1842.

Lockwood, H. Concreting and Asphalting. 4to. Manchester, 1886.

Metropolitan Board of Works. Regulations for the Construction of Concrete Buildings

under the Metropolitan Building Act, 1855. Folio. 1882.

Mushet, D. Papers on Iron and Steel, Practical and Experimental. Svo. 1840.

Papworth, J. Eisay on the Causes of Dry Rot in Buildings. 4to. 1803.

Pasley, C. W. On Limes, Calcareous Cements, Mortars, Stuccoes, Concrete, and Puzzuo-

lanas, &c. Svo. 1838. 2nd edition, Part I. only. 1817. [Enlarged, 187-').

Percy, J. Metallurgy; or, the Art of Extracting Metals from their Ores. Svo. 1859-61.

Potter, T. Concrete ; its use in Building. Svo. (1877).
Reid, H. Practical Treatise on Concrete, and how to make it ; with Observations on the

uses of Limes, Cements, and Mortars. r2mo. 1869.

The Science and Art of the Manufacture of Portland Cement, with some
Constructive Appliances. Svo. 1877. [Svo. 18.37.

Rogers, S. B. Treatise on Iron Metallurgy, up to the manufacture of Puddled Bars.

Smith, C. H. Lithology; or Observations on Stone used for Building. 4to. 1845.

Stone. Report and Investigation into the Qualifications and Fitness of Stone for Building

Purposes, particularly for the New Houses of Parliament. New edition, 4to. 1845.

Geological Survey of Great Britain. Mineral Statistics of Great Britain, &c.

By R. Hunt. Part II. for 185S. Svo. 1860.

Timber and Timber Duties Commissioners' Report. Folio. 1835.

Treussart, Gen., Petot, M., and Courtois, M. Essays on Hydraulic and Common
Mortars, and on Lime Burning. Translated by J. G. Totten. 8vo. New York, 1842.

Truran, W. The Iron Manufacture of Great Britain. Revised edition, 4to. 1862.

United States. Report on the Building Stones of that country. 4to. New Y'ork, 1883.

Unwin, W. C. Rate of Hardening of Cement and Cement Mortars. 8vo. 1886.

Testing of Portland Cements. 12mo. Manchester, 1886.
• Testing of Materials of Construction. 8vo. 1888.

Vicat, L. J. Recherches exp^rimentales sur les Chanx de Construction, les Betons, ct

Mortiers ordinaires. Svo. Paris, 1819. Tran.sl. by .1. T. Smith. Svo. 1837.

Whichcord, J. Kentish Ragstone as a Building Material. Svo. 1846.

XI. STATICS, STRAIN, STRENGTH, MECHANICS, TABLES, &c.

Adamson. D. The Mechanical and other Properties of Iron and Mild Steel. Svo. (1878.)
Adcock, H. Engineer's Pocket Book. Svo. 1862, &c.
Anderson, J. Strength of Materials and Structures. 5th edition, 12mo. 1880. Timo.
Baker, B. On the Strength of Beams, Columns, and Arches. Svo. 1870. [1887.
Baker, T. Principles and Practice of Statics, and Dynamics. ]2mo. 1851.

Barlow, P. Treatise on the Strength of Timber, Cast Iron, Malleable Iron, and other

Materials, &c. New edition. Edited by J. F. Heather. Svo. 1851.

Beardmore, N. Hydraulic Tables. 2nd edition, 12mo.
Bourdais, J. Traite Pratique de la Resistance des Materiaux appliques a la Construction

des Ponts, des Batimens, etc. Svo. Paris, 1859. [1851.
Bow, R. H. Treatise on Bracing, with its Application to Bridges, &c. Svo- Edinburgh,
Box, T. Prnctical Treatise on the Strength of Materials, including their Elasticity, &c.

Svo. 1883.
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Erunet, F. Dimons'ons de Fers qui doivent former la Coupole de la Halle anx Grains.
Campin, F. Engineers' Pocket Remembrancer. 8vo. 1863. [Folio. Paris, 1809.
CargiU, T. Strains upon Bridge Girders and Roof Trusses. 8vo. 1873.
Clarke, G-. S. Principles of Graphic Statics. 4::o. 1880.
Cotterill, J. H. Applied Mechanics. 8vo. 18S4.

Engineers', Architects', and Contractors' Pocket Book. 8vo. (Weale.) 1863, &c.
Fairl)airn, W. Application of Cast and Wrought Iron to Building Purposes, -with

Treatise on Wrought Iron Bridges. 4th edition, 8vo. 1870.
Useful Information for Engineers. 4th edition, 3 vo's., 8vo. 1864-67.

Fenwick, S. Mechanics of Construction, including the Theories of the Strength of
Materials, Roofs, Arches, and Suspension Bridges. 8vo. 1861.

Graham, R. H. Graphic and Analytic Strains in Theory and Comparison ; also a
chapter on AVind Pressures. Svo. 1883.

Grier, W. The Mechanic's Calculator. 4th edition, 12mo. 1841.
Hogg, J. Merchant and Iron Trader's Guide, &e. Tables of Weights and Measurement

of Metals, Stone, and Timber. 12mo. 1859.
Humber, W. Strains in Girders and similar Structures, and their Strength. 12mo.
Hurst, J. T. Handbook of Formulse, (S:c. 13lh edition, sm. obi. 1882. [18()8, 188;).

Inwood, W. Tables for the Purchasing of Estates, Freehold, Copyhold, &c. ; Annui-
ties, &c. 7th edition. By F. Thoman. 12mo. 1859.

Kirk, Balfour, and Ward. New Zealand Timber. 8to. Wellington, 1875.
Iiirkaldy, D. Results of an Experimpntal Inquiry into the Comparative Tensile Strength,

&c., of various kinds of Wrought Iron and Steel. Svo. 1862. Results of an
Experimental Inquiry into the relative properties of Wrought Iron Plates. 4to. 1876.

Lea, W. Tables of Strength and Deflection of Timber. 8vo. 1860.
Malpas, H. Builder's Pocket Book of Reference : Tables of Strength of Timbers,
Wood, and Iron Beams, &c. 18mo. 1852.

Molesworth, G. L. Pocket Book of Useful Formulse and Memoranda. 21st edition,

16mo. 1882.

Morin, A. J. Le9ons de Mecanique Pratique. 4 vols. 1846-50. 2nd edition, Svo.

Paris, 1855. Aide-memoire de Mecanique Pratique. 5th edition, 8vo. Paris, 1861.

Fundamental Ideas of Mechanics, and Experimental Data. Translated, &c., by J.

Bennett. Svo. New York, 1860. [edition. Svo. 18 V..

Moseley, H. Mechanics applied to the Arts, including Statics and Hydraulics. 3;d
Mechanical Principles of Engineering and Architecture. 2nd edition, 8vc. 1855.

Moss, N. A. Strength of Materials and Strains in Structures ; treats of Girder and
Suspension Bridges only. Svo. 1887.

Neville, J. Hydraulic Tables, Coefficients, and Formulae for finding the Discharge of

Water from Orifices of all kinds. New edition, Svo. 1860.

dander, E. New Method of Graphic Strains applied in the Construction of Wrought
Iron Girders ; Series of Working Drawings of Modern Type. Vol. I. Folio. 1880.

Peddie, A. The Practical Measurer, or Wood Merchant's Assistant ; with Tables. New
edition, Svo. Glasgow, 1862.

Penn, S. Tables showing the Weight of different lengths of Round, Square, Flat Bar
Iron, &c. 5th edition. Liverpool, 1813.

Planat, P. Pratique de la Mecanique appliquee a la Resistance des Mat^riaux. Svo.

Pari.s, 1887.

Pratt, J. H. Mathematical Principles of Mechanical Philosophy, and their Application

to Elementary Mechanics and Architecture, &c. Svo. Cambridge, 1845.

Rankine, W. J. M. Manual of Applied Mechanics. 3rd edition, Svo. Glasgow, 1864.

Richards, J. Wood-working Factories and Machinery. Svo. New York, 1873.

Ricker, N. C. Elementary Graphic Statics and the Construction of Trussed Roofs. 8vo.

New York.
_

[1882.

Roberts, J. The Pressure of Wheat stored in elongated cells or bins. Svo. Liverpool,

Robertson, F. Tables for Arches. Svo. 1871. [Students. Svo.

Robinson, H. Hydraulic Power and Machinery, for the use of Practical Engineers and

Ryde, E. Hydraulic Tables : Discharge of Water through Pipes, &c. Svo. 1352.

Seddon, H. 0. Tables on the Strength of Timber. Svo. Chatham, 1881.

Shields. F. W. Strains on Structures of Ironwork, with Remnrks on Iron Construction.

Svo. 1861. 2nd edition, Svo. 1867.

Snell, G. Stability of Arches. Svo. 1846.

Stoney, B. B. Theory of the Strains in Girders and similar Structures; Tables of

Strength of Materials. Svo. 1869.

Tarbuck, E. L. Handbook of House Property; a Practical Guide, including the Law of

Dilapidations, Fixtures, and Valuations, &c. 4th edition, ealarged, Svo. 1887.

Tarn, E. W. Science of Building ; Elementary Treatise on the Principles of Cor.strue-

tion. Svo. 1870.
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Tate, T. Strength of Materials ; original Formulae, applied to Tubular Bridges, Iron

Beams, &c. 8to. 18o().

Timniiu!', T. Examples of Iron Eoofs, &e. Vol. 1, 4to. 1882. Obtaining by Diagnims

the Strains in, and Strength of, Ei^eted Girders and Curved Eoofs. Vol. 2,4to. 1882.

Tomlinson, C. Mechanics. 12mo. 1859.

Toussaint, 0. J. Traite de Geometric et d'Architecture Theorique et Pratique simplifie.

4 vols, 4to. Paris, 1811-12.

Tredgold, T. Practical Treatise on the Strength of Cast Iron and other Metals.

Eevised, &c., by E. Hodgkinson. 8vo. 1860.

Turnbull, A. H. Tables of Compound Interest, and Annuities; Yearly, &c., Payments.

8vo. Edinburgh, 1863.

Turnbull, W. Essay on the Construction of Cast Iron Beams. 8vo. 1833.

Unwin, W. C. Formulse for Flow of Water in Pipes. 4to. Manchester, 1886.

Warr, F. Dynamics, Construction of Machinery, Equilibrium of Structures, and the

Strength of Materials. 8vo. 1851. [1857.

Weir, H. F. Land Measuring Tables, showing the area of any sized Plot. 8vo. Glasgow,

Whewell, W. Elementary Treatise on Mechanics. 7th edition, 8vo Cambridge, 1847.

Willich, C. M. Popular Tables f(U' ascertaining the Value of Lifehold, Leasehold, and
Church Property. 4th edition, 8vo. 1859.

Wooilbury, D. P. Treatise on the various Elements of Stability in the well-proportioned

Arch. 8vo. New York, 1858.

XII. PRACTICAL WOEKS OF CONSTRUCTION.—See also Class X.

Adams, H. Joints in Woodwork. 8vo. 1877.

Adliemar, J. Traite de Charpente. 2nd edition, 8vo. Paris, 1854.

Traill de la Coupe des Pierres. Text 8vo., plates folio. Paris, 1859.
Ardant, P. Sur la Charpente a Grande Portee. Folio. Paris, 1853.

Ashpitrl, A. New Guide, or Book of Lines for Carpenters, geometrically explained.

New edition, 4to. 1857.

Handrails and Staircases; a Simple Method of Finding the Lines. 4to. 1851.
Bancroft, E. M. and F. J. Tall Chimney Construction. 8vo. Manchester, 1 885.

Bankes, L. Joiner's Instructor in the Construction of Staircases and Handrailing. 4to.

Blagrove, G. H. Shoring and its Application. 8vo. 1887. [1849.
Borgnis, J. A. Traite Elementaire de Construction appliquee a I'Architecture Civile.

2 vols. 4to. 30 plates. Paris, 1823. 3rd edition, 4to. Li^ge, 1840.
Brandon, E. and J. A. Open Timber Eoofs of the Middle Ages. 4to. 1849.
Brees, S. C. Eailway Practice : a Collection of Working Plans, &c. 4 series, 4to.

1837, 1810, 1847.

Brown, G. Heidthy Foundations for Houses. 18n:o. New York, 1885.
Brunet, F. Dmiensions des Fcrs de la Conpole do la Halle au Grain. 4to. Paris, 1809.
Bruyere, L. Etudes relatives a I'Art des Constructions. Folio. Paris, 1823-28.
Building Construction. Notes on. 3 vols. 8vo. 1875-79.
Burn, E. S. New Guide to Carpentry, general Framing, and Joinery, theoretical and

practical. 4to. 1871.

r>urv, T. Eemains of Ecclesiastical Woo:1work. 21 plates, 4to. 1847.
Christy, W. J. Practical Treatise on the Joinrs made and used by Builders. 1 2mo. 1882.
Collings, G. Circular Work in Carpentry and Joinery : A Practical Treatise on Circular
Work of Single and Double Curvature. 8vo. 1887.

Dempsey, G. D. Examples of Iron Eoof, spans from 20 to 153 feet. Folio. 1850.
Dobson, E. Eudimentary Treatise on Masonry and Stone-cutting. 12mo., 4to. 1849.
Eudiments of the Art of Building. 12mo. 1881. On Foundations and Concrete Work.
12mo. 1850.

Douliot, J. P. Traite special de Coupe des Pierres. 2 vols. 4to. Paris, 1825.
Durand-Claye, A. Etude sur la Stabilite de la Coupole projetee par Bramante pour la

Basilique de S. Pierre de Eome. 4to. Paris, 1879.
Eck, C. L. G. Traite de I'Application du Fer, de la Fonte, et de la Tole, dans Ics Con-

structions Civiles, etc. Folio. 1841.
. Memoire sur la Construction de Nouveaux Planchers, destines a rendre les BAti-

^ ments IncomViustibles. Folio. Paris, 1841. [Liege, 1845.
Emy, A. E, Trait^ de I'Art de la Charpenterie. 2 vols. 8vo. 157 plates, foli ..

. Description du Nouveau Systeme d'Arcs pour les Grandes Charpentes. Folio.
Liege, 1852.

Fairbairn, W. Treatise on Mills and Millwork. Part L Principles of Mechanism.
3rd edition, 8vo. 1871. Part II. Machinery and Construction and Arrangement of
Mills. 2nd edition, Svo. 1865.
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Fontenay, T. Notice on the Construction of the Tunnels of St. Cloud and Motretout
;

with General Observations on Subterranean Passages, and the Dimensions and Prices
of Sixty-six Tunnels in France, England, and Belgium. 8vo. Paris, 1847.

Fourneau, H. Art du Trait de Charpenterie. 4 vols, folio, 87 plates. Paris, 1820.
Fox, H. H., and Barrett, G. Construction of Public Buildings and Private Dwelling-

Houses on a Fireproof Principle, without increase of cost. 12mo. 1849.
Frezier, M. Theorie et la Pratique de la Coupe des Pierres et des Bois. 3 vols. 4to.

plates. Paris, 1757.

Galpin, J. Joiner's Instructor : Staircasing and Handrailing, 2 vols. 4to. 1853.
Joiner's Own Book, and Builder's New Guide, showing the Improvements upon

Ciirpentry and Joinery since the days of the late Mr. Nicholson. 39 plates, 4to. 1856.
Gauthey, E. M. Dissertation sur les Degradations survenues aux Piliers du Dome du

Pantheon, et sur les Moyens d'y remedier. 4to. plates. Paris, 1798.
Goodwyn, H. Wrought-Iron Roofing, as applicable to every description of Building, and

showing the modiiication necessary to adapt the system to European dwellings in
India, &c. 4to. Calcutta, 1844.

Hassenfratz, J. H. Traite de I'Art du Charpentier. 4to. Paris, 1804.
Jousse, M. Ouverture de I'Art du Serrurier, Charpentier, etc. 2 vols, folio. Fl^che,

1627. Le Secret d'Architecture. Folio. 1642. L'Art de Charpente. 3rd edition,

folio. Paris, 1702.

Krafft, J. C. Traite sur I'Art de la Charpenterie; Plans, Coupes et Elevations, de
. di verses Productions. Folio. Paris, 1820.

Lasvinges, H. et L. Cathedrale de Bayeux : Reprise en sous-oeuvre de la Tour Centrale
;

Description des Travaux. 25 plates, 4to. Paris, 1861.

Laxton, H. Examples of Building Construction, being a Series of Working Drawings to
a large Scale. 27 parts, folio. 1853-56.

Matheson, E. Works in Iron ; Bridge and Roof Structures, with a Vocabulary. Svo.

1873.

Merrifield, C. W. Determination of the Form of the Dome of Uniform Stress. Svo.
Mesauge, M. Traits de Charpenterie et des Bois de toutes Esp^ees. 2 torn. Paris, 1753.
Mignard, B. R. Guide des Constructeurs ; Traite. 3rd edition, by A. F. Chelly. 2

vols. Svo. ; 87 plates, folio. Paris, 1866.

Morey, P., et Koux, H. Charpente de la Cathedrale de Messine. Folio. Paris, 1841.

Morris, T. British Carpentry : History and Principles of Gothic Roofs. 8vo. 1871.

Newland, J. Carpenter's and Joiner's Assistant, &c. 2 vols, folio. Liverpool, 1860.

Nicholson, P. Carpenter and Joiner's Assistant. 4to. 1815. Carpenter's New Guide.

4to. 1819. Practical Treatise on the Art of Masonry and Stone-Cutting. Svo. 1832.

Oldham. Report on the Fall of the Cotton Mill. Folio. 1845.

Oppermann, C, A. Nouvelles Annales de Construction. In progress, folio. Paris,

1855-87.

Powell, G. T. Foundations and Foundation Walls ; Pile Driving; Building Stones and
Bricks. With Foundations and Isolated Piers as followed in Chicago, by F. Baumann.
Svo. New York, 1887.

Price, F. British Carpenter. 4to. plates. 1753.

Riddle, R. Staircasing, Handrailing, Carpentry, &c. 1860.

Roberts, T. Mode of Scarfing Timber. Svo. Devonport, 1 852.

Robson, G. Modern Domestic Building Construction. Folio. 1876.

Robson, R. Mason's, Bricklayer's, and Decorator's Guide ; containing Examples of

Foundations, Domes, Lighthouses, Bridges, &c. 4to. 1862.

Rolfe, C. Chancel Screens and Roofs. Svo. Reading, 1876.
_

[1846-50.

Romberg, S. A. Die Zimmerwerk-Baukunst in alien ihren Theilen. FoUo. Leipzig.

Rondelet, J. Traite Theorique et Pratique de I'Art de Batir. 5 vols. 4to. and 207

plates, folio. Continuation of G. A. Blouet. Paris, 1858. lOih edition.

As great use was made of this work by Gwilt, we notice here that he had the edition

of 1835. It was first published in 1805-10, which edition is in the library of the

Institution of Civil Engineers; the second, of 1812-14, is in the library of the

Institute of British Architects, and in Sir John Soane's Museum ;
while the

British Museum contains the edition dated 1830-2. In this one some of the

plates have been re-engraved and rearranged. [Paris, 1814.

M^moire Historique sur le Dome du Pantheon Francois. 10 plates, 4to.

M^moire sur la Reconstruction de la Coupole de la Halle au B16 de Paris.

4to. 3 plates. Paris.

Roy, C. F. le. Traif^ de Stdreotomie ; a la Theorie des Ombres, la Perspective lin^aire,

la Gnomonique, la Coupe des Pierres, et la Charpente. 2 vols, folio and 4to. Li^ge,

1845.

Seddon, H. C. Building Trades and Building Construction. 2nd edition, folio. Chatham,

Builders' Work and the Building Trades. Svo. 1880. [1877.
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Sganzin, J. Lemons d'un Cours de Constructions, avec des applications tirees speciale-

ment'del'Artde ringenieurdes Fonts et Chaussees. 5th edition, by M. Eeibell. 180

plates, folio. Text 3 vols. 4 to. Paris, 1845. [18G0. 8vo. 1877.

Simms, F. W. Practical Tunnelling. Eevised by W. D. HaskoU. 2nd edition. 4to.

Simoni'n. Traitd El^nientaire de la Coupe des Pierres. 4to. Paris, 1792.

Sirr, H. English Stall Work, Canopies, and Eood Screens of the XVth century. 2 vols.

4to. ISSs'-So. [1878.

Small, J. W. Scottish Woodwork of XVIth and XVIIth century. Folio. Edinburgh,

Sfock, C. H. Shoring and Underpinning. 8vo. 1882.

Tarbuck, E. L. Encyclopaedia of Practical Carpentry and Joinery, &c. 4to. 1857-69.

Tiirn, E. W. Elementary Principles of Carpentry and Joinery, from the work by

Tredgold. Plates, 4to. 8vo. 1873. On the Construction of Roofs. 12mo. 1882.

Thierry" Eecueil d'Esealiers en Pierre, Charpente, Menuiserie et Fonte. 4to. Paris, 1844.

Timmins. T. Iron Girders and Eoofs. Vol. 1, 2ud edition, 4to. 1883. Vol. 2,

Graphic Strains. 4to. 1882.

Tregold, T. Elementary Principles of Carpentry, by P. Barlow. 4to. 50 plates. 1853.

Eevised by T. Hurst. 3rd edition, 8vo. 1880. 5th edition, revised by E. W. Tarn.

4to. 1885.

Trendall, E. W. Examples for Eoofing, &c., for Show-Eooms, Theatres, Warehouses,

Churches, Chapels, Schools, Villas, Greenhouses, &e. New edition, 4to. 1860.

AValker, T. L. Architectural Precedents. 65 plates, 8vo. 1841.

Walmisley, A. T. Iron Eoofs. Folio. 1884.

Willcocks, G. W. Eoads and Eoadways. Svo. 1879.

XIII. FIREPROOF CONSTRUCTION, &c.

Ashpitel, A., and Whichcord J. Fireproof Houses in Flats. 8vo. ISoo.

I^ellamy, T. Fireproof Construction. Folio. 1872.

Eoult, J. Structural Eequirements of the Fire Prevention Acts, &c., in Liverpool.

Svo. Liverpool, 1869.

Braid wood, J. Fireproof Buildings. Svo. 1850.

Fire Prevention and Fire Extinction. Svo. 1865.

Fox, H. H., and Barrett, G. Construction of Public Buildings and Private Dwelling
Houses on a Fireproof Principle, without increase of cobt. 12mo. 1849.

Hornblower, L. Improvements in the Construction of Fireproof Buildings ; Specifica-

tions, &c. Svo. 1874.

Merryweather, J. C. Fire Protection of Mansions. Svo. 1881.

Papworth, W. Notes on the Causes of Fires; or, which is the safest of the various modes
of Warming Buildings. 16mo. 1853.

• Notes on Spontaneous Combustion. 16ino. 1855.

Shaw, E. M. Fire Surveys; or. Principles in Estimating Eisk of Buildings. Svo. 1872.

Young, C. F. T. Fires, Fire-engines, &c. ; with Eemarks on Fireproof Construction.

Svo. 1866.

XIV. BRIDGES AND ARCHES.

Adhemar, J. Traite Theorique et Pratique des Fonts Biais. Folio. Paris, 1857.
Anselin, N. J. B. Experiences sur la Main d"(Euvre des difFerens Travaux dependans du

Service des Ingenieurs des Fonts et Chauss^es, etc. 4io. Boulogne, 1810. [1804.
Atwood, G. Dissertation on the Construction and Properties of Arches. 4to. 1801-
Aubry. M^moire sur la Construction d'un Pont de Bois de 450 Pieds d Ouverture d'un

seul Jet, etc. 4to. Paris, 1790. [Bridge. 4to. 1884.

Baker, B. The Strength of Beams, Columns, and Arclies. Svo. 1870. The Forth
Bashforth, F. Practical Treatise on the Construction of Oblique Bridges with Spiral and

with Equilibrated Courses. New edition. Svo. 1855.

Bauernfeind, C. M. Vorlegeblatter zur Briickenbaukunde. Folio. Munich, 1853-54.
Blackfriars Bridge. 7 plates of the machines used in its construction and the centring

of the middle arch. Oblong folio.

Blair and Phillips. Construction of Viaducts, Bridges, &c. Svo. 1815.
Boistard, L. C. Eecueil sur les Fonts de Nemours, &c. 4to.. 19 plates. Paris, 1822.
Bow, E. H. Treatise on Bracing ; with its Application to Bridges, &c. Svo. Edin-

burgh, 1851.

Cargill, J. Strains upon Bridge Girders and Roof Trusses. Svo. 1873.
<^lark, E. Britannia and Conway Tubular Bridges, with General Inquiries on Beams.

2 vols. Svo. 1850.
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Cresy, E. Practical Treatise on Bridge Building and on the Equilibrium of Vaults and
Arches. Plates, folio. 1839.

Dempsey, G. D. Maleable Iron Tubular Bridges. 4to., plates folio. 1850.
Brick Bridges, Sewers, and Culverts. 4to., plates folio, 1850.

Emmery, H. C. Pont d'lvry en Bois, sur Piles en Pierre, traversant la Seine pres du
confluent de la Marne. 2 vols. 4to. plates. Paris, 1832.

Etzel, C. von. Briicken und Thaliibergange Schweizerischer Eisenbabnen. Folio. Basel,
1856. Supplement, 1859.

Exchaquet, H. Dictionnaire des Ponts et Chaussees. 8vo. 12 plates. Paris, 1787.
Fairbairn, W. Account of the Construction of the Britannia and Conway Tubular Bridges.

20 plates, 8vo. 1849.

Gauthey, E. M. Traite de la Construction des Ponts ; M^moires sur les Canaux de
Navigation, etc., public par M. Navier. 4 vols. 4to. plates. Paris, 1816.

Gautier, H. Traite de la Construction des Ponts et Chaussees. 8vo. Paris, 1721-65.
Goury, G. Repueil d'Observations, M^moires et Projets concerrant la Navigation

Interieure. 2 vols. 4to., plates folio. Paris, 1827.
G-wilt, Joseph. On the Rebuilding of London Bridge. 8vo. with 1 plate. 1823.

Treatise on the Equilibrium of Arches. 8vo. plates. 1826. The editions of a
later date are spurious, being without additions or corrections by the author.

Hann, J., and Hosking, W. Theory, Practice, and Architecture of Bridges of Stone,
. Iron, Timber, Wire, and Suspension. 4 vols. 8vo. 1843. Supplement, by G. R.
Burnell. 8vo. 1850. [Iron. Folio. 1864.

Ilaskoll, W. D. Examples of Bridge and Viaduct Construction of Masonry, Timber, and
Haupt, H. General Theory of Bridge Construction, containing Demonstrations of the

Principles of the Art, the Strains upon Chords, Ties, Braces, &c. New edition, 8vo.

New York, 1853.

Hodges, J. Great Victoria Bridge at Montreal in Canada. Text 4to., plates folio. 1860.
Humber, W. Complete Treatise on Cast and Wrought Iron Bridges and Girders, as

applied to Railway Structures and Buildings generally. Plates, 4to. 1860.
-——— Complete Treatise on Cast and Wrought Iron Bridge Construction, including Iron

Foundations. 80 plates, 2 vols. 4to. 1864 and 1870.

Hutton, C. Principles of Bridges. 8vo. 1772.

Latham, .T. H. Construction of Wrought Iron Bridges, embracing the Practical

Application of the Principles of Mechanics to Wrought-Iron Girder Work. Svo.

Cambridge, 1858.

Le Sage, P. C. Recueilde divers IMemoires des Ponts et Chaussees. 2 vols. 4 to. Paris, 1810.

Marquand, C. On the Different Constructions of Bridges, and Improvements to secure

their Foundations. 4to. 1749.

Maw, W.H., and Dredge, J. Modern Examples of Road and Railway Bridges. 4to. 1872.

Milne, J. Theory and Principles of Bridges and Piers. 8vo. 36 plates. 1806.

Molinos, L., et Pronnier, C. Traite Theorique et Pratique de la Construction des Ponts
Metalliques. 4to., plates folio. Paris, 1858.

Navier. Memoire sur les Ponts Suspendus. 4to. Paris, 1830.

Nicholson, P. Giiide to Railway Masonry, containing a complete Treatise on the Oblique

Arch. 3rd edition, revised by R. Cowen. 8vo. 1860.

Perronet, M. (Euvres de. 4to., plates folio. Paris, 1793.

Polonceau, A. R. Notice sur le nouveau Systeme de Ponts en Fonte, suivi dans la Con-
struction du Pont du Carrousel. 4to. Atlas folio, plates Paris, 1839.

Pont en Pierre a construire sur la Seine a Rouen. 4to. plates. Paris, 1815.

Prony, M. de. Nouvelle Architecture Hydraulique. 2 vols. 4to. plates. Paris, 1790.

Regemortes, M. de. Description du nouveau Pont de Pierre construit sur la Rivifere

d'Allier a Moulins. Folio. Paris. 1771.

Robertson, F. Tables for Arches. Svo. 1871.

Rondelet, A. Essai Historique sur le Pont de Rialto. 4to. plates. Paris, 1837.

Seaward, J. Observations on the Rebuilding of London Bridge. Svo. plates. 1824.

Seguin, A. Des Ponts en Fil de Fer. Svo. plates. Paris, 1824.

Semple, G. Treatise on Building in Water. 63 p'ates, 4to. Dublin, 1776.

Shanahan, M. Plans and Elevations of Bridges in France, Switzerland, Italy, and

Savoy. Oblong folio. Plates only. No date.

Snell, G. Stability of Arches. Svo. 1846. [1882.

Telford, T. Reports on the Holyhead Roads. Harbour, Bridges, &c. Folio, with plates.

Turnbull, W. Mathematical Investigation of Dredge's Principle for Bridges. Svo. 1841.

Vicat, L, J. Description du Pont Suspendu construit sur la Dordogne a Argental. 4to.

plates. Paris, 1830.

Ware, S. Treatise on the Properties of Arches, and their Abutment Piers. 1 809.

Wiebeking, Le Chevalier. Architecture Hydraulique fondle sur la Theorie et la Pratique.

4 vols. 4to. Atlas vol. of plates. Munich. 1814-24.
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XV. SPECIFICATIONS, GUIDES TO TRADES, OFFICE WORK.

Biirtbolome-.v, A. Specifications fm- Practical Architecture, preceded by an Essay

on the Decline of Excellence in the Structure and in the Science of Modern English

Buildings. 8vo. 1840. 2nd edition, 8vo. 1846.

Beckett-Denison, Sir E. Lectures on Cliureh Building; -with Remarks on Bells and

Clocks. 2nd edition, 8vo. 1856.

A Book on Building; including Church Eestoration. 2nd edition, 12mo. 1880.

Blenkarn, J. Architectural and Engineering Specifications of "Works, Koads, and

Sewers, -with Agreements and Reports. 8vo. 1865.

Burn, R. S. Handbook of the Mechanical Arts in Building; with Hints on Road-

making and Enclosing of Land. 2nd edition, 8vo. Edinburgh, 1860.

Claudel, J. Formules, etc., oti Aide Memoire des Ingenieurs, des Architectes, etc. 2nd

edition, 8vo. Paris, 1857.

Dempsey, G. D. The Builder's Guide : A Practical Manual. 8vo. 1851.

Dobson, E. Rudiments of the Art of Building. 12mo. 1849.

Student's Guide. 3rd edition, with additions by E. L. Garbett. 8vo. 1858.

Donaldson, T. L. Handbook of Specifications, &:c. ; with a Review of the Law of Con-
tracts, by W. C. Glen. 2 vols. 8vo. 1860.

HaskuU, W, D. Clerk of the Work's and Young Architect's Guide. 12mo. 1849.

Houba, E. Code a I'usage de Proprietaires, Ingenieurs, Architectes. 8vo. Briix., 1880.

Hurst, J. T. Handbook of Formulae, Tables, and Memoranda for Architectural Sur-

veyors, &c. l3th edition, sm. obi. 1882. [edition, 8vo. 1880.

Jenkins, E., and Raymond, J. A Legal Handbook for Architects. 8vo. 1873. 3rd

Mathews, J. D. Architect's and Contractor's Handbook. 8vo. 1883, 1885.

Noble, J. Professional Practice of Architects, and that of Measuring Surveyors ; and
Reference to Builders. 8vo. 1836. [W.Young. 8vo. 1870.

Pewtner, W. Comprehensive Specifier: a Guide to Practical Specification. Edited by
Rankine, W. J M. Manual of Civil Engineering. 3rd edition, 8vo. Glasgow, 1864.

Roberts, J. B. Short Hints to the Student in Architecture on entering the Office, mak-
ing Drawings, &c. 16mo. 1852.

Rogers, F. The Architect's Guide : a Text-Book of Useful Information for Architects,

Engineers, Siirveyors, Contractors, Clerks of the Works, &c. 8vo. 1877.

Ryde, E. Tt-xt-Book for the constant use and reference of Architects, &c. Landed
Property, by J. Donaldson. 8vo. 1854. [tory and Diary for 1888.

Sears, J. E. The Architect, Surveyor, and Engineer's Compendium, Specialist's Direc-

Seddon, H. C. Notes on the Building Tnides and Building Construction. 2nd edition,

folio. Chatham, 1877. Builder's Work and the Building Trade. 8vo. 1886.

Science and Art Department. Notes on Building Construction. 3 vols. 8vo. 1875-79.
Spons' Architects' and Builders' Pocket Book. &c. 14th edition, by W. Young. 32nio. 1887.

W;ilker, T. L. Architectural Precedents; with Essay on Architectural Practice. 8vo. 1841.

Ware, W. R. Examples of Building Construction. 8vo. and 4to. Boston, U.S.A., 1877-80.
Wheeler. W. H. Construction, &c., of Roadways. 8vo. 1877.

Wightwick, G. Hints to Young Architects. 2nd edition, 8vo. 1860. New edition,

by G. H. Guillaume, 12mo. 1880.

XVI. DESIGN, DRA-WING, PERSPECTIVE.

Adhemar, J. Tiaite de Perspective. Svo. Paris, 1838. [4to. Paris, 1850.

Armengaud, C. Cours ^lementaire de Dessin industriel a I'usage des Ecoles premieres.

Nouveau Cours raisonne de Dessin industriel appliqu6 principalement a la

Mecanique et a I'Architecture. Folio. Paris, 1848.

Billings, R. W. The Infinity of Geometric Design exemplified. 4to. 1849.
— The Power of Form applied to Geometric Triicery. Svo. 1851.

Burchett, R. Linear Perspective. 18th edition, Svo. 1878.
Burges, W. Architectural Drawings : Measured Drawings from France, England, and

Italy, illu.strating 13th century work. Folio. 1870.
Davidson, E. A. Projection. 12mo. (1868.) Other works on DraM-ing for Trades.
Edwards, M. A Guide to Modelling in Clay or Wax. Svo. 1879. [Paris, 1846.
Grand, A. le. Dessin lineaire, base sur la Geometric pratique et la Perspective. Folio.

Griffith, W. P. Ancient Gothic Churches ; their Proportions, &e. 3 parts, 4to. 1847-52.
Gwilt, J. Sciography; or, Examples of Shadows; with Rules, &c. Svo. 24 plates. 1824.
Harding, J. D. Elementary Art ; or, the Useof the Black-lead Pencil advocated and ex-

plained. 28 plates, 4to., 4th edition. ie58. Lessons on Art. 2 vols. 48 plates,

2nd edition, Svo. 1854. Principles and Practiceof Art; treating of Beauty of Form,
Imitation, Composition, Light, Shade, Effect, and Colour. 4to. 1845.
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Jousse, M. Secrets d'Aivhitoclure et des Traits Geometriques. Folio. Fle^'he, 16i2.

Malian, D. H. Indastrial Dnnving; Use of Drawing Instraments, Plane Figures, Solids,

&c. &c. 8vo. New York, 18) 2.

Malton, J. Young Painter's Maulstick. 4to. 1806.

Practical Treatise on Perspective. 4to. 1800.

Malton, T. Complete Treatise on Perspective. Folio, 2 vols. 1778.

Minifie, W. Text-Book of Geometrical Drawing, for the use of Mechanics and Schools

;

Drawing Plans, &c., of Buildings and Machinery, Isometrical Drawing, Linear Per-

spective, and Shadows. New edition. 8vo. Baltimore, 1851.

Monge, G., et Brisson, M. Geometrie Descriptive ; suivie d'uno Th^orie des Omhres et

de la Perspective. 7th edition, 4to. Paris, 1847.

Normand, L. M., et Rebout, A. E. M. Eludes d'Ombres et de la vis. Folio. Paris, 184{),

Ogle, C. C. The Centrolinead. 8vo. 1873.

Pasley, C. W. Course of Practical Geometry and Plan Drawing. 8vo. 1838.

Portlock, E. J., and others. Geometrical Drawing. 4to. 1863.

Prout, S. Hints on Light, Shadow, and Composit'on, &c. 4to. 1838. [4to. 18.54.

Pyne, G. Rules for Drawing; Outline, Orders, Perspective, Light and Shade, Colour.

Roy. C. F. le. Traite de Geometric Descriptive. 3rd edition, 2 vols. 8vo. Paris, ISoO.

Raskin, J. Lectures on Architecture and Painting. 8vo. 1852.

The Elements of Perspective. 8vo. 1859.

Simms, F. W. Mathematical and Drawing Instruments. 12mo. 1817.

. Smith, J. Projection and Artistic Drawing. 2nd edition, 8vo. 1843.

Sopwith, T. Isometrical Drawing. 2nd edition, 8vo. 1843.

Spiers, R. P. Architectural Drawing. 4to. 1887. [1878.

Stanley, W. F. Descriptive Treatise on Mathematical Instruments. 5th edition, 8vo.

Tarn, E, W. Practical Geometry for the Architect, Engineer, Surveyor, and Mechanic.

8vo. 1871. ,
_ _

[Paris, 1863.

Tripon, J. B. Etudes progressives et completes d'Architecture et de Lavis. Folio.

Twining, H. Nature and Application of Perspective and Foreshortening. 8vo. 1850.

"Ware, W. R. Modern Perspective. Svo. and 4to. B ston, U.S.A., 1883.

Warren, S. E. Shades and Shadows : General Problems formed both by Parallel and by
Radial Rays. Svo. New Y^ork, 1867.

Willsou, H. Use of a Box of Colours : Composition, Light and Shade. 8vo. 1842.

Wilme, B. P. Handbook for Mapping, Engineering, and Architectural Drawing. Svo.

1846.

XVII. ORNAMENT, DECORATION, BRASSES, &c.

Adams, L. G. Recueil de Sculptures Gothiques d'apres les plus Beaux Monuments en

France depuis le XI^ jusqu'au XV« Siecle. 192 plates, 2 vols. 4to. Paris, 1856.

Decorations Interieures et Meubles des Epoques de Louis XHI. et XIV"., d'apres

les Compositions de C. de Passe, etc. 100 plates, folio. Paris, 1862-64. [1805.

AlbertoUi, F. Corse Elementai'e di Ornamenti^Architettonici. Folio, 28 plates. Milan,

Ame, E. Les Carrelages Emailles du Moyen Age et de la Renaissance. 4to. Paris, 1859.

Antonelli. CoUezione de' Migliori Ornamenti Antichi nella Citta di Ven.zia. 130 plates,

4to. Venezia, 18' ".

Architectural Ornai„onts. A Collection of Capitals, Friezes, Roses, Entablatures, Mould-
ings, &c., drawn on Stone from the Antique. 100 plates. (Ackermann), 1824.

Arundel Society. Sculptured Ornament of the Monastery of Batalha. Folio. 1868.

Asselineau, C. Meubles et Objets divers du Moyen Age et de la Renaissance. Folio.

Paris, 1854.

Audsley, W. J. and G. A. Outlines of Ornament in the Leading Styles. Folio. 1881.

, G. A., and Bowes, J. L. Keramic Art of Japan. Folio. 1875.

Baldus, E. Palais du Louvre et des Tuileries; Motifs de Decoration Int^rieure et Ex-
terieure. 2 vols, folio. Paris, 1874.

, Recueil d'Ornements d'apres les Maitres les plus celebres des XV" au XVIII*
Siecles. Folio. Paris, 1869.

Basoli, A. Eaccolta di Diversi Ornamenti. 100 plates, folio. Bologna, 1838.

——^ Compartimenti di Camere. 100 plates, fulio. Bolognn, 1827.

Beauvallet, P. N. Fragmens d'Architecture, Sculpture, et Peinture dans le Style Antique.

Folio. Paris, 1804.

Blashfield, J. M. History and Manufacture of Ancient and Modern Terra Cotta, and of

its Use in Architecture. 12mo. 1855.

Bock, translated by Suckau. Les Tresors Sacres de Cologne. 48 plates, coloured.

Bordeaux, R. Serrurerie du Moyen Age. 4to. Paris, 1853.

Borsato, G. Opera Ornamentale ; con Cenni Storici dell" Ornato Decorativo Italianp di

Vallardi. 60 plates, folio. Milauo, 1831.
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Koutell, C. Monumental Brasses of England. 8vo. 1849.

Boutowski, V. de. Histoire de rOrnement Russe du X= an XVI" Sieel», d'apr^s les manii-

scrits. 200 plates, folio. Paris, 1870-72.

Charles, R. Decorative Designs by Robert Adams. Folio. ,1883.

Choix des Monumens les pjus remarquables des Anciens Egyptiens, des Persans, des

Grecs, des Volsques, des Etrusques, et des Romains, consistans en Statues, Bas-Reliefs,

et Vases. 2 vols, folio. 244 plates. Rom-, 1788.

Cicoo-nara, L. Monumenti Sepolcrali cospicui eretti alle Memorie degli Uomini Celebri

in Venezia, &e. Folio. Turin, 1858.

Clarkson, D. A. Ancient Ironwork from the 13th century. 4to. 1860.

Colette, J. Livre de divers Ornemens pour Plafonds, Cintres, Surbaissees, Galeries.

Folio, 10 plates. Paris.

Colling, J. K. Art Foliage for Sculpture and Decoration. 72 plates, 4to. 1865.

. Gothic Ornaments of Great Britain. 200 plates, 2 vols. 4to. 1818-66.

Examples of English Mediaeval Foliage, taken from Buildings of the 12th to

15th century. 4to. 1872

Columbani, P. Capitals, Friezes, and^Cornices, &c. 4to.

Cramer, J. O. Ornements du Moyen Age en Italie et en Sicile. 4to. Ratisbon, 1842.

Creeny, W. F. A Book of Fac-similes of Monumental Brasses on the Continent of

Europe. Folio. Norwich, 1884.

Cu'ler, T. W. A Grammar of Japanese Ornament and Design. 65 plates, 4to.

1880, 1887.

Cutts, E. L. Manual for the Study of Sepulchral Slabs and Crosses of the Middle Ages.

8vo. Oxford, 1849.

Dal}', C. Motifs Historiques d'Architectiire et de Sculpture d'Ornemen'', des Monumcnt.s

Fran9ais de la Renaissance a la fin de Louis XVI. Two series, folio. Paris, 18G6-

68; 1874. Motifs Historiques d'Architecture, etc., pour la Composition et la Decora-

tion exterieure des Edifices publics et prives. 2 vols. foho. Paris, 1870.

Davidson, E. A. Amateur House Carpenter. 8vo. 1875.

Day, L F. The Anatomy of Pattern. 8vo. 1886.

Degen, L. Constructions en Briques. 48 plates, 4to. Paris, 1859.

Constructions en Bois; Motifs de Decoration et d'Ornement. 48 plates, 4to.

DestaiUeur, H. Recueil d'Estampes relatives a rOruementation des Appartements aux
XVI'^-XVIIP Siecles. Folio. Paris, 1865-71.

Didron, A. N. Manuel des (Euvres de Bronze et d'Orfevrerie du Moyen Age ; drawn liy

L Gaucherel. 4to. Paris. 1859.

Dietterlein, W. Architectura von Au'stheilung, etc. der fiiniF Seulen. Folio. Nurem-
berg, 1593, 1598. 5 Buch, 1655. New edition, folio. Liege, 1862.

Drawing-Book of the Government School of Design. Folio. 1842-43.

Dresser, C. Modern Ornamentation. 50 plates, 4to. (1866.) Art of Decorative Designs.

8vo. 1862. Japan: its Architecture, Art, &c. 8vo. 1882.

Duchene, Lacroix, et Sere. Le Moyen Age et la Renaissance ; Histoire des Moeurs, des

Arts, etc., a.d. 500-lCOO. 300 plates, 5 vols. 4to. Paris, 1848-51.

Eastlake, E. Recueil de Meubles et d'Ornements Interieurs de diflferents Styles depui.s

I'Epoque Louis XIII. 2 vols, folio. Bruxelles.

Ebbetts, D. J. Examples of Decorative Wrought Ironwork of XVIIth and XVIIIth
centuries. Folio. 1879.

Eggert, F. Sammlung Gothischer Verzierungen. Plates, folio. Munich.
Eisenlohr, F. Ornamentik in ihrer Anweudung auf verschiedene Gegenstande der Bauge-

werke. Folio. Carlsruhe and Lei j)zig, 1851.

Mittelalterliche Bauwerke im siidwestlichen Deutschland und am Rhein.
— und Feederle, F. Holzbauten des Schwarzwaldes, &c. Folio. Carlsruhe, 1854.

Fabre, A., and Veslay, L. de. L'Architecture au Salon ; Art Antique, Moyen ge. Re-
naissance, etc. Folio. Paris, 1872.

FerguRSon, J. Tree and Serpent Worsliip. 4to. 1868.

Feuchere, L. L'Art Industriel ; Recueil de Dispositions et Decorations Int^rieures. 72

plates, folio. Paris, 1839-48.
Fowler, W. Collection of Mosaic, Roman and Norman Tesselated Pavements, and ancient

Stained Glass, discovered in different parts of England. Folio. Various dates, from
1798 to 1821. Collations and Notes, 4to. 1883, by Lord Lindsay.

Gaucherel, L. Exemples de Decoration appliques a I'Architecture eta la Peinture. 120

plates, 4to. Paris, 1857-

Haines, H. A Manual of Monumental Brasses. 2 vols. 8vo. Oxford, 1861.
Ilavard, H. L'Art dans la Mai.son. 8vo. Paris, 1884.

Heideloff, C. A. von. Art Specimens of Nuremberg, for Turners, Pottery and Porcelain

Manufacturers, Jewellers and Goldsmiths, Woodcarvors, Carpenters, &c. 4 parts, 4to.

Nuremberg, 1851.
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Ileideloff, C A. von, aii'l Gorge!, C. Les Oi-nements du Moyen Age (Byzantine and Gothic
Sryles). 14-1 phites, -1 parts, 4to. Nuremberg, 1813-52.

Hessemer, F. M. Arabische und Alt-Italienisclie Bauverzierungen. 120 plates, large folio.

Berlin, 1842.

Hill, A. Gr. Organ Cases and Organs of the Middle Ages and Renaissance, Folio. 1883.
Hinz, A. Die Schatzkammer der JMarienkirche zu Dtmtzig. 8vo. 1871.
Hulme, F. E. Suggestions in Floral Design. Folio. 1886.

Husson, F. L'Architecture Ferroniere: Exeraples de Construction et d'Ornementation
ancienncs et modernes. 4to. Paris, 1872.

Jacquemart. A. History of the CVramic Ait—of all Ages and all Nations. Translated
by Mrs. Bury Palliser. 8vo. 1873.

Jalembier, C. A. Principes d'Ornemens pour I'Architecture. 40 p'ates. Paris.

Jenkins, W., and Hosking, W. Selection of Architectural and other Ornuments, Greek,
Roman, and talian. 25 plates, folio. 1829

Jombert, C. A. Repertoire des Artistes; ou Recueil de Compositions d'Architecture et

d'Ornemens, antiques et modernes, de toute espece, par divers Auteurs. 2 vols, folio.

Paris, 1765.

Jones, Owen. Examples of Chinese Ornament. 4to. 1866; and 8vo. 1867. The True
and the False in the Decorative Arts. 8vo. 1863.

Julienne, E. L'Ornemaniste des Arts Industriels. Folio. Paris, 1810.

Julienne, M. E. L'Orfevrorie Fran^aise, les Bronzes et la Qeramique. Folio. Paris, 1868.
King, T. H. Orfevrerie et Ouvrages en Metal du Moyen Age. 200 plates, 2 vols, folio.

Bruges, 1853-60.

Kinross, J. Details from Italian Buildings, chiefly Renaissance. ^Folio. Edinburgh, 1882.

Labarte, J. Histoire des Arts Industriels au Moyen Age et a TEpoque de la Renaissance.
2 vols 4to. Paris, 1848-51.

Lachave. Nouvelle Collection de Menuiserie en Batiments. Folio. 1864.

Serrurerie. Recueil contenant Balcons en fer corroye et d'autres en fonte, lits en

fer, etc Folio. 1864.

Lavedan, B. Guide Pratique de S rrurerie Usuelle et Artistique a I'usage des Archi-
tectes, etc. 3 vols 4to. Paris, 1867.

Ijefuel. Palais du Louvre et des Tuileries ; Motifs de Decorations. Folio. Paris, 1870.
Le Noir, A. Nouvelle Collection d'Arabesques propres a la Decoration des Appartemens

def^sinees a Rome par L. Poussiu 4to. Paris.

Lo Pautre, A. G^uvres d'Architecture ; contenant If^s Frises, Feuillages, Montana ou
Pilastres, Grotesques, Moresques, Panneaux, Placarts, Trumoaux, Lambris, Amortisse-
mens, Plafonds, et generalement tout ce qui concerne TOrnement. 3 vols, folio. Paris,

1751.

Levy, E. Meubles Religieux et^Civils conserves dans les Principaux Monasteres et

Musees de I'Europe du Moyen Age et de la Renaissance. Folio. 1863.

Lewis, T. C. Organ Building and Bell Founding. 4to. 1878. [Munich, 1872.

Metzger, E. Ornaments designed from Flowers, for Architects, Decorators, &c. Folio.

Moreau, C. Fragmens et Ornemens d'Architecture dessines a Rome d'apres I'Antique,

formant un Supplement a I'CEuvre d'Architecture de Desgodetz. Large folio, 36 plates.

Paris, 1802.

Nichols, J. G. Essay on Encaustic Tiles, with Examples. 4to. 1842-45.

Normand, C. Le Guide de FOrnemaniste et de Decoration. New edition, folio. Liege, 1847.

Nouveau Recueil en divers Genres d'Ornemens, et autres Objets propres a la

Decoration. Folio, 46 plates. Paris, 1803.

Oldham, T. Ancient Irish Pavement Tiles. 4to. Dublin, 1842.

Ornament. CoUezione dei Migliori Oriiamenti Antichi, sparsi nella Citta di Venezia, con

alcuni Frammenti di Gotica Architettura. Folio. Venezia, 1843-45.

Cours Elementaires de Lavis applique a I'Ornementation. Folio. Paris, 1853.

Papworth, J. \V. and AV. Specimens of Det-oration in the Italian Style, selected from the

Designs of Raffaello in the Vatican Palace at Rome. 14 plates, 4to. 1844.

Pequenot. Architecture, Sculpture, Cheminees, Plafonds, Decorations Interieures, d'apres

les Maitres. 200 plates, 4to. Paiis.

Percier, C, et Fontaine, P. F. L. Recueil de Decorations Interieures, comprenant toutce

qui a rapport a I'Ameublement. Folio, 72 plates. Paris, 1812.

Pergolesi, M. A. Designs for Arabesques. Large folio, 30 plates. 1777-85.

Petit, V. Nouveau Portefeuille de FOrnemaniste. 50 plates, folio. Paris, 1864.

et Bisiaux. Motifs de Decoration. 1st series, 50 plates, folio. Paris, 1864.

Pfnor, R. Architecture, Decoration et Ameublement de I'Epoque de Louis XVI. Folio,

Paris, 1864-65.

Ornementation usuelle de toutes les Epoques dans les Arts Industriellcs et en

Architecture. 2 vols, folio. Paris, 1867-68.

Piroli, T. Monumens Antiques du Musee Napoleon. 4 vols. 4to. 40 plates. Paris, 1804.
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Pompeii. Gli Ornati delle Pareti ed i PavimenM delle Stanze dell' Antica Pompeia.

Atlas folio, 21 plates. Napoli, 1796.

Puo-in, A. W. N. Glossary of Ecclesiastical Ornament and Costume. 3rd edition, 4to.

fses.

Floriated Ornament. A Series of 31 Designs. 4to. 1849,

Pullan, E. P. The Designs of William Burges. Folio. 1886.

Queverdo, F. M. Decorations Interieures ; Epoque de Louis XVI. Folio. Paris.

Eamee, D, Sculptures Decoratires, Motifs d'Ornementation recneillis en France, AUe-

niagne, Italie, et Espagne, dans les plus Beaux Monuments elerv^s du XII° au XV1«
Siecle. 4to. Paris, 1863-64.

Meubles Eeligieux et Cwils, conserves dans les principaux Monuments et Musees

de I'Europe, pendant Moyen Age—de Louis XVI. 2 vols, folio. Paris, 1864.

Eeynard, 0. Ornemens des Anciens Maitres desXV^ du XVIII" Siecles. Folio. Paris,

1841.

Eichardson, C. J. Studies of Ornamental Design. 2 vols, folio. 1849-51.

Eigollot. Histoire des Arts du Dessin, depuis TEpoque Eomaine jusqua la fin du
seizi^me Si6cle. 2 vols. Svo. Paris, 1861.

Eomagnesi. Eecueil d'Oraemens en Sculptures. Folio. Paris, 1843.

Eottman, L. Ornaments from the Interiors of Celebrated Buildings of Munich. Folio.

Munich, 1849.

Eouyer, E., et Dareel, A. L'Art Architectural en France depuis Fran9ois I" jusqu'a

Louis XIV ; Motifs de Decoration. 184 plates, 4to. Paris, 1862-65.

Rungo, L. Essais sur les Constructions en Briques en Italie. Text French and German.
2 series, folio. Berlin, 1846-63.

Schmidt, C. W. Baudenkmale in Trier und seiner Unigebung. 5 parts, folio and 4lo.

Treves, 1836-45.

Scott, Sir G. G. Guide to the Architectural Museum. 8vo. 1876.

Scott, W. B. The Ornamentist ; Designs selected from the Works of Dietterlin, Berain,

Blondel, Meissonier, Le Pautre, &c. 4to. Edinburgh, 1845.

Sharpe E. The OmameLtation of the Transitional Period of British Architecture, 1 145-

1190. 4to. 1871.

Shaw, H. Handbook of Mediaeval Alphabets and Devices. Svo. 1853.

Decorative Arts of the Middle Ages. 8vo. 1851.

Specimens of Tile Pavements. 4to. 1852.

Silvestre, J. Collection d' Alphabets ; Histoires et Fleuronnes tires des Principales Biblio-

theques de I'Europe. Folio. Paris, 1843.

Sommerard, A. du. Les Arts du Moyen Age, en ce qui concerne principalement le Palais

de Paris; I'Hotel de Cluny, etc. 11 vols. Svo. and folio. Paris, 1838-46.
Talbert, B. J. Gothic Forms applied to Furniture, Metal Work, Decoration, &e. Folio.

Birmingham, 1868.

Tatham, C. H. Grecian and Eoman Ornaments. Folio, 101 plates. 1825.

Thiollet, F. Modules de Serrurerie et Fonte de Fer. Folio. Paris.

Tyrwhitt, R. St. J. Christian Art and Symbolism. Sro. 1872.

Um^, G. L'Art Deeoratif ; Modeles de Decoration et d'Ornementation de tons les Styles.

4to. Paris, 1862.

Ungewitter, G. G. Plans, etc. Meubles du Moyen Age, composes par G. U. 48 plates,

folio. Leipzig, 1856.

Sammluiig mittelalterlicher Ornamentik in Geschichtlicher. Folio. Liepzig, 1863.

Vatican. Eeciteil d'Arabesques ; contenant les Loges du Vatican, gravies d'apres Raphael
et grand Nombre d'autres Compositions du meme Gout dans le Style Antique. Large
folio. Paris, 1802.

Viollet-le-Duc, E. E. Dictionnaire Raisonne du Mobilier Fran9ais de I'Epoque Carlovin-

gienne a la Renaissance. 4 vols. Svo. Paris, 1858-72.
Volpato, J. Raphael's Loggie del Vaticano. 3 vols, folio. Rome, 1772-77.
VuUiamy, L. Examples of Ornamental Sculpture in Architecture. 40 plates, folio. 1828.
Waller, J. G. and L. Monumental Brasses from Edward I. to Elizabeth. Folio.
Waring, J. B. Illustrations of Architecture and Ornament. 4to. 1868.

Stone Monuments, Tumuli, and Ornaments of Remote Ages. 4to. 1870.
Weale, J. Ornamental Ironwork, Gates, Ledges, Palisading, &c., in the Royal Parks, &c.

4to. 1840.

Wornum, R. N. Analysis of Ornament ; Characteristics of Styles. Svo. 1856.
Zach. Ornements d'Architecture du Moyen Age d'Angleterre et de France. 4to.

Munich, 1842.

Zahn, W. Select Ornaments for Architects and Workmen. Folio. 1844.
Zanetti, G. Stndj Architettonico-Ornamentali. Folio. Venezia, 1846.
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XVIII. COLOURED DECORATION, STAINED GLASS, HERALDHY, &c.

Adams, E. Polychromatic Ornament of Italy. 4to. 1847.

Arrowsmith, W. and A. House Decorator's and Painter's Guide ; Designs for Decorating
Apartments. 4to. 1840.

BeJtord, W:. K. R. The Blazon of Episcopacy. 8vo. IS.'iS.

Benson, W. Manual of the Science of Colour. 8vo. 1871.

Berg, A. R., and P. van der. School of Painting for the Imitation of Woods and
Marbles. 36 plates, folio.

Blackburne, E. L. History of the Decorative Painting applied to English Architecture
during the Middle Ages. 4to. 1847-

Bourgoin, J. Les Arts Arabes. Archi:ecture, Menuiserie, Bronzes, Plafonds, Marbres,
Pavements. Vitraux, etc., et le trait general de I'Art Arabe. Polio. Paris, 1873.

Burke, Sir B. Encyclopsedia of Heraldry or Geatral Armory. 8vo. 1842. New-
edition. 1878.

Cahier, C, et Martin, A. Vitraux Pients de Saint-Etienne de Bourges ; Recherches
detachees d'une Monographic de cette Caihedrale. Verrieres dn XTlI° Siecle. 74
plates, folio. Paris, 1841-44.

Suite aux Melanges d'Archeologie. Ser. P". Carrelages et Tissus. 8vo.

Paris 1873.

Caneto, F. Sainte-Marie d'Auch ; Atlas Monographique de cette Cath^drale. 60 plates

of glass, folio. Paris, 1857.

Chevreul, M. E. De la Loi du Contraste Simultane des Couleurs, etc. 8vo. Parle, 1829.

Pla'es, 4to, 1839. Translated by C. Martel, 8vo. London, 1854. Translated by
J. Spanton. 8vo. 1860 and 1883.

Church, A. H. Colour: an Elementary Manual for Students. 8vo., new edition.

1887.

Daly, C. Decorations Interieures Peintres. Salons, Salles a Manger, Chambres a

Coucher, etc. etc. 3rd series of L'Architecture Privee. Folio. Paris, 1874.

Davidson, E. A. House Painting, Graining, Marbling. &c. 12mo. 1876.

Descamps, H. P. V., et Le Maistre-d'Anstaing, I. Vitraux de la Cathedrale de Tournai,
dessines par Capronnier. 13 plates, folio. Paris, 1846-48.

Deville, A. Histoire de I'Art de la Verrerie dans I'Antiqiiite. 4to. Paris, 1873.

Dupont-Auberville. Art Industriel. L'Ornement du Tissus, Recueil His-torique et Pra-
tique de lArt Ancien, du Moyen Age, de la Renaissance, et des XVI1° et XVIII"
Siecles. I'JO plates. Folio. Paris, 1874-77.

Fenger, L. P. Dorische Polychromie. 4to. 1886.

Field, G. Chromatography; or, a Treatise on Colours and Pigments, and of their Powers
in Painting. 2nd edition, 8vo. 1841. Revised by T. W. Salter. 8vo. 1869.

Rudiments of the Painter's Art ; or, a Grammar of Colouring. 12mo. 1850.

Fowler, W. Collection of Pavements, &c. (See List XVII.)
French, G. H. Hints on the Arrangement of Colours in Ancient Decorative Art. 2nd

edition, 8vo. Manchester, 1850.

Gaucherel, L. Exemples de Decoration appliques a I'Architecture et a la Peinture depuis

lAntiquite jusqu'a nos jours. 4to. Paris, 1857.

Giraiilt de Prangev. Choix d'Ornemons Moresques de I'Alhambra. Folio. Paris,

1847.

Goethe, J. W. von. Theory of Colours. Translated from the German by C. L. Eastlake.

8vo. 1840.

Gruner, L. Fresco Decorations and Stuccoes of Churches and Palaces in Italy during the

XVth and XVIth Centuries. Text by J. I. Hittorff". 4to. plates, folio. 1844. New
edition, 1854.

. Ornamental Designs for Decorations and Manufectures. Published for the

Government School of Design. Folio. 1848.

Hay, D. R. Nomenclature of Colours, Hues, Tints, and Shades. 8vo. Fdinbnrf^h, 1845.

Principles of Beauty in Colouring Systematised. 8vo. Edinburgh, 1845.

Higgins, W. M. The House Decorator, or Decorator's Companion ; a Complete Treatise

on the Art of House Painting, Graining, Marbling, &c. 4to.

Hittorfl^ J. I., et Zanth, L. von. L'Architecture Polychrome chez les Grecs. Folio.

Paris, 1852.

Hunt, W. H. The Present System of obtaining Materials in use by Artist Painters, as

compared with that of the Old Masters ; read before the Society of Arts, &c. Journal,

1886.

Jones, 0. Attempt to define the Principles which should regulate the Employment of

Colour in Decorative Arts. 8vo. 1852.

Grammar of Ornament. Folio. 1857. 4to. edition, 1865-66,
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Langbis, E. H. Essai Historiqiie Descriptif sur la Peintuie sui- V^erre, Ancienne et

Moderne, et sur les Vitraux les plus Remarquables. 8vo. Rouen, 1832.

I.atilla, E. Fresco, Encaustic, and Tempera Painting. 8vo. 1842.

Levy, k., et Capronnier, J. B. Histoire de la Peinture sur Verre en Europe. 37 plates,

folio. Bruxtlles, 1860. Paris, 1865.

L'.i.'on, W. Ancient and Modern Colours ; with their Chemical and Artistical Properties.

8vo. 1852.

]\Iagne. L. L'ffiuvre des Peintures Verriers Fran^*ais. 8vo. 1887.

Maiidolgren, N. M. Notes sur lExecution technique de nos vieilles Peintures d'Eglise,

et sur le JVIoyen de les Restaurer. 8vo. Stockholm, 1873.

Merrifield, Mrs. M. P. Art of Fresco Painting, as practised hy flie old Italian and
Spanish Masters. 8vo. 1846.

Miller, F. Interior Decoration : Surface Decoration, with Notes on Colour, Stencilling,

and Panel Painting. 8vo. 1887.

Moore, G. B. Principles of Cdour applied to Decorative Art. 8vo. 1851.

Morton, H. History of Paperhangin^s ; with a Review of other Modes of Mural
Decoration. 8vo. Liverpool, 1875.

Papworth, J. W., and Morant, A. An Alphabetical Dictionary of Coats of Arms belong-

ing to Families in Great Britain and Ireland; or, Ordinary of British Armorials. 8vo.

1874.

Racinet, A. L'Ornement Polychrome; Recueil Ilistorique et Pratique— 17th and 18th

Centuries. 100 plates, folio. Paris, 1870-72.

Rossi, G. B. de. Musaici Christ iani e Saggi dei Pavimenti delle Chieso di Roma atite-

riore al Secolo XV. Folio. Roma, 1872.

Science and Art Department, South Kensington. A List of Buildings in England having

Marble or other Painted Decorations, of dates previous to the middle of the ICtli

century. By R. II. S.nith. 8vo. 1872. 3rd edition, Svo. 1883.

Report on Mosaic Pictures for Wall-decorations, and Notes of Objects in Italy

suitable for reproduction by various methods. 8vo. 1872.

Sere, F., et Louandre C. Les Arts Somptuaircs ; Ilistoiro dn Costume ct de I'Ameublo-

ment en Europe, et des Arts et Industries qui s'y rattachent. 4 vols. -Ito. Paris,

1852-58.

Standage, II. C. The Artist's Manual of Pigmerts, f-howing their Composition,

Conditions of Permanency, non-Permanency, Adulteration, &c., Tests of Purity. 8v0
1887.

Texier, C. Histoire de la Peinture sur Verre en Limousin. Svo. I'aris, 1847.

Vacher, S. Fifteenth Century Italian Ornament. Folio. 1886.
faring, J. B. Arts connected with Architecture; Stained Glass, Fresco Ornament,

Inlay, &c., during 13th to loth century in Central Italy. 41 plates, folio. 18)8.

Warrington, W. History of Stained Glass from the Eiirliest Period. Folio. 1848.

Weale. J. Divers Works of Early Masters in Stained and Painted Glass. 2 vols, folio.

1846.

Westwood, J. 0. Distinctive Character of the various Styles of Ornamentation empLyed
by the Early British, Anglo-Saxon, and Irish Artists. 8vo. 1854.

Facsimiles of Miniatures and Ornaments of Anglo-Saxon and Irish MSB.
Folio. 1868.

Whitaker, H. Materials for a new Style of Ornamentation, consisting of Botanical Sub-

jects and Compositions drawn from Nature. 4to. 1849.

Willement, T. Royal Heraldry. 4to. 1821.

Wilme, B. P. Manual of Writing and Printing Characters, both Ancient and Modern.

4to. 1845.

W(in.ston), C. Inquiry into the Difference of Style in Ancient Glass Paintings, especially

in England; with Hints on Glass Painting. 2 vols. 8vo. Oxford, 1847.

Introduction to the Study of Painted Glass, with Remarks on Modern Glass

Painting. 8vo. 1849.

• Memoirs Illustrative of the Art of Glass Painting. Svo. 1865.

Wyatt, M. D. Metalwork and its Artistic Design. Folio. 1852.
^ Geometrical Mosaics of the Middle Ages. Folio. 1858.

2ahn, W. Die schonsten Ornamente und merkwiirdigsten Gemiilde aus Pompeji, Herku-
lanum und Stabise. 3 series, 250 plates, folio. Berlin, 1829-54.

. Ornamente aller klassischen Kunst-Epochen. 100 plates, 2 vols, folio. Berlin,

1838-42, 1843-48, 1849-63.
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XIX. SURVEYING; MENSURATION; LEVELLING; QUANTITIES; PRICES;
ESTIMATING.

Ainslie, .1. Comprehensive Treatise on Land Surveying. New edition, liy W. Galbraith.

8vo. and 4to. Edinburgh, 1849.

Baker, T. Land and Engineering Surveying. 12mo. 1883.

Mensuration. 12mo. 1859.

Castle, II. J. Treatise on Land Surveying and Levelling. 8vo. 1815.

Dobson, E. Student's Guide to Measuring and Valuing Artificers' AVork. Enlarged by
E. L. Garbett. 8vo. 1853. New edition, by E. W. Tarn. 8vo. 1871.

Fletcher, B. Quantities; a Text-Book for Surveyors. 4th edition, 8vo. 1884.

Leaning, J. Quantity Surveying. 8vo. 1880. 2nd edition, 1886.

Morell, J. R. Euclid Simplified in Method and Language. 16mo. 1875
Nesbit, A. Practical Mensuration, with Key. New edition, 12nio. 1852. Practical

Land Surveying. 10th edition, revised by T. Baker. 8vo. 1855.

Nicholson, P. Principles of Architecture. 3 vols. 8 vo. 183'^.

Reid, J. Young Surveyor's Preceptor : Art of Architectural Mensuration. 2nd edition,

4to. 1859.

Stephenson, G-. Estimating: a Method of Pricing Builders' Quantities. 8vo. 1883.

Simms, F. W. Principles and Practice of Levelling. 3rd edition, 8vo. 1856. 8vo. 1875.

Spons' Architects' and Builders' Pocket-book of Prices, &c., lor 1887. Edited by J.

Young. 14th edition, 32mo. 1887.

Young. J. R. Mensuration in Theory and Practice. Svo. 1853.

We\r, H. F. Land Measuring Tables, showing the Area of any sized Plot. Svo. Glasgow,

1S57.

XX. LAW; DILAFIDATIONS ; FIXTURES; LIGHT AND AIR; ESTATES, &c.

Addison, C. G. Treatise on the Law of Contracts, and Rights and Liabdities ex con-

tractu. 5th eJition, Svo. 1862.

Amos, A., and Ferard, J. Treatise on the Law of Fixtures. Svo. 1847.

Bayldon, J. S. Art of Valuing Rents and Tillages, and Claims of Tenants upon quitting

Farms. Sth edition, by J. C. Morton. Svo. 1862.

Bruton, E. G. Ecclesiastical Dilapidations. 2nd edit'on, r2mo. Oxford, 1865.
— — Handybook on the Ecclesiastical Dilapidations Act, 1871, with the Amendment

Act, 1872. 2nd edition, Svo. 1873.

Chambers, T., and Tattersall, G-. Law relating to Buildings, Fixtures, Irsurance, Actions

on Builders' Bills, Dilapidations. r2mo. 1845.

Chitty, J. Treatise on the Law of Contracts. 6th edition, by J. A. Russell, Svo. 1857.

Cox, H. Law and Science of Ancient Liglits. Svo. 1869.

Dean, G-. A. Enfranchisement and Commutation of Copyhold Property considered with
the Copyhold Enfranchisement Bill. Svo. 1851.

The Laid Steward; Hints on Choice of Landed Estatfs, Principles of Drainage,

Irrigation, arrangement of Farm Buildings, Walls, Roads, &c. Svo. 1851,

Dilapidations. Report of Select Committee of Royal Inst, of Brit. Architects. Svo. 1844.

Ecclesiasrical Dilapidations Act. Report of the Select Committee. Folio. 1876.

Elmes, J. On Dilapidations. Svo. 1829. '

Practical Treatise on Architectural Jurisprudence. Svo. 1827.

Emdeo, A. The Law relating to Building, Building Leases, and Building Contracts.

Svo. 1882, 1885.

Metropolis Management and Building Acts Amendment Act, 1882. Svo. 1882.

Fletcher, B. Dilapidations. 3rd edition, Svo. 1883. Compensations. Svo. 1874.

Light and Air. Revised, 2nd edition, Svo. 1886. Metropolitan Building Acts, &c.,

1855-82. Svo. 1882. Arbitrations. Svo, 1875.

Gibbons, D. Law of Fixtures. Svo. 1S36,

Law of Dilapidations and Nuisances. New edition, Svo. 1849.

Law of Contracts for "Works and Services. 12mo. 1857.

Goddard, J. L. Treatise on the Law of Easements. 2nd edition, Svo. 1877.
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A

GLOSSAEY OF TEEMS
USED IN

AECHITECTUEE AND IN BUILDING.

[Note.—Further explanations, illustrations, &c., of many of the terms herein will bo
olitained in 'he Encycloptedia bj- reference to the Index ; and many publications on the
subjects described will be found in the List prefixed hereto.]

Abaciscus. A word sometimes used as synonymous with abacus, but more correctly
applied to a square compartment enclosing a part or the entire pattern or design of a
Mosaic pavement.

Abacus. (Gr. A;8a|, a slab.) The upper member of the capital of a column, and serv-ing

as a crowning both to the capital and to the whole column. It is otherwise defined by
some as a square table, list, or plinth in the upper part of the capitals of columns,
especially of those of the Corinthian order, serving instead of a drip or corona to the
capital, and supporting the nether face of the architrave, and the whole trabeation. In
the Tuscan, Doric, and ancient Ionic orders, it is a flat square member, well enough
resembling the original title ; whence it is called by the French failloir, that is, a trencher,

and by the Italians credenza. In the richer orders it parts with its original form, the
four sides or faces of it being arched or cut inwards, and ornamented in the middle of
each face with a rose or other flower, a fish's tail, &c. ; and in the Corinthian and Com-
posite orders it is composed of an ovolo, a fillet, and a cavetto. The word is used by
Scamozzi to signify a concave moulding in the capital of the Tuscan pedestal.

Abaton. (Gr. A^aroy, an inaccessible place). A building at Eliodes, mentioned by
Vitruvius, lib. ii., entrance to which was forbidden to all persons, because it contained a
trophy and tM^o bronze statutes erected by Artemisia in memory of her triumph in sur-

prising the city.

Abattoir. (Fr. Abattre, to knock down.) A building appropriated to the slaughtering

of cattle. All private slaughtering-houses, in large towns at least, should be abolished,

and public ones, under proper supervision, established, as lately effected at Edinburgh,
Manchester, and a few other towns.

Abbey. (Fr. Abbaie.) Properly the building adjoining to or near a convent or monas-
tery, for the residence of the head of the house (abbot or abbess). It is often used for

the church attached to the establishment, as also for the buildi.igs composing the whole
establishment. In such etablishments the church was usually grand, and splendidly

decorated. They had a refectory, which was a large hall in which the monks or nuns

had their meals ; z. guest hall, for the reception and entertainment of visitors ; ii parlour

ovlocutory, where the brothers or sisters met for conversation ; a dormi'ory, -aw almonry,

wherefrom the alms of the abbey were distributed ; a library and museum ; a prison

for the refractory, and cells for penance. The sanctuary was rather a precinct than a

building, in which offenders were, under conditions, safe from the operation of the law.

Granges, or farm buildings, and abbatial residences. Schools were usually attached for

the education of youth, with separate accommodations for the scholars ; a singing school.

A cominon room, with a fire in it, for the brothers or sisters to warm themselves, no

other fire being allowed, except in the apartments of the higher officers. A mint for

coining, and a room called an exchequer. The abbey was always provided witli a

churchyard, a garden, and a bakehouse. The sacristy contained the garments of the

priests, and the vessels, &c. ; vestiaria or wardrobes being assigned for the monks.

Many of the ordinary duties of these persons were performed in the cloisters Avhere they

delivered their lectures.

4 H
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AniiEUVOin. (Fr.) In masonry, the joint between two stones, or the iiiterstioe to be filled

up with mortar or cement, when either are to be used.

Absciss, dt Abscissa. A geometrical term, denoting a segment cut oif from a straight

line by an ordinate to a curve.

Absis. See Apsis.

Absorption-. The penetration of a gas or liquid into any substance
; or the taking up of

moisture by capillary attraction. A principle seriously aifecting the durability of all

buildino- materials. The rapidity of absorption is not a criterion as to durability, but

the comparative durability of stones of the same kind may be tested by the smallness ot

the weiglitof water which a given weight of stone is capable of absorbing. The actual

absorption of water by bricks of various qualities has thus been stated:—Malm place

brick, 62 ounces of water ; white Surrey, 58 oz. ; white seconds, 52 oz. ; red facings,

61 oz.
;
pickings, 50 oz. ; slocks, 27 oz. ; AVorkman's waterproofed, 2 oz. The following

table of the absorbent powers of certain stones, when saturated under the exhausted

receiver of an air-pump is given in the Beport of the Commissioners on Building Stones,

1839:—

Sandstones. Oolites. Masnesian Limestones. l.imestor.es. |

Craigleith .

ifeddou
Kenton
Mansaeld, red

. 0-143

. 0-156
0-143

0-151

Ancastcv
B.ith Box .

Portland .

Kutton

. 0-180

. 0-81-2

. 0-20(j

. 0-244

Bolsover
Hiiddlestone
Roach Abbey
Tark Kook .

. 0-18-2

. 0-2;<9

.
0--248

. 0-24!)

R.aniack
Chiliiiark

Hani-Hill

1

. 0-204

. O-ll.'i!

. 147

The granites, though closely granulated, take up much more than the grauwacke, but
less than the sandstones ; while the grauwacke resists the water four times that of

granite, and thirty-six times that of Yorkshire sandstones.

Abstk.vct. a term in general use among artificers, surveyors, &c. to signify the coUeet-

. ing together and arranging under a few distinct heads the various small quantities of

•different articles which have been employed in any work, and the affixing of a price to

determinate portions of each, as per square, per foot, per pound, &c. for the purpose of

more expeditiously and conveniently ascertaining the amount.
Abuse. A term applied to those practices in architecture which, arising from a desire

of innovation, and often authorised by custom, tend to unfix the most established
principles, and to corrupt the best forms, by the vicious way in which they are used.

.
Palladio has given a chapter on them in his work. He reduces them to four pi'incipal

• ones : the first whereof is the introduction of brackets or modillions for supporting a
weight ; the second, the practice of breaking pediments so as to leave the centre part
open ; third, the great projection of cornices ; and, fourth, the practice of rusticating

columns. Had Palladio lived to a later day, he might have greatly increased his list

of abuses, as I'errault has done in the following list:—the first is that of allowing
columns and pilasters to penetrate one another, or be conjoined at the angles of a
building. The second that of coupling columns, which Perrault himself in the Louvre
has made almost excusable ; the third, that of enlarging the metopae in the Doric order,

for the purpose of accommodating them to the intercolumniations'; the fourth, that of

leaving out the inferior part of the tailloir in the modern Ionic capital ; the filth, that
of running up an order through two or three stories, instead of decorating each story
with its own order; the sixth, that of joining, contrary to the practice of tlie ancients,

the plinth of the column to the cornice of the pedestal, by means of an inverted cavetto
;

the seventh, the use of architrave cornices ; the eighth, that of breaking the entabl.'iture

of an prder over a column, &c., &c.
Abutmp:nt. The solid part of a pier from which an arch immediately springs. Abut-

ments are artificial or natural : the former are usually formed of masonry or brickwork,
and the latter are the rock or other solid materials on the baiiks of the river, in the case
of a bridge, which receive the foot of the arch. It is obvious that they should be of
sufficient solidity and strength to resist the thrust of the arch.

Abuttals. The buttings or boundings of land.

Acanthus, {^.ttavdos, a spine.) A spiny herbaceous plant found in various pnrts of the
Levant. Its leaf is said by Vitruvius to have been the model on wliich the Grecian
architects formed the leaves of the Corinthian capital.

AcKR. A genus of trees comprehending the maple and sycamore, the wood of which is not
of much value. That of the acer Ciimpestre furnishes the cabinet milkers with what
they call bird's-eye maple.

Access. See Passage ; also Adit.
Accidental Point. In per.spective, the point in which a straight line- drawn from the

eye parallel to another straight line cuts the perspective plane. It is the point wherein
the representations of all straight lines parallel to the original straight line concur
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when proil-iced. Its name is adopted to distinguish it from the principal point or point
of view.

Acoustics. (Gr. Akovoo, to hear.) Tire doctrine or theory of sounds, as applicable to
buildings. See Theatres, book iii., chap, v., and Chukches in the same book. The.
subject is one presenting great difficulty. The statements of various professors, and ;i

comparison of buildings themselves, have been collected in a work by Mr. T. R.
Smith. It was stated by Professor Lewis, at a lecture given in 186i-65, that in con-
sulting one of the most eminent Scottish philosophers respecting the plan for a church,
the reply was, that in his opinion the principle adopted would most probably answer

;

but he added that he had studied acoustics probably as much as any man, and the
conclusion he arrived at was that in applying theory to actual practice he knew nothing
about it, and he believed nobody else knew more.

Acropolis. (Gr. A/cpos and HoAis, city.) The upper town or citadel of a Grecian city,

usually the site of the original settlement, and chosen by the colonists for its natural

f^r tr^
. x "-

'T

Fig. 13G1. The Acropolis at .\tl;ens.

strength. The most celebrated were those at Athens, Corintli, and Ithome ; the two
latter were called the horns of the Peloponnesus, as though their possession could

secure the submission of the whole peninsula.

AcROTERiA. (Gr. A/fpcoTTjpioj', the extremity of anything.) The pedestals, often without

base or cornice, placed on the centre and sides of pediments for the reception of figures.

Yitruvius says that the lateral acroteria ought to be half the height of the tympanum,
and the apex acroterium should be an eighth part more. No regular proportion, how-
ever, is observable in Grecian buildirgs.

The word acroterium is applied to the ridge of a building ; it has also been used to

signify the statues on the pedestals ; but it is only to these latter that it is strictly

applicable. The word has, moreover, been given to the small pieces of wall in balus-

trades, between the pedestal and the balusters, and again to the pinnacles or other

ornaments which stand in ranges on the horizontal copings or parapets of buildings.

AcuTK Angle. A term used in geometry to denote an angle less tlian 90°, that is, less

than a right angle.

AcuTE-ANGLED Triangle. A triangle having all its angles acute. Every triangle has at

least two acute angles.

Adhesion. (Lat. Adhgereo.) A term in physics denoting the force with which different

bodies remain attached to each other when brougiit into contact. It must not be con-

founded with cohesion, which is the force that unites the particles of a homogeneous

body with each other. The following is an account of some experiments recorded in the

Technical Eepository for 1824 :

—
• The insertion of a nail is accomplished by destroyi?ig

the cohesion of the wood, its extraction by overcoming the force of adhesion and fric-

tion. We will consider it hare solely as a case of adhesion. Fine sprigs, of which

4560 weighed one pound, ^^ of an inch long, forced four-tenths of an inch into dry

Christiania deals at right angles to the fibre, required a force of 22 lbs. to extract them.

The same description of nail having 3200 in the pound, j^fo
of an inch long, and forced

^*5*o
of an inch into the same kind of wood, required 37 lbs. to extract it. Threepenny

brads, 618 to the pound weight, one and a quarter inch long, forced half an inch into

the wood, required a force of 58 lbs. to draw them out. Fivepenny nails, 139 totha

pound weight, two inches long, and forced one inch and a half into the wood, required a

force of 320 lbs. to extract them. Sixpenny nails, 73 to the pound, two inches and a

half long, and forced one inch into the wood, required 187 lbs. to extract them. The

same kind of nail forced one inch and a half info the wood required 327 lbs. to draw- it

1 H 2
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out- and one forced two inches into the wood required 530 lbs. to extract it. In this

last' experiment the nail was forced into the wood by a hammer of cast-iron weighing

6-275 lbs. falling from a height of twelve inches, four blows of which were necessary to

force the nail an inch and a half into the wood. It required a pressure of 400 lbs. to

force the nail to the same depth. A sixpenny nail driven one inch into dry elm across

the grain or fibres requirtd 327 lbs. to draw it out by direct force ; driven endwise into

dry elm, or parallel with the grain, it required only 257 lbs. to extract it. The same

sort of nail driven into dry Christiania deal was extracted by a force equal to 257 lbs.,

and by one of 87 lbs. from a depth of an inch. The adhesion, therefore, of a nail driven

into elm across the grain, or at right angles to the fibres of the wood, is greater than

when it is driven with the grain, or parallel with the fibres, in the proportion of 100 to

78, or 4 to 3. And under the same circumstances, in dry Christiania deal, as 100 to 46,

or nearly 2 to 1. The comparative adhesion of nails in elm and deal is between 2 and

3 to 1. To extract a sixpenny nail driven one inch into green sycamore reqiiired 312 lbs.

;

from dry oak, 507 lbs. ; and from dry beech, 667 lbs. A common screw of one-fifth of

an inch had an adhesion about three times as great as that of a sixpenny nail. A
common sixpenny nail driven two inches in dry oak would require more than half a ton

to extract it by pressure.'

AuiT (Lat. Adeo), or Aditus. The approach or entrance to a building, &c. Among
the ancients the aditus theatri, or adits of a theatre, were doorways opening on to the

stairs, by which persons entered the theatre from the outer |)or</co, and thence descended

into the seats. Upon tlie same principle were the adits of a circus.

Adjacent Angle, in geometry, is an angle immediately contiguous to another, so that one

side is common to both angles. This expression is more particularly applied to denote

that the two angles have not only one side in common, but likewise that the other two
sides form one straight line.

Adytum. (Gr. k'SvTov, a recess.) Tlie secret dark chamber in a temple to which none

but the priests had access, and from which the oracles were delivered. Seneca, in his

tragedy of Thyestes says—
"Hinc orantibus

Ttesponsa dantnr certa, dum ingenti sono
La.xantur adylo fata."

Among the Egyptians the secos was the same thing, and is described by Stralio. The
only well-preserved ancient adytum that has come to our knowledge is in the little

temple at Pompeii; it is raised some steps above the level of the temple itself, and is

without light.

ADZE or Addice. An edged tool used to chip surfaces in a horizontal direction, the

axe being employed to chop materials in vertical positions. The blade, which is of

iron, forms a small portion of a cylindric surface, in both its sides, and has a wooden
handle fixed into a socket at one of its extremities, in a radial direction, while the other

extremity, parallel to the axis of the cylinder, and therefore atright angles to the handle
is edged with steel, and ground sharp from the concave side. The adze is cliiefly em-
ployed for taking oflFthin chips from timber or boards, and for paring away irregulari-

ties at which the axe cannot come. It is also used in most joinings of carpentry,

particularly when notched one upon another, scarfings, thicknesses of flooring boards

opposite to the joists, &c.

Aerial Perspective. The relative apparent recession of objects from the foreground

owing to the quantity of air interposed between them and the spectator. It accompanies
the recession of the perspective lines.

JEsTHETics. (Gr. Ai o-erjTi/cos, having the power of perception by means of the senses. "I It

is in the fine arts that science which derives the first principles from the eflPect which
certain combinations have on the mind as connected with nature and right reason. See

pp. 795 and 922.

JEtiaiol (Gr. Aeros, an eagle.) The name given Ity the Greek architects to the slabs

forming the face of the tympanum of a pediment. This word occurs in the Atlienian

inscription now in the British Museum, brought to England by Dr. Chandler, and
relating to the survey of some temple at Athens.

JEtoma, or ^Tos. (Gr. Aerox.) A name given by the Greek architects to the tympanum
of a pediment. It seems derived from the custom of decorating the apex or ridge of the

ri;of with figures of eagles, and that the name thence first given to the ridgo was aftcr-

waiTls transferred to the pediment itself.

Am Drains, or Dry Areas. Cavities between the external walls of a building protected

by a wall towards the earth, which is thus prevented from lying against the said walls

and creating damp. They may be made with the walls battering against the ground, and
covered over with paving stones, or with their walls nearly perpendicular, and arched

on the top. This covering should be above the ground, and sloped to throw off the

wet. The bottoms should be paved, and the areas should be well ventilated.
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Air Holes. Holrs made for admitting air to ventilate .apartments : also for introducing
it among the timbers of floors and roofs for the prevention or destruction of the dry rot.

AiK Trap. A trap formed so as to prevent foul air from rising from sewers or drains
into the atmosphere. There are various sorts, all depending upon a certain amount of
water in them.

Aisle, or Aile. (Lat. Ala.) A term chietly used by the English architect to signify
the side subdivisions in a church, usually separated from the nave or centre division
by pillars or columns. Among diiferent nations, as applied to architecture, it bears
different significations. Strabo states that among tlie Egyptians the alee of the
temple were the two walls that enclosed the two sides of the pronaos, and of the
same height as the temple itself. The walls, he observes, from above ground, were a
little further apart than the foundations of the temple, but as they rose, were built
with an inclination to each other. The passage, however, is not clearly to be under-
stood.

lu Gothic, as well as in many modern, churches, the breadth of the church is

divided into three or five parts, by two or by four rows of pillars running parallel

to the sides ; and as one or other is the case, the church is said to be a three-
aisled or five-aisled fabric. The middle aisle is called the nave or chief aisle,

and the penthouse, which joins to each side of the main structure containing
the aisles, is called a wing. St. Mary's, Taunton ; Chichester Cathedral ; St. Helen's,
Abingdon ; and Elgin Cathedral, perhaps comprise all the five-aisled churches
in Great Britain, except a building at the west end of the cathedral at Dvirham. On
the Continent there are many such buildings, among which is the cathecb-al at Milan.
It is somewhat remarkable that in Westminster Abbey and in Kedcliff" Church
at Bristol the aisles are continued on each side of the transept, and in Salisbury
Cathedral on one side only, a circumstance not met with in any other churches in this

country.

Ajutage. (Fr.) Part of the apparatus of an artificial fountain, being a sort of jet cTcm(,

or kind of tube fitted to the mouth or aperture of a A^essel, through which the water is

to be played, and by it determined into the form to be given to it.

Alabaster. A white semi-transparent variety of gypsum or sulphate of lime, a mineral
of common occurrence, and used for ornamentjil purposes, as screen work, and for sculp-

ture. It was much used formerly for monuments in churches and the like, and has been
re-introduced of late years for similar purposes.

Albakivm Opus. (Lat.) In ancient Eoman architecture a term imagined by some to

have been nothing more than a species of whitewash applied to walls, but, as we think,

incorrectly. In the passage of the tenth chapter of the fifth book of Vitruvius, where
he recommends the use of the albarium opus for the ceilings of baths, he allows tectorium

cip«s as a substitute ; so perhaps it was a species of stucco. Its employment at the

baths of Agrippa, seems to prove it to have been superior to the other, and it is by no
means improbable that it was susceptible of a high polish.

Alcove. A wide and deep recess in a room. That part of a sleeping chamber wherein
the bed is placed. The use of alcoves, though not by that name, is ancient. They
were frequently designed in the form of a niche ; such, for instance, as those that

Winkelman notices at Hadrian's villa at Tivoli, of which sort are some at Pompeii.

They were often formed by enclosures or balustrades, of various heights, and by means
of draperies the alcove was separated from the large chamber of which it was a part.

Some idea may be formed of it from many of the ancient bassi relievi, especially Iroui

the celebrated one known by the name of the Nozze Aldohrandini. In modern works
this part of a room differs according to the rank and taste of the proprietor. In Eng-
land it is rarely introduced, but in France and Italy it often foi'ms a beautiful feature

in the sleeping apartments of palaces and large houses.

Alder. (Ang. Sax. Ellarn.) A tree belonging to the order Betulacese. It is used for

piling and any similar work under water.

AiEATOEiuM. In ancient Eoman architecture, a room in which games at dice wrre

played.

Alipteriok. In ancient Roman architecture, a room used by the bathers for anointing

themselves.

Alkoranes. In Eastern architecture, high slender towers attached to mosques, and
surrounded with balconies, in which the priests recite aloud at stated times prayers

from the Koran, and announce the hours of devotion to worshippers. They much
embellish the mosques, and are often very fantastical in form. They are also called

Minarets.

Alley. (Fr. Allee.) An ai.-.le, or any part of a church left open for access to another

part. In towns, a passage narrower than a lane. An enclosed walk in a garden.

Almery or AuMiiRYE. A recess or cupboard for holding the sacred vessels, &c., used ia

the mass. An example, dating circa 1200, is seen in Lincoln Cathedral.
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Almo-vry. Properly a closet or repasitory for the reception of brolccn rictuals set npart

as alms for the poor. It is more generally used to denote a house near tlie church in

abbeys, or at their gates, provided with various offices for distributing the alms of

the convent, and for tho dwelling of the almoner.

Ai-MSHOUSB. A house devoted to the reception and support of poor persons, and generally

endowed for a particular description of persons.

Altar. The name given to a flat stone found in Celtic erections.

Altar. (Lat. Altare.) A sort of pedestal whereon sacrifice was oiFered. According to

Servius there was among the ancients a difference between the am and altare, the latter

beino- raised upon a substruction, and used only in the service of the celestial and

superior divinities, whereas the former was merely on the ground, and appropriated to

the service of the terrestrial gods. Altars to the infernal gods were made by excavation,

and termed scrohiculi. Some authors have maintained that the ara was the altar before

which prayers were uttered, and that the altare was used for sacrifices only. There is,

however, from ancient authors no appearance of such distinctions, but that the words

were used indiscriminately. The earliest altars were square polished stones, on Avhich

were placed the offerings to the gods. AVhilst the sacrifice consisted only of libations,

perfumes, aud offerings of that nature, the altar was small, and even portable ;
when

man, however, began to consider he was honouring the divinity by an offering of blood,

the altar necessarily expanded in dimensions. Different fornis of it were adopted,

according to the nature of the sacrifice, and on it the throat of the victim was cut and

the flesh burnt. Of this sort is the circular altar of the Villa Pamphili at Kome, one of

the largest and most elegant of the class. On it appears the cavity for holding the fire,

and the grooves for carrying off the blnod. The varieties of altars were suitable in

form, ornament, and situation to the service to which they were appropriated : some,

as we have already observed, being for s icrifices of blood, others for receiving offerings

and the sacred vessels; some for burning incense, others for receiving libations. Many
were set up as mere monuments of the piety of a devotee, whilst others were raised to

perpetuate some great event. They served for adjuration as well as for an asylum to

the unfortunate and evil doer. In form they varied from square to oblong, and from

tri mgular to circular. Those of metal were commonly tripodial. When of brick or

stone their plan is generally square. According to Pausanias they were occasionally

made of wood. They do not appear to have been of any regular standard height, for

they are sometimes found on bassi relievi reaching but little above a man's knee,

whereas in others they appear to reach his middle ; but it seems that in proportion,

to its diameter the circular altar was generally the highest. Vitruvius says that they

should not be so high as to intercept the statues of the gods, and ho gives the relative

heights of those used for different divinities. Thus, he says, those of Jupiter and the

celestial gods are to be the highest; next, those of Vesta and the terresti'ial gods;

those of the sea gods are to be a little lower, and so on. On festivals they were deco-

rated with such flowers and leaves as were sacred to the particular divinity. But be-

sides this casual decoration, the ancient altars furnish us with some of the most elegant

bassi relievi and foliage ornaments that are known. According to Vitruvius, their

fronts were directed towards the east, though very frequently but little regard was paid

to their position, as they were occasionally placed under the peristyle of a temple, and
not unfrequently in the open air. In the larger temples M-ere often three different

altars. The first was in the most sacred part, in front of the statue of the god; the

second before the door of the temple; and the third (called anclabris) was portable,

and on it the offerings and sacred vessels were placed.

The altars of the Catholic church are either attaclied or isolated- The former generally

stand against a wall, and are so decorated as to appear quite independent of it. The
decorations are either of painting or sculpture, or both. The isolated altar has no
sort of connection with any part either of the building or of its decorations. The high

altar is always isolated, whether placed at the end of the church or in its centre, as in the

well-known example in St. Peter's at Rome. "Whatever the situation of the high altar, it

.

should be grand and simple, and raised on a platform with steps on every side. The holy

table of the Protestant churches of England was generally of wood, but some of stone

(but not affixed) have been put up of late years ; they are usually covered with a cloth

more or less decorated. Above it is the Eiredos.
The altars of the Greek church, tliough in other respects the religion vies in splendour

with the Romish church, are destitute of painted or sculptured ornament. In Calvinistic

churches the name as well as the uses of an altar are unknown either as an appendage
or a decoration.

Altar PiKCE. The entire decorations of 'an altar. See Rebedos.
Altar Screen. The back of an altar, or the partition by which the choir is separated

from the presbytery and Lady chapel. The date of its introduction into English churches

we believe to have been about the close of the thirteenth century. It is generally of
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stone, and composed of the richest tabenmcle work, of niches, finiuls, and pcici^tals,

supporting statues of the tutehiry saints. Those to the high altars of Winchester Callie-

drai, of St. Alban's Abbey, and of New College at Oxfnrd, are fine examples. Many were
destroyed at the Reformation, or filled up with plaster and covered with wainscot.
In many altar-screens a door was placed on each side of the altar for the officiating

priests, whose vestments were deposited in an apartment behind the screen.

Ai-TAB Tomb. A tomb of a square box-like form, raised some 3ito 6 feet in height .above
the ground. On it is usually seen a sculptured recumbent representation of the deceased.
These effigies are often placed under an arch, sometimes richly canopied.

Alto Relievo. See Relievo.
Alure. a gutter, passage, or gallery, as on the top of a wall or building, being one in

which a person could walk. Lydgate used the woid for covered walks in the streets.

Ambitits. a space which surrounded a lomb, and was held sacred. In descriptions, of
subterranean tombs, it denoted a small niche made in the wall for the reception of an
urn or body. When the corpse was placed in it, to the mouth of the niche a slab was
fixed, so fitted and cemented as to prevent noisome effluvia. The slabs were sometimes
inscribed with the name and quality of the paity. If they received an urn, either upon
that or over the niche the inscription was placed. Much decoration was occasionally
used in the recesses themselves.

Ajibo. (Gr. A/Xj8coi/.) The elevated place or pulpit in the early Christian churches, which,
according to Ciampini, fell into disuse about the beginning of the fourteenth century.

The last erected ambo in Rome is supposed to have been that of S. Pancrazio, on which
appears the date of 1249. It was an oblong enclosure, with steps usually at the two
ends. Two ambones are described by Eustace in the cathedral at Salerno. They are

placed on each side of the nave before the steps of the chancel, and are both of

marble, the largest being covered with mosaic work and supported by twelve Corinthian
granite columns.

Ambrey. See Aumbeye.
Ambulatio. (Lat.) See Pteroma.
Ambulatory. (Lat.) A sheltered place for exercise in walking : a cloister; a galler}'.

Amfhibrostyle. (Gr. Aix(pt, both or double, irpo, before, crrvKos, a column.) A term ap-

plied to a temple having a portico or porch in the rear as well as in the front, but with-

out columns at the sides. This species of temp'e never exceeded the use of four columns
in the front and four in the rear. It diffijred from the temple in autis, in having
columns instead of antae at the angles of the portico. Such was the temple of Niko
Apteros at Athens. See Temple.

Amphitheatre. (Gr. A_u(fi, about, and dtarpov, a theatre.) An edifice formed by the junc-

tion of two theatres at the proscenium, so as to have seats all round the peripiiery, a

contrivance by which all the spectators being ranged about on seats rising the one above

the other, saw equally well what passed on the arena or space enclosed by the lowest

range of seats, whose wall towards the arena was called the pidkuii. The origin of the

amphitheatre seems to have been among the Etruscans, to whom also are attributed the

first exhibitions of gladiatorial fights. It was from this people that the Romans
acquired a taste for such shows, which they communicated to every nation which became

subject to their dominion. Athenseus says, "Romani ubi prinmm ludos facere ccepe-

runt, huic asciti artifices ab Etruscis civitatibus fuerunt, sero autem ludi omnes qui nunc

a Romanis celebrari solent sunt inslituti." Lib. iv. c. 17. The most extraordinary

edifice remaining in Rome, we may indeed say in the world, is the amphitheatre gene-

rally called the Coliseum. It was commenced by Vespasian, and completed by Titus liis

son. Words are inadequate to convey a satisfactory idea of its stupendous and gigantic

dimensions. Ammianus says that it was painful to the eye to scan its summit; "ad

cujus summitatem segre visio humana conscendit." Martial, in one of his epigrams

says,
"Omnis Cjesareo cedat labor ampliitheatro,

Uuiim pro cunctis fama loquatur opus."

The greater axis of the ellipsis on which it is planned is about 627 feet, and the lesser

520 feet, the height of the outer wall about 166 feet, such wall being decorated l)y the

Doric, Ionic, and Corinthian Orders, and pierced with arcades between the column3.

Covering five English acres and a quarter, it was capable of containing the vast

number of 87,000 persons. It has suffered much from having been used actually as -d

quarry for many of the modern edifices of the city ; but in the present day its pre-

servation is strictly attended to by the papal government. A description of this building

has been o-iyen in p. 94 ct scg. Besides the Coliseum, there were three other amphi-

theatres in Rome : the Amphitheatrum Castrense, on the Esquiline, built proliably by

Tiberius ; that of Statilius Taurus, and that built by Trajan in the Campius Martins.

The other principal amphitheatres were those of Otricoli; on the Garighano, of brick
j
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Puzzuoli, Capua, Verona, at the foot of Monte Casino, Pa?stum, S3Tacuse, Agrigentiim,

Catanea, Argos, Corinth, Pola in Istria (see^y. 1362.), Hipella in Spain, Nismes, Arled,

Frejus, Saintee, and
Autun. This last has

lour stories, in that re-

spect like the Coliseum.

That which remains in

the most perfect condi-

tion is at Verona ; its

ago has not been accu-

rately determined, some
placing it in the age

of Augustus, and others

in that of Maximian; of

these, MafFei thinks the

first date too early, and Fig. 1362. Amphitheatre at Pola.
the latter too late. The
silence of Pliny upon it, seems to place it after the time of his writing. In the reign of

Gallienus, it was not only built, but began to suffer from dilapidation, for many of the

stones belonging to it are found in the walls of Verona, which walls were erected in the

time of that emperor Many of these were keystones, and tlie numbers cut upon tiieni

still remain. From the silence of autliors that it was the work of any of tlio emperors,

it seems probable that, like that at Capua, it was erected at the expense of the citizens.

The length is about 514 feet, and the breadth about 410 ; the long diameter of the arena

242 feet, the short diameter 147 feet. The audience part or visorium eontiiined forty-

seven tiers of seats, and the building was capable of containing about 22,000 seated

spectators. In the profile of the walls of this amphitheatre the diminution in tliickness

upwards is made on the inside, which is also the case in that at Pola. In tlio Coliseum
the diminution is on the outside. Tlie amphitheatre at Nismes contained about 17,000
persons, and was about 400 feet in length and 320 feet in breadth.

The first amphitheatres, as we learn from Pliny, were constructed of wood, and nsuiilly

placed in the Campus Martins, or in some place out of the city. Accidents occurring

from their insecurity, they were abandoned for the more substantial species of fabric

of which we have been speaking. The first person who is said to have erected an amphi-
theatre in Rome was Caius Scribonius Curio, on the occasion of the games he gave to

the people at the funeral obsequies of his father. Determined to surpass all that had
hitherto been seen, he constructed two theatres of wooJ, back to back, which, after the

theatrical representations had been finished, were turned round with tlie spectators in

them, leaving the stages and scenery behind. By their opposite junction, they formed
a perfect amphitheatre, in which tlie people were gratified witli a show of gladiators.

The part in which the gladiators fouglit was called the arena, from being usually

covered with sand to absorb the blood spilt in the conflicts, for which it was used. It

was encompassed by a wall called the podium, fifteen or sixteen feet high, immediately
round which sat the senators and ambassadors. As in the theatres, the seats rose at the

back of each other; fourteen rows back from the podium all round being allotted to

the equites, and the remainder to the public generally, who sat on the bai'e stone,

cushions being provided for the senators and equites. Tliough at most times open to

the sky, there v/ere contrivances for covering the whole space with an awning. The
avenues by which the people entered and retired were many in number, and were called

vomitoria.

Anamorphosis. (Gr. Ava, backward, and |iiop<?>'? form.) A term employed in perspective

to denote a drawing executed in such a manner that when viewed in the common way
it presents a confused and distorted image of the thing represented, or an image of some-
thing entirely different ; but when viewed from a particular point, or as reflected by a

curved mirror, or through a polyhedron, it recovers its proportions and presents a

distinct representation of the object.

Anchor. In decoration, an ornament shaped similarly to an anchor or arrow head. It

is used with the egg ornament to decorate or enrich mouldings. By some it is called a

tongue, from its supposed resemblance to the forked tongue of a serpent. It is used in

all the orders, but only applied to the moulding called the echinus or quarter round.
Ancones. (Gr. Ay/caT, the joint of the elbow.) The trusses or consoles sometimes em-

ployed in the dressings or antepagmenta of apertures, serving as an apparent support to

the cornice of them at the flanks. In ancient doors the ancones were sometimes broader

at the top than at the bottom, and were not in contact with the flanks of the architrave,

but situated a small distance from them. The term is also used to signify the corners

or quoins of walls, cross beams, or rafters.

Anueon. (Gr. A 'T/p.) In ancient architecture, the apartment appropriated to the reception
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of the male branches of the establishment, and always in the lower part of the house
;

the ffpioecia, or women's apartments, being in the npper part.

Angle. (Lat. Angulus.) The mutual inclination of two lines meeting in a point, called

indifferently the angular point, vertex, or point of concourse : the two lines are called

legs.

Angle Bar. In joinery, the upright bar at the angle of a polygonal window.
Angle Bead, or Staff Bead. A vertical bead, commonly of wood, fixed to an exterior

angle and flush ^itli the intended surface of the plaster on both sides, for the purpose
of securing the angle against accident, serving also as a guide fur floating the plaster.

The section of these beads is about three-quarters of a circle, with a projecting part from
the other quarter, by means whereof they are made fMst to the wood bricks, plugging,
or bond timbers. Angle beads of wood round the intradosses of circular arches are diffi-

cult to bend without cutting or steaming them. The former has a very unsightly
appearance, and the latter method is at once inconvenient and troublesome. The plaster
itself is the best material in this case, and at the height generally placed will be out of
the reach of accident. lu good finishings, corner beads which are unsightly should not
be used, but the plaster should be well gauged and brought to an arris.

Angle Brace. In carpentry, a piece of timber fixed to the two extremities of a piece of
quadrangular framing, making it partake of the form of an octagon. This piece is also

called an angle tie and a diagonal tie. By the use of this piece wall plates are frequently

. braced. In constructing a well hole of a circular section through a roof or floor for a
skylight, &c. the framing is flrst made in a quadrangular form ; braces are then fixed

opposite to each angle, and the aperture becomes of an octagonal form ; finally, pieces

are fixed at each angle of the octagon, meeting each other in the middle of its sides, so as
to transform the section of the aperture into a circle, or oval.

Angle Bracket. A bracket placed in the vertex of an angle, and not at right angles with
the sides. See Bracketing.

Angle Capital. In ancient Greek architecture, the Ionic capitals used to the flank

columns which have one of their volutes placed at an angle of 135° with the planes of

the front and returning frieze. As an example may be cited the angle capitals of the

temple of Minerva Polias at Athens. This term is also apjjlied to the modern Ionic

capital, in which the whole of the four volutes have an angular direction.

Angle Chimney. A chimney placed in the angle of a room.
Angle Iron. A plate of iron rolled into an [_ shape, and used for the purpose of secur-

ing two iron plates together by rivets, as Y Y in the beam
of the plate girder,/^. 1363, and the box-beam, ^^. 1364.

Angle Modillion. A modillion placed in a direction parallel '^ lr=^

to a diagonal drawn through a cornice at its mitring. It Mr
is an abuse seen only in the buildings erected during the

decline of Roman architecture, as in the ruins of Balbec

and Palmyra, and in the palace of the Emperor Bioclesian

at Spalatro.

Angle of Vision. In perspective, that angle under which Fig. 1363. Fig. 1364.

an object or objects are seen, and upon which their ap-

parent magnitudes depend. In practical perspective it should not exceed sixty degrees.

Angle of a Wall. The angle contained by the vertical planes of two walls which form

the angle of the building. The term is sometimes used to denote the line in which

the two sides of the angle meet, which by workmen is commonly called the arris : the

arris, however, is not the angle, but the line of concourse formed by the two sides or

planes which contain the angle.

Angle Rafter. The piece of timber in a hipped roof placed in the line of concourse of

the two inclined planes forming the hip. It is more often called a hip rafter.

Angle Rib. A piece of timber of a curved form placed between those two parts of a

coved or arched ceiling or vault w'hich form an angle with each other so as to range

with the common ribs on each side or return part.

Angle Staff. See Angle Bead.

Angle Stones. A term used by some authors to denote quoins.

Angle Tie. See Angle Brace.

Anglo-Saxon Aechitecture. Bede mentions one Benedict called Biscop, as the firnt

person who introduced builders of stone edifices and makers of glass into England, a.d.

672. The principal characteristics of the style is a debased imitation of the Roman
works, long and short masonry, absence of buttresses, semi-circular and triangular

arches, rude balusters, hammer-dressings, and unchiselled sculptures.

Angular Capital. See Capital.

Annular Mouldings. Generally those having vertical sides and horizontal circular

sections.

Annular Vault. A vault springing from two walls each circular on the plan ;
such as

that in the temple of Bacchus at Rome.
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Annttlated Colttmn. Slender shafts clustered together or joined by bands of si ore,

sometimes of metal, to a central pier or to a jamb. They were much employed ia

Early English Gothic architecture, and were very often of Purbeek marble.

AxNOLET. (Lat. Anuulus.) A small fillet whose horizontal section is circular. The neck

or under side of the Doric capital is decorated with these thin fillets, listels, or bands,

whose number varies in diflFeront examples. Thus in the Doric of the theatre of Mar-
cellus there are three, whilst in the great temple at Paestum they are four in number,

and in other cases as many as five are used.

Anta, je plur. (Lat. Anta.) The jambs or square posts supporting the lintels of doors

The term autre we think only applicable to pilasters or pilLlrs attached to a wall, though

some authors, as Perrault, have thought otherwise. Vitruvius calls square pilasters

wlien insulated j»«?'asi;rt^<E. There are three kinds of antse : those of porches or jamb
ornaments; angular antae, being such as show two faces on the walls of a temple ; and
those on the longitudinal walls of its cell. AntsR are only found in temples as wings to

the ends of the walls of the pronaos to give a finish to the terminations the ends of the

walls would otlierwise present. It might have been this view which led the Greeks
to treat them rather as distinct olyocts than to assimilate their finishings to those

of columns. The pilasters in Roman architecture differ only from the column in being

square instead of round. A rule in the use of antpe was, that their projection should

always be equal to that at least of the mouldings used on them. Some beautiful

examples of antse capitals exist in the temple of Minerva Polias, and the temple of

Apollo Didymseus, in Ionia.

Ante-chamber or Ante-room. An apartment through which access is obtained to an-

other chamber or room. One in which servants wait and strangers are deta-ned till tlio

person to be spoken with is at leisure. In the distribution of many houses the pecu-

liarity of the plan forces upon the architect the introduction of ante-rooms: in most
cases, indeed, they add both elegance and dignity to a design.

Ante-cour. a French term, sometimes, however, used by English authors. It is the
approach to the principal court of a house, and very frequently serves for communica-
tion with the kitchen, cellar, stables, &e.

AntefixjE. (Lat. Anti and Figo.) The ornaments of lions' and other heads below the

eaves of a temple, through perforations in which, usually at the mouth, the water is

cast away from the eaves. By some this term is used to denote the upright orna-
ments above the eaves in ancient architecture, which concealed the ends of the /lanni

or joint tiles.

Antkpagmenta. (Lat.) In ancient architecture, the jambs or moulded architraves of a
d)or. The lintel returning at the ends with similar mouldings down upon the ante-

pagmenta was called siqjercilium.

Antependium. The frontal hangings of the altar.

A.ntekides. In ancient architecture, buttresses or counterforts for the support of a wall.

The Italians call them sferoni (spurs).

Anthemion. (Gr. AvOe/j.ioi'.) It is considered to mean the honeysuckle, palmetto, or

fleuron ornament in the necking of some columns of the Ionic order.

Anticum. (Lat.) A porch to a front door, as distinguished from posticum, which is the

porch to a door in the rear of a building. It was the space also between the front

columns of the portico and the wall of the cella. The word has been sometimes impro-
perly used for ania.

Antiquauium. Among tho ancients an apartment or cabinet in which they kept theii

ancient books and vases.

Antique. A term applied to pieces of art woikedby the Greeks and Romans of the clas-

sical age.

Apartment. (Lat. Partimentum.) A space enclosed by walls and a ceiling, which latter

distinguishes it from a court or area.

Aperture. (Lat. Aperio.) An opening through any body. In a wall it has usually tliree

straight sides, two whereof are perpendicular to the horizon, and the third parallel to it.

connecting the lower ends of the vertical sides. The materials forming the vertical

sides are called jambs, and the lower level side is called the fill, and the upper part the
head. This last is either a curved or flat arch. Apertures are made for entrance,

light, or ornament. In Greek and Egyptian architecture, but especially in the latter,

the jambs incline towards each other. Sometimes apertures are made circular, ellip-

tical, or portions of those figures. " Apertures," says Sir Henry Wotton, "are inlets for

air and light ; they should be as few in number, and as moderate in dimensions, as

may possibly consist with other due i*espects ; for, in a word, all openings are

weakenings. They should not approach too near the angles of the walls ; for it

were indeed a most essential solecism to weaken that part which must strengthen
all the rest."

ApjARr. (Jiat. .ipis.) A place for keeping beehives. Sometimes this is a small house
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with openings for the bees in front, and a door behind, which is kept locked for security.

Sometimes it is an area wherein each particular beehive is chained down to a post and
padlocked.

Apodyterium. {'AnoSa-eai, Gr., to strip oneself.) The apartment at the entrance of the
ancient baths, or in the Palsestra, where a person took off his dress, whether for batli-

ing or gymnastic exercises. In the baths of Nero, these apartments were small, but
in those of Caracalla the apodyterium was a magnificent room with columns and othir
decorations.

Apophyge. (Gr., signifying flight.) That part of a column between the upper fillet or
annulet on the base and the cylindrical part of the shatt of a column, usually moulded
into a hollow or cavetto, out of which tlio column seems as it were to fly or escape
upwards. The French call it conge, as it were, leave to go.

Apotheca. (Gr.) A storehouse or cellar in which the ancient Greeks deposited their
oil, wine, and the like.

Approach. A curved or graduated road leading to a building situated some distance
.within the grounds.

Apron, or Pitching Piece. A horizontal piece of timber, in wooden doiible-flightcd
stairs, for supporting the carriage pieces or roxigh strings and joistings in the half
spaces or landings. The apron jiieces sliould be firmly wedged into the wall.

Apsis, or Absis. (Gr., signifying an arch.) A term in ecclesiastical architecture, denot-
ing that part of the church wherein the clergy was seated or the altar placed. It was so
called from being usually domed or vaulted, and not, as Isidorus imagines, from being
the lightest part (apta). The apsis was either circular or polygonal, and domed over;
it consisted of two pxarts. the altar and the presbytery or sanctuary. At the middle of
the semi-circle was the throne of the bishop, and at the centre of the diameter was
placed the altar, towards the nave, from which it was separated by an open balustrade
or railing. On the altar was placed the ciborium and cup. The throne of the bishop
having been anciently called by this name, some have thought that thence this part of
the edifice derived its name ; but the converse is the fact. The ai^sis gradata implied
more particularly the bishop's throne being raised by steps above the ordinary stalls.

. This was sometimes called exhcdra, and in later times tribune.

Aquarium. A case to contain sea or fresh water, in which to preserve living objects of
natural history. From a small glass case for a drawing-room, they have increased in

size until buildings are erected to contain a number of crystal tanks for the purpose of
exhibition—such are those at Brighton, and at the Crystal Palace, in England ; and at

Hamburgh. London, Liverpool, and other cities are now seeking to establish them.
Tiie term is also used for the tanks formed for growing the Victoria Eegia and other
plants, as at Syon, Kew, Botanic Gardens in the Regent's Park, and elsewhere.

Aqueduct. (Lat. Aquse ductus.) A conduit or channel for conveying water from one
place to another, more particularly applied to structures for the purpose of conveying
the water of distant springs across valleys, for the supply of large cities. The largest

and most magnificent aqueducts with the existence of which we are acquainted, were
constructed by the Romans, and many of their ruins in Italy and other countries of

Europe still attest the power and industry of that extraordinary nation. The most,

ancient Avas tliat of Appius Claudius, which was erected in the 442nd year of the city,

and conveyed tlie Aqua Appia to Rome, from a distance of 11,190 Roman paces (a pace

being 58-219 English inches), and was carried along the ground, or by subterranean

lines, about 11,000 paces, about 190 of which were erected on arches. The next, in order

of time, was the AnioYetus, begun by M. Curius Dentatus, about the year of Rome 481.

The water was collected from the springs about Tivoli ; it was about 43,000 paces in

length. In the 608th year of the city, the works of the Anio Vetus and Aqua Appia
had fallen into decny, and much of the water had been fraudulently abstracted by
individuals, the pr;etor Martins was therefore empowered to take measures for increas-

ing the supply. The result of this was the Aqua Martia, the most wholesome water

with which Rome was supplied. It was brought from the neighbourhood of Subiaco,

twenty miles above Tivoli, and was 61,710 Roman paces (about 61 niHcs"), whereof

7,463 paces were above ground, and the remainder under ground. A length of 463

paces, where it crossed brook and valleys, was supported on arches. To supply this in

dry seasons, was conducted into it another stream of equal goodness by an aqueduct

800 paces long. About nineteen years after this was completed, the Aqua Tepula was

brought in, supplied also from the Anio ; but not more than 2,000 paces in length. In.

the reign of Augustus, Agrippa collected some more springs into the Aqua Tepula. but

the latter water flowing in a separate channel, it preserved its name. This was 15,426

paces long, 7,000 above ground, and the remainder of the length oai arcades. To this

was given by Agrippa the name of Aqua Julia. In the year 719 uf the city, Agrippa

restored the dilapidated aqueducts of Appius. of Martins, and of the Anio Vetus, at iiis

own expense, besides erecting fountains in the city. The Aqua Virgo, which receives
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ifs name from a girl having pointed out to some soldiers the sources of the stream from

which it was collected, was brought to Konie by an aqueduct 14,105 paces in length,

12,865 of which were under ground, and 700 on arches, the remainder being above

ground. The Aqua Alsietina, called also Augusta, was 22,172 paces from its source to

the city, and 358 paces of it were on arcades. The seven aqueducts above mentioned

being found, in the time of Caligula, unequal to the supply of the city, this emperor, in

the second year of his reigu, began two Others, which were finished by Claudius, and
opened in the year of the city 803. The first was called Aqua Claudia, and the second

Anio Novus, to distinguish it from one heretofore mentioned. The first was 46,406
Roman paces, of which 10,176 were on arcades, and the rest subterranean. The Anio
Novus was 58,700 paces in length, 9,400 whereof were above ground, 6,491 on archew,

and the rest subterranean. Some of the arches of tliese are 100 Roman feet high. All

the aqueducts we have mentioned were on different levels, and distributed accordingly

to those parts of the city which suited their respective elevations. The following is the

order of their heights, the highest being the Anio Novus, 159 feet above level of Tiber;

Aqua Claudia, 149 feet; Aqua Julia, 129 feet; Aqua Tepula, Aqua Martia, 125 feet;

Anio Vetus, Aqua Virgo, 34 feet ; Aqua Appia, 27 feet ; and the Aqua Alsietina on the
lowest level. The Tiber at Rome being 9r5 feet above the level of the Mediterranean,
the mean fall of these aqueducts has been ascertained to be about 0-132 English inches

for each Roman pace (58'219 English inches), or 1 in 441. Vitruvius directs a fall of

1 in 200, but Scamozzi says the practice of the Romans was 1 in 500. The quantity
of water furnished by six of the aqueducts, as given by Frontinus from a measurement
at the head of each aqueduct, is as follows :

—

•Anio Yetus - 4,398 quin. I Aqua Tirgo - 2,524 quin. I Aqua Claudia - 4,607 qnin.

fAqua Martia - 4,690 „ |
Aqua Julia - 1,368 „ |

•Auio Novus - 4,738 «

The whole supplj is given as 14,018 quinarise, after much fraudulent diversion of the

water by iudividuals ; but the diminished quantity is supposed to have been 27,743,100

English cubic feet, or, estimatirg the population of Rome at one million of inhabitants,

27"74 cubic feet per diem for each inhabitant, or about 170 gallons English. * These
were used for the street and sewer flushings, the baths, and scenic representations,

f This was used for drinking purposes, and is still so used.

Parker, Aqueducts of Rome, says 24,805 quin. was the exact quantity of water daily

poured into Rome in Trajan's time, equal to a stream 20 feet wide by 6 feet deep

constantly running in, at a fall six times as rapid as that of the river Thames. He
calculated that when the Trajan and the Aurelian .aqueducts were finished, the daily

supply was quite 332^ millions of gallons, or at least 332 gallons per head.

There are remains of Roman aqueducts in other parts of Europe even more magnificent

than those we have mentioned. One, or the ruins of one, still exists at Metz, and another

at Segovia in Spain, with two rows of arcades, one above the other. This last is

about 100 feet high, and passes over the greater part of the houses of the city. The
Romans do not appear to have been aware of the fact of water rising at a distance to

its level at the fountain head.

Arabesque. The term is commonly used to denote that sort of ornament in Saracenic

architecture consisting of intricate rectilinear and curvilinear compartments and mosaics

which adorn the walls, pavements, and ceilings of Arabian and Saracenic buildings. It

is capricious, fantastic, and imaginative, consisting of fruits, flowers, and other objects, to

the exclusion in pure arabesques of the figures of animals, which the religion forbade.

This sort of ornament, however, did not originate with the Arabians ; it was understood

and practised by the ancients at a very early period. Foliage and griffins, witii orna-

ments not very dissimilar to those of the Arabians, were frequently employed on the

friezes of temples, and on many of the ancient Greek vases, on the walls of the baths

of Titus, at Pompeii, and at many other places. To Raffaele, in more modern tim(!s,

we are indebted for the most elaborate and beautiful examples of a style of decoration

called Arabesque, which he even dignified, and left nothing to be desired in it. Since

the time of that master it has been practised with vai-ying and inferior degrees of

merit, especially by the French in the time of Louis XVI. Arabesques lose tlieir cha-

racter wlien applied to large objects, neither should they be employed where gravity in

the style is to be preserved.

Arabian Architecture. See Saracenic Architecture.
Arabo-Tedksco. a term used chiefly by the Italians. An example of this style may be

quoted in the baptistery at Pisi (fig. 152), erected by Dioti Salvi in 1152. It is a
circular edifice, with an arcade in the second order composed of columns with Corintliian

capitals and plain round arches. Between each arch rises a Gothic pinnacle, and above
it is finished by sharp pediments enriched with foliage, terminating in a trefoil.

Ar^ostyle. (Gr. Apaior, wide, and otvXos, a column.) One of the five proportions used bv
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the ancients for regulating the intercolumniations or intervals between the columns in
porticoes and colonnades. Vitruvius does not determine precisely its measure in terms
of the diameter of the column. His commentators have tried to supply the deficiency

;

and, following the progression observable in the intercolumniations he does describe,
each of which increases by a semidiameter, the arseostyle would be three diameters and
a half. Perrault, in his translation of Vitruvius, proposes that the interval be made
equal to four diameters, which is the interval now usually assigned to it. It is only,
or rather ought only to be, used with the Tuscan order.

Aejedststtle. (Gr. Apaios, wide, aw, with, (ttvXos, a column.) A term used by tho
French architects to denote the method of proportioning the intervals between columns
coupled or ranged in pairs, as invented by Perrault, and introduced in the principal
facade of the Louvre. It was also adopted by Sir Christopher Wren in the west front
of St. Paul's.

Akc. In geometry, a portion of a circle or other curve line. The arc of a circle is the
measure of the angle formed by two straight lines drawn from its extremities to the
centre of the circle.

Akc-boutant. (Fr.) An arch-formed buttress, much employed in sacred edifices built
in the Pointed style, as also in other edifices, and commonly called ?i flying htttress,

whose object is to counteract the thrust of the main vault of the edifice ; it is also

called arched buttress and arched butment. It was used in the Baths of Diocletian.

•Arc Doubleau. (Fr.) An arch forming a projection before the sofite of a main arch
or vault, in the same manner as a pilaster breaks before the face of a wall.

Arcade. (Fr.) A series of apertures or recesses with arched ceilings or sofites. But the
word is often vaguely and indefinitely used. Some so designate a singlo-arched aperture
or enclosure, which is more properly a vault; others use it for the space covered by a
continued vault or arch supported on piers or columns; and, besides these, other false

meanings are given to it instead of that which we have assigned. Behind the arcade is

generally a walk or ambulatory, as in Covent Garden, where the term piazza is igno-

rantly applied to the walks under the arcade instead of to the whole js^ace {JXa,\. ])iasza)

or square.

The piers of arcades may be decorated with columns, pilasters, niches, and apertures

of diiferent forms. The arches themselves are sometimes turned with rock-worked, and
at other times with plain rustic, arch stones or voussoirs, or with a moulded archivolt,

springing from an impost or phitband ; and sometimes, though a practice not to be

recommended, from columns. The keystones are generally curved in the form of a

console, or sculptured with some device. Scamozzi made the size of his piers less, and
varied his imposts or archivolts, in proportion to the delicacy of the orders he employed

;

but Vignola made his piers always of the same proportion.

Arcade. In mediaeval architecture, an ornamental dressing to a wall, consisting of colon-

nettes supporting moulded arches. Sometimes they stand sufficiently forward to admit
of a passage behind them.

Abc^. In ancient Roman architecture, the gittters of the cavedium \ area signifying a

beam of wood with a groove or channel in it.

Arcella. (Lat.) In mediaeval architecture, a cheese room.

Arch. A mechanical arrangement of blocks of any hard material disposed in the line of

some curve, and supporting one another by their mutual pressure. The arch itself is

formed of voussoirs or arch stones cut in the shape of a truncated wedge, the uppermost

whereof is called the keystone. The seams or planes, in which two adjacent voussoirs

are united, are called the joints. The solid extremities on or against which the arch

rests are called the abutments. The lower or under line of each arch-stone is called the

intrados, and the superior or tipper line the extrados. The distance between the piers

or abutments is the span of the arch, and that from the level line of the springing to

the intrados its height, or versed sine. The forms of arches employed in the different

styles and periods of architecture will be found described under tho several heads.

Architect. (Gr. hpxos and TeKTWf, chief of the works.) A person competent to design and

superintend the execution of any building. The knowledge he ought to prssess forms

the subject of this work; whatever more he may acquire will be for the advantage of

his employers ; and when we say that the whole of the elements which this work con-

tains should be well known and understood by him, we mean it as a minimum of his

qualifications. To this we may add, that with the possessions indicated, devotedness,

faithfulness, and integrity towards his employer, with kindness and urbanity to those

whose lot it is to execute his projects, not however without resolution to check the

dishonesty of a builder, shoidd he meet with such, will tend to insure a brilliant and

happy career in his profession.

Architecture. The art of building according to certain proportions and rules determined

and regulated by nature and taste.

Architrave. (Gr. Apx^y to govern, and Lat. Trabs, a beam.) The lower of tho threa
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principal members of the entabliiture of an Order, being, as its name imports, the chief

beam employed in it, and resting immediately on the columns. It is called hi Grecian

architecture, Epistylium, from eTr;, upon, and (ttvXos. a column. The heiglit of the

architrave varied in the different Orders, as also in different examples of the same Order.

AiiCHiTRAVE CoENiCE. An entablature consisting of an architrave and cornice only,

without the interposition of a frieze. It is never used with columns or pilasters, unless

through want of heiglit. It is, however, allowable.

Architrave of a Door ob Window. A collection of members and mouldings round

either, used for the decoration of the aperture. The upper part, or lintel, is called the

traverse, and the sides t\io.jcunbs. See Antepagmenta.

Archivolt. (Lat. Arcus volutus.) The ornamental band of mouldings round thevoussoirs,

or arch-stones of an arch, which terminates horizontally upon the impost. It is deco-

rated, as to the members, analogously with the architrave, which, in arcades, it may be

said to represent. It differs in the different Orders.

Archivoltum. In mediaeval architecture, an arched receptacle for filth. A cesspool or

common sewer.

Arch Mouldings. The series of mouldings forming the decoration of an arch as used

in mediaeval architecture. The illustration of the Early .

English period, is from St. Mary's Church, Lincoln.
^^Illii''!!llliiliil|l>,„

Aechway. An aperture in a building covered with a vault. ^^^
Usually an arched passage or gate wide enough for carriages

to pass.

Arcus Ecclesi^. In mediaeval architecture, the arch dividing

the nave of tlie church from the choir or chancel.

Ai;cus Presbyterii. In mediaeval architecture, the <irch over

the tribune marking the boundaries of its recess.

Arcus Toralis. In mediaeval architecture, the lattice sepa-

rating the choir from the nave in a basilica.

Area. In Architecture, a small court or place, often sunk

below the genrral surface of the ground, before windows in

the basement story. It is also used to denote a small couit

or yard, even when level with the ground.

Aeka. In Geometry, the superficial content of any figure.

The "area" of every building shall be deemed to be the
superficies of a horizontal section of such building made at
the point of its greater surface, inchiding the external walls and such portion of the
p:>rty wall- as belong to the building, but excluding any attached building tiie height
of whicli does not exceed the height of the ground story. Metropolitan Building
Act, 1855.

Arena. The central space in a Roman amphitheatre, wherein the gladiators fought.
Armoury. An apartment destined for the reception of instruments of war.
Aronade. Embattled

; a junction of several lines forming indentations like the upward
boundary of an embattled wall, except that the middle of every raised part is ter-

minated by a convex arch, which arch does not extend to the length of that part.

Areiere Voussure. a secondary arch. An arch placed within an opening to form a
larger one, and sometimes serving as a sort of discharging arch.

Arris (probably abbreviated from the Ibil. a risecja, at the projection, or from the Sax.
apipan. to rise). The intersection or line on which two surfaces of a body forming an
exterior angle meet each other. It is a term much used by all workmen concerned in

building, as the arris of a stone, of a piece of wood, or any other bodj'. Though, in

common language, the edge of a body implies the same as arris, yet, in building, tlie

word edge is re-strained to those two surfaces of a rectangular parallelopipedal body on
which tlie length and thickness may be measured, as in boards, planks, doors, shutters,

and other framed joinery.

Arris Fillet. A slight piece of timber of a triangular section, used in raising the slates

against chimney shafts, or against a wall that cuts obliquely across the roof, and in

forming gutters at the upper ends and sides of those kinds of skylights of which the
planes coincide with those of the roof. When the arris fillet is used to raise the slates,

at the eaves of a building, it is then called the caves board, caves' lath, or eaves catch.

Arris Gutter. A wooden gutter of this Vform fixed to the oaves of a building.
Arsenal. A public establishment for the deposition of arms and warlike stores.

Artificer. (Lat. Ars and P'acio.) A person who works with his hands in the manufacture
of anything. He is a person of intellectual acquirements, independent of mere opera-
tion by hand, which place him above the artisan, whose knowledge is limited to the
general rules of his trade.

Artificial Stonr. A material produced by the use of cement and other substances, such
as Austin's artificial stone, which is not burnt.
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AsAROTUM. In ancient architecture, a species of painted pavement used by the Roman?
before the invention of Mosaic work.

Ashlar or Ashler. (Ital. Asciare, to cliip.) Common or free-stones as brought from the
quarry of diiferent lengths and thicknesses.

Also the facing given to squared stones on the front of a building. When the work is

Bmootlied or rubbed so as to take out the marks of the tools by which the stones were
cut, it is called ^j/rtm ashlar. Tooled ashlar is understood to be that of which the surface
IS -wrought in a regular manner, like parallel flutes, and placed perpendicularly in the

.
building. But when the surfaces of tiie stones are cut with a broad tool without care
or regularity, the -work is said to be random-tooled. When wrought with a narrow tool,

it is Said to be chiselled or boasted, and when the surface is cut with a very narrow tool,

the ashlar is said to he pointed. When the stones project from the joints, the ashlar is

said to be rusticked, in -which the faces may have a smooth or broken surface. In
superior work, neither pointed, chiselh-d, nor random-tooled work are employed. In
some parts of the country herring-bone ashlar and herring-bone random-tooled ashlar
are used.

.AsHLARiNG. In carpentry, the short upright quartering fixed in garrets about two feet

six inches or three feet high from the floor, being between the rafters and the floor, in

order to cut off the acute angle formed by the rafters. The upright quarterings seen in

some open timber roofs between the inner wall plate and the rafters, is also so called.

Aspect. (Lat. Aspicio.) The quarter of the heavens which the front of a building
faces. Thus a front to the north is said to have a north aspect.

AsPHALTE. A bituminous substance found in various places. AVhen used for floors or
roadways, it is either poured on in a liquid state, forming when set a hard substance,

impervious to damp ; or it is placed on the ground in powder, in a hot state, and pressed
down by hot iron rammers.

Assemulags. The joining or uniting several pieces together, or the union of them when
so joined. Carpenters and joiners have many modes of accomplishing this, as by
framing, mortise and tenon, dovetailing, &c.

Assemblage of the Orders. The placing of columns upon one another in the several

ranges.

Assyrian Architecture. Little more is known of the buildings of Assyria and Baby-
lonia than the thick walls forming halls and chambers lined w^ith carvings, and liaving

carved stone pavements. The roofing is supposed to have been formed with wood
pillars supporting the framework of the roof, the spaces between the pillars allowing
the entry of light and of fresh air.

Astragal. (Gr. A.(TTpaya\os,a, die or huckle bone.) A small moulding of a semicircular

profile. Some have said that the Freucli call it talon, and the Italians tondino ; but
this a mistake, for the term is properly applied only to the ring separating the capital

from the column. The astragal is occasionally cut into representations of beads and
berries. A similar sort of moulding, though not developed in its profile as is the

astragal, is used to separate the faces of the architrave.

Astylar. a design made without the introduction of columns or pilasters is termed an
astyiar composition.

Atkinson's Cement. A quick-setting cement similar to Parker's or Roman cement,

formerly obt;iined from nodules found near Whitby in Yorkshire.

Atlantes or Atlantides. Figures of males used instead of columns for the support of

an entablature. In some modern -works figures resembling Persians have been intro-

duced, and hence that name has been applied to them. Caryatides.

Atril'm. In ancient Roman architecture, a court surrounded by porticoes in the interior

part of Roman houses. According to Scaliger it is derived from the Greek aWpios

exposed to the air. By some it has been considered the same apartment as tlie vestibule,

and Aulus Gellius intimates that in his time the two words -were confounded.

Attic, or Attic Order. It is employed to decorate the faqade of a story of small hcipiht,

terminating the upper part of a building; and it doubtless derives its name from lis

resemblance in proportional height and concealed roof to some of the buildings of

Greece. Pliny thus describes it after speaking of the other orders: "Prseter has sunt

quae voeantur Atticse columnse quaternis angulis pari laterum intervallo." We, ho-\v-

evei-, find no examples of square pillars in the remains of ancient art, though almost

all the triumphal arches exhibit specimens of pilastral attics, having no capitals save

the cornice breaking round them. In modern architecture the proportions of the attic

order have never been subject to fixed rules, and their good effect is entirely dependent

on the taste and feeling of the architect. The attic is usually decorated witii antie

or small pilasters.

Attic Base. The base of a column consisting of an upper and lower torus, a scotia and

fillets between them. It is thus described by Vitruvius, " It must be so subdivided that

the upper part be one-third of the thickness of the column, and tiuit tiic remainder be
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assigned for the lieight of the plinth. Excluding the plintli, divide the height into fonr

p:U'ts, one of which is to be given to the upper torus ; then divide the remaining three

parts into two equal parts ; one will be the height of the lower torus, and the other the

height of tlie scotia with its fillets. See figure s. v. Base of a Column.

Attic Stoky. A term frequently applied to the upper story of a house when the ceiling

is square with the sides, to distinguish it from garrets.

Attsiutjtes, in decorative architecture, are certain symbols given to figures, or dis-

posed as ornaments on a building, to indicate a distinguishing character; as -a lyre,

bow, or arrow to Apollo ; a club to Hercules ; a trident to Neptune ; a spear to Pallas, &c.

For attributes given to Saints and others in mediseval architecture, see Symbols.

Attger. a carpenter's and joiner's tool for boring large holes. It consists of a M'ooden

liandle terminated at the bottom with steel. The more modern augers are pointed and

sharpened like a centre-bit, the extremity of one of the edges being made to cut the

wood clean at the circumference, and the other to cut and take away the core, the whole

length of the radius.

Aula. (Lat.) In ancient Eoman architecture, a court or hall.

AuBiBRYE. A recess in the wall of the chancel for tlie preservation of the sacred vessels.

Aviary. (Lat. Avis.) A house or apartment, set apart for keeping and breeding birds.

AwxiNG. (Fr. Aulne.) Any covering intended as a screen from the sun, or protection

from the rain.

AxK. (Sax. Eax.) A tool with a long wooden handle and a cutting edge situate in a

pl.me passing longitudinally through the handle. It is iised for hewing timber by
cutting it vertically, the edge being employed in forming horizontal surfaces. The axe

differs from the joiner s hatchet by being much larger, and by its being used with only

one hand. Axes of various s'zes, depending upon the quality of tlie material, are used

by stone-cutters and bricklayers. Tlie adze is used to horizontal surfaces.

Axis. The spindle or centre of any rotative motion. In a sphere a line passing through

the centre is the axis.

B

Babylonian Architecture. See Assyrian Architecture.
Back. The side opposite to the face or breast of any piece of architecture. In a recess

upon a quadrangular plane, the face is that surface which has tlio two adjacent planes.

Called the sides, elbows, or gables. When a piece of timber is fixed in a horizontal or

in an inclined position, the upper side is called the back, and the lower the breast.

Thus the upper side of the handrail of a staircase is properly called the back. The
same is to be understood with regard to tlie curved ribs of ceilings and the rafters of a

roof, whose upper edges are always called the backs.

Back of a Chimney. The recessed face of it towards the apartment, &c. See Chimney.
Back of a Hand-rail. The upper side of it.

Back of a Hip or other Rafter. The upper side or sides of it in the sloping plane of

the side of the roof.

Back Fillet. The return to the face of the wall, of the margin of a projecting quoin ;

as in a plain architrave to an opening.

Back Lining of a Sash Frame. That parallel to the pulley piece and next to the jamb
on cither side.

Back Puttying. The cleaning off of the putty in the rebate of a sash bar on the

inside after the glass has been pxit in, and the outer putty left a while to harden.
Back Shutters. Those folds of a shutter which do not appear on the face being folded

within the boxing.

Back of a Stone. The side opposite to the face. It is generally rough.
Back of a Wall. The inner face of it.

Back of a Window. The piece of wooden framing in the space between the lower part

of the sash frame and the floor of the apartments, and bounded at its extremities right

and left by the elbows of the window. The number of panels into which it is framed is

dependent on what may be necessary for carrying out the design ; it rarely, however,
consists ofmore than one.

Backing of a Rafter or Rib. The formation of the upper or outer surface of either in

such a manner as to range with the edges of the rafters or ribs on either side of it. The
formation of the inner edges of the ribs for a lath and plaster ceiling is sometimes
called backing, but improperly, .since contrary to the true meaning of the word.

Backing of a Wall. The filling in and building which forms the inner face of the work.
In this sense it is opposed to facing, which is the outside of the wall. In stone walls

the backing is unfortunately too often mpro rubble, while the face is ashlar.

Badigeon. a mixture of plaster and freestone sifted and ground together, used by sta-

tuaries to repair defects in their work. The joiner applies this term to a mixtuTe of

sawdust and strong glue, with which be fills up the defects of the wood after it has been
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wrought. A mixture for the stime purpose is made of whiting and glue, and some-
times with putty and chalk. When the first of these is used it is allowed to remaia
until quite hard, after which it may be submitted to the operation of planing and
smoothing. Without this precaution it may shrink below the surface of the work.

Bagnio. (It.) An Italian term for a bath, usuiiUy applied by the English to an estab-

lishment having conveniences for bathing, sweating, and otherwise cleansing the body

:

and now called a Turkisli bath. The term is applied by the Turks to the prisons where
their slaves are confined, in which it is customary to have baths.

Baguette. (Fr.) A small moulding of the astragal species. It is occasionally cut with
pearls, ribands, laurels, &c. According toM. Le Clerc, the baguette is called a chaplet

when ornaments are cut on it.

Bailey. See Castle.

Bakehouse. An apartment provided with kneading troughs and an oven for baking.
BiLANEiA. A Greek terra for a bath.

Balcony. (It. Balcone.) A projection from the external wall of a house, borne by
columns or consoles, and usually placed before windows or openings, and protected on
tlie extremity of the projection by a railing of balusters or ironwork. In the French
theatre, the bah on is a circular row of seals projecting beyond the tier of boxes imme-
diately above the pit.

Baldachixo. (It.) A canopy supported by columns, generally placed over an altar in

Homan Catholic places of worship. Sometimes the baldachino is suspended from the

roof, as in the church of St. Sulpice at Paris. It succeeded to the ancient ciboriu.ai,

which was a cupola supported on four columns, still to be seen in many of the churches

of Eome. The merit ot its invention seems to belong to Bernini. Tliat erected by him
in St. Peter's is 128 feet high, and being of bronze weighs near 90 tons. It was built

by order of the Pope Barberini, from the robbery of the Pantheon, and occasioned the

bitter observation, "Quod non fecerint Barbari fecerunt Barberini." The decision of

the Arches Court against issuing a faculty for the ertction of a baldachino in St.

Barnabas Church, Pcmlico, is given in the journals of the early part of J 871.

Balectiox or BoLEcriuN .Mouldings. Mouldings which prrjcct beyond the surface of a

piece of framing.

Balisteakia. An opening, sometimes in the form of a cross, in the wall of a Gothic

castle or turret, through wliich archers could discharge their missiles without being per-

ceived. They were usually in the form of a cross, the vertical slit or opening being

made longer than the horizontal one which crossed it in the middle. Sometimes the

ends were formed circular instead of square.

BAI.K.S or Baulks. (Dutch.) Pieces of whole fir, being the trunks of small trees of that

species, rough-squared for building purposes. In the metropolis the form is applied to

sliort lengths, from eighteen to Uvenry-five feet, mostly under ten inches square, taper-

ing considerably, and with tlie angles so-']e:t that the piece is not exactly square.

Ball flower. An ornament resembling a ball inclosed in a flower of a circular .shape,

the three petals of which f^rm a cup

round it. It is usually placed in a

hollow moulding, and is considered

one of the chief characteristics of the

Decorated period of Gothicarchitecture.

Ballium. In the architecture of the

middle ages, the open space or court
'

TvTTiiiiiii

of a fortified c.astle. This has acquired

in English the appellation Bailey ; thus St. Peter's in the Bailey at Oxford, and the

Old Bailey in London, are so nameJ from their ancient connection with the sites of

castles.

Balloon. A round ball or globe placed on a column or pier, by way of crowning it. The

same name is given to the balls on the tops of cathedrals, as at St. Peter's, which is 8

feet in diameter, and at St. Paul's in London.

Balteus. (Lat. a girdle.) The wide step in theatres and amphitheatres, which affiirded

a passage round them without disturbance to the sitters. No one sat on it ; it served

merely as a landing-place. In the Greek and Koman theatres, every eighth step was a

balteus. Vitruvius gives the rules in the third chapter of his fifth book, for properly

setting it out.

The term balteus is also used by Vitruvius to denote the strap which seems to bind up

the coussinet, cushion, or pillow of the Ionic capital.

Baluster. A species of small column belonging to a balustrade. See Columella;. This

term is also used to denote the lateral part of the volute of the Ionic capital. Vitruvius

calls it pidvinafa, on account of its resemblance to a pillow.
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Fig. im:. Wykham Church, Derby-
shire.

Baluster Shaft. A small shaft or pillar in the shape of a Lalustor dividing an opening,

seen in thewindow of belfries in the Romani-sque towers in England. They have generally

an elliptical or pear-shaped entasis or swelling in

the lower half. The illustration is from Wykham -%,'^, ^-^^

Church, Derbyshire.

Baltjstradb. a parapet or protecting fence formed of

balusters, sometimes employed for real use, and

sometimes merely for ornament.

Band. (Fr. Bande.) A flat member or moulding,

smaller than a fascia. The face of a^ band is in a

vertical plane, as is also that of the fascia
; the word,

however, is applied to narrow members somewhat

wider than fillets; and the word /rtscw to broader

members. The cinctures sometimes used round the

shafts of rustieked columns are called bands. In

this case the column is called a banded column.

Bandages. A term applied to the rings or chains of

iron inserted in the corners of a stone wall, or round

the circumference of a tower, at the springing of

a dome, &c., which act as a tie on the walls to keep

them together.

Bandelet, or Bandlet. A small band encompissing

a column like a ring.

Banding Plank. A plane intended for cutting out grooves and inlaying strings and

bands in straight and circuhir work.

Banister. A vulgar term for baluster, which see.

Banker. A bench, on which masons prepare, cut, and square their work.

Banquet. (Fr.) The footway of a bri Ige when rj.ised above the carriage-way.

Baptistery. (Gr. ^airTi^w.) A detached building, or a portion of a church, destined

for administration of the rite of baptism. It has been contended by some that the

baptistery was at first placed in the interior vestibules of the early churches, as are in

many churches the baptismal fonts. This, however, was not the case. The baptistery

was quite separate from the basilica, and even placed at some distance from it. Until

the end of the sixth century, it was, beyond doubt, a distinct building; but after that

period the font gradually found its way into the vestibule of the cluirch, and the prac-

tice became general, except in a few cliurches, as at Florence, Ravenna, of S. Giovanni

Laterano at Rome, and in those of all the episcojial cities of Tuscany, and some few

other places. The Roman example is perhaps the most ancient remaining. There was
a baptistery at Constantinople, of such dimensions that, on one occasion, it held a

very numerous council. That at Florence is^nearly ninety feet in diameter, octagonal,

and covered with a dome. It is enclosed by the celebnited bronze doors by Lorenzo

Ghiberti. which Michel Angelo said were fit to be the gates of Paradise. The baptistery

of Pisa, designed by Dioti Salvi, was finished about 1160. The plan is octagonal, about

129 feet in diameter and 179 feet hich.

Bar. In a court of justice, an enclosure, three or four feet high, in which the counsel

have their places to plead causes. The same name is given to the enclosure, or rather

bar before it, at which prisoners are placed to take their trials for criminal offences.

Bar. a piece of wood or iron used for fastening doors, window shutters, &c.

Bar or Barred door. The term used in Scotland for aledged door.

Bar of a Sash. The light pieces of wood or metal which divide a window sash into

compartments for the glass. The angle bars of a, sa,sh a,Te those standing at the inter-

section of two vertical planes.

Bar Iron. Iron made of the cast metal after it comes from the furnace. The sows and
pigs, as the shapes of the metal are technically termed, pass through the forges and

chaufery, where, having undergone five successive heats, they are formed into bars.

Bar-vosts. Posts driven into the ground for forming the sides of a field gate. They are

mortised, to admit of horizontal bars being put in or taken out at pleasure.

Bar-tracery. A name given to the completely developed form of Gothic tracery, from

its fancied resemblance to bars of iron wrought and bent into the various forms exhibited.

Barbacan. A watch-tower for descrying an enemy; also the outer work or defence of a

Ciistle, or the fort at the entrance of a bridge. Apertures in the walls of a fortress, fur

firing through upon the enemy, are sometimes ciiUed by this name. The etymology of

the word has been variously assigned to French, It:ilian, Spanish, Saxon, and Arabian

origin. See Castle.
Baboe Boards. The inclined projecting boards placed at the gable of ft building, and

hiding the horizontal timbers of a roof. They are frequently carved with trefoils,

quatrefoils, flowers, and other ornaments and foliage.
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Barge Couples. (Sax. Bjfi~?Ln. to bar.) Two beams mortised and tenoned together for

the purpose of increasing the strength of a building.

Barce Coubse. The part of the tiling whicJi projects over the gable of a building, and
which is made good below with mortar.

Barn. (Sax. Bepn.) A covered farm-building for laying up grain, haj', straw, &c. The
.situation of a barn should be dry and elevated. It is usually placed on the north or
aorth-east side of a farm-yard. The barns, outhouses, and stables should not be far
distant from each other. They are most frequently constructed with wooden framing of
quarters, &c., and covered with weather boarding; sometimes, in superior farms, they
are built of stone and brick. The roofs are usually thatched or tiled, as the materials
for the purpose are at hand ; but as the grain should of all iliings be kept dry, to pre-
vent it from moulding, the gable ends should be constructed of brick, and apertures left

in the walls for the free admission of air. The bays, as they are called, are formed by
two pairs of iolding doors, exactly opposite to each other, and, as well as for tlirashing,

afford the convenien<e of carrying in and out a cart or waggon load of corn in sheaves,
or any sort of bulky produce. The doors in question nmst be of the same breadth as
the threshing-floor, to afford light to the threshers, and air for winnowing the grain.
It is a good practice to make an extensive penthouse over the great doors sufficiently

large to cover a load of corn or hay, in case of the weather not permitting it to be im-
mediately housed.

Barrack. A building erected for the housing of soldiers.

Barrack-room. A name given to a long room in some iiouscs in the country, and intended
for the sleeping place of a number of men who may have to stay a night or two, the
house not affording a room for each.

Barrel Drain. One in the form of a hollow cylinder.

Barrel Vault. A cylindrical vault, presenting a uniform concave surface not groined
or ribbed.

Barrow. In Celtic antiquities a sepulchral mound, and called by different names
according to the shape of it.

Bartisan. A turret on the summit of a tower, castle, or h-^uso. whereon was generally

hoisted the standard or flag prtper to the jilace.

ILIJ.m
^^^^

Fig. 1368. Temple on the IIj-ssus. Fig. VSna. lemiile at Priene. Fig. 1370. Early English Periol.

BarycjE or Barycephal^. (Gr. Bapus. low or flat, and KetpaKrj, head.) The Greek name
for an araeostyle temple.

Base. (Gr. Baats.) In geometry, the lower part of a figure or bod\'. The base of a solid

is the surface on which it rests.

Base of a Column. The pirt between the shaft and the pavement or pedestal, if there

be any to the order. Each column of

the Romans has its particular base, for

which see Fig. 1371. For the Attic

base, see also under that word. The
Grecian Doric order did not have a

base, the shaft standing on the pave-

ment. Two examples of Greek Ionic

bases are given in Figs. 1368 and 1369.

Bases are also used to the shafts in me;;iaival architecture, of which Fig. 1370 illus-

trates an example.

Base of a Room. The lower projecting part. It consists of two parts, the lower of

which is a plain board adjoining the floor, called the plinth, and the upper of one

or more mouldings, which, taken collectively, are called the base-mouldings. In

better sort of work the plinth is tongued into a groove in the floor, by which means the

diminution of breadth created by the shrinking never causes any aperture or chasm

between its under edge and the floor, and the upper edge of the plinth is rebated upon

the base. Bedrooms, lobbies, passages, and staircases are often finished without a ilado

4 I 2

Tuscan, Doric, Ionic, Corinthian, Composite, Attic,

Fig. 1371. Homan bases.
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and surbaso, and indeed the fashion has extended the practice to rooms of the higher

class, as drawing-rooms, &e.

Basement. The lowest story of a building, whet jier above or below the ground.

Basil. Among carpenters and joiners the angle to which the edge of an iron tool is

ground so as to bring it to a cutting edge. If the angle be vei-y thin the tool will cut

more freely, but the more ol<tuse it is the stronger and fitter it is for service.

Basilica. (Gr. BaaiXevs, a king.) Properly the palace of a king; but it afterwards

came to signify an apartment usually provided in the houses of persons of importiince,

where assemblies were held for dispensing justice. Thus in the magnificent villa of

the Gordian family on the Via Prenestina there were tbree basilicie, each more than

one hundred feet long. A basilica was generally attached to every forum, for the

summary adjustment of the disputes that arose. It was surrounded in most cases

with shops and other convenicnf-es for traders. The difference between the Grecian

and Roman basilica is given by Vitruvius in the fifth chapter of his first book.

The term basilica is also applied by Palladio to those buildings in the cities of Italv

similar in use to our town halls.

Basis. See Base.

Basket. A term often applied to the vase of the Corinthian capital, with its foliage, &c.

Basket-handle Arch. [Ft. Anse de panier.) An areh whose vertical height is less than

half its horizontal diameter, such as an elliptic arch.

Bass. A trough containing mortar, used in tiling, &c.

Basse Coub. (Fr.) A court destined in a house of importance for the stables, coach-

houses, and servants attached to that part of the establishment. In country houses it

is often used to denote the yard appropriated to the cattle, fowls, &c.

Basso-kelieto. See Bei ievo.

Bastard Stucco or Trowelled Stucco. Fine stuff mi.xod with sand to form a surface

in plastering to receive piint.

Bat. In bricklayer's work, a piece of a brick less than one half of its length.

Batardeatt. (Fr.) The same as Coffer Dam.
Batement Light. A window having upright sides, but the bottom of which is not level.

Bath, (From the Saxon, Bab,) Anapartmentor series of apartments for bathing. Among
the ancients the public baths were of amazing extent and magnificence, and contained a

vast number of apartments. These extraordinary monuments of Roman magnificence

seem to have had their origin in many respects from the gymnasia of the Greeks, both

heing instituted for the exercise and health of the public. The word iheriiKE (hot baths)

was by the Romans used to denominate the establishment, although it contained in the

same building both hot and cold baths. In later times a house was incomplete unless

provided with hot and cold baths ; and, indeed, it was not till the time of Augustus that

public baths assumed the grandeur which their remains indicate. Different authors

reckon nearly eight hundred baths in Rome, of which the most celebrated were those of

Agrippa, Antoninus, Caracalla. Diocletian, Domitian, Nero, and Titus. It appears

from good authority, th.it the baths of Diocletian could accommodate no less than eight

hundred bathers. These stupendous edifices are indicative of the magnificence, no less

than the luxury, of the age in which they were erected. The pavements were mosaic,

the ceilings vaulted and richly decorated, and the walls encrusted w^ith the rarest marbles.

From these edifices many of the most valuable examples of Greek sculpture have been

restored to the world ; and it was from their recesses that the restorers of the art drew
their knowledge, and that Rafaelle learnt to decorate the walls of the Vatican. Seep. 96.

Batten. (Probably from the Fr. Bdton, from its small width.) A scantling or piece of

stuff from two to six inches broad, and from five-eighths of an inch to two inches thick.

Battens are used in the boarding of floors and also upon walls, in order to receive the

laths upon which the plaster is laid. See Boarded Floor.
Battening. The fixing of battens to walls for the reception of the laths on which the

plaster is to be laid. It a'so signifies the battens in the state of being fixed for that

purp-^se. The battens employed are usually about two inches broad and three-fourths

of an inch thick ; the thicknesses, however, may be varied according to the distances that

the several fixed points are from each other. Their distance in the clear is from eleven

inches to me foot. To fix the battens, equidistant bond timbers were fdrmrrly l)uilt in

the wall : the wall is now plugged at equal distances, and the plugs cut off tlush with

its surface, or the battens are spiked into the wall. The plugs are generally placed twelve

or fourteen inches from centre to centre in the length of the batten. IBattens upon

external walls, the ceiling and bridging joists of a naked floor, also the common joists

for supporting the boarding of a floor, are fixed at the same distance, viz. from eleven

to twelve inches in the clear. When battens are fixed against flues, iron holdfasts are

of course employed instead of bond-timbers or plugs. When they are attached to a wall

they are generally fixed in vertical lines, and w hen fixed to the surface of a stone or

brick vault, whose intrados is generated by a plane revolving about an axis, they ought

to be placed in plane s tending to the axis ; as in this position they have only to be fixed 1



GLOSSARY. 122 L

in etraight lines, in case tlio intratlos is straight towarJs the axis, which will be the case
when it is a portion of a cone or cylinder; and when the intrados is curved towards the
axis they will bend the easiest possible. Great care should be taken to regulate the
fans of the battens, so as to be as nearly as possible equidistant from the intended surface
of the plaster. Every piece of masonry or brickwork, if not thoroughly dry, should be
battened for lath and plaster, particularly if executed in a wet season. When windows
are boarded, and the walls of the room not sufficiently thick to contain the shutters, the
surface of the plastering is brought out so as to give the nrcliitrave a proper projec-
tion, and quartf-rings are used for supportinji the lath nnd plaster in lieu of battens.

This is also practised when the breast of a chimney projects into the room, in order to
cover the recesses and make the whole side flush, or all in the same surface with the breast.

Battek. (Probably from the Fr. Battre.) A term used by artiticers to signify that a
body does not stand upright, but inclines from a person standing before it ; when, on
the contrary, it leans towards a person, its inclination is described by saying it

overhangs.

IkTTLKMENT. An indented parapet on the top of a wall. They were first used in ancient
fortifications, and subsequently applied to other buildings as mere ornament. Their
outline is generally a conjunction of straight lines at right angles to each other, each
indentation having two interior right angles, and each raised part two exterior right
angles. The solid parts are called merlons and cops; the intervals crcnelirs or embra-
sures. In Irish architecture a battlement occurs very frequently, the merlons being
graduated in height.

Battlk-embattled. a term applied to the top of a wall which has a double row of
battlements formed by a conjunction of straight lines at right angles to each other, both
embrasures and rising parts being double, the louver part of every embrasure less than
the upper, and therefore the lower part of each riser broader than the upper.

Baulk. See Balk.
Baulk Roofing. Roofing in which the framing is constructed of baulk timber.

Bay. (Dutch, Baye.) The division of a barn or other building, generally from fifteen to

twenty feet in length or breadth. For the bay of a nave or choir of a mediieval church,

see Nave.
Bay. In plasterer's work, the space between the screeds prepared for regulating and

working the floating rule. See Screed.

Bay of Joists. The joisting between two binding joists, or between two girders when
binding joists are not used.

BayofRoofi.vg. Thesmall rafters nnd theirsupportingpurlinsbetwecntwo principal rafters.

Bay Window. A window placed in a buy or projection in a room. It is also called an

oriel window. See Bow Window.
Bay of a Window. See Day.
Bazar. A species of mart or exchange for the sale of divers articles of merchandize.

The word is Arabic, signifying the sale or exciiange of goods or merchandize. Some of

the Eastern bazars are open, like the market-places of Europe, and serve for the same
uses, more particularly for the sale of more bulky and less valuable commodities.

Others are covered with lofty ceilings and even domes, which are pierced for the ad-

mission of light. It is in these that the jewellers, goldsmiths, and other dealers in rich

wares have their slinps. The bazar or meidan of Ispalian is one of the finest in Persia.

Beacon Tuuket. The turret of an angle of a tower, sometimes in Border counties used

for containing the apparatus for kindling at the shortest possible notice the nced-fre.

Bead. (Sax. Bea&e.) A moulding whose section is circular. It is frequently used on
the edge of each fascia of an architrave, as also in the mouldings of doors, shutters,

skirtings, imposts, and cornices. When the bead is flush with the surface it is called a

quirk bead, and when raised it is called a cock-head.

Bf.ad and Butt AVoek. Framing in which the panels are flush, having beads stuck or

run upon the two edges ; the grain of the wood being in the direction of them.

Bead, Butt, and Square Woek. Framing with bead and butt on one side. ;ind square

on the other, chiefly used in doors. This sort of framing is put together square, and

the bead is stuck on the edges of the rising side of the pannel.

Bkad and Flush Wokk. A piece of framed work with beads run on each edge of the

included panrel.

Bead, Flush, and Square Wokk. Framing with bead and flush on one side, and square

on the other, used chiefly in doors.

Bead and Quirk. A bead stuck on the edge of a piece of stuif, flush with its surface,

with only one quirk or without being returned on the other surface. Bead and doitltle

quirk occurs when the bead appears on the face and edge of a piece of stuflTin the same

manner, thus forming a double quirk.

Beak. A little pendent fillet left on the edge of the larmier, forming a canal behind to

prevent the water from running down the lower bed of the cornice. The beak is some-

times formed by a groove or channel recessed on the soffite of the larmier upwards.
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Beak-head. An ornament often used in Norman mouldings, resembling the beak of a bird.

Beak Moulding. See Bikd's-beak Motu.uiNG.

Beam. (Sax. Beam, a tie.) Apieeeof timber, or sometimes of metal, for supporting a weight,

or counteracting two opposite and equal forces, either drawing it or compressing it in

the direction of its length. A beam employed as a lintel supports a weijiht ; if em-

ployed as a tie beam, it is drawn or extended ; if as a collar beam, it is compressed. The
word is usually employed with some other word used adjectively or in opposition, which

word implies the use, situation, or form of the beam ; as tie beam, hamuer beam, dragon

beam, straining beam, camber beam, binding biam, girding beam, truss beam, summer beam,

&c. Some of these are, however, used simply, as collar for collar beam, lintel for lintel

beam, &c. That which is now called the collar beam was by old writers called wi/id

beam, and strut or sirutU7ig beam. A beam is lengthened either by building it in

thicknesses, or by lapping or splicing the ends upon each other and bolting them through,

which is called scarfing. See Collar Beam.

Beam Compasses. An instrument for describing large circles, and made eitlier of wood
or metal with sliding sockets, carrying steel or pencil points. It is used only when the

circle to be described is beyond the reMch of common conipass^es.

BiiiM Filling. The brickwork or masonry brought up from the level of the under to the up-

per sides of the beams. It is also used to denote the filling up of the space from the top of

the wall plate between the rafters to the under side of the slating, board, or other covering.

Bearer. That which supports any body in its place, as a wall, a post, a strut, &c. In

gutters they are the short pieces of timber which support the boarding.

Bearing. The distance or length which the ends of a piece of timber lie upon or are

inserted into the walls or piers ; thus joints are usually carried into the walls at least

nine inches, or are said to have a nine-inch bearing. Lintels of an aperture should in

like manner have a similar bearing, the object being to prevent any sagging of the piece

acting on the inner horizontal quoins of the wall.

Bearing of a Timber. The unsupported distance between its points of support without
any intervening assistance. A piece of timber having any number of supports, one
being placed at each extremity, will have as many bearings, wanting one, as there are

supports. Thus a piece of timber extended lengthwise, as a joist over two rooms, wiU
have three supports and two bearings, the bearers being the two outside walls and the

partition in the midst between them.
Bearing Wall or Partition. A wall or partition built from the solid for the purpose

of supporting another wall or partition, either in the same or in a transverse direction.

When the latter is built in the same direction as the supporting wall, it is said to have
a solid bearing ; but when built in a transverse direction, or unsupported throughout,

its whole length is said to have a false bearing, or as many false bearings are there are

intervals below the wall or partition.

Beater. An i mplement used by plasterers and bricklayers for beating, and thereby temper-
ing or incorporating together the lime, sand, and other ingredients of a cement or plaster.

Beaufet. See Buffet.
Bed. (Sax. Beb.) The horizontal surface on which the stones, bricks, or other matters

in building lie. The under surface of a stone or brick is called its under bid, and the

upper surface its upper bed. In general language the beds of a stone are the surfaces

where the stones or bricks meet. It is almost needless to inculcate the necessity of

every stone being worked quite straight, and not dished or hollowed out, which masons
are very apt to do for the purpose of making a fine joint. Stones thus worked are very
liable to flush and break otf at the angles.

Bed Chamber. The apartment destined to the reception of a bed. Its finishings of

course depend on the rank of the party who is to occupy it.

Bed-mouldings. The mouldings under a projection, as the corona of a cornice.

Bed of a Slate. The under side of a slate, or that part in contiguity with the boarding or

rafters.

Beds of a Stone, in cylindrical vaulting, are the two surfaces intersecting the intrados

of the vault in lines parallel to the axis of the cylinder. In conic vaulting, where the

axis is horizontal, they are those two surfaces which, if produced, would intersect the

axis of the cone. In arching the beds are called summerings by the workmen.
Bedding of Timbers. The placing them properly in mortar on the walls.

Beech. One of the forest trees, but not often used in building.

Beetle. (Sax. Bytel.) A large wooden hammer or mallet with one, two, or three

handles for as many persons. With it piles, stakes, wedges, &c., are driven.

Bia.ECTioN Moulding. See Balection Moulding.
Belfry. The upper part of the steeple of a churcli for the reception of the bells. It is

the campanile of the Italians, though amongst them a building often altogether

,
unconnected with the body of the church. It is sometimes used more especially in

respect of the timber framing by which the bells are supported.
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Bkli,. Tlie naked vase or corhcVle of tlie Corinthian and Composite capitals round which

the foliage and volutes are arranged. Its horizontal section is everywhere a circle.

Ekli, Roof. One whereof the vertical section, perpendicular to the wall or to its spring-
ing line, is a curve of contrary flexure, being concave at the bottom and convex at the
top. It is often called an ogee roof from its form.

Bell Tukret. A small tower formed specially for Iiolding a bell. A "bell-gable" is a
gable-like wall perforated to hold a bell.

Belt. In masonry, a course of stones projecting from the naked, either moulded, plain,

fluted, or enriched with pateras at regular intervals.

Bj-xtedere (It.) A raised turret or a lantern for the enjoyment of a prospect ; also a
small edifice in gardens, not uncommon in.France and Italy.

Benatuea. The holy water vessel placed at the entrance of churches, generally on the
right hand of the outer, or inner, porch door, or both. The sprinkler, originally made
of the herb hyssop, is called aspcrgillum.

Bench. A horizontal surface or table about two feet eight inches high, on which joiners
prepare their work.

Bench Hook. A pin affixed to a bench for preventing the stuff in working from sliding

out of its place.

Bent Timber Roof. A roof of large span, in whicli tlie principals are formed of timber
bent to the required form, and secured by bolts or bands.

-Beton. (Fr.) Concrete made according to the FVench system.

Bp;vel. (Lat. Bivium.) An instrument used by artificers, one leg whereof is frequently
curved according to tlie sweep of an arch or vault. It is moveable upon a pivot or
Cf ntre, so as to render it capable of being set to any angle. Tlie make and use of it

are much the same as those of the common square and miter, except that those are

fixed, the first at an angle of ninety degrees and the second at forty-five ; w^hereas the
bevel being moveable, it may in some measure supply the office of both, and yet supply
the deficiency of both, which is, indeed, its principal use, inasmuch as it serves to set

oflTor transfer angles either greater or less than ninety or forty-five.

Any angle that is not square is called a bevel anylc, whetlier it be more obtuse vc

more acute than a right angle; but if it be one half as much as a right angle, viz.

forty-five degrees, the workman calls it a miter. They have also a term lidf miter,

which is an angle one quarter of a quadrant or square, that is, an angle of twenty-two
degrees and a half.

Bier. A portable carriage for the dead. Hearse or Herce.

Biixet Moulding. (Fr. Billet.) A moulding used in Norman architecture, in string

courses and the archivolts of openings. It con-

sists of short, small, cylindrical pieces, two or

three inches long, placed in hollow mouldings at

intervals equal to about the length of the billet.

See fig. 1372.

Binding Joists. Those beams in a floor which, in

a transverse direction, support the bridging joists ^
above, and the ceiling joists below. When they "

pjg_ jg-g, Bjuet jiouWing.
are placed parallel to that side of a room on

which the chimney stands, the extreme one on that side ought never to be placed close

to the breast, but at a distance equal to the breadth of the slab, in order to allow for

the throwing over the brick trimmer to support the hearth.

Binding Rafters. The same as purlins.

BiNN FOR Wine. The open subdivision in a cellar for the reception of wine in bottles.

The average diameter allowed for green bottles is 3'o6 inches. Thus a binn 6 ft. 2| in.

long will take twcnty-cne bottles. If they are laid in double tiers the depth should be

32 inches.

Bird's-heak Moi-lding. a moulding which in section forms an ovolo or ogee with or

without a fillet under it, followed by a hollow. It is usual in Greek work, especially

in the cap of the anta of the Doric order.

Bird's-ete Maple Wood. The wood of the acer macrophyllum, or broad-leaved maple.

It is scarcely inferior in grain to the finest satin wood. It is largely used in cabinet

work.

Bird's-eye Perspective. A representation of any place or building taken from a great

height. The lines can only be found geometrically. It diffi'rs from the ordinary

perspective representations only in that the horizontal line is very much above the

object to be shown.

Bird's Mouth. An interior angle cut on the end of a piece of timber, for the purpose

of obtaining a firm rest upon the exterior angle of another piece.

Bit. An instrument for boring holes in wood or any other substance, so constructed as

to idmit of being inserted or taken out cf a. .«pnng. The handle is divided into live
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parts, all in the same plane ; the middle and the two extreme parts being parallel.

The two extreme parts are in the same straight line, one of them having a brass end

with a socket for containing the bit, which, when fixed, falls into the same stniight line

with the other end of the stock ; the further end has a knob attached, so as to remain

stationary, while all the other parts of the apparatus may be turned round by means of

the projecting part of the handle.

There are various kinds of bits; as shell hit, used for boring wood, and having an

interior cyiindric concavity for containing the core; c.ntre bit, used to form a large

ylindric hoi.e or excavation ; coimtersink bit, for widening the upper part of a hole in

wood or iron, to take in the head of a screw or pin, so that it may not appear above the

surface of the wood ; rimer bit, for widening a hole ; and taper shell bit, used also fur

tlie last-named purpose.

BiTt;.MEN. A mineral pitch used in former ages instead of mortar. The bricks of the

walls of Babylon are said to have been cemented together with it.

Blade. (Sax. Blset).) A name sometimes given to the principal rafter of a roof.

Blade of a Chiskl. The iron or steel part of it as distinguished from the wooden

handle.

Blade of a Saw. The thin steel part on the edge of which the teeth are cut. The

chief properties of a good saw are, that it should be stiff and yet bend equally into a

regular curve, well tempered, equally thick on the cutting edge, and thinner towards

the back edge.

Blank Door. A door either shut to prevent a passage, or one placed in the back of a

recess, where there is no entrance, having, nevertheless, the appearance of a real door.

Blank Wi.ndow. One which has the appearance of a real window, but is merely formed

in the recess of the wall. When it is necessary to introduce blank windows for the

sake of uniformity, it is much better to build the apertures like the other and real

windows, provided no flues or funnels interfere ; and instead of representing the sashes

by painting, real sashes should be introduced with the panes of glass painted black

on the back.

Blind. The ordinary white linen material for draw-down blinds, now also made
buff, blue, or red in colour. Also quadrangular forms of wood or metal, covered with

an opaque substance, stretched between the framing, so as to cover eitlier the whole or

part of the sa.shes of a window. They are used for the purpose of diminisjiing the

intense effects of the sun's rays, or of preventing persons from seeing into the in-

terior of an apartment. Helioscene. Venetian.
Block (Teutonic) of Wood. A piece of wood cut into some prescribed form for a par-

ticular purpose.

Block of Stone ok IVIarble. A piece rough from the quarry before it has received any
form from the hand of the workman.

Blocking or Blocking Course. In masonry, a course of stones placed on the top of a

cornice and forming the crown of a wall.

Blockings. Small pieces of wood fitted in and glued to the interior angle of two boards,

or other pieces, for the purpose of giving additional strength to the joint. In gluing

up columns the staves are glued up successively and strengthened by blockings ; as also

the risers and treads of stairs and all other joints that demand more strength than their

own joints afford. Blockings are always concealed from the eye.

Board. (Sax. Bofib.) A piece of timber of undefined length, more than four inches in

breadth, and not more than two inches and a half in thickness. When boards are of a

trapezoidal section, that is, thinner on one edge than the other, they are called feather-

edged boards. Boards when wider than nine inches are called ^j^awA'5. The fir boards,

called deal (because they are dealt or divided out in thicknesses) are generally imported

into England ready sawn, being thus prepared cheaper by saw mills abroad than they

can be here. Fir boards of this sort, one inch and a quarter thick, are called whole deal,

and those a full half inch thick, slit deal. See Batten.
Board for Valleys or Valley Board. A board fixed on the valley rafters, or a piece

for the leaden gutter of the valley to rest on.

Boarded Floor. A floor covered with floor-boards. The laying of floors usually com-
mences when the windows are in and the plaster dry. The boards should be planed on

their best face and set uj) to season, till the natural sap is expelled. They are then to

be planed smooth, shot, and squared on the edge. The opposite edges are brought to a

breadth by drawing, with a flooring gauge, a line on the face parallel to the other edge.

After this they are gauged to a thickne-s, and rebated down on the back to the lines

drawn by the gauge. The next thing is to try whether the joists be level, and if not.

either the boards must be cut on the under side to meet the inequality, or the joists

must h&fiirnd up by pieces to bring the boards, when laid, to a level. The boards em-
ployed in flooring are either battens or deals of greater breadth. The quality of battens,

is divided into three sorts. The best is that free from knots, shakes, sap wood, or cross-

I
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grained stuff, well matdied, and selected -witli the greatest care. The second Lest is that
in which only small but sound knots are permitted, Lut it is to be free from sapwood
and shakes. The most inferior kind is that left from the selection of the other fwo.

Boarding Joist. In naked floorii gs the joist to which the boards are to be fixed.

Boarding for Lead Flats and Uutters. That which immediatjly receives the leid,

rarely less than one inch and an eighth, or one inch and a quarter thick. It is usunlly
laid merely with rough joints.

Boarding for Pugging or Deafening, also called Sound Boarding. Short boards dis-

posed transversely between the joists of floors to hold some substance intended to prevent
sound being transmitted from one story to another. Tliese boards are supported by
fillets fixed to tlie sides of the joists, about three-quarters of an inch thick and an inch
wide. The substance, often phister, placed between them to prevent the transmission
of the sound, is called the puggimj.

Boarding for Slating. That nailed to the rafters, in place of laths, fortlin reception of
the slates, usually f to | of an inch in thickness ; the sides comir.only rough; the edges
either rough, shot, ploughed and tougued, or rebated and sometimes sprung, so as

to prevent tiie rain from passing through the joints. The boarding for slating may be
so arranged as to diminish the lateral pressure or thrust against the walls by disposing
the boards diagonally on the rafters. On the lower edge of the boarding is fixed tho
eaiitS hoard, as also against all walls either at right angles to or forming an acute angle
with the ridge, or a riglit or obtuse angle with the wall plate. The eaves board is lor

raising the lower ends of the lower row of slates that form the eaves. Those placed
against walls are for raising the slates to make the water run off from the wall. The
boarding for slates should be of yellow deal without sap.

Boarding for lining Walls. The boards used for this purpose are usually from five-

eighths to three-quarters of an inch thick, and are ploughed and longued together.

Boaster. A tool used by masons to make the surface of the work nearly smooth. It is

two inches Avide in the cutting part.

Boasting in Masonry. The act of paring the stone with a broad chisel and mallet, but
not in uniform lines.

In Carving, it is the rough cutting round the ornaments, to reduce them to their

contours and profiles, before the incisions are made fcr forming the raffels or minuter
parts. Seo Ashlar

Body of a Niche. That part of it whose superficies is vertical. If the lower part be

cylindrical and the upper part spherical, the lower part is the body of the niche, and
the upper part is termed the head.

Body of a Room. That which forms the main part of the apartment, independent of
any recesses on the ends or sides.

Body Range of a Groin. The wider of two vaults which intersect and form a groin.

BoLECTioN Moulding. See Balection Moulding.
Bolster or Pillow. The baluster part of the Ionic capital on the return side. See

Baluster.
Bolt. (Gr. BoAis, a dart.) In joinery, a metal fastening for a door, and moved by tiio

hand, catching iu a staple or notch which receives it. Bolts are of various sorts, of which
plate spring a,nd flush bolts are for fastening doors and windows.

This name is also given to large cylindrical iron or other metal pins, having a round
head at one end and a slit at the other. Through the slit a vin or forelock is parsed,

whereby tho bar of a door, window shutter, or tlie like is made fast. Tliese are usually

called round or window bolts.

The bolt of a lock is the iron part that enters into a staple or jamb when the key is

turned to fasten the door. Of these the two sorts are, one which shtits of itself when
the door is shut to, called a spring bolt ; the other, which is only acted upon by appilying

the key, is called the dormant bolt.

In carpentry, a bolt is usually a square or cylindrical piece of iron, with a knob at

one end and a screw at the other, passing through holes for its reception in two or more
pieces of timber, for the purpose of fastening them tog( ther, by means of a nut screwed

on the end opposite to the knob. The bolt of carpentry should be proportioned to tho

size and stress of the timbers it connects.

BoLTKL. See Boultine.
Bond. (Sax.) Generally the method of connecting two or more bodies. Ui-ed iu the

plural number, it signifies the timbers disposed in the walls of a house, such as bimd tim-

h rs, lintels, and tvall 2}!(ftes. The term chain bond is someiimes applied to the bond

timbers formerly placed in one or more tiers in the walls of each story of a building,

and serving not only to tie the walls together during their settlement, but afterwards

for nailing the finishings thereto. These bond timbers are now not allowed to bo used

in buildings iu the metropolis.

In masonry or brickwork, is that disposition of stones or bricks which prevents
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the vertical joints falling over ono another. Heart bond is that bond which occurs

when two stones being placed in a longitudinal position extending tlie exact thickness

of the wall, another stone is put over the joints in the centre of the wall.

Bond Masonry. See Bound Masonry.

Bond Stones. Those whose longest horizontal direction is placed in the thickness of the

work.
BoNEiNG, or BoNiN3. (Etym. doubtful.) The act of judging of, or making, a plane surface

or line by the eye. It is also performed by joiners with two straight edges, by whicli

it is seen whether the work is out of windit?ff, that is, whether the surface be plane or

twisted.

Booth. (British, Bwth.) A stall or standing in a fair or market. The term is also applied

to any temporary structure for shade and shelter, as also for wooden buildings for itinerant

players and pedlars.

Border. (Fr. Bord.) A piece of wood put round the upper edges of any thing, either

for use or ornament. Such are the three pieces of wood, to which the term is more
usually applied in architecture, which are mitred together round the slab of a chimney.

Boring. The art of perforating any solid. For wood, the various sorts of bits are

described under Bit.

Boss. (Fr.) A projecting mass or prominency of material, to be afterwards cut or carved.

It is placed at the intersection of the ribs in groined vaulting. The bosses in the later

mediaeval styles were beautifully carved with foliage and figures. See Orb.
Boss. Among bricklayers, a wooden vessel used by the labourers for the mortar used in

tiling. It has an iron hook, by which it hang.s on the laths or on the rounds of a

ladder.

BossAGE (Fr.) Projecting stones laid rough in building to be afterwards cut into mould-
ings or carved into ornaments. The term is also used to signify rustic work, which
seems to advance before the naked of a building, by reason of indentures or channels

left at the joints. The cavities or indentures at the joints are sometimes bevelled or

chamfered, and sometimes circular.

Boudoir. A French term used in England to designate a room in a large mansion
especially appropriated to the mistress of the house as her sitting-room.

Boulder Walls. Such as are built of round flints or pebbles laid in strong mortar. This

construction is used where there is a beach cast up by the sea, or where there is an abun-
dance of flints in the neighbourhood.

Boultine or Boltkl A name sometimes given by workmen to a convex moulding, such

as an ovolo. Sec I'owtel.

Bound or Bond Maso.nry. That wherein the stones of each succeeding course are laid

so that the joint which mounts and separates two stones always falls directly over the

middle of the stone below.

Bow. (Sax. Bu?;en.) The part of any building which projects from a straight wall. It

is sometimes circular and sometimes polygonal on the plan, or rather formed by two
exterior obtuse angles. Bows on polygonal plans .-iro called canUd boivs.

Bow. Among dr.aughtsmen, denotes a beam of wood or brass, with three long screws that

direct a latli of wood or steel to an arch. It is used in drawing flat arches of large

radius.

Bow Compasses. In.struments for describing small circles.

Bow Room. A room having a bow on one or more sides of it.

Bow Saw. One for cutting the thin edges of wood into curves.

Bow Window. A semicircular or polygonal projection from a building, and containing

a window. The supports are either carried up from the ground, or in tlie case of an

upper story, they are formed of projected suites of mouldings springing from a corbel.

They ai-e most frequently seen in the later mediapval and the Italian styles.

Bowlers or Bolders. See Pavement.
Bowtel or Boltel. The mediseval term far a plain moulding or shaft of a circular shape.

See Boultink.
Box. (Sax.) Generally, a case for holding anything.

Box FOR Mitering. a trough for cutting miters. It has three sides, and is open at the

ends, with cuts on the vertical sides at angles of forty-five degrees with them.
Box OF A Rib Saw. Two thin iron plates fixed to a handle, in one of which plates an

opening is made for the reception of a wedgo, by which it is fixed to the saw.
Box OF A Theatre. One of the subdivisions in the tiers round the circle.

Boxed Shutteks. See Boxings of a Window.
Boxings of a Window. The cases opposite each other on each side of a window, into

which the shutters are folded or fall back. The shutters of principal rooms are usually

in two divisions or halves, each subdivided into others, so that they may be received

within the boxings. The subdivisions are seldom more in numlier than three, and are

so contrived that the subdivision whose fa(;e is visible, which is called the front shutter,
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is of the exact breadth of the boxing, and also flush with it; the next, hidden in the
boxing, is somewhat less in breadth tlian that last mentioned, and the third still less.

Suppose, for instance, a window four feet wide, standing in a two-brick or eigliteen-inch

wall; we may thus find the number of leaves each of the halves must have, as follows :

—

To the thickness of the wall add that of the plastering, say 2 inches, and we have 20
inches. Now the sash frame = 6 inches in thickness, being added to the reveal or dis-

tance = 4rj inches of the sash frame from the face of the wall = lOi inches, which,
subtracted from 20, the thickness of the wall and plaster, leaves 9^ inches. This will

give three leaves, or subdivisions, and as it is usual to make the back flaps, or those foldea
within the boxings, less than the front shutter, whose face is visible and flush with and
of the exact breadth of the boxings, the arrangement may be as follows : —Front
shutter OJ inches, the next 8 inches, and the third 6^ inches ; in all, 24 inches, the half
of the opening of the window. It will be perceived that no allowance has been made
for the shutters being rebated into each other, as is usually the case ; and for this half
an inch more must be allowed for the two rebates of the three leaves, and one-eighth
of an inch fur the rebate at the meeting of the two principal divisions in the middle of
the window, making, with the breadth of the three subdivisions, 24 + | ; the flaps, there-

fore, may be thus disposed :—Front leaf 9^ inches, second leaf 8^ inches, and the third

leaf 6f inches ; in all 24| inches, being fully the width of each principal division. To
find the depth to be given to the boxings, to the thickness of each of the leaves add one-
.sixtesnth of an inch, and if there be a back lining add also the thickness of that. The

. second and third flaps are almost always thinner than the front leaf; thus, say front

leaf 1^ inch, second leaf l^- inch, and third leaf l\ inch ; to wliich add ~ ^o^ the three
leaves, and the amount will stand thus :— 1 5 + 1^+1^ +^= "^ft

inches for the depth of
the boxings. If the walls are only a brick and a half thick, or the window very wide,

the architrave is made to project before the face of the plaster, for the purpose of
obtaining width for the boxings, or the plaster is brought out from the internal face of

the wall by means of battening.

Brace. (Fr. Embrasser.) An inclined piece of timber used in trussed partitions and in

framed roofs, in order to form a triangle, by which the assemblage of pieces composing
the framing are stiffened. When a brace is used to support a rafter, it is called a strut.

When braces are used in roofs and in partitions, they should be disposed in pairs, and
introduced in opposite directions. See Angle Beace.

Bracket. (Lat. Brachium.) A supporting piece for a shelf When the shelf is broad
the brackets are small trusses, which consist of a vertical piece, a horizontal piece, and
a strut; but when narrow tlie brackets are generally solid pieces of board, usually

finished with an ogee figure on their outer side.

Beacket for Stair. It is sometimes used under the ends of wooden steps next to the

well-hole, for the sake of ornament only, for it gives only the appearance of a support.

Bbacketing to a Cornice. The wooden ribs nailed to the ceiling, joists, and battening

for supporting the cornices of rooms when too large for security, by the mere dependence

on the adhesive power of plaster to the eriling. It consists of vertical ribs whose rough
outline is that of the cornice, and to which the laths arenailedfor sustaining the plaster

in which the mouldings are run. The bracketing for coves is only an enlargement of

the scale which occurs in ordinary cornices, the operation being that of obtaining a set

of ribs to which the laths may be nailed for the reception of the plastering. The ribs

in question are usually cut out of deals, whose thickness must necessarily vary with the

weight of plaster they have to support.

Brad. (Etym. uncertain.) A thin nail used in joinery v/ithout the spreading head which

other nails have, the projection of the head being only on one side. Tliere are various

sorts of brads, such as joiners' brads f(jr hard woods ; batten brads, for softer woods

;

and bill, or quarter brad,f, used for a hastily laid floor. When brads are used they are

generally driven below the surface of the wood through the medium of a punch, and the

hole is filled up with putty to prevent an appearance of the nailing.

Branches. The ribs of a (iothic varlt, rising upwards from the tops of the pillars to the

apex. They appear to support the ceiling or vault.

Brandering. Covering the underside of joists with battens about an inch square and

from twelve to fourteen inches apart, to which to nail laths, in order to secure a better

key for the plastering of the ceiling.

Brandrith. a fence or rail round tlie opening of a well.

Brass. A metal much used in building. It is an alloy of copper and zinc, whose pro-

portions vary according to the required colour. Four parts of copper and one of zinc

form a good brass. The common process for making it is by heating copper plates in

a mixture of native oxide of zinc, or calamine and charcoal.

Brass. A sepulchral metal plate, generally sunk into a grave-stone ; sometimes with a

mere inscription, but very frequently with effigies, armorial bearings, and other devices

engraved upon it.
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Brattishing. An (inuimcjit.il cresting. The carved open work over a .slirine.

Brazing. The union of pieces of copper by heating and hammering them. See Soi.kmr-

iNG and Welding.
Breadth. The greatest extension of a body at right angles to its length.

Break. Tlic recess or projection of any part within or beyond the general face of the

work. In either case it is to be considered a break.

Break, ix. In carpentry, it is the cutting or breaking a hole in brickwork with the ripping

chisel for the purpose of in)-erting timber, or to receive plugs, tlie end of a beam, or

the like.

BitEAKiNG DOWN. Sawing a baulk of timber into boards.

Breaking Joint. In masonry or brickwork, it is the placing a stone or brick over the

course below, in such a manner that the joint above shall not fall vertically immediately

above those below it.

Brkast of a Chimney. Tlie projecting or facing portion of a chimney front towards a

room which projects into it. or which, from other construction, may not have a break.

It is, in fact, the wall carried up over the front of a fireplace, whether projecting or

• not. See Chimney.
Bbb»st of a Window. The masonry or brickwork forming the back of the recess or

parapet under the window sill.

Breeze. Small ashes and cinders used instead of coal in the burning of bricks.

Bressummer or Breast Summkr. That is, a summer or beam placed breastwise for the

support of a superincumbent wall, performing in fact the office of a lintel. It is prin-

cipally used over shop windows to carry the upper part of the front and supported by
iron or timber posts, though sometimes by stone. If the interior of a building the

pieces into which the girders are framed are often called summers.
Brewhouse. An establishment for the manufactory of malt liquors. A hrewhouse is

generally provided as an appendage to dwelling-houses in the country, for brewing the

beer used by the family.

Brick. (Dutch, Bricke.) A sort of fictitious stone, composed of an argillaceous earth,

tempered and formed in moulds, dried in the sun, and finallj' burnt to a proper degree

of hardness in a clamp or kiln. The method pursued by the ancients in making un-

burnt bricks is described by Vitruvius, book ii., cliap. iii. That author describes the

three diifereut sorts in use :—Didoron {SiSupov), being one foot long and half a foot

wide ; the otiier two sorts are called Pentadoron and Tetradoron. By the word Doron
tlie Greeks mean a palm, because the word hwpov signifies a gift which can be borne in

tiie palm of the hand. That sort, therefore, which is five palms each way is called Pen-
tadoron ; that of four palras Tetradoron. The former of these two sorts is used in

public buildings ; the latter in private. Each sort has half-bricks made to suit it.

Towards the decline of the Republic, the Romans made great use of bricks as a building

material. According to Pliny, those most in use were a foot and a half long, and a foot

broad. This agrees nearly with tiie Roman bricks used in England, which are gener-

ally found to be about seventeen inches in length, by eleven inches in breadth. Ancient

bricks are generally very thin, being often no more than one inch and a half tliick,

and are often called tiles. Erom the article in the Encyc. Mifhodiqiie, it appears tiiat in

the researches made among the buildings at Rome, bricks of the following sizes were

found. The least were 7j inches (French) square and \\ inch thick ; the medium one I65

inches square and from 18 to 20 lines in thickness. The larger ones were 22 inches

square by 21 or 20 lines thick. The smaller ones were used to face walls of rubble

work; and for making better bond with the wall, they were cut diagonally into two

triangles, the longer side being placeil on the outside, and the point towards the in-

terior of the work. To make the tie more effectual between tlie rubble and the facing,

there were placed at intervals of four feet in height, one or two courses ot large square

bricks. The larger bricks were also used for tiie arches of openings to discharge the

superincumbent weight.

Bricklayer's Work. The art of bricklaying.

Brickwork. Any work performed with bricks as the solid material.

Bridge. (Sax. Bjnsse.) A structure for the purpose of connerting the opposite b 'uks

of a river, gorge, valley. &c., by means of certain materials, forming a roadway from

one side to the other. It may be made of stone, brick, iron, timber, suspended chains

or ropes, or the roadway nay be obtained by means of boats moored in the stream.

In the bridges of the ancients the arches were semicircular; in those erected during

the mediaeval period the arches were obviously made pointed, and generally of small

^pans, altliough there are a few good exceptions ; while in those of modern date they

have been segmental or semi-elliptical. The last two forms are very mucli more
.'suitable, because of the freer passage for the stream, especially in the ca.»e of floods.

We Mould refer the student to the brick railway bridge at Maidenhead, over the river

Thames, carried out in 1835, by Sir I. Brunei, as a daring effort of work; the two

largest arches, elliptical in form, are each 128 feet spin, with a rise of 24 feet 3- in.
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only; to the elliptical stone bridge over the Arno at Florence, 1567-70, by Bart.
Ammannato, for its acknowledged beauty, the largest arch of which is 95 feet 10 in.,

with a rise of J.5 feet 2 in.; and to the Grosvenor bridge at Chester, over the Dee,
executed 1825-27, by Thomas Harrison, architect, for its design and good construction,
as well as for being the largest span of any bridge yet erected in Great Britain, and
almost in the world, consisting of only one segmental arch of 200 feet span, with a
rise of 42 feet. In the brick bridge at Pavia, over the Ticino, which is of an early
period, and also a covered bridge (a practice useless perhaps, but not uncommon in
Italy and other parts of the Continent), the arches, 70 feet in span, are Pointed; a
form very favourable in every respect and most especially so in rivers subject to
sudden inundations, but unfavourable certainly in cases where the span of the arch
(here having a rise of 64 feet) is required to have a large width in proportion to its
height.

_
There are two ru!e< respecting bridges which ought not to be neglected : the prin-

cipal one is, that their direction must, if possible, be at right angles to the btream
;

the other that they must be placed id the line of the streets which they connect on the
opposite banks of the stream. From a want of regard to these points many unfortunate
bhmders have been committed, which a prodigal expenditure will not afterwards
rectify. The position of a bridge should be neither in a narrow part nor in one liable
to swell with tides or floods, because the contraction of the waterway increases the
depth and velocity of the current, and may thus endanger the navigation as wtll as the
bridge itself.

It is ttv common practice to construct a bri<lge with an odd numi)er of arches, for
the reason, among many others, that the stream being usually strongest in the middle,
egress is there better provided by a central arch. If the bridge be not perfectly
horizontal, symmetry results by the sides rising towards the middle, and the roadway
may be made one continued curve. When the roadway of a bridge is horizontal, the
saving of centering for the arches is considerable, because two sets of centres will
perhaps be sufficient for turning all the arches. If, however, the bridge be higher in

the middle than at the extremities, the arches on each side of that in the centre must
diminish similarly, so that l hey may be respectively symmetrical on each side of the
middle. From this disposition beauty necessarily results, and the centering for one of
the sides equally suits the other. A bridge should be constructed with as few arches
as possible, for the purpose of allowing a free passage for the water, as well as for the

vessels; if the bridge can be constructed with a single arch not more should be allowed.

The piers should be of sufficient solidity toresist the thrust of the arch, independent
of the counter thrust from the other arches; in which case the centering may be struck

without the impendent danger of overturning the pier left naked. The piers should
also be spread on their bases as much as possible, and should diminish gradually
upwards from their foundations. In brick bridges of small plan, an inverted arch is

often formed between the piers, to form a support, as well as to preveiit any ill effects

to the piers or abutments from a scour.

The method usually employed for forming the foundations is by means of coffcr-da?ns.

Wlien, however, the groutid is loose, this method cannot so well be used; and then
caissons have been employed. On this system the piers of old Westminster and old

Blackfriars bridges were constructed ; both bridges have been rebuilt. It is now
universally admitted to be defective and inefficient, principally from the liability of

the piers being undermined by increased scour. Waterloo, SouthwHrk, and London
bridges were all built with the coffer-dam, laying the foundation dry. At new West-
minster bridge another plan was adopted, avoiding the expense of coffer-dams. The
principal bearing is on elm piles, cut off below low water. These are surrounded by
iron piles with cast iion plates driven between the piles, thtis forming a complete

casing which surrounds and includes the elm bearing piles, and the interstices are

filled in with concrete, makii g the whole solid. The nfxt system of foundation is

. that of iron cylinders opf-n at liottom and sunk into the bed of the river by excavating

first inside by divers; and afterwards, when watertight ttrata are reached, by pumping
out and working dry ; the interior, when a sufficient depth has been reached, being

filled solid with concrete or brickwork. Some other examples of bridges are noticed

in this work.
Bhidge Board, otherwise called Notch Boaed. A board into which the ends of the

. steps of wooden stairs are fastened.

Bridoe-over. a term used when several parallel timbers occur, and another piece is

fixed tra-sversely over them ; such piece is then said to hriJgc-over the parallel pieces.

Thus in framed roofing, the common rafters bridge-over the purlins
;

so, in framed

floorins, the upper joists, to which the flooring is fixed, bridge-over the beams or binding-

joists, 3nd for this reason they are called hridging-joistsi.
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Bridge Stone. A stone laid from the pavement to the entrance door of a honse over a

sunk area and supported by an arch.

Bridged Gttttkr. One made with boards supported by bearers and covered above with

lead or zinc.

Bridging or Bridging Pieces, also called Strutting or Straining Pieces. Pieces

placed between two opposite be.ims to prevent their nearer approach, as rafters, braces,

struts, &c. When a strutting-piece also serves as a sill, it is called a strainina sill.

Bridging Floors. Those in which bridging-joists are employed.

Bridging Joists. Those which are sustained by transverse beams below, called binding

joists ; also those joists which are nailed or fixed to the flooring-boards.

Bridging to Ploors. In some parts of England and in Ireland this term is applied to

what is usually called Herring-bone Strutting, or Herring boning between the joists

of a floor.

Bhinging-Forward. Priming and painting new work mixed with old, so that the whole

shall have the same appearance when finished.

Bringing-Up or Carrying-Up. A term used by woikmen to denote building-up. Thus
bringing-up a wall four feet means building it up.

Broach. An old English term for a spire, and still so employed. Sometimes it is used

to designate a spire rising from the tower without any parapet, as in the Early English

period.

Broached Work. See Droved and Broached.
Broad Stone. The same as Free Stone.
Bsoken-joint Flooring. The simo as floor-boar !s laid./bWt«^. See Floor.
Bronteum. (Gr.) In ancient Greek Arclntecture, that part of the theatre under tho

floor in which brazen vessels with stones in them were placed to imitate the sound of

thunder.

Bronze. A compnund metal applied to various useful and ornamental purposes. Tho
composition consists of 6 to 12 parts of tin and 100 parts of copper. This alloy i8

heavier and more tenacious than copper ; it is also much more fusible, and less liable

to be altered by exposure to the air.

Budget. A small pocket used by tilers for holding the nails in lathing for tiling.

Buffet. (Fr.) A cabinet or cupboard for plate, g^ass, or china. Some years back it

was the practice to make those small recesses very ornamental, in the form of niches,

and left open in the front to display the contents. At present, when used, they are

generally closed with a door.

Buhl Work. Formerly called Bonle work from the name of its inventor. It consists

of one or more metals inlaid upon a ground of tortoise shell, alone or with coloured

woods, or of these last-named materials inlaid upon grounds of metal. The process is

as follows:—Two pieces of veneer are placed together, with paper between them, each

being glued to the paper. Upon the surface of the upper one is placed tho drawing of

the pattern to be cut, a. id then the outlines of it are cut through by means of a very

fine watch-spring saw. The parts are then separated, that which is taken from tho

darker wood is let into tho lighter wooa and vice versa. See II ionieb Work.
Builder. A person who contracts for performing the whole of the different artificers'

works in a buildirg.

Building. Used as a substantive is the mass of materials shaped into an edifice. Asa
participle, it is the constructing and raising an edifice suited to the purposes for which it

is erected; the knowledge requisite for the design and construction of buildings being

the subject of this work, in which it is treated under its various heads. A " new
building" is the re-erecting of any building pulled down to or below the ground floor,

or of any frame 1 uilding of which only the framework is left down to the ground floor,

or the conversion into a dwelling house of any building not originally constructed for

human habitation, or the conversion into more than one dwelling house of a building

originally constructed as one dwelling house only. Public Health Act, 1875.

Building Act. An Act passed for regulating the construe ion and use of buildings in

any town or city.

Building of Beams. The same as Scarfing. A " built-bcam " js a beam or girder

formed of several pieces of timber fitted and bolted or strapped together, in order to

obtain one of a greater strength than usually obtainable in one balk of timber.

Bulker. a term used in Lincolnshire to signify a beam or rafter.

BuLLEN Nails. Such as have round heads with short shanks turned and lacquered.

They are principally used in the hangings of rooms.
Bull's Eye. Any small circular aperture for the admission of light or air. The name

is also applied to the knob in a pane of common glass, left in its manufacture, which
was formerly used for cheapntss, and lately as a sort of ornament or for the sake of

obscurity.

Bull's Nose. The external or o'her angle of a polygon, or of any two lines meeting at

an obtuse angle.
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BuixocK Sheds. Houses or sheds for feeding bullocks, in which the main points to be
observed are good ventilation, facility in feeding and cleaning the animals, perfect
drainage, and a good aspect. They ought not to be less than nineteen feet wide.

Bund. A Persian term for a dam or dyke.
Bundle Pillar. In Gothic architecture, a column consisting of a number of small

pillars round its circumference.

Bungalow. The Hindoo nnme for a thatched house ; or generally far a house.
BuTMENT. The .«ame as Abutment, which see.

BuTMENT Cheeks. The two solid sides of a mortise. The thickness of each cheek is

usually equal to the thickness of the mortise, but it happens that circumstaLces arise

to vary this thickness.

BuTT-END OF A PIECE OF TiMBEE. That which was nearest the root of a tree.

Buttery. A store-room for provisions ; it should be on the north side of a building.
BuTT-Hi.voEs OR BuTTS. Those employed in the hanging of doors, shutters, casements,

&c. They are placed on the edges with the knuckle projecting on the side in which
the closure is to open, an I the other edges stopping against a small piece of wood left

in the thickness of the closure so as to keep the arris entire. Workmen generally sink
the thickness of the hinges flush with the surface of the edge of the closure, ai.d the
tail part one-half into the jnmb. Stop hutt-kinges permit the closure to open only to

a right angle, without breaking the hinges ; rising hutt-hinges, which are those that
turn upon a screw, cause the door to rise as it opens, so as to clear the carpet in the
apartment; slip off hutt-hinges are used where a door or window-blind is required to

be taken oif occHsionHlly

BuTTiNO Joint. That formed by the surfaces of two pieces of wood, whereof one is per-

pendicular to tlie fibres, and tlie other in their direction, or making an oblique angle

with them, as. for example, the joints made by the struts and braces with the truss

posts.

Button A small piece of wood or metal, madf to turn al out a centre, for fastening a

door, drawer, or any other kind of closure. The centre is gener.illy formed by a screw.

Buttress. (Fr. About ir, to lie out.) A mass of brickwork or masonry to support the

side of a wall of tireat height, or pressed on tlie opposite side by a bank of earth or

body of water. Buttri-sscs are employed against the piers of Gothic buildings to resist

the thrust of the vaulting. See Arc Boutant, or flying buttress. The buttress called

the pillared buttress is formed by vertical planes attached to the walls themselves.

These sometimes form the upright terminations of flying buttresses.

Byzantine. The style of architecture and art established under the E:istern division of

the Roman Empire. It contains more of the Greek element than Romanesque Art,
which was developed in the Western division.

(J

Cauin. (Brit, Chabin.) A term applied to the huts and cotbiges of poor people and lo

those of persons in a savage state of life.

Cabinet. (Fr.) A retired room in an edifice set apart for writing, study, or the preser-

vation of anything curious or valuable. The term is also applied to an apartment at

the end of a gallery in which pictures are hung, or small pieces of sculpture, medals,

bronzes, and other curiosities are arranged.

Carle Moulding. A convex circular moulding used in Norman Architecture, as in fig. 1373.

Cabling. A moulding of a convex circular sec ion, rising from the back or con-

cave surface of a flute of a column, so that its most

prominent part may be in the same continued

circular surface as the fillet on each side of the

flute. Thus the surface of a flute is that of a

concave cylinder, and that of the cable is the

surface of a convex cylinder, with the axes of the

cylinders parallel to each other. The cable seems

to represent a rope or staff laid in the flute, at the Fig. l;)"3.

lower part of which it is placed about one third

of the way up. Cabling of flutes was nut frequently used in tiie works of antiquity. At

the arch of Constantino the cables rise to about one thirl of the height of the shaft. In

modern times an occasional abuse has been practisedof cabling without fluting, as in the

church della Sapienza at Rome.

Caer. a term in British antiquity, which, like the Saxon term Ch'sfer, denotes a castle,

and is generally prefixed to the names of places fortified by the Romans.

Cage. In carpentry, is an outer work of timber surrounding another. Thus the cage of

a stair is the wooden inclosure that encircles it.
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Cairn. A pyramidal pile of stones heaped up by the ancient races, for monument.il or

memorial purposes.

Caisson. (Fr.) A large and strong chest of timber, water-tight, used in large and rapid

rivers for building tne pier of a bridge. The bottom consists of a grating of timbei-,

contrived in such a manner that the sides, when necessary, may be detached from it.

The ground under the intf^nded pier is first levelled by divers, or other means, or piles

driven in whereon the caisson may lodge ; the caisson is then launched and floated into

its proper position, and the pier built therein
;
it sinks, and the woik is continued as high

as the level of the water, or nearly so. The sides are then dcttiched. The objection to

the system is that a perfectly level bed cannot be obtained, and the caisson rests on
limited portions; increased weight and time may no doubt produce a more even bearing,

but settlement is involved to some extent. Old AVestminster and old Blackfriars

Bridges were so constructed. The tonn.ige of each of the caissons used at Westmin-
ster Bridge was equal to that of a fort\ -gun ship.

Caisson.: A sunken panel in ceilings, vaults, and cupo'as. See Coffer.
Calcaueous Earth. A species of earth which becomes friable by burning, and is after-

wards reduced to an impalpable powder by mixing it with water. It also efTervesces

with acids. It is frequently met with in a friable or compact state in the form of
chalk.

Caldarium. (Lat.) In ancient architecture a close vaulted room, in which persons were
brought into a state of profuse perspiration, by hot water or heated air. It Avas one of
the apartments atttiched to ancient baths.

Calfpen. a place for nourishing calves. It is genernlly a small apartment within the

cowhouse; but the practice is not to be recommended, as it keeps the cow in a rf-stless

and agitated state, and prevents her from feeding well and giving that quantity of
. milk she would otherwise furnish.

Caliber. (Spanish.) The greatest extent or diameter of a round body.
Caliber Compasses. Those made with bent legs for taking the diameter of a convex or

concave body in any part. See Mould.
Calioucts. (Lat.) Pipes or channels disposed along the walls of houses and apartments.
They were used by the ancients to convey heat to the remote parts of the house from
one common furnace.

Caliper. See Caliber.
Calotte. (Fr.) A concavity in the form of a cup or niche, lathed and plastered, serving

to diminish the height of a chapel, alcove, or cabinet, which otherwise would appear too

high for the breadth.

Camaeosis. (Gr.) An elevation terminated with an arched or vaulted head.

Camber. (Gr.) An arch on the top of an aperture or on the top of a beam. Hence
camber windows.

Camber Eeaji. That which forms a curved line on CMch side from the middle of its

length. All beams should, to some degree, if possible, be cambered ; but the cambered
beam is used in flats and church platforms, wherr-in, after being covered with boards,
these are covered with lead, for the purpose of discharging the rain-water.

Camerated. (Gr.) The same as arched.

Games. Small slender rods of cast lead in glazing, twelve or fourteen inches long, of
which when drawn separately through a species of vice, forming a groove on each side

of the lead, the glaziers make the patterns for receiving the glass of casements, and for

stained gla;s windows.
Camp Ceiling. A ceiling whose form is convex inwardly.
Campanile. (It.) A tower fur the reception of bells, usually, in Italy, separated from

the church. Many of the campaniles of Italy are lolty and magnificent structures.

That at Cremona is much celebrated, being 295 feet high. It consists o" a square

tower, rising 262 feet, ^urmounted by two octngonal open stories, ornamented with

columns ; a conical shaft and cross terminate the elevation. The campanile of F'lortuce,

from the designs of Giotto, claims admiration for its richness aad workmanship. It is

267 feet high, and 45 feet square. The most remarkable of the canipatiiles in the

country mentioned is that at Pisa, commonly called the "Leaning Tower." It is

cylindrical in general form, and surrounded by eight stories of columns, placed over one
another, each having its entablature. The height is about 150 feet to the platform,

whence a plumb line lowered falls on the leaning side nearly 13 feet beyond the base of

the building.

Camp-sheeting or Camp-shot. The sill or c:ip of a wharf wall.

Canal. (It. Canale.) A duct for tlie conveyance of a fluid; thus the canal of an aqueduct
is the part through which the water flows.

Canal. A term sometimes used fur the flutings of a column or pilaster. Tlio canal of
the volute is the spiral channel, or sinking on its face, commencing at the eye, and
following in ihe revolutions of the volute. The («/;«/ of the hirmicr is the clianuel or
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groove sunk on its sofRte to throw off the rain, and prevent it from running down the
bed mould of the cornice.

Canceli.i. (Lat.) Latticed windows, or those made with cross bars of wood or iron.

The balusters or rails which close in the bar of a court of justice, and those round the
altar of a church, are also so called ; hnnce the word chancel.

Candelabrum. (Lat. Candela.) A stand or support on which the ancients placed a
lamp. Candelabra varied in JForm, and were highly decorated with the stems and leaves
of plants, parts of animals, flowers, and the like. The etymology of the word would
seem to assimilate the candelabrum to our cmdlestick ; it is, however, certain that the
word candela was but a lamp, of which the candelabrum was the support. In the works
of Piranesi some of the finest specimens are to be found. The most curious, however,
as respects form, use, and workmanship, are those excavated at Herculaneum and
Pompeii. They are all of bronze, slender in their proportions, and perfectly portable as

they rarely in height exceed five feet. On none of the candelabra hitherto found is

there any appearance of a socket or pipe at top, from which an inference as to the use
of candhs could be made.

Ca.hkphorjs. (Gr. Kaj/ijc^opos, bearing a basket.) Figures ofyoung persons, of either sex,

bearing on their heads baskets containing materials for sacrifice. They are frequently

confounded with caryatides, from their resemblance in point of attitude and the modern
abuse of their application.

Canopy. (Gr. Kavwnewv.) An ornamented covering over a seat of state; and in its

extended signification any covering which affords protection from above. It is also the

label or projecting roof that surrounds the arches and heads of Gothic niches.

Cant. An external angle or quoin of a building. Among carpenters it is used as a verb,

to signify the turning of a piece of timber which has been brought in the wrong way
for their work.

Cant Moulding. One with one or more bevelled, instead of curved, surfaces. The cant

moulding was used at an early period of the art.

Cantalkvek or Cantilever. (Probably from Canterii labrum, Ihe lip ofthe rafter.) Blocks

inserted into the M'all of a building for supporting a balcony, the upper members of a

cornice, or the eaves of a house, and the like. They answer the same purpose as mo-
dillions, mutules, blocks, brackets, &c., although not so regularly applied. They are, in

modern use, not unfrequently made of timber or cast iron, and project considerably, as to

the roof of the church of St. Paul, Oovent Garden, which projects one quarter of the

height of the column.

Canted Column. One whose horizontal sections are polygons. In the works of the

ancients it is rarely met with. The examples immediately occurring to us are the

columns of the portico of Philip of Macedon and of the temple at Cora.

Cantharus. a fountain or basin of water in the centre of the atrium before the ancient

churches, wherein persons washed their faces and hands before they entered. Among
the Romans the cantharus of a fountain was the part out of which the water issued.

Canthers or Canteril In ancient carpentry the common rafters of a roof, whose ends,

say some, the mutules of the Doric order represent.

Canting. The cutting away of a part of an angular body at one of its angles, so that its

horizontal section becomes thereby the portion of a polygon of a greater number of sides

whose edges are parallel from the intersection of the adjoining planes.

Cantoned Building. One whose angles are decorated with columns, pilasters?, rustic

quoins, or anything projecting beyond the naked of the wall.

Canvass. The names and sizes of the usual canvasses prepared for the use of painters

(the width of the frame is a matter of taste) are as follows :

—

Head size

Three quarters do. .

Kit-cat do.

Small half-length do.

24 by 20 inches

SO by 2o ,,

36 by 28 „

H by 34 „

Half-length size . . 50 by 40 inches

Bishop's half-length do. . 56 by 44 „

Whole length do. . . 94 by 58 „

Bishop's whole length do. 106 by 70 „

Cap. a term used in joinery, signifying the uppermost of an assemblage of parts. It ia

also applied to the capital of a column, the cornice of a door, the capping or uppermost

member of the surbase of a room, the handrail of a staircase, &c.

Capital. (Lat. Caput.) The head or uppermost member of any part of a building; but

generally applied in a restricted sense to that of a column. The capital of the pihister

or nnta of the Greeks was very different to that of the columns in front of it. The ac-

companying illustrations exhibit the sort of caps used in medieval architecture. Fi^.

1374 is Norman; ffls. 1375 and 1376 Early English; andfff. 1377 Late Decorated.

Capital, angular. The modern Ionic capital, whose four sides are all alike, showing the

volute placed at an angle of 135° on all the faces.

Capital of a Baluster. The crowning or head mouldings of it.

4 K
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Capital of a Lantern. The tovering by wliicli it is terminated ; it may bo of a bell

form, that of a dome, spire, or other regular figure.

Fig. 1374. St. Teter's, Northamiiton. Fig. 137.3. York.

Fig. 137C. North Doorw.iy, Westminster.

Capital of a Tri^lyph. Tlie square band which projects over it. In the Eoman Doric

it has a greater projection tiian in the Grecian.

Capitol. The Acropolis of ancient Rome.
Capreoli. (Lat.) In ancient carpentry, the joints or braces of a trus.sod roof.

Caracoi.. a term sometimes applied to a staircase in the form of a lielix or spiral.

Caravanserai. Among the Eastern nations a large public building or inn apipropriatcd

to the reception and lodgment of travellers Ijy caravans in the desert. Though the cara-

vanserai serves the purpose of an inn, there is this essential ditference between the two,

that in the former the traveller finds nothing either for the use of himself or his cattle,

but must carry all his provisions and necessaries with him. Caravanserais are al.so nu-

merous in cities, where they serve, not only as inns, but as shops, warehouses, aud even
exchanges.

Carbolic Acid. This fluid has lately been obtained from creosote by distillation. Ry the

use of a solution of Mc Dougall's patent prepared carbolic acid, sewage is rendered im-

pntrescible, all smell being removed, and no turtlier decompusition possible. A solution

of it (about a pint to a cartload) has lately been mixed with the water sprinkled on
roads by watering carts, by which a disinfecting action takes place on the dropjiings

of horses, decomposing dust, &c. The powder may be used in dust-bins, water-closets,

in whitewashing the walls of hospitals, &c. Formed into a soap, it can l)e employed in

washing painted work and floors, or linen. Mixed carefully with oil of vitriol, sulphur-

ous acid gas is liberated for fumigating an apartment. It is not poisonous.

Carcass. The naked building of a house before it is lathed and plastered or the floor

boards laid, &c.

Carcass Flooring. That which supports the boarding, or floor boards, above, and the

ceiling below, being a grated frame of timber, varying in many particulars.

Carcass Roofing. The grated fi-ame of timber work which spans the building, and
carries the boarding and other covering.

Cardinales Scapi. In ancient Roman joinery, the stiles of doors.

Carolitic Column. One with a foliated shaft.

Carpenter. (Fr. Charpentier.) An artificer who practises the science of framing and
fitting to each other the various pieces and assemblages of timber used in the construc-

tion of buildings.

Carpenters' Rule. The instrument by which carpenters take their dimensions, and by the

aid of a brass slide, which makes it a sliding rule, they arc enabled to make calculations

in multiplication and division, besides other operations.
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Carpenter's Square. An instrument whose stock and blade consists of an iron plate of
one piece. One leg is eighteen inches long, and numbered on the outer edge from tho
exterior angle with the lower part of the figures adjacent to tho interior eilge. The
other leg is twelve inches long, and numbered from the extremity towards the angle

;

the figures being read from the internal angle, as on the other side. Each of the legs
is about an inch broad. This instrument is not only used as a square, but also as a
level and measuring ride.

Carpentry. (Lat. Carpentum, carved wood.) An assemblage of pieces of timber con-
nected by framing, or letting them into each other, as are the pieces of a roof, floor,

centre, &c. It is distinguished from joinery by being put together, without the use of
any other edge tools than the axe, adze, saw, and chisel, whereas joinery requires the use
of the plane. The leading points that require attention in sound carpentry are,

—

1. the quality of the timl)er used; 2. the disposition of the pieces of timber, so that
each may be in such direction, with reference to the fibres of the wood, as to be most
capable of performing its oifice properly ; 3. the forms and dimensions of the pieci s

;

4. the manner of framing the pieces into each other, or otherwise uniting them by means
of iron, or other metal.

Carrara Marble The name of a species of white marble obtained at the qtiarries near
the town bearing that name, in the Tuscan States. It was called warmor limense and
Ugnstnim by the ancients, and differs from the Parian marble by being harder in tex-

ture, and less bright in colour.

Carriage. The timber framework on which the steps of a wooden staircase are supported.

Carri UP. See Bring UP.

A^ Caktouch. (Fr.) A name given to the modillion of a cornice used internally.

~l It is also used to denote a scroll of paper, usually in the form of a t;iblet, for

the reception of an inscription. In Egyptian architecture, it is applied to the
~

1 form enclosing hieroglyphs, as in the annexed cut.

Carver. An artificer who cuts wood into various forms and devices. Carving, generally,

is the art of cutting a body by recession, in order to pro luce the representation of ;in

object, eitlier in relief, or recessed within the general surface. In this s'-nse it equally

applies to the making of intaglios as to that of making cameos.

Caryatides. Figures of females used instead of

columns for the support of an entablature. They
were used at the temple of Erechtheus, at Athens,

as shown in the illustration,/^. 1378. See Cane-

PHORJE. AtLANTBS.

Case. The outside covering of anything, or that in

which it may be enclosed. It is also a term used to

denote the carcass of a house.

Cask Bays. The joists framed between a pair of

girders in naked flooring. When the flooring joists

are framed with one of their ends let into a girder,

and the opposite ends let into a wall, they are called

tail hays. The extent of the case-bays should not

exceed ten feet.

Case of a Door. The wooden frame in which a door

is hung.

Case of a Stair. The wall surrounding a staircase.

Cased. A term signifying th;it the outside of a building

is faced or covered with materials of a better quality.

Thus, a brick wall is said to be cased with stone,

or with a brick superior in quality to that used in the inner part of the wall.

Cased Sash Frames. Those which have their interior vertical sides hollow, to admit tho

weights which balance the sashes hung between them.

Case-hardening. The process by which the surfaces of soft iron are converted into a

species of imperfect steel, sufficiently hard to resist the action of an ordinary file.

Hodgkinson has proved the fallacy of the assertion that if the hard .skin at the outside

of a cast iron bar be removed, its strength comparatively with its dimensions will bo

much reJuced. Bars planed down on all .sides to an inch square, bore a breaking-weigl\t

quite equal to those of bars cast exactly an inch square.

Casemate. A hollow moulding, such as tlie cavctfo.

Casement. A glazed frame or sash, opening on hinges affixed to the vertical sides of tho

frame into wliich it is fitted.

Casing. See Lining.
,, i

.
, i ^

Casino. (It.) A term applied to a small country house, and to a sort of ledge in a park
;
but

formerly to one capable of affording defence on a small scale against an attacking force.

Cassinoid. An elliptic curve \vherein the product of any two lines, drawn from the foci

4 K 2
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to a point in the curve, shall be equal to the rect:irigle under the semi-transverse and

Semi -conjugate diameters.

Castella. lu ancient ilouian architecture, reservoirs in wliicli the wnters of an aque-

duct were collected, and whence the water was conducted through leaden jjipes to tlie

several parts of a city.

Castellated IIoose. One witii battlements and turrets, in imitation of an anoietit

cattle.

Castixg. In carpentry and joinery, a term synonymous witji warping. It means tho

bending of the surfaces of a piece of wood from their original state, caused either by the

gravity of the material, by its being subjecttd. to unequal temperature, to moisture, or

to the want of uniform texture of the material.

Cast Iron. It is the product of the process of smelting iron ores. Different sorts of pig

iron are produced from the same ore in the same furnace under different circumstances

as to temperature and quantities of fuel. Intense cold makes cast iron brittle, and sud-

den changes of temperature sometimes cause large pieces of it to split. Tlie proof

strength is about one third of the breaking load.

Castle. (Lat. Castellum, or Sax. Cajitel.) A building fortified for militarj' defence ; also

a liouse with towers, usually encompassed with walls and moats, and having a donjon

or keep in the centre. The principal castles of England at present are those of the Tower
of London, of Dover, Windsor, Norwich, &c. At one time those of Harwood, Spoflfortli,

Kenilworth, Warwick, Arundel, and others, might have vied witli tliese in importance.

The characteristics of a castle are its va//a (embankments) and/ossee (ditches) ; from tho

former whereof the walls rise usually crowned with battlements, and flanked by circular

or polygonal bastions at the angles formed by tlie wails. These were pierced for gates,

with fixed or draw-bridges, and towers on each side. The gates of coTisidcrable strengtli

were further guarded by descending gratings, culled portciUUses. All the apertures were
made as small as they could be, consistent with internal lighting.

The component parts of the castle were

—

the fofsv or moat, with its bridge ; the bar-

lacan. which was in advance of the castlo. being a raised mound or tower, whose outer

walls had terraces towards the castle, with their hasiioyis, as above mentioned; {lie, gutc-

hiiuse, tlanked by towers, and crowned witli projections called machicolatiuvs, through
wliich heavy materials, or molten lead, were dropped on tlie assailants enteiing the gate-

way; the outer lialliuni, or hailci/, or area within the castlo, which was separated from
the inner balliuni by an embattled wall with a gatehouse, and in which the stables and
other offices were usually seated ; and the inner ballluin, for the residence of the owner
or governor, and his retinue; this, at one corner, or in the centre, had a donjon or keep tower,

which was the stronghold of the place, and contained a state apartment, a well, and a

chapel ; the former usually, and the latter frequently, are found in ancient castles.

Catabasion. (Gr. Karafiaivw.) A place in the Greek church, under the altar, in which
relics are deposited.

Catacomb. (Gr. Koto, against, and Kofxios, a hollow plnce.) A subterraneous place for

burying the dead. The lijpogsea, crypta, and cimeteria of the ancients were used for

the same purpose. In some cities tlie excavations for catacombs were of A'ast extent, and
were used for other purposes than those of sepulture ; at Syracuse, for instance, the same
cavern served for a prison as well as a public cemetery. It has been said, that in the

early ages of Christianity they served as places of pubb'c worship or devotion. Tlio

most celebrated for their extent are those of Rome, Naples, Syracuse, &e. ; and the

more modern ones of Paris, which have been formed by quarrying for the stone of which
a great part of the city has been built.

Catafalco. (It. a scaffold.) A temporary structure of carpentry, decorated with paint-

ing and. sculpture, representing a tomb or cenotaph, and used in funeral ceremonies.

That used at the final interment of Michel Angelo, at Florence, Wiis of a very magnifi-

cent description ; and, for the art employed on it, perhaps unequalled by any other

before or since its eniplojment.

Catch Draik. A drain used on the side of a larger open one, or of a canal, to receive the

surplus water of the principal conduit.

Catenary Curve. The mechanical curve formed by a heavy flexible cord or chain of

uniform density, banging freely from the two extremities. Galileo first nrticed it, and
proposed it as the proper figure for an arch of equilibrium. He, however, imagined that

it was the same as the parabola. It was James Bernouilli who first iuA-estigated its nature,

and its properties were thereafter pointed out liy Jolin Bernouilli, Huygens, and Leib-

nitz. From the first of these mathematicians, the following geometrical method of de-

termining the relations between the parts of a catenary is translated. The eatenarcau

curve is of two kinds, the eominon, which is formed by a chain equally thick or equally

heavy in all its points ; or uncommon, which is formed by a thread unequally thick, that

is, which in all its points is unequally heavy, and in some ratio of the ordinates of a

given curve. To drow the conimon catenary mechanically, suspend on a vertical plane
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Fig. 1379.

a chain of similar and equal links of homogeneous matters, as flexible as possible, from
any two points not in a perpendicular line, nor so distant from each other as the length
of the chain. Prick the plane through the links
as nearly as possible in the middle of the chain,
and througii the points draw the catenary

{fig. 1379.) Let the chord FED or Ybd be
giyen, and the abscissa B.A. ovhX intersecting it

{fig.l'ilQ) in B or 6 at a given angle. Draw the
vertical line EA and FED or I'M at the given
angle on the plane. Fix one end of the chain
at F, and from the point D or d, with another
part of the chain, raise or lower the chain until

the lower part coincides with A, and through
points, made as before, draw the curve.

To draw a tangent to the catenary : let DBF
be a horizontal line, and at right angles to BA
from A draw AE equal to the curve DA, obtained as before, and draw BR, whicli bisect
in o. At right angles to BR draw cC intersecting BA continued in C. Draw CR, and
make the angle BDT equal to the angle ACR. DT is the tangent required, and BO
equals CR; CA is the tension at the point A, or the horizontal draft, which, in a eate-

, nary, is in every point the sam.e, and is therefore a constant quantity ; as DE : BT :

:

CA : AR : or as DB : BT : : the constant quantity CA: AR, equal to the length of the
chain AD.

If CH be drawn through C at right angles to EC it is called the directrix, and DII
drawn parallel to BO, intersecting the directrix at H, is the tension at the point D,
being always equal to the sum of the abscissa and constant quantity. With the centre
C and radius = the tension DH at D = OB, cut the tangent at the vertex A in R, then
AR is the length of the chain AD.
AC is the semi-axis of an equilateral hyperbola, and also the radius of curvature of a

circle equicurved with it and the catenary.

In the triangle OAR, when CA is the radius, then the tension equals CR, the secant
of the angle ACR ( = EDO). The chain AD equals AR, the tangent of the same angle
and the absciss AB equals CR— CA = SR. Hence, ACR being a right-angled triangle,

it is manifest that when two of the five quantities, viz. the angle, the absciss, the length

ofthe chain between the vertex and points of suf<p(nsio7i, the constant quantity or tension

at the vertex, and the tensioyi at the points of sitspensio?i, tire known, the other three

may be obtained geometrically, or from a table of tangents and secants.

Cathedral. (Gr. KaOeSpa, a seat or throne.) The
principal church of a province or diocese, wherein

the throne of archbishop or bishop is placed. It

was originally applied to the seats in which the

bishop and presb^'ters sat in their assemblies.

In after times, the bishop's throne was, however,

placed in the centre of the apsis, on each side

whereof were inferior seats for the presbyters.

In the present day the bishop's throne is placed

on one side of the choir, usually on that towards

tiie south.

Cathkrine Wheel Window also called Marigolb
Window. In mediaeval buildings a window or

compartment of a window of a circular form

with radiating divisions or spokes. Examples
are seen at Patrixbourne, York, St. Davids, of a

small size; while at Westminster (fg. 1380)

south transepts of St. Ouen at Rouen, and of

Amiens cathedral, and at the cathedral of Strasbourg, they are of larger size. See Rosk
Window.

Cathetus. (Gr. KaOfTos, let down.) A perpendicular line passing through the centre of

a cylindrical body as a baluster or a column. It is also a line falling perpendicularly,

and passing through the centre or eye of the volute of the Ionic c^ipibd.

Cattle Shed, or Cattle House. In agricultural Ijuildings, an erection for containing

cattle while feeding, or otherwise. The cattle shed js, of course, most economically con-

structed when built against walls or other buildings. If cattle sheds are built in iso-

lated situations, the expense of a double shed will be much less than that of a single

one, to contain the same number of cattle. Buildings of this description should be well

ventilated, and be so constructed as to require the least possible labour in supplying the

food, and clearing away the dung. The stalls should be placed so as to keep the cattle

Fig. 1380. Westminster Abbey.
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dry and cUan, the floor level and with sufficient drains to receive the ordure, and to be

readily flushed. There should be good provision of air holes in the roof; ard, if the

Duilding have gables, a window should be placed in each as high as possible with

movable lujfer-boards, which may be easily opened and shut. A cubical space is

required of not less than 1000 feet for each animal, whether there are inhabited rooms

over the shed or not. The cattle plague first broke out in the central districts of

London, where the space allotted did not exceed 450 cubic feet. Many of the model

farms and stockbreeiers now use iron cow-stalls, to assist in preventing the spread of

rinderpest. A bullock averages 7 feet 6 inches in length, 5 feet in height, and

2 feet 6 inches in width. The stall should be 5 feet wide for each milch cow, or 6 feet

if kept indoors all the year, the building being 16 feet wide; the top of the manger
not more than from 12 to 18 inches above the floor, 18 inches broad, and 12 inches deep,

with three divisions, for moist and dry food and water. See BrLi.ocK Shed.

The infectious effluvia from the private slaughter-houses often causing contagious

maladies in their neighbourhood, the French government in 1811 removed all such

buildings from the heart of their capital. For this purpose five open airy spots were

selected in the outskirts of the city ; those at Menilmontant and Montmartre are the

most considerable and extensive. These five establishments were later mergel into

one large abattoir. Happe was the architect of the former; anl the cost was some-
thing above 120,000^.

The Metropolitan Cattle Market was des'gned by the late Mi-. J. B. Bunning, City

Architect, and opened in 1855. Several additions have since been made by the late

Sir Horace Jones, City Architect. A market and abattoir was dt-signed 1870-71, at

Deptford, by the same architect, for the City of London, where foreign cattle are lauded,

inspected, sold, and slauglitered. The cost of the market, including 95,000/. paid for

the site of 22 acres, was 210,000/.

Of late years several such buildings have been erected, as at Glasgow, Edinburgh,
and Bradford; and a carcase market with butchers' slaughter-houses adjoining, at

Manchester. A description of this building, erected from the designs of Mr. A Darby-
ehire, was read by him at the Royal Institute of British Architects, Feb. 1, 1875; and
as it is considered a well- arrange I structure for its purposes, a few details will be given.

It is in the shape of the letter \_. In the long side fronting Water Street are the

entrances, and the carcase market, 418 feet long and 55 ftet 6 ineiies wide, javed with

asphalte. Behind this are the wholesale slaughter-houses, twenty-one in number, each

being 24 feet by 17 feet 6 inches inside, with a lair attached in roar, 22 feet by 17 feet

6 inclies. Both of these are open to the roof, but entirely separated, and the former

well lighted by rows of glass slates, which light is superior to side windows for the

several operations necessary. The former has a glazed enamelled brick dado, 5 feet

high, and a plentiful supply of water. They are paved with Yorkshire stone. In rear

of part of the above are placed nineteen retail slaugiiter-h<auses similar to the above.

In rear of these latter is the condemned meat department, consisting of a lair, slaughter-

house, meat store, and boiling-house. The blood department consists of a storing-

room, drawing-olFroom, and drying-room. The pig slaughtering department is adjacent,

and contains a large pig slaughter-house, open j'ard, and piggeries. The two lodges

at the gates (through which all cattle must enter the abattoir) contain residences for

the porter and the inspector, with rooms for the convenience of the markets committee.
The site also contains a large general lair for cattle, a manure pit, and a common room for

drovers and others ; suitable conveniences at various points ; and a stable and gig-house

for the inspector. The total cost was somewhat over 30,000/. Space prevents us from
following the author through his explanation in detail of the uses to which the various

buildings are applied, but one very important feature remains to be noticed. A simple

and eflfectual apparatus has been provided by the engineer, Mr. John Meiklejohn, of

Dalkeith, by which the carcase when ready is placed on a hoist, and moved along rails

across the roadway into the market, or placed into the carts ; this apparatus also allows

the seller to detach any particular carcase from the others, and deposit it in the cart

of the buyer, without in any way disturbing the other carcases hanging on the beams.
A considerable amount of manual labour is saved ; and, in addition, the meat intended

for human food receives as little handling as possible after being dressed, and is not

transferred at any time to the dirty and greasy backs and shoulders of the slaughterers.

The private slaughter-houses have the same hoisting apparatus, but the carcase is placed

at once in carts and removed to the butcher's shop. At the Edinburgh abattoir a

central crane and semicircular hanging beam is in operation ; while at Bradford an

hydraulic lifting power is in use.
A. very interesting discussion followed the reading of the piper, in reference to

private slaughter-houses ; the best mode of lighting; the paving ; the use of a tripery

at tile abattoir ; blood stores ; a place for salting hides ; and other apparatuses. An
important fact was stated, tending to the greater introduction of killing animals in
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the country and sending the carcases up to the " dead meat" markets in cities and
towns :—that it has bfen proved that if an animal he shiughtered in Edinburgh, near

where it was fed, and another be taken from the same herd and sent as carefully as

possible to London by railwaj', and slaughtered there, the latter loses at least three

stones in weight as compared with the former, and this represents a sovereign.

Cattus. a moveable shed usually fixetl on wheels.

Caul. An implement used hot in veneering to keep the glue moist, while at the same
time it presses down the veneer until it cools.

CaulicoLjE or Caulicoli. (Lat. Caulis, a stalk.) The eight lesser branches or stalks in

the Corinthian capital springing out from the four greater or principal caules or stalks.

The eight volutes of the capital of the order in question are sustained by four caules or
leaves, from which these caulicolse or les^ser foliage arise. They have been sometimes
confounded with the helices in the middle, and by others with the principal stalks

whence they arise.

Cattlking or Cocking. The mode of fixing the tie-beams of a roof or the binding joists

of a floor down to the wall-plates. Formerly this was performed by dovetailing in the
following manner :—A small part of the depth of the beam at the end of the under side

was cut in the form of a dovetail, and to receive it a corresponding notch was formed in

tlie upper side of the wall-plate, across its breadth, making, of course, the wide
part of tlie dovetail towards the exterior part of the wall, so that the beams,
when laid in their notches, and the roof finished, would greatly tend to prevent the

walls separating, though strained by inward pressure, or even if they should have a
tendency to spread, through accidents or bad workmanthip. But beams so fixed have
been found liable to be drawn to a certain degree out of the notches in the wall-plates

from the shrinking of tlie timber. A more secure mode is that of forming a sort of

pin out of the upper side of the plate, with a notch in the beam, which obviates all

hazard of one being drawn out of the other.

Caustic Curve. (Gr. Kaiw, to burn.) The name given to a curve, to which the rays of

light, reflected or refracted by another curve, are tangents. The curve is of two kinds,

the ca/accmstic and the diwaustic; the former being caused by reflection, and the latter

by refraction.

Cav^dium. (Lat.) In ancient architecture an open quadrangle or court within a house.

The cavaedia described by Vitruvius are of five species:

—

Tuscanicimi, Corinthium,

Tetrastylon (with four columns), Displuviatum (uncovered), and Testudinatuvi (vaulted).

Some authors have made tlie cavaedium the same as the atrium and vestibulum, but

they were essentially different.

Cave. (Lat. Cavum.) A hollow place.

Cave^. (Lat.) In ancient architecture the subterranean cells in an amphitheatre,

wherein the wild beasts were confined in readiness for the fights of the arena. In the

end the amphitheatre itself (by synecdoche) was called cavea, in which sense it is em-

ployed by Ammianus Marcellinus, lib. xxix. cap. i.

Cavetto. (Lat. Cavus.) A hollowed moulding, whose profile is the quadrant of a circle.

It is principally used in cornices.

Ckdar. (Gr. KeSpos.) The pinus cedrus of Linnseus, a forest tree little used in this

country, except for cabinet work.

Ckiling. (Lat. Ccelum.) The upper horizontal or curved surface of an apartment op-

posite the floor, usually finished with plastered work.

Ceiling Joists. Small beams, which are either mortised into the sides of the binding

joists, or notched upon and nailed up to the under sides of those joists. The last mode

diminishes the height of the room, but is more easily executed, and is by some thought

not so liable to break the plaster as when the ends of the ceiling-joists are inserted

into pulley mortises.

Cell. (Lat. Cella.) In ancient architecture the part of a temple within the walls. It

was also called the naos, whence the word nave in a church. The piirt of a temple in

front of the cell was called tha pronaos, and that in the rear the posticum. See Vimana

of the Hindoos. It is also the chamber in which a prisoner is confined.

Cellar. (Fr. Cellier.) The lower story of a building, wholly or partly under the level

of the ground, and not adapted for habitation, but merely for lumber, storage purposes,

coals, wine, and such like : and having openings into the outer air for ventilation

only. Coal cellars in the metropolis are arched vaults under the street paving.

Cellular Beams. Beams made of wrought iron plates, rivetted together, and whose

strength depends upon the system of cells placed at the top of the web or over

the cell, which takes the place of it in a larger beam or girder. In very large

ones, cells are also placed under it.

Celtic Ekections. The manner of building adopted by the early inhabitants of the

Northern part of Europe, comprising chiefly the erecdon of large stones in a variety of

forms and of -tumuli in which are found chisels and adzes of bronze or hard stone,
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hence the name of celts derived from celtct, the ancient Latin word for a cliisel. They
are discovered in great quantities in Enghmd, Ireland, and France.

Oment. (Lat. Cementum.) The medium through which stones, bricks, or any other

materials are made to adhere to each other. See Mortar.
Cemetery. (Gr. Koi/uaco, to sleep.) An edifice or area where the dead are interred. The
most celebrated public cemeteries of Europe are those of Naph s. that in the vicinity of

Eologna, of Pisa, and the more modern ones of Paris, whereof that of P^re-la-Chaise

is the principal. That of Pisa is particularly distinguished by the beauty of its form
and architecture, which is of early Italian Gothic. It is 490 feet long, 170 feet wide,

and 60 feet high, cloistered round the four sides.

(^'enotaph. (Gr. Kevhs, empty, and Tacpos, a sepulchre.) A monument erected to tiie

memory of a person buried in another place.

Cbxteeinq. The temporary woodwork or framing, whereon any vaulted work is con-
structed, and sometimes called a centre.

Centre. (Lat. Centrum.) In a general sense denotes a point equally remote from the ex-
tremes of a line, superficies, or body, or it is the middle of a line or plane by which a
figure or body is divided into two equal parts; or the middle point so dividing a line,

plane, or solid, that some certain effects are equal on all its sides. For example, in a
circle the centre is everywhere at equal distance from the circumference ; in a sphere
the centre is a point at the same distance from evi-ry point in tiie surface.

Centres of a Door. The two pivots on which the door revolves.

Centrolinead. An instrument for drawing lines converging to a point at any required
distance, whether accessible or inaccessible. It is used for making drawings in per-
spective.

Ceroma. (Gr.) An apartment in tlie Gymnasia and baths of the ancients, where the
bathers and -WTestlers were anointed with oil thickened by wax, as the name imports.

Cesspool, or Sesspool. A small well sunk below the mouth of a drain to receive the
sediment which might otherwise choke up its passage, in its course to its outfall.

A cesspool is also a well sunk to receive the soil from a water-closet, or kitchen
sink, drain hole to a path, &c. It is sometimes built dry so that the water percolates
through the joints of the stone or brickwork into the surrounding soil ; or it is built in

mortar, and a drain formed to carry off the surplus water from near the top of it. When
found to be full, the cesspool is emptied and the contents carted away, or used for

garden manure, &c.
Chain Moulding. An ornament of the Norman period, carved in imitation of a chain.
Chain Timber. See Bond.
Chair Rail. A piece of wood fastened to a wall, to prevent the backs of the chairs in-

juring the plastering when placed against it. This result is often better effected by
• fixing a fillet of sufficient projection on the floor, next the skirting, for the fe^t of the chair

to strike against, similar to that frequently put to cover the nails securing the carpet.

Chaitya Cave. The name given to a class of rock-cut Buddhist temples in India,

Chaitt/a meaning an object of worship, whether an image, a tree, an edifice, or mountain.
They resemble in almost all particulars, both of form, size, and purpose, the cheirs of

Gothic churches of the eleventh or twelfth centuries: the dagoba occupying the place

of the altar, and being like it, simply a relic shrine. They are seen at Karli, Ajunta,
and other places.

Chalcidicum. (Lat.) In ancient architecture, a term used by Yitruvius to denote a largo

building appropriated to tlie purpose of administering justice, but applied sometimes to

the tribunal itself

Chalk. (Germ. Kalk.) Earthy carbonate of lime, found in abundance in Great Britain,

and, indeed, in most parts of the world. It is insoluble in water, but decomposed 1 y
heat, and sometimes used in building for the same purposes as limestone.

Chamber. (Fr. Chambre.) Properly a room vaulted or arched, but the word is now
generallj' used in a more restricted sense to signify an apartment appropriated to lodg-

ing. With the French the word has a much more extensive meaning; but with us the

almost only use of it, beyond what is above stated, is as applied in a palace to the room
in which the sovereign receives the subject, which room is called the I'rcsence Chamber.

Chamber of a Lock. In canals the space between the gates in which the vessels rise

and sink from one level to another, in order to pass the lock.

Chamber Story. That story of a house appropriated for bed-rooms.
Chambranle. (Fr.) An ornamental bordering on the sides and tops of doors, window?,

and fireplaces. This ornament is generally taken from the architrave of the order

of the building. In window frames the sill is also ornamental, forming a fourth

side. The top of a three-sided chambranle is called the transverse, and the sides

asceniJants.

Chamfer. (Fr. Chamfrein.) The arris of anything originally right-angled, cut aslope, or

bevel, 80 that the plane it then forms is inclined less than a right angle to the other
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planes with which it intersects. If it is not carried the wh(jle extent of the piece, it is

returned and then is said to be ' stop chamfered.'
Cha.mpain Line. In ornamental carved work formed of excavations is the lino parallel

to the continuous line, either ascending or descending.
Chancel. That part of the eastern end of a church in whioli the altar is placed. See

Cancelli. This is the strict meaning ; but in many cases the chancel extends much
farther into the church, the original divisions having been p^moved for accommodating
a larger staffof clergy. The word is also used to denote a separate division of the ancient
basilica, latticed off' to separate the judges and council from the audience part of the place.

The chancel of a Protestant church is now raised two or three steps above the pave-
ment of the nave, and provided on each side with two rows of benches or stalls for

choristers ; on the north side in a sort of chapel or recess is placed the organ, and be-
hind which is sometimes the choristers' vestry, attached to the vestry for the clorgy.

Beyond, is the part called the sacrarium, railed off", -with a step for the communicants,
and inside which is the altar or communion table placed on a platform raised two or

three steps. In a large chancel, the space will allow of two or three chairs or perhaps
sedilia for the clergy on the south side, with an aumbry for the church utensils, and a
credence table or shelf for the bread and wine before being placed on the table.

Chandrt. An apartment in a palace or royal dwelling for depositing candles and other

.
lights.

Channel of the Laemier, and of the Volute. See Canal of the Larmier, and
OF the Volute.

Channel. (Fr. Canal.) A long gutter sunk below the surface of a body, as in a street,

and serving to collect and run off" the rain water with a current.

Chaori, a great porch or hall, as used in India, usually attached to the Vimana with

its mantapa and antarala, all three forming the temple properly speaking. This porch

in lower India is called a maha mantapa, and is generally used for marriage ceremonies

and religious ceremonies performed in public.

Chantlate. a piece of wood fastened at the end of rafters, and projecting beyond the

wall, to support several rows of slates or tiles, being so placed as to throw off the rain-

water from the face of the wall.

Chantry. (Lat. Cantaria.) A little chapel in ancient churches with an endowment for

one or more priests to say mass for the release of souls out of purgatory. In the four-

teenth year of Edward VI., all the chantries in England were dissolved: at this period

there were no less than forty-seven attached to St. Paul's Cathedral.

Chapel. (Lat. Capella.) A building for religious worship, erected separately from a

church, and served by a chaplain. In Catholic churches, and in cathedrals and abbey

churches, chapels are usually annexed in the recesses on the sides of the aisles. These

are also called chantries. It is also the name of the building erected for worship by

the dissenters and others.

Chapiter. The same as Capital.

Chaplet. (Fr. Chapelet.) A moulding carved into beads, olives, and the like. See

Baguette.
Chapter House. In ecclesiastical architecture the apartment (usually attached) of a

cathedral or collegiate church in which the heads of the church or the chapter meet to

transact business. These council chambers date back in England as far as the time of

Archbishop Cuthbert at Canterbury. On the Continent the chapter houses, for the

most part, are square or oblong rooms with timber roofs. In the ninth centur}', the

east alley of the cloister was used as a chapterhouse, but in the tenth, a distinct build-

ing was formed for it at Fontenelle. In the eleventh century king Edward the Con-

fessor erected a round and vaulted chapter house at Westminster. It is a remarkable

fact that the Benedictine monks almost invariably built polygonal, while the Seculars

erected rectangular, chapter houses. The two exceptions to the rule are those of AVor-

cester and Westminster. From the commencement of the thirteenth century a polygonal

shape was adopted ; a decagon as at Hereford, St. Paul's at London, Bridlington,

Lichfield, and Lincoln, and at Worcester though it is a circle internally; an octagon

at Wells, York, Salisbury, and Westminster. At Westminster, Wells, and St. Paul's,

it was built over a crypt.

Dates. Diameter.

Lincoln 1186-1203 60 ft.

York completed about 1350 57 ft.

Wells 1293-1302 55 ft. by 42 ft.

Lichfield about 1240 44 ft. by 26 ft. I

Chaptrel. (Fr.) The same as Impost.
_

Charcoal. Bones or vegetable matter decomposed by heat without the free access of air.

Its sanitary properties consist in its power of absorbing gases, which is most efficient

Dates. Diaiiiptcr.

Worcef^ter 1263-1372 48 It.

Salisbury 1263-1270 58 ft.

Westminster 1250 68 ft.
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when the charcoal is powdered. Animal charcoal is better than that nf wood, cr of peat,

for the purposes of disinfection. AViien cleansing cesspo )ls, the charcoal should be

mixed witii the soil. Wlien used to destroy foul air, the charcoal requires to be exposed

ill tliiu films, presenting the greatest possible surface. It is essentially neeessnry to

the proper filtration of water. It is a bad conductor of heat, but conducts electricity.

Charqed. a term used to denote that one member of a piece of architecture is sustained

by another. A frieze is said to be charged with the ornament cut on it.

CiiAUNBL House. A place whore the bones of the dead are deposited.

CiJARToPHYLACiuM. A recess or apartment in an ancient building, for the preservation of

records or valuable writings.

Chase. An upright indent cut in a wall for the joining another to it. It also means an

indent cut in a wall, into which a pipe or some such article is placed.

Chase Mortise, or Pullet Mortise. A long mortise cut lengthwise in one of a pair of

parallel timbers, for the insertion of one end of a transverse timber, by making the

latter revolve round a centre at the other end, which is fixed in the other parallel timber.

This may bo exemplified in ceiling joists where the binding joists are the parallel tim-

bers first fixed, and the ceiling are the transversa joists.

Chateau. The modern French form of the word castle, and used for a castle, fort, or

country mansion.

Chekks. Two upright, equal, and similar parts of any piece of timber-work. Such, for

instance, as the sides of a dormer window.
Cheeks of a Mortise are the two solid parts upon the sides of the mortise. The thick-

ness of each cheek should not be less than the thickness of the mortis;^, except mould-

ings on the stiles absolutely require it to be otherwise.

Cheese Room. A room set apart for the reception of cheeses after they are made. The
walls should be lined, and fitted up with shelves with one or more stages, according to

the size of the room, and proper gangways for commodious passage. In places

where much cheese is manufactured, the dairy-room may bo placed below, the shelf

-

room directly above, and lofts may be built over the shelf-room, with tr.ap-doors through

each fioor. This will save much carriage, and will be found advantageous for drying

the clieeses.

Chequers. In masonry, are stones in the facings of walls, whieli have all their thin joints

continued in straight lines, without interruption or breaking ji ints. Walls built in

this manner are of the very worst description
;
particulnrly when the joints are m;ido

liorizental and vertical. Those whicii consist of diagonal joints, or joints inclined to

the horizon, were used by the Romans.
Chesnut or Chestnut. The, fagus castanca. A large tree chiefly grown in England in

ornamental grounds. It has often been stated that its timber has been used in building,

but no satisfactory proof has been adduced. Where wide planks can be procured

without a fault, they have pierhaps been used for panels and carving, as the Avood is

very siniihir to wainscot, but is without the flower.

Chest. The same as Caissox.

Chevet. a term used by Frencli architects and antiquaries to denote the surrounding

aisles to the choir of a cathedral, from their resemblance on the plan to the form

of a bolster.

Chevron Mot-lding. A zigzag ornament used in

the archivolts of Saxou and Norman arches, similar

Xofig. 1381.

CHIM.ERA. A monster of the Grecian mythology,
described as having a lion's head, a goat's body,

and the tail of a dragon. Out of the back grows the

head and neck of a goat. One such piece of sculp-

ture, brought to England by Sir Charles Fellowes I'lg 1)81.

from Asia Minor, is now in the Britisli Museum.
Chimnp;y. (Fr. Cheminee.) The place in a room where a fire is burnt, and from which

the smoke is carried away by means of a conduit, called a funnel or a flue. Where the

walls are sufficiently thick, the chimneys are formed in the substance of them, but they

are usually made by a projection from a wall and a recess in the same from tlie floor

ascending within the limits of the projection and tlie recess. That part of the opening

which faces the room is properly called tho fircp'ace, the stone, marble, or metal, under

which is called the hrarth. That on a level with and in front of it is tho slab, though

often called the hearth. The A'ertical sides of the opening are cnWcA. jambs. The head

of the fore^plate resting on the jambs is called the nia)dei. The tube or cavity from the

fireplace upwards is called theifuniui or Jlne. The part of the funnel which contracts

as it ascends is termed Xhe gathering, by some the gathrlng of the wings. The part

between the gathering and the flue is called tho throat. The part of the wall facing

the room, and forming one side of tho funnel par£^llel thereto, or tho part of the wall
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forming the sides of the funnels wliere there are more than one, is the breast. In ex-

ternal walls, that side of the fnnnel opposite the breast is called the back. When there

is mure than one chimney in the same breast, tlie solid parts that divide them are called

withs or withes : and when several chimnej's are collected into one mass, it is called a
stack of chimneys. The part which rises above the roof, for discharging the smoke into

the air, is called a chimnei/ shaft, whose horizontal upper surface is termed the ckini-

nvy-top ; on this is placed the chimney-'pot, or contri^ ance for dissipating the smoke, or
for creating a draught.

Tlie covings were formerly placed at right angles to the face of the wall, and the
chimney was finished in that manner; but Count Eumfurd showed that more heat is

obtained from the fire by reflection when the covings are placed in an oblique position.

lie likewise directed that the fire itself should be kept as near to (he hearth as possible,

and that the throat of the chimney should be constructed much narrower than had been
practised, with the view of preventing the escape of so much heated air as happened
with wide throats. If the throat be too near the fire, the draught will be too strong,

and the fuel will be wasted ; if it be too high up, the draught will be too languid, and
there will be danger of the smoke being occasionally beaten back into the room. The
chimney of large furnaces and for boilers is called a siedk, and built very tall in order
•to create sufficient draught for the fire.

Chimney Piece. The assemblage of architectural dressings around the open recess con-
stituting the fireplace in a room, and within which the fuel is burnt, eiiher immediately

• upon the hearth itself, or in a raised grate, or open stove. Formerly fireplaces were
provided only in the principal rooms of a house; those in public rooms, as town halls,

became fine pieces of architecture.

Chixkse Architecture. In the tent is to be found the type of this architecture. A
characteristic quality is gaiety of effect. The coloured roofs, porches diapered with
variegated tints, the varnish with which the woodwork is covered, the light forms of
the buildings, all unite in producing a style very different to that seen in other coun-
tries. The towers called pagodas, and the arches, are two of the peculiar erections of
that country.

Chip. A piece of any material cut by an acute-angled instrument.

Chisel. An instrument used in masonry, carpentry, and joinery, and also by carvers and
statuaries, for cutting either by pressure or by impulse from the blows of a mallet or

hammer. There are various kinds of chisels ; the principal ones used in carpentry and
joinery are the former, the paring chisel, the gouge, the mortise chisel, the socket chisel,

and the rippivg chisd.

Chiseled 'Work. In masonry, the state of stones whose surface is formed by the chisel.

Chit. An instrument used for cleaving laths.

Choir. (Gr. Xopos.) The part of a church in which the choristers sing divine service.

In former times it was raised separate from the altar, with a pulpit on each side, in

which the epistles and gospels were recited, as is still the case in several churches on

the Continent. It was separated from the nave in the time of Constantino. In nun-
neries, the choir is a largo apartment, separated by a grate from the body of the church,

where the nuns chaunt the service. In churches in Italy, the cors is moveable, and is

held sometimes in one p-irt of the church, and sometimes in another. See Chancei-.

Choir Screen or Rood Screen. An ornamental open screen of wood or stone, dividing the

choir or chancel from the nave, yet so as not to obstruct sight or sound. The modern
choir screen at Hereford Cathedral has been formed of wrought iron and decorated.

See Jube.

Choragic Monument. (Gr. Xopos.) In Grecian architecture, a monument erected in

honour of the choragus who gained the prize by the exhibition of the best musical or

theatrical entertainment at the festivals of Bacchus. The choragi were the heads of

the ten tribes at Athens, who overlooked and arranged the games at their own expense.

The prize was usually a tripod, which the victor was bound publicly to exhibit, for

which purpose a building or column was usually erected. The remains of two very fine

monuments of this sort, viz. of Lysicratcs and Thrasyllus, are still to be seen at Athens.

Chord. In geometry the straight line which joins thi; two extremities of the arc of a

curve ; so called from the resemblance which the arc and chord together have to a bow
and its string, the chord representing the string.

Choultry (proper'y Chaturam). A Tatar term for a post hoTise, lodge, or hall for

travellers. It is only used in the Madras Presidency. There are various sorts, from a

mere shed (chauvadi), one in which images are sometimes placed {mandapam), to the

true choultry, built expressly as an inn or caravanserai.

Chrismatory.' a recess resembling a piscina, near the spot where the font originally

stood to contain the chri-m, or holy oil, with which, after baptism, infants were anointctl.

Church. (Gr. Kvpianov, from Ki-pioy, Lord.) A building dedicated to the performance

of Ciii-istian worship. The basilicse were the first buildings used for the assembly of
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the early Christians. Among the first of the churches was that of St. Peter at Rome,

about the year 326, ntarly on the site of the present church ; and it" is supposed that

the first church of St. Sophia at Constantinople was built somewhat on its model.

Thatwliich was afterwards erected by Justinian seems, in its turn, to have afforded the

model of St. Mark's, at Venice, which was the first in Italy ci'Dstructed with pendentives

and a dome, the former affording the means of covering a square plan with a hemi-

spherical vault. The four most celebrated churches in Europe erected since the revival

of the arts are, St. Peter's at Rome, which stands on a area of 227,069 feet superficial
;

Sta Maria del Fiore at Florence, standing on 84,802 ftet; St. Paul's, London, which

stands on 84,025 feet, and St. Genevieve at Paris, 60,287 feet. The churches on the

Continent are usually ranged under seven classt-s
;
pontifical, as St. Peter's, where the

pope occasionidly officiates
;
patriarchal, where the government is in a patriarch

;

metropolitan, where an archbishop is the head ; cathedral, where a bishop presides
;

collegiate, when attached to a college; parochial, attached to a parish; and conventual

when belonging to a convent. In this country the churches aie cathedral, abbey, and
parochial, and those be'onging to the numerous classes of dissenters, which until late

years were called chapels, and by some denominations are still so called. A list of large

churches in England IS given in the i/«iWfr journal, 1865, page 123, and 1867, page 701.

The designs of the temples of the aLcients are given in this Glossary.

The early Christian worship, attended by latge congregations, required for its exorcise

edifices whose interiors were of great extent and well lighted. Nothing was so well

adapted for this purpcse as the basilica?, which, bearing the name from their resem-

blance to the ancient courts of justice, were raised for the purpose. Such was that of

St. Paul without the walls of Rome {figs. 141. and 142.). That of St. Giovanni

Laterano was divided by lour rank.s of columns, which supported the walls, carrying

the roofs of five aisles formed by the ranks of columns, the middle one or nave bein»j

wider and higher than the others. Each aisle being lower than that adjoinirg it,

allowed windows to be introduced in the several walls. The direition of the length of

the nave and aisles was from east to west, and was crossed by a transverse nave, called

a transept, irom north to south. In front was an ample porch or portico. The use

of the modern church being the same as that of the first Christian basilica;, it may be

doubted whether for extremely large assemblies a better di>posiiion could be chosen,

Bramante imitated the Temple of Peace in the design for the new church of St. Peter.

The desire of gathcrirg into a single edifice the beauties of several, irduced the

architect to crown the edifice imitated from the Temple of Peace with another, imitated

from the Pantheon. The obstruction tc seeing and hearing caused by the large piers of
the later churches is a great defect when comp;ired with the little obstruction that the

columns of the basilicse present. The cost of the Italian churches is another serious

objection to them, especially in the construction of the domes, which are, with their

tambours, buildings deficient in real solidity, from the large portion of false beariut<

they must involve; creating a very different sensation to that experienced in viewing
the lantern, as at Peterborough and Ely Cathedrals.

The smaller parish church, with its nave and an aisle on each side, is not only tlie

most economical, but the best lorm of plan. It was that which best pleased Sir

Christopher Wren, whose churches are generally so phinned ; and we shall here give a
short account of one of his best of this form, that of St. James's, Westminster, whose
interior is worthy of all praise. It is an excellent example of Wren's love of harmony
in proportions; the brea^^th being half the sum of its height and length, its height half

its length, and its breadth the sesquialtera of its height: the numbers are 84, 63, and
42 feet. The church is divided transversely into three unequal parts, by a range of six

columns on each side of the nave, forming aisles which are each one-filth of the whole
breadth, the remaining three-fifihs being given to the breadth of the nave. The roof
is carried on these columns, and is as great a proof of the consummate skill of the archi-

tpLt as any portion of the fabric of St. Paul's, on account of its extreme economy and
durability. It is not further necessary to describe the building; but the observations

of its architect with regard to it are of the utmost value, emanating from such a man.
" I can hardly think it possible," says the architect, " to make a single room so capacious,

with pews and galleries, as to hold above two thousand persons, and all to hear the ser-

vice, and both to hear distinctly and see the preacher. I endeavoured to effect this in

building the parish chunh of St. James's, Westminster, which, I presume, is the most
capacious, with these qualifications, that hath yet beea built; and yet at a solemn time,

when the church was much crowded, Icouldnotdis-cern from a gallery that two thousand
were present. In this church I mention, though very broad, and the middle nave
arched up, yet as there are no Avails of a second order, nor lanterns, nor butti esses, but.

the whole roof rests upon the pillars, as do also the galleries, I tliink it may be found
beautiful and convenient, and, as such, the cheapest of any form I could invent." Ou
the place of the pulpit in a church of this class, the same architect continues: " Con-
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cerning the placing of the pulpit, I shall observe, a moderate voice may he heard fifty
feet distant before the preacher, thir'y fnet on each side, and twenty behind the pul-
pit; and not this, unless the pronunciation be distinct and equal, -n-ithout losing the
voice at the last word of the sentence, which is commonly emphatical, and if obscured
spoils the Avhole sense. A Frenchman is heard farther than an English preacher,
because he raises his voice, and not sinks his last M'ords." Speaking of the dimen-
sions of a church, Wren, a'ter stating that a proposed church may be 60 feet broad, and
90 feet long, "besides a chancel atone end, and the belfry and portico at the other."
says: " These proportions may le varied; but to build more room than that every
person may conveniently hear and see, is to create noise and coijfusi< n. A church
should not be so filled with pews but that the pnor may have room enough to stand and
sit in the alleys, for to them equally is the gospel preached. It were to be wished
there were to be no pews but benches ; but there is vo stemmivg the tide of profit, and
the advantage of pswkeepers

; especially, too, sin^e by pews in the chapels of ease the
mini>ter is chiefly supported."—''As to the situation of the churches, I i-hould pro-
pose they be brought as forward as possible into the larger and more open streets, not
in obscure lanes, nor where coaches will be much obstructed in the passage. Nor are
we, I think, too n-icely to observe east or west in ihe position, unless it falls out
properly : .such fronts as shall happen to lie most open in view should be adorned
with porticoes, both for beauty and convenience ; whicli, together with handsome spires
or lanterns, rising in good proportion above the neighbouring houses (of which I have
givAn several examples in the city, of different forms), may be of sufficient ornament
to the town, without a great expense for enriching the cutward walls of the churches,
in which plainness and duration ought principally, if not wholly, to be studied."

Churches are usually constructed on the plan of a Greek crobs, which is that wherein
the length of the transverse part, or transept, is equal to that of the nave ; of a Latin
cross, 'vherein the nave is longer than the transept; of a Lorraive cross, where
there is a transept given to the long choir, as in a cathedral; in rotondo, where the
plan is a circle ; simple, where the church has only a nave and choir ; with aisles, when a
subdivision occurs on each side of the nave ; and those with aisles may have more than
one of such aisles on each side of tlie nave.

The church be'ng a building in which to do work, the work to be done in one is to

carry out the distinctive worship of the body to which it belongs. Hence the church
of every communion, if true to its nature, must vary as the worship of that com-
munion varies. As the English Eeforniatiun involved no breach of continuity, the
ancient churches of this land have in the main served well for present use. Eut the
aim of that Reformation was to reduce the m:tny services of the oWer ritual into an
order at once simple and congregational, and tlie modern English church ought there-

fore to be simple in its j: Ian and congregational in its working arrangements, absorbing
as many of the people into the more active work of worship as possible. Therefore with

a great town congregation the building should be broad and high, as well as long, and
solid and dignified in every part. It mttst be broad in proportion to the number for

which it is intended, for if the nave be narrow many will not see or hear sufficiently.

Might not the nave be sometimes polygonal or circular, as at the Temple Church, and
the decagon of St. Gereon at Cologne?

—

era wi''c nave with proportionately narrow

aisles, serving rather as passages than omitted altogether ? Chairs or benches are both

good in their respective ways. The bapMstery should be emphasized. The choir or

chancel proper ought not to bo much elevated above the nave; practically tlie raising

will be found inconvenient, and artistically many steps at the chancel arch can seldom

be successfully managed. The great rise might be between the chancel and the sanctuary

leading up to the table. The elevation compensates for the necessary distance, and places

the table in full sight of the whole church. The choir or chancel screen is claimed as

'• distinctly and emphatically Anglican.' A low screen of stone or with metal rails is

frequently introduced in place of it. The EccJtsiologist journal, 1845, p. 135, contains

an elaborate paper on the division of a church into nave, chancel, and sacrarium.

The chancel shruld also be broad; usually one or perhaps two rows of seat^ or

stalls on each side are provided ; but might not three, and four rows even, be appro-

priately introduced for the necessary choir, and made without encroaching on the

gangway in the middle? A useful paper on the Choral Arrangements of Chitrehes

was read at the Northampton Architectural Society, in Oct. 1870. In a large town

church the usual three sedilia sometimes provided may be found too few; a stone bench

on either side may suit better. An apse or a square end to the chancel must depend on

the circumstances of the case. It is now the fashion to place the " organ chamber"

in the north or south side of the chancel, hiding away the instrument and muffling the

sound. With a large choir and a lofty chancel, it might with advantage project over

the stalls on one or both sides. It has been proposed to place the Litany desk,

made capable of containing two or three clerks, in a space left free of sittings at the

easternmost bay of the nave, or in the central crossing where there are transepts. The
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lectern, where the church is small, may well be placed ia the chancel ; but where the

church is intended for a large congregation, and the choir must have ample room, then

the lessons had best be read at the extreme end of the nave; thus^the Litany desk in

the middle and the pulpit on the other side, as suggested by Mr. Beiesford Hope vl

Brighton, in 1874, most of whose remarks are used by us herein; and -who advo-

cated the construction of a triforium where it was essentially necessary to have

galleries. The experiment of such an arrangement has been tried in a new Roman
Catholic church at Amsterdam, with, he said, a telling effect ; and one has be- n

adopted in the memorial church at Cawnpore. In such a case the table must be well

raised, and the chancel screen just so high that those below may be under its tracery,

and those aloft, above it.

Complaints are often made as to " the difficulty of seeing and hearing in some of

our new churches." Exeter Hall has been greatly improved by substituting a gently

curved wooden ceiling for the original ceiling intersected by wide spaces; and "one

of the best churches for facility of hearing is that of St. Pancras in Eustun Square,

which accommodates 2,500 persons; it has a flat ceiling, and no massive arehes and

columns to intercept the S)T:nd, which travels freely round the walls of the spacious

building." Mr. Spurgeon's Tabernacle at Newington, is also praised.

The subject of Church arrangement during the mediaeval period has been elucidated

by Mr. W. H. Dykes, architect, in a paper read before the Yorkshire Architettuial

Society, in 1852 ; and the Rev. M. E. C. Walcott, On Church and Conveniual Arrange-

ment, 1861, 8vo., describes the conventual plans adopted by the various religious orders.

CiEOEiiM. {Kifioipiov.) An insulated erection open on each side with arches, and having

a dome of ogee form, like tlie bowl of a reversed cup, carried or supported by four

columns, the whole covering the altar. In later times the name was transferred to a

tabernacle, coffer, or cise, in which the host was deposited ; whence the covering was

thence called uri.braeidiim or haldacchino. Ihe earliest known instance of a ciborium

appears to have been one iu the church of St. George at Thessalonica, and supposed to

Lave been in use about A.n. 325. It is also the name for the A'cs-sel in which the bread

is placed at the Communion, instead of on a paten when many persons are present at it.

Cilery. The drapery or fuliage carved on the heads of columns.

CiLL. (Sax. Cill.) The timber or stone at I he foot of a door, &c. Grounrl ciUs ato \\\e

timbers on the ground which support the pests uud sujierstructure of a timber building.

The term also applies to the bottom piece which supports quarter partitious.

CiMuiA. A fillet string, list, or cornice.

Ci.\iELiAECH. The apartment in old churches where the phite and vestments were deposited.

Cincture. The ring, list, or fillet at the top and bottom of a column, which divides the

shaft of the column fr( m its capital and base.

Cixque-Cento Architecture. Literally 500, but used as a contraction for 1500, the

century in which tlie revival of ancient architecture took place in Italy. The term is

applied to distinguish the style of arcliitecture which then arose in that country. In

Irance the style as introduced there is called Style Frangois pn micr, and Renainance;
and iu Englaud the Revival, and Elizabethan.

CiiNQUEFOiL. An ornament used in the Pointed ttyle of architecture; it consists of Aa-s

cuspidated divisions or curved pendents in-'cribed in a pointid arch, or in a circular

ring applied to windows and panels. The cinquefoil, when ins-cribed in a circle, forms

a rosette of five equal leaves having an open space in the middle, the leaves being

formed by the open spaces, and not by the .solids or cusps.

Cippis. A small low column, sometimes without a base or capital, and most frequently

bearing an inscription. Among the ancients the cippus was used for various jurposes
;

when placed on a road it indicated tl.e distance of places ;
on other occasions cijypi

were employed as memorials of remarkable events, as landmarks, and fur bearing

sepulchral epitaphs.

CiRCLB. (Lat. Circulus.) A figure contained under one line called the circumference,

to which all lines drawn from a certain point within it, called the centre, are equal.

It is the most capacious of all plain figures.

Circle. The name given to one of the megalithic remains, as at StoneheDge, Avebury,

and other places.

Circular Buildings. Such as are built on a circular plan. "When the interior also is

circular, the building is called a rotunda.
Circular-Circular, or Cylindro-cylindric Work. A term applied to any work which

is formed by the intersection of two cylinders whose axes are not in the same direction.

Q he line formed by the intersection of the surfaces is termed, by mathematicians, a line

of double cnrvainre.

Circular Winding Stairs. Such as have a cylindric case or walled enclosure, with the

planes of the risers of the steps ending towards the axis of the cylinder.

Circular Work. A term applied any work witli cylindric faces, as roofs, &c.
CiRCUMiEEENCE. Thc bouudary lino of a circular body.
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CiucuMTOLUTioNs. The turns in the spiral of the Ionic capital, which are usually three,

but there are four in the capitals of the temple of JMinerva Polias.

Circus. (Lat.) In ancient architecture, a stiaight, long, narrow building, whose length
to its breadth was generally as 5 to 1. It was divided down thfe centre by an orna-
mented barrier called the spina, and was used by the Komans for the exhibition of pub-
lie spectacles and chariot races. Several existed at Rome, whereof the most celebrated
was the Circus Maximus. Julius Caesar improved and altered the Circus Maximus, and
that it might serve for the purpose of a naumachia, supplied it with water. Augustus
added to it the celebrated obelisk now standing in the Piazzo del Popolo. Of this

circus no vestiges remain. Besides these at Rome were the circi of Flaniinius, near the
Pantheon

; Agonalis, occupying the site of what is now called the Piazza Navona ; of
Nero, on a portion whereof St. Peter's stands ; of Antoninus and Aurelian, of which no
portion whatever exists ; and of Caracalla, which was 738 feet in length, and is at the
present time sufficiently perfect to exhibit its plan and distribution in the most satis-

factory nuinner. The spectacles of the circus were called the Circensian Games, and
consisted of chariot and horse races, of both whereof the Romans were passionately fond,
but particularly of tlie former, which in the times of the emperors excited so great an
interest as to divide the whole population of the city into factions, distinguished by the
CDlours worn by the different charioteers. The disputes of these factions often led to

serious disturbances.

CissoiD. In geometry, a curved line invented by Diodes. Its name is derived from
. KKTCTos, ivy, from the curve appearing to mount along its assyniptote, as ivy climbs on

the trunk of a tree. The curve consists of two infinite branches above and below the
diameter of a circle, at one of whose ends a tangent being drawn, the curve approaches
the tangent without ever meeting it. Tlie curve was invented by its author with a view
to the solution of the famous problem of the duplication of the cube, or the insertion of

two mean proportionals between two given straight lines. Its mechanical construction

may be found in Newton's Arithmtica Universalis.

Cist. (Gr. Kktttj, a chest.) A term used to denominate the mystic baskets used in pro-

cessions connected with the Eleusinian m^'steries. It Avas originally formed of wicker
work, and when afterwards made of metal, the form and texture were preserved in imi-

tation of the original material. When sculptured on ancient monuments, it indicates

some connection with the mysteries of Ceres and Bacchus.

Cist, or Cistvaen. In Celtic or Druidieal buildings, the chamber formed of laterally

recumbent blocks of stone.

Cistern. (Gr. Kktttj.) A reservoir for water, whether sunk below or formed of planks

of wood above ground. In the construction of an earthen cistern, a well-tempered

stratum of clay must be laid as a foundation for a brick flooring, and the bricks laid in

terras mortar or Parker's cement. The sides must be built with the same materials;

and if in a cellar or other place near a wall a space must be tilled with clay, from the

foundation to the top of the cistern contiguous to the wall, by which means it will be

preserved from injury. Cisterns above gi'ound are usually formed of wooden planks

lined with lead or zinc, and carried by bearers; but the cistern formed of slates, now
much used, is the best for adoption.

Civic Crown. A garland of oak leaves and acorns, often used as an architectural ornament.

Civil Aeciiitectukk. The art of erecting every species of edifice destined for the use of

iTian, the several matters necessary to the knowledge whereof forms the subject of the

Kncyclopasdia.

Clamp. In brick-making, a large mass of crude bricks generally piled quadrangular on

the plan, and six, seven, or eight feet high, arranged in the brick field for burning,

which is effected by flues prepared in stocking the clamp, and breeze or cinders laid

between each course of bricks.

Clamp. In carpentry and joinery , is a piece of wood fixed to another with a mortise and

tenon, or a groove and tongue, so that the fibres of the piece thus fixed ci'oss those of

the other, and thereby prevent it from casting or warping.

Clamp and Clasp Nails. See Nails.

Classic Architectuee. The term applied in a broad sense to the works of the ancient

Greeks and Romans. The term cinssic is applied sometimes to a style, but none such

exists. The Greek and Roman stjles of architecture being so different in principle,

they cannot correctly be described under one name. Of late years the term has con-

stantly been misapplied to the modern Italian schools of architecture.

Clathui. In ancient Roman architecture, were bars of iron or wood which were used to

secure doors or windows.

CijlY. In ordinary language, any earth wliich possesses sufficient ductility to admit of

being kneaded with water. Common clays may bo divided into three classes, viz. unc'

tuvus, meagre, and calcareous. Of these the first is chiefly used in pottery, and the

second and third are employed in the manufacture of bricks and tiles.
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Clayino. The operation of spreading two or three coiits of clay and incorporating them,

for the purpose of keeping water in a vessel. Tliis operation is also ea led fuddling.

Clf^i a term used in some places with the same signification as to-stick or to glue.

Clkar.' The nett distance between two bodies, where no other intervenes, or between

their nearest surfaces. .,,... , ,, , ,

Clear Story or Clere Story. The upper vertical divisions of the nave, choir, and

transepts of a church. It is clear above the roof of the aisles, wlience it may have taken

its name • but some have derived the name from the clair or light admitted through

its tier of' windows. Nearly all the cathedrals and large churches have clear stories,

either a'! tiers of arcades, or of windows over the triforia. There is no triloruim

in the priory church of Bath, but a series of large and lofty windows constitute the clear

story. The choir at Bristol Cathedral has neither triforium nor clear story. Examples

are given in figs. 1416 to 1426.

Cleats. Small wooden projections in tackle to which to fasten the ropes.

Clkaving. The act of forcibly separating one part of a piece of wood or other matter from

another in the direction ot the fibres, either by pressure or by percussion with some

wedge-formed instrument.

Cleft. The open crack or fissure which appears in wood which has been wrought too

green. The carpenter usually fills up these cracks with a mixture of gnmand sawdust,

but the neatest way is to soak both sides well with the fat of beef broth, and then dip

pieces of sponge into tlie broth, and fill up the cracks witli tliem ; they swell out so as

to fill the whole crack, and so neatly as to be scarcely distinguishable.

Clepsydra. (Gr. from KKi-mdi, to conceal, and 'TScop, water). A water clock, or vessel

for measuring time by tlie running out of a certnin quantity of water, or sometimes of

sand, through an orifice of a determinate magnitude. Clepsydras were first used in

Egypt under the Pto'emies ; they seem to have been common in Ivomo, though they

were chiefly employed in winter. In the summer season sundials were used.

Clinching. The act of binding and driving backward with a hammer the pointed end of

a nail after its penetration through a piece of wood.

Clinkers. Bricks impregnated with nitre, and more thoroughly burnt by being nearer

the fire in the kiln.

Cloaca. The name given to the common sewer of ancient Rome for carrying off into

the Tiber the filth of the city. The chief of these, called the cloaca maxima, was built

by the first Tarquin of huge blocks of stone placed together without cement. The top

w^is arched, and consisted of three rows of stones one above another. It began in the

Forum Romannm, was 300 paces long, and entered the Tiljer between the temple of

Vestii and the Pons Senatorius. There were as many principal sewers as there were

hills in the city.

Cloak-pins and Rail. A yiiece of wool attached to a wall, furnished with projecting

pegs on which to hang hats, great-coats, &c. The pegs are called cloak jnvs, and the

board into which they are fixed, and which is fastened to the wall, is called the rail.

Clock Tower. A tower specially designed to hold a clock with its quiirter and hour

ijells. Bells which are to be rung should properly be placed in a distinct erection, as

the vibration injures the clock.

Cloistbr. (Lat. Claustrum.) The square space attached to a regular monastery or largo

church with a peristyle or ambulatory round, usually with a range of building over

it. The cloister is perhaps, ex vi termini, the central square shut in or closid by tlie

surrounding buildings. Cloisters are usually square on the plan, having a plain wall

on one side, a series of windows between the piers or columns on the opposite side, and

arched over with a vaulted or ribbed ceiling. It mostly forms part of the passage of

communication from the church to the chapter house, reifectory, and other parts of the

establishment. In England all the cathedrals, and most of the collegiate churches and

abbeys, were provided with cloisters. On the Continent they are commonly appended

to large monasteries, and are often decorated with paintings, and contiiin tombs.

A common appendage to a cloister was a lavatory, or stone trough for water, at which

the monks washed their hands previous to entering the refectory.

Close String. In dog-legged stairs, a st^iircase witliout an open newel.

Closer. The last stone in the horizontal length of a wall, which is of less dimensions

than the rest, to close the row. Closers in brickwork, or pieces of bricks (or bei/s), less

or greater than half a brick, that are used to close in the end of a course of brickwork.

In English as well as Flemish bond, the length of a brick being but nine inches, and its

width four inches and a half, in order that the vertical joints may be broken at the end

of the first stretcher, a qu irter brick (or bat) must be interposed to preserve the con-

tinuity of the bond, this is called a queen-doscr. A similar preservation of the bond

may be obtained by inserting a three-quarter Iiat at the angle in the stretching course

;

this is called a kinq-doser. In both cases an horizontal hip of two inches and a quarter

is left ftir the next header.

Closet. A .small aj^jartment frequently made to communicate with a bed-chamber, and
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used as a rtressing room. Sometimes a elosct is made for the reception of 'stores, and
is then called a store closet.

Clough or CioYSH. The same as paddle, shuttle, sluice, or penstock. A contrivance for
retiiining or letting out the water of a canal, pond, &c.

Clough Arches or Padple- holes. Crooked arches by which the water is conveyed
from the upper pond into the chamber of the lock of a canal on drawing up the cloituh

Clout Nail. See Nails.
Clustered. The combination of several members of an Order penetrating each other.
Clustered Tillar. Several slender pillars or shafts attache.l to each other so as to
form one. In Eoman architecture the term is used to denote two or four columns
which appear to intersect each other, at the angle of a building, or of an apartment to
answer to each return.

Coarse Rtuff.
_
In plastering, a mixture of lime and hair used in the first coat and float-

ing of plastering. In floating, more hair is used than in the first coat.
Coat. A thicknes-s or covering of plaster, paint, or other work done at one time.
CoH-WALLS. Such as are formed of mud mixed with straw, not uncommon in some

districts of England, but the best are to be found in Somersetshire.
CocKixG or Cogging. See Caulking.
Cockle Stairs. A term sometimes used to denote a winding staircase.
CoDDiNGS. A Scotch term for the base or footings on which chimney jambs are set in

the ground floor of a building.

Ccenaculum. (Lat.) In ancient Roman architecture, an eating or supper room. In the
• early period of their history, when the iiouses rarely consisted of more than two stori.'s,

it denoted generally the upper story. The word also signified lodgings to let out for
hire. Ako the upper stories of the circi, which were divided into small shops or
rooms.

C(ENATio. An app.rtment in the lower part of the Roman houses, or in a garden, to sup
or eat in. From Suetonius it would appear that it denoted a banqueting and snmmop
house. In the Laurentine Villa a large ccenatio is described by the j-ounger Pliuj', and
it seems, from the description, that it was pluced in the upper "part of a lofty tower.

Coffer. (Shx. Copne.) A sunk pnnel in vaidts and domes, and al.'-o in the soflfite or
under side of the Corinthian and Comprsite cornices, and usually decorated in the centre
with a flower. But the application of the term is general to any sunk pnnel in a ceiling
or soflSte. See Caisson.

Coffer Dam. A case of piling, water-tight, fixed in the bed of a river, for the purpose
of excluding the water while any work, such as a wharf wall, or the pier of a bridge, is

carried up. A coffer dam is vnriously formed, either by a single enclosure or by a
doulile one, with clay, chalk, bricks, or other materials between, so as effectually to

exclude the water. The coffer dam is also made with piles only driven close together,
and sometimes notched or dove-tailed into one another. If the water be not very deep,
piles may be driven at a distance of five or six feet from each other, and grooved in
the sides with boards let down between them in the grooves. For building in coffer

dams, a good natural bottom of gravel or clay is requisite, for though the sides be mado
sufficiently water-tight, if the bed of the river be loose, the water will ooze up through
it in too great quantities to permit the operations to be carried on. It is almost
unnecessary to inculcate the necessity of the sides being very strong and well-braced
on the inside to resist the pressure of the water.

OoGGiNG. See Caulking.

Cohesion. See Resistance.

Coin. (Fr.) The same as quoin. The angle formed by two surfaces of a stone or brick

building, whether external or internal, as the corner formed by two walls, or of anarch
and wall, the corner made by the two adjacent sides of a room, &c.

CoKEL, Cockle, or Coakel. A furnace made of very thick iron for generating heated

air of great intensity, the iron often being mada red-bot.

Coliseum. The name given to the amphitheatre built (a.d. 72) by Vespasian.

Collar or Colarino. (It.) A ring or cincture; it is another name for the astragal of a

column. It is sometimes called the neck, gorgerin, or hypotrachelium.

Collar Beam. A beam used in the construction of a roof above the lower ends of the

rafters or base of the roof. The tie beam is always in a state of extension, but the

collar beam may be either in a state of compression or extension as the principal raf'crs

are with or without tie beams. In trussed roofs, collar beams arc framed into queen

posts; in common n ofs, into the rafters themselves.

In general, trusses have no more than one collar beam
;
yet, in very largo roofs, they

may have two or three col'ar beams besides the tie beam. The collar beam supports or

trusses up the sides of the rafters, so as to keep them from sagging without any other

suriport, but then the tie beam would besupporto>l only at its extremities. In common
purlin roofing, the purlins are laid in the acute angles between the rafters and the upper

edges of the collar btams.
4L
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College. An es!-ablisliment properly so termed for the education of youth in the higher

branches of study. It generally consists in this country of one or more courts or quad-

rangles, round which are disposed the rooms for the students, with the chapel, libi-ary,

and eating-hall ; apartments for the head of the establishment and for the fellows and

students; a combination room, which is a spacious apartment "wherein the latter

• assemble' after dinner; kitchen, buttery, and other domestic offices, latrines, gardens,

&c. On the Continent the college diSers very materially.
.

At Eome, the college, formerly that of the Jesuits, now the Roman college, is a rery

large edifice, simple in character, as this species of building seems to demand. Its

length is 328 feet, and its height, without the attic, 87 feet. The other buildings in

Eome which pass under the name of colleges are not to be considered as establishments

for education, being destined to the study of theology and other sciencrs; such are the

Propaganda and the Sapienza: the latter is one of the finest buildings of that city.

At Genoa is a magnificent college, which was formerly the palace of the Balbi family,

hy whom it was given to the Jesuits for a place of education. Of the many colleges in

Paris hardly one, says the author of the article " College " in the Encydopedie Mltho-

dique, deserves notice. The same writer says that in England alone are found ex-

amples of what a college ought to be.

The universities of Oxford and Cambridge form good examples ; many are irregular

in plan, but are convenient in disposition, and highly picturesque. Merton College, at

Oxford, erected for secular priests, 1270-77, was the earliest in England ; only a small

portion of it remains, such as the stone treasury, and the chancel, an exquisite speci-

men, and one of the earliest, of the Decorated period. Several colleges were founded

both in Oxford and Cambridge within a few years afterwards ; but no other collegiate

buildings were erected in either university until near the eud of the fourteenth cen-

tury, when the magnificent foundation of William of Wykeham arose, emphatically

termed New College, because it was to a great extent on a new system ; he also erected

the college at Winchester, both founded between 1380 and 1390, and aUhough belong-

ing more to the monastic than to the strictly domestic character, they yet afford

.valuable examples of the style of building of their period.

In Oxford the most regular college in plan is Queen's College, commenced as

late as 1710, and in the Italian style. The accommodation afforded is for about 170
persons, including the provost and follows, whose apartments, of course, occupy a con-

tiderablo portion of the space. A bed and sitting room, both of moderate dimensions,

are as much as can be afforded to the students. Nicholas IJawksmoro, the architect,

completed the first quadrangle and library in 1759. Of the colleges in Oxford, Christ-

church is past question the most magnificent. Its extent, towards the street, is 400
feet. What is called Christchurch Meadow, attached, affords delightful walks for the

exercise and recreation of the members, being bounded on the east by the Cherwell, on
the south by the Isis, and on the west by a branch of the same river. The whole
estalilishment is worthy of the princely founder. Such a magnificent foundation can-

not elsewhere be referred to. Keble College, by W. Eutterfield, 1867-70, does

iic)t appear to have been yet illustrated ; it encloses the greater part of a quadrangle
243 feet by 220 feet. The chapel (1875) has been erected at a cost of about 82,000/.

in a decorated style, with mosaic work, stained glass, marbles, &c.
In Cambridge, the library and court of Trinity College, the former one of the finest

works of Wren ; and the extraordinary and beautiful chapel of King's College, are the

principal features of this university. The chapel is, inside, 289 feet long, 42 feet broad,

and 80 feet high to apex of the vaulting.

Besides the modern Queen's colleges in Ireland, Trinity College, Dublin, is the only

one requiring notice. It was first designed by Sir William Chambers, and carried out

- by G. Meyers. The front is 300 feet in kngth, with a total depth of 600 feet, which
encloses two quadrangles ; it was erected 1759-80. The campanile, in the middle,

95 feet high, was erected 1853, by Sir C. Lanyon. The number of students is upwards
of 500. Near to the library is another court, erected 1818, with the anatomy house,

1824. Beyond these are the new museum buildings, 1852-5, designed by J. MacCurdy,
with Messrs. Deane, Son, and Woodward.

In Scotland, among the latest buildings of this sort, is the extensive one erected

1864-1870 for the university of Glasgow, at a cost of about 420,000/., from the
designs of Sir G. G. Scott, K.A, The plan is given in the Buihkr journal, xxviii.

1870, to which work the student is referred for a description of it. This publication

also gives, xxiii., 1865, the Malvern Proprietary College, by C. F. Hansom; xxvi.,

1868, the College of St. Nicholas at Lancing, by R. C. Carpenter, with its chapel
by Messrs. Slater and Carpenter ; andxxix., 1871, Owens College at Manchester, for

scientific purposes, by Alfred Waterhouse.
In this class there have sprung up a number of buildings specially designed for the

purposes of technical education, having lecture rooms and work rooms fitted with the

requisite apparatus for Working scientifically or according to trades. These are bo
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numerous and special that' the student is at once referred to- the work by Mr. E. C.
Kobiiis, on Technical Schools and College Buildings, 1887.

CoLONELLi. (It.) The Italian name for the posts employed in any truss framing.
Colonnade. (It. Colonnata.) A range of columns. If the columns are four in number,

it is called tctrastyle
; if six in number, hcxasfylc ; when there are eight, octasiyle ; when

ten, dccastyle; and so on, according to the Gretk numerals. Wlien a colonnade is iii

front of a building it is called a portico, when surrounding a building a jieristylc, and
when double or more polysfyle. The colonnade is moreover designated according to
the nature of the intercolumniations introduced as follows: fycnostylc, when the space
between the columns is one diameter and a half of tlie column ; systylc, when it is of
two diameters; eustyle, when of two diameters and a quarter; diastyle, when three; and
arceostyle when four.

Columbarium. (Liit.) A pigeon-house. The plural of the word (columbaria) was
applied to designate the apertures formed in walls for the reception of cinerary urns
in the ancient Roman cemeteries.

CoLUJiELL.E. A name sometimes used for balusters.
CoLUMEN. The ridge pieiie of a roof.

Column. (Lat. Columna.) Generally any body which supports another in a vertical direc-
tiun. See Pier, PiLLAE, and Sha_ft. There are various species o{ columr)s,iis twisted,
spiral, and rustickcd. Cabled or rudentcd columns are such as have their fiutings filled

.with cables or astragals to about one- third of the height. Camliiic columns have their
shafts foliated. Columns were occasionally u^ed as monuments. The lollo^viug list

comprises the best known ones ; the heights in feet are to the top of the abacus :

—

Pompey, Alexandria . . 08 feut

Alexander, St. Petersbui-g , 121 „
Napoleon, Boulrgno . , 141 „
York, London . , . 95 ,,

Antonine, Eome . . .136 feet

Trajan, Rome . . . . 115 ,,

JMonument, London . . . 174 ,,

Napoleon, Paris . . . 116 ,,

By the side of the Halle au Ble at Paris there is a, gnomonic column for showing the
time, erected by Catharine di Medicis.

The Columna Bellica at Rome was near the temple of Janus, and at it the consul

proclaimed war by throwing a javelin towards the enemies' country. The chronological

column was rather historical, bearing an inscription to record an event. The cructfiral

column is one bearing a cross ; the ftmereal one, an urn ; the zoophoric, an animal

;

and the itinerary one pointed out the various roads diverging from its site. There was
among the Romans what was called a lacteal column, which stood in the vegetable

market, and contained on its pedestal a receptacle for infants abandoned by their

parents. (Juvenal, Sat. vi.) On the legal column were engraved the laws ; the boundary
or limitative column marked the boundary of a province ; the manidnal column was for

the reception of trophies or spoils ; and the rostrcd column, decorated with prows of

ships, was for the purpose of recording a naval engagement. The triumphal column
was erected in commemoration of a triumph, and the sepulchral one was erected on a

tomb. The inilliarlmn aureum, or midiary column of the Romans, was originally a

column of white marble, erected by Augustus in the Forum, near the temple of Saturn.

From it the distances from the city were measured. It is a slnrt column with a Tuscan

capital, having a ball of bronze (formerly gilt) for its finish at top, and is still pre-

served in the Capitol.

CoLUMNiATioN. The employment of columns in a design.

CoMiTiuM. (Lat.) A building which stood in the Roman Forum, wherein assemblies of

the people were held. It occupied the whole space between the Palatine Ilill, the

Capitol, and the Via Sacra.

Commissure. (Lat.) Tiie joint between two stones, or the application of the surface of

one stone to the surface of another.

Common Centring. Such as is constructed without trusses, but having a tie beam at its

ends. Also that employed in straight vaults.

Common Joist. One in single nakud flooring to which the boards are fixed. Such joistr

are also called boarding joists, and should not exceed one foot apart.

Common Rafter. One in a rouf to which the boarding or hithing is attached.

Common Roofing. That whicii consists of common rafters only, which bridge over the

purlins in a strongly framed roof.

Comparted. (Fr. Compartir, to divide.) That which is divided into several parts is said

to be comparted.

CoMPARTiTioN. The distribution of the ground plot of an edifice into the varii us

passages and apartments.

Compartment. A subdivisional part, for ornament, of a larger division. To this alone

is the term properly applicable.

Compartment Ceiling. One divided into panels, which are usually surrounded by

mouldings.
4 L 2
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Compartment Tiles. An arrangement of varnished red and white tiles on a roof.
^

Compasses (Fr Compas.) A mathematical instrument for drawing circles and m-^urmg

distances between two points. Common compasses have two legs, moveable on a joint

Trimwular compasses hare two legs similar to common compasses, and a third leg fixed

to the bulb by a proji ction, wii h a joint so as to be moveable in every direction. Beam

compasses are used for describing large circles. Proportional compasses have two pair

of points moveable oa a shi;ting centre, which slides m a groove and thereby regulates

the proportion that the opening at one end bears to that of the other. They are useful

in enlarging or diminishing drawings.
^ _ , •

,

Compass Saw. One for dividing boards into curved pieces ; it is very narrow and with-

out a back. ^ . . . , ,. •
i i

Compass Window. An old English term for a projecting window of a circular plan.

Complement. The number of degrees which any angle wants of a rightangle. Tlie

complement of a parallelogram is two lesser parallelograms, made by drawing two right

lines parallel to the sides of the greater through a given point in the diagonal.

CoMPLUviuM. (Lat.) An area in the centre of the ancient Roman houses, so constructed

that it might receive the waters from the roofs. It is also used to denote the gutter or

eave of a roof.
.

CoMPO. A name often given to Parker's cement, or the so-called Roman cement, it is

also the name of the material used for making imitation carved-work for frames, &c.,

and made of glue and whiting : it is the short for " composition."

Composite Arch. The same as the pointed or lancet arch, but better appropriated to an

arch of four centres.

Composite Numbers. Such as can be divided by some other number greater than unity

,

whereas prime numbers admit of no such divisor.

Cdmposite Order. The fifth order used in Roman and Italian architecture, and being

of a more decorative character than the Corinthian order. The capital is somewhat
similar to the Corinthian ; the volutes are larger, but not so largo as those in the Ionic

capital. The base is shown in fg. 1368.

Composition in Architecture. The student will find that in most cases a good distri-

bution of plan will lead to good sections and elevations. Upon the adiiptation of the

dilferent fronts of the building to sort with the internal convenience, the greatest care

should be bestowed ; and then the decoration of such an edifice becomes a secondary
and comparatively easy work, though requiring, of course, the early cultivation of the

taste of the architect, and an intimate acquaintance with the parts of the design. For
the thorough comprehension of a projected edifice, a plan, section, and elevation are

required ; these comprise tlie whole elementary part of the mechanical process necessa ry

for making a design or composition. To carry out such a design, working drawings
may be required showing the parts at large. See Design.

CoiiPosiTioN OF Forces. The combination or union of several forces for determining the

result of the whole.

Compound Pier. A term sometimes given to a clustered column.
Compressibility. The quality of bodies which permits of their being reduced to smaller

dimensions. All bodies, in consequence of the porosity of matter, are compressible,
but liquids resist compression with immense force.

CoNCAMERATA SuDATio. An apartment in the ancient gymnasium, between the laconicmn
or stove, and the warm bath. To this room the racers and wrestlers retired to wipe off

the sweat from their bodies. See Caldaeium.
CoNCAMERATE. (Lat.) To arch over.

Concavity. (Lat. Concavus, hollow.) Of a curve line is the side between the two points

of the curve next its chord or diameter. The concavity of a solid is such a curved sur-

face, that if any two points in it be taken, the straight line between them is in a void

space, or will coincide in only one direction with the surface.

Concentric. (Lat.) Having a common centre, as are the radii of a circle.

Conchoid of Nicomedes. A name given to a curve invented by that mathematician for

solving the two famous problems of antiquity—the duplication of the cube, and the tri-

section of an angle. It continually approaches a straight line without meeting it,

though eA'er so far produced.
Concrete. (Lat. Concrescere.) To coalesce in one mass. A mass composed of stons

chippings, or ballast, cemented together through the medium of sand and lime, or of

cement, and usually employed in making foundations where the soil is of itself too light

or boggy, or otherwise insuificient for the reception of the walls. It is likewise used
to cover the ground under a building to keep damp from rising. Also to form a backing
to a wharf wall, or one at the side of a railway cutting, for extra strength. Of late

years it has been used in lieu of bricks or .'^tone whcroAvith to build houses; for incom-
bustible flooring ; and a church has been built of it near Paris. Large concrete blocks

are used for the interior work of piers to harbours, and similar extensive erections.

Conduit. (Fr.) A long narrow walkd passage underground, for secret communication
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between different npartments. It is a term also used to denote a canal or pipe for fhe
conveyance of -water, and is also applied to the structure to which it is conveyed for
delivex'y to the jrablic.

Coxdy's Patent Fluid. Called, from its mode of action and effectiveness, "Nature's Dis-
infectant;" itpurifies, deodorises, and disinfects, by the agency of nascent or ozonie
oxygen, its active principle. It combines powerful purifying properties with a wliole-
some nature.

CoxE. (Gr. Kaivos). A solid body, having a circle for its base, and terminating in a
point called its vertex ; so that a straight line drawn from any point in the circum-
ference of the base to the vertex will coincide with the convex surface. If the axis or
straight line drawn from the centre of the base to the vertex be perpendicular to the
base, it is termed a ri</kt cone ; if not, it is an oblique cone.

Confessional. (Lat.) In Catholic churches the small cell wherein the priest sits to
hear the confession of, and give absolution to, the penitent. It is usually constructed
of wood and in three divisions, the central one whereof has a seat for the convenience
of the priest.

Configuration. The exterior form or superficies of any body.
C(>NG£. (Fr.) The same as Apophyge.
Conic Sections. The figures formed by the intersections of a plane with a cone. They

are five in number: a triangle, a circle, an ellipse, a parabola, and an hyperbola; the
. three last, however, are those to which the term is usually applied.
Conical Roof. One whose exterior surface is shaped like a cone.

CoNiSTERiuM. (Gr. KovioTTipiov.) In ancient architecture a room in the gymnasium and
palaestra, wherein the wrestlers, having been anointed with oil, were sprinkled over
with dust, that they might lay firmer hold on one another.

Conjugate Diameters. The diameters in an ellipsis or hyperbola parallel to tangents at
each other's extremities.

Conoid. (Gr. KovoeiSris.) Partaking of the figure of a cone. A figure generated by the
revolution of a conic section round one of its axes. There are three kinds of conoids,
the elUptwal, the hiiperholical, and the farahnlical, which are sometimes otherwise
denominated by the terms ellipsoid or spheroid, hyperboloid-, and ixiraholoid.

Conservatory. A building for preserving curious and rare exotic plants. It is made
with beds of the finest composts, into which the trees and plants, on being removed
from the greenhouse, and taken from the tubs and pots, are regularly planted.

With respect to its construction, it is very similar to the greenhouse, but it must be
more spacious, loftier, and finished in a superior style. The sides, ends, and roofs

should be of glass for tlie free admission of light, and for protection of the plants. It

should be, moreover, seated on a dry spot, and so as to receive during the day as much
of the sun's heat as possible. It is to be provided with flues, or hot-water pipes, to

raise tlie temperature when necessary; there must also be contrivances for introducing

fresh air when required. In summer time the glass roofs are tiiken off, and the plants

exposed to the open air ; but these are restored always, if taken off, on the slightest

indication of frost. The chief point in which conservatories differ from greenhouses is,

that in the latter, the plants and trees stand in pots placed upon stages, whereas, in

the former, they are planted in beds of earth surrounded with borders. See Geeenhouse.
Console. The same as Ancones.
CoNSTRTTCTiON. Literally, the building up from the architect's designs ; but amongst -

architects it is more particularly used to denote the art of distributing the different

forces and strains of the parts and materials of a building in so scientific a manner as

to avoid failure and insure durability. The second book of the Encyclopaedia is devoted

to the subjects involved in the science of construction.

Contact. (Lat. Contactus.) In geometry, the touching any figure by a line or piano

which may be produced either way without cutting it.

Content. (Lat. Contentus.) The area or superficial quantity contained in any figure.

Contexture. (Lat. Contextus.) The intor-disposition, with respect to each other, of the

different parts of a body.

Contignatio. In Roman civrpentry, the same as that now called naked flooring.

Continued. A term used to express anything uninterrupted. Thus, an attic is said to be

continued when not broken by pilasters ; a pedestal is continued when, with its mould-

ings and dado or die, it is not broken imder the columns ; so of a socle, &c.

Contour. (It. Contorno.) The external lines which bound and terminate a figure.

Contract. An agreement, att<ached to a specification for the performance of certain works

in accordance therewith, and with the drawings accompanying it, if any.

Convent. (Lat. Conventus.) A building for the reception of a society of religious

persons, but more properly applied to one for the habitation of nuns.

Conventual Cuubcu. Oac attached or belonging to a convent.
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C'oj^VKiiGENT Lines. Such as, if produced, will meet.

CoNTEx. (L;it. Convexus.) A form whicli swells or rounds itself externully. A convex

reatilinear surface is a curved surface, in which a point being taken, a right line passing

through it can only be drawn in one direction.

Cdpins. (Dutch, Cop, the head.) The highest and covering course of masonry or brickwork

in a wall. Coping equally thick throughout is called paralhl coping, and ought to be

used only on inclined surfaces, as on a gable, for example, or in situations sheltered

from the rain, as on the top of a level wall, which it is intended to cover by a roof.

Coping thinner on one edge than on the other serves to throw oif the water on one side

of the wall, and is called fcathcr-cdged coping. Coping thi^iker in the middle than at

the edges is called saddle-backed coping. This, of course, delivers each way the water

that falls tipon it. It is commonly used on the walls of a sunk area, on dwarf walls

carrying an ii'on railing, and in the best constructed fence walls. In Gothic architecture,

coping is either inclined upon the faces or plumb ; in the former case the sides of the

Vertical section are those of an equilateral triangle with an horizontal base. It is some-

times in one inclined plane, terminated at top by an astragal, and at others in two
inclined planes parallel to each other, the \ipper one being terminated at top by an
astragal and projecting before the lower, which, like that on one inclined plane, changes
its direction at the bottom into a narrow vertical plane projecting before the level sofito

before the parapet. The inclined coping is occasionally used without the astragal, 'ihe

sofite of a projection is said to cope over when it slants downwards from the wall.

CofPER. (Cuprum, a corruption of Cyprium, having been originally brought from the

island of Cyprus.) One of the metals used in building, but not now to the extent to

•which jt was employed a few years back.

CoRBEiL. (Lat. Corbis, a basket.) A cai-ved basket, with sculptured flowers and fruit,

used as the finishing of some ornament. The nan)e is given to the basket placed on the

heads of Caryatides, under the sofite of the architrave cornice. The term is also applied

to the bell of the Corinthian capital.

Corbel. A range of stones projecting from a wall for the purpose of supporting a parapet

or the superior projecting part of the wall. Their fronts are variously moulded or

carved. They perform the same office as the modillions of an order, but the term is

chiefly confined to Pointed architecture.

The word corbel is sometimes used to denote a projection from a wall to carry a

statue or bust. It also signifies a horizontal range of stones or timber fixed in a wall

or in the side of a vault, serving to sustain the timbers of a floor or of a vault. In old

buildings many of the timber floors or contignations were thus supported.
CoRiiKL Table. A series of small arches for carrying a battlenunt, parapet, or cornice,

and resting on corbels. Also any projectiou borne by corbels, as Jigs. 1382 to

1384.

rig. 1382. Nebuly Corbel Table. Fig. 1383. "Wary Corbel Table. Fig. 1384. Corbel Table.

CoEBiE Steps. Steps in the gables of old liuildings, especially as used in Scotland.
Cordon. The edge of a stone on the outside of a building.

Core. The interior part of anything. In walls of masonry there should be thorough stones
at regular intervals, for strengthening the core, which is commonly composed of rubble
t^tones, or, when they are not procurable, two bond stones lapped upon each other may
be used, one from each face of the wall. Instead of each thorough stone two stones may
be laid level on the upper bed, and one large stone in the core lapped upon both, observing
that the tails of the two lower stones be right-angled; by this means the two sides of
the wall will be completely tied together.

The core of a column is a strong post of some material inserted in its central cavity
when of wood.

l>ricks or tiles brought out for the formation of cement cornices or other projections.

It is also the interior part of a lump of lime, which has not been sufficiently bunit
In slaking lump lime these "cores" will not disintegrate, consequently they can be
removed ; but when lime is ground, these lumps are ground up with it ; the result is

an inferior mortar.

Corinthian Order. The fourth order used in Roman and Italian architecture. It is

richer than the Ionic order; and its capital is composed of a bell-shaped vase, surrounded
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witli Icafrtge, and having small volutes projecting at eicli angle of it. Tho hase is shown
in/^. 13G8. The two following capitals, y(V/s. 1385 and 1386, are those to which our
knowledge is confined of the use of this order in Greece. The first one can, however,
scarcely be considered Corinthian, and the second one not very strictly so : the'iuonu-

meut was erected about 330 b.c. See Choeagic Monument.

r> ^ r^ n

t
Fig. 13F5.

Temple of the Winds at Athens.
Fig. 1386.

Choragic Monument of Lysicrates at Athens.

Cornice. (Fr. Corniche.) Any monlded projection which crowns or finishes the part to

which it is affixed ; as the cornice of an order, of a pedestal, of a pier, door, window,

honse, &c. The cornice of an order is a secondary member of the order itself, being

the upper subdivision of the entablature.

Corona. (Lat.) A member of tho cornice, with a broad vertical face, and usv.ally of

considerable prcjection. The solid, out of which it is formed, is commonly recessed

upwards from its sofite, and this part by the English workmen is called the £?;•«/>, because

it facilitates the fall of the rain from its edge, by which the parts below it are sheltered.

The situation of the corona is between the cymatium above, and the bed-moulding below.

Corona Lucis. A crown or circlet suspended from the roof or vaulting of a church, to

hold tapers or gas jets.

Corridor. (It. Corridore.) A gallery or passage round a quadrangle leading to tho

various apartments. Also, any gallery of communication to them.

CoRSA. (Lat.) In ancient architecture, the name given by Vitruvius to any platband or

square fascia whose height is greater than its projection.

CoRTiLE. (It.) A small court or area, quadrangular or curved, in a dwelling-house,

which is surrounded by the buildings of the house itself.

Cottage. (Sax. Cot.) A small house or dwelling for a poor person.

Cottage Orneb. A small villa erected in the country, emulating tho houses of a rural

character, and not affecting to display exteriorly any particular style. They wore very

fashionable at the beginning of the nineteenth century.

Counter Drain. A drain parallel to a canal or embanked water-course, for collecting tho

soakage water by the side of the canal or embankment to a culvert or arched drain

under the canal, by which it is conveyed to a lower level.

Counterfort. (Fr.) A buttress or pier built against and at right angles to a wall to

strengthen it.

Counter Gauge. In carpentry, the measure of the joints by transfferring, as, for instance,

the breadth of a mortise to the place on the other timber, where the tenon is to bo made

to adapt them to each other.

Counter Lath. One placed between every couple of gauged ones.

CouNTERPAETS OF A BuiLDiNG. The Similar and equal parts of the design on each side of

the middle of the edifice.

Counter Sink. The sinking a cavity in a piece of timber or other material to receive a

projection on the piece which is connected with it, as for the reception of a phito of iron,

or the head of a screw or bolt.

Coupled Columns. Those arranged in pairs half a diameter apart.

Couples. A term used in the North to signify rafters framed together in pairs with a tie

fixed above their feet. The main couples answer to the trusses.

Course. (Lat. Cursus.) A continued level range of stones or bricks of the same height

throughout the face or faces of a building. Coursed maso7iry is that therefore wherein

the stones are laid in courses. The course of the face of an arch is tho face of the arch

Btones, whose joints radiate to the centre. The course of a plinth is its continuity in

the face of the wall. A boxd course is that whose stones are inserted into the wall lar-
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ther than eitlier of the adjacent courses, for the purpose of binding the wall together.

A coursing joint is the joint between two courses.

CouuT. (Fr. Cour.) An uncovered area before or behind the house, or in the centre of

it, in which latter case it is often surrounded by buildings on its four sides, and is

more often called a quadrangle, as at Somerset House in the Strand.

Court of Justick, Law Couut, Assize Court. The apartment arranged for a trial.

It is also sometimes applied to the building containing it and the necessary accommo-
dation for the persons privileged to attend in it at the trial. Thus the designs must
provide apartments and accommodation for the robing, and occasional refreshment,

of the judges, the bar, and the different officers attached to the court, also suitable

accommodation for the jury, for the vvitnesses, for the attorneys whose instructions to

counsel are from instant to instant necessary for the proper conduct of a case, and
though last, not least, ample space for the public, who have an undoubted right to

be present ; also ret'resiiment and waiting rooms for them. The architect must be

careful to supply such accommodation as shall render the office of all parties en-

gaged a pleasing duty rather than an irksome task. To every court of law should
be attached a vestibule or saloon, sufficiently largo to afford a promenade for those

of all classes engaged ia the courts. In Westminster, bad as the courts were, tliis

was well provided in tiie maguiticent saloon called Westminster Hall. In courts for

the trial of felons it may be necessary, if the prison has no communication with the

court, to add accommodation for the police and other officers, as likewise some cells

for criminals.

lu these, as in ether buildings where there is often congregated a great number
of persons, the entrances, and at the same time outlets, should be increased ia

number as much as convenience and the situation will permit ; and another indispens-

able requisite is, that the court itself should be so placed in the design that no
noise created on tlie outside of the building may be heard in the interior, so as to

interfere with the attention of those engaged on the business bel'ore them.
The assize or law courts at Manchester, erected 1859-64 by Mr. Alfred Water-

house, architect, in the Pointed style of architecture, have received the highest

approbation for the accommodation provided, not only for all those immediately
interested in the administration of justice, Imt for the public. This eiiifice has been

des-'ribed by its architect in the Sessional papers of the Royal Institute of British

Architects, 186-1-5, p. 165, from which we gather that the cost, limited to 70,000/f.,

did not exceed 110,0u0i., or nearly dd. per foot cube ; the furniture was about 10,000i.

more. It consists of two almost distinct parts, the inner structure containing the

courts, public offices, and arrangements for business. This is separated by a court-

yard in front, but connected by a corridor at back, from the judges' residence or

"lodgings."

In the basement of the main building, which is 256 feet long by 166 feet deep,

and three stories or about 60 feet in height, are cells for the prisoners under trial,

chambers for heating and ventilating, kitchens, refreshment rooms, &c. On the

principal floor, which is about 17 feet above the level of the street, and close to

the entrance, is the central hall, 100 feet long, 48 feet 6 in. wide, and 75 feet high;

beyond it are the assize courts, and the sheriffs' or addition/il court at one end ; also

the various rooms for the accommodation of the bench, the bar, the different officers

of the court, witnesses, and jurors. The crown and civil courts are each 59 feet by
45 feet and 39 feet 6 in. high, being among the largest courts in the kingdom. In

them the bar is placed as usual opposite the bench, the jury is on the judge's left

band, the witness-box on his right and brought close to the bench. To each of the

courts there are eight entrances, and also two to the ladies' gallery above. All these

are approached from the corridor.<, 10 feet wide, which, diverging from the central

hall, run round the building, and return to the hall again. The barristers' corridor

at the rear of the courts is 184 feet long, and shut off so as to keep it for the oxclu-

bive use of the bar. Opposite the main entrance, but quite in the rear, is a door

leading from this corridor into the library, 60 feet by 25 feet, another into the robing

room, beyond which are the lavatories, placed round a ventilating shaft. The rooms

for the prothonotary, clerk of the crown, and indictment office, all also open into this

corridor. Other rooms on this floor are devoted to the witnesses, who are classified

as much as possible, to jurors, attorneys, and barristers' clerks, to the various officers

of the assizes, and to purposes of consultation. On the upper floor are situated the

Chancery court for the County Palatine ol Lancaster, 41 feet by 23 feet; the grand

jury room, 40 feet by 25 feet; the magistrates' board room; and the barristers' mess

room, 55 feet by 22 feet.

The article Town Hall gives references to many similar buildings of modern ereo-

tion, and of various sizes, but the above is probably still the best of its class.

The Courts of Justice in London; the foundations were commenced in 1871» and the
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building was nearly completed in 1881, at tho death of the architect, George Edmund
Street, R.A. They were formally handed over to the First Commissioner of Public Worksm October, 1882, on their completion by his son, Mr. A. E. Street, with Mr. A. Klom-
field. The journals since that period have illustrated many portions of this large work

t-oussiNET (Fr.) or Cushion. A stone placed upon the impost of a pier for receiving the
tirst stone of an arch. Its bed is level below, and its surface above is inclined'' for
receiving the next voussoir of the arch.
The word is also used for the part of the Ionic capital between the abacus and

quarter round, which serves to form the volute, and it is in the capital thus called
because its appearance is that of a cushion or pillow seemingly collapsed by the weight

^

over it, and has a band called ba'teus. Baluster is the side of the volute.
"

CovK. Anykiud of concave moulding or vault ; but the term in its usual acceptation
IS the quadrantal profile between the ceiling of a room and its cornice.

Cove Bracketing. The wooden skeleton for the lathing of any cove"; but the term is
usually applied to that of the quadrantal cove, which is placed beiween the fiat ceilinir
and the wall. ^

CovEK. That part of a slate which is hidden or covered. See Gauge.
Cover Way. In roofing the recess or internal angle left in a piece of masonry or brick-
work to receive the rooting.

CaviNG. In old buildings, the projection of the upper story over the lower ones.
Coving of a Fire-place. See Chimney.
Cow-house. See Cattle-shed.
Cowl. See Windguard.
Crab. A species of crane much used by masons for raising largo stones ; it is a wheel
and axle mounted on a pair of sloping legs, three or four feet apart, the legs being
inserted into a frame at the base, whereon, opposite to the weight to be raised, a load
may be placed for gaining so great an amount of leverage as to overcome the weight to

be raised. The rope for the tackle works round the axle, which is turned by pinion
wlieels to gain power.

Cradle. A name sometimes given to a centering of ribs and lattice for turning culverts.

Cradle Vault. A term used, but improperly, to denote a cylindric vault.

Cradling. The timber ribs and piecesfor sustaining the lathing and plastering of vaulted
ceilings. The same term is applied to the wooden bracketing for carrying the entabla-

ture of a shop front.

Cramp. An iron instrument about four feet long, having a screw at one end, and a move-
able shoulder at the other, employed by carpenters and joiners for forcing mortise and
tenon work together.

Crampern or Cramp Iron, usually called for shortness cramp. A piece of metal bent at

both extremities towards the same side, for fastening stones together. When stones are

to be connected with a greater strength than that of mortar, a chain or bar of iron

with diflferent connecting knobs is inserted in a cavity, cut on the upper side of a course

of stones across the joints, instead of single cramps across the joints of each two stones.

Cramps are commonly employed in works requiring great solidity; but in common works
they are applied chiefly to the stones of copings and cornices, and generally in any
external work upon the upper surface or between the beds of tho stone. All external

^\ork, liable to the injuries which weather inflicts, should be cramped. The mos-t

secure mode of fixing cramps is to let them into the stone their whole thickness, and to

run them with lead ; but in slight works it is sufficient to bed them in plaster, as is

practised in chimney-pieces. In modern buildings iron is chicfiy used for tho cramp.

Tlie practice is bad, from the liability of iron to rust and exfoliate ; hence cast-iron is

better than wrought, and should be of somewhat larger size than when wrought iron is

employed. Copper cramps are also used in best works. The Eomans wisely used

cramps of bronze, a material far better than either cast or wrought iron.

Crampoons, Hooked pieces of iron, something like double calipers, for raising timber or

stones.

Crane. (Sax. Cjian.) A machine for raising heavy weights, and depositing them at some

distance from their original place. The cr-.ine may be constructed of immense power,

and worked by human strength or by steam power.

Ceafaudinb Doors. Those which turn on pivots at top and bottom.

Creasing or Tile Creasing. Two rows of plain tiles placed horizontally under the

coping of a wall, and projecting about an inch and a half on each side to throw

off tho rain water.

Crkdence. (It. Credenza, a buttery or pantry.) The slab whereon, in the sacrifice of the

mass, or before the Commnnion Service, the elements are deposited previous to tho

' oblation. Sometimes a phiin recess, sometimes a shib on a bracket ; it is in all ca>jc3

placed on the south side of the altar.

Crenelle. In Gothic architecture, the opening in an embattled parapet.
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Ckenellated MouiDiNG. A moulding used in Norman architecture, carved into a resem-

blance of battlements, notchings, or indentations.

Crepido. (Lat.) The projecting members of a cornice, or other projecting ornament.

Ceescent. a building, or rather a series of buildings, which on the plan is disposed in

the arc of a circle.

Chest The. That on the ridge of a house. In Gothic architecture, crest tiles are those

which, decorated with Ic-aves, run up the sides of a gable or ornamented canopy.

Crib. The rack of a stable ; sometimes applied to the manger. It is used also to express

any small habitation ; and moreover the stall or cabin of an ox.

Crocket. (Fr. Croc, a hook.) One of the small ornaments placed on the inclined sides of

pinnacles, pediments, canopies, &c. in Gothic architecture, and most commonly dis-

posed at equal distances from each other. The crocket seems to have had for type the

buds and boughs of trees in the spring season, from the great resemblance it bears to

those periodical productions : examples, moreover, of the same ornament have great

resemblance to the first stage of the leaves when the buds begin to open ; sometimes,

liowever, animals are substituted in the place of leaves.

Cromlech. A mass of large flat stones laid across others in an upright position.

Examples of cromlechs are found in the southern districts of England, in Brittany,

and in many other parts of the world.

Cross. (Lat. Crux ) A figure consisting of four branches at right angles to each other,

or a geometrical one, consisting of five rectangles, each side of one rectanslo being

common with one side of each of the other foxu*. It is a figure more particularly used

for the plans of churches than for those of other edifices. In Ecclesiastical architecture,

there are two kinds of plans having the form of a cross. The first is that wherein all

the five rectangles are equal, or wherein each of tho four wings is equal to the middle

part formed by the intersection: this form is called a Greek cross, as fg. 1387. The
second has only the two opposite wings equal, the other two are unequal, and the three

rectangles in the direction of the unequal parts are of greater length than the three

parts in the direction of the equal parts ; this is the Latin cross, tisfy. 1388. The middle

part in each direction is common.

Fig. 1387. Fiff. 13S8. Fig. 1389. Fig. 1390. Fig. 1391.

t

Fig. 1302. Fig. 1303. Fig. 1394. Fig. 1395.

The cross, the symbol of Cliristianity, has very naturally been extensively used in

the monuments of the Middle Ages. It is unnecessary to give tho ornamental and pro-

fusely decorated examples which the student everywhere finds, therefore tho simple

forms by which crosses are distinguished will only here be noticed. When the

two branches of the cross are equal in length, as in fff. 1387, the cross is called a

Greek cross, and when the s^tem is longer than the arms, as in Jiff. 1388, it is a Koman
or Latin cross. When the figure has two arms, one longer than the other, as in Jiff.

1389 (the upper one meant as a representation of the inscription which was placed

over the head of Christ), it is known by the name of tho Lorraine cross, and has

received that name from its being a bearing iu the arms of the Dukes of Lorraine. By
our own heralds tliis is called a patriarchal cross. The next cross, whose arms are

triple, as Jiff. 1390, is the papal cross, and is one of the emblems of the papacy, signify-

ing, perhaps, like the triple crown or tiara, the triple sovereignty over the universal

Church, the suffering Church, and tho triumphant Church. The great majority of the

western churches, with transepts, are constructed in tho form of a Latin cross, those in

the form of the Greek cross being very rare. Those in tho form of tho Lorraine cross
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are still rarer, and yet rarer are those constructed witli triple transepts. Tliere is

another form called the truncated or tau cross, as fi(jf. 1391, having the form of thac

letter, on which, as a plan, ii few churches have been built. Considered as respects

the contour, the cross in blason has been variously shaped and named. Thus, fg. 1392,

iu which the extremities widen as they recede from the centre, is called a cross patce.

This is met with more frequently' than any of the others. It is seen in

the nimbus, on tombs, on sliields, npon coins, etc. ; and is the usual form
of the dedication cross found iu religious structures. Fig. 1393 is by the

French called ancree, the extremities forming hooks, but by our own
heralds it is called a cross moline. Crosses jlorij are those in which the

ends are formed into trefoils, as is seen in fig. 1390, the papal cross above
mentioned. Fig. 1394, is a cross potent, and fig. 1385 is the cross elicher,

as r'-spects the outer lines of its form ; when it is voided, as shown by the

p. jgng inner lines, the ground or field is seen on which it lies. Fig. 1396 is the

cross of the llussi an Greek Church.

Cross. In Gothic architecture, an erection of varioxxs kinds, which may bo classed as

follows:— those used for marking boundaries, those which were memorials of remarkable
events, monumental or sepulchral, as that at Waltham, and others of that nature ; for

preaching, as the ancient St. Paul's Cross ; and market crosses, as at Winchester,

Leigh ton Buzzard, etc.

CROss-BANnEn. A term applied to handrailing, which is said to be cross-banded when a
veneer is laid upon its upper side, with the grain of the wood crossing that of the rail,

and the extension of the veneer in the direction of its fibres is less than the breadth of

the rail.

Cross Beam. A large beam going from wall to wall, or a girder that holds the sides of

the house together.

Crossettes. (Fr.) The same as anconcs. In architectural construction the term is

appl'ed to the small projecting pieces aaf?-—^ in arch stones, which hang upon
the adjacent stones. ^^^/j

Cross Garnets. Hinges having a long strap fixed close to the aperture, and also a cross

part on the other side of the knuckle, which is fastened to the joint. See Garnet.
Cross-grained Stuff. Wood which has its fibres in a contrary direction to the surface,

and which consequently cannot be perfectly smoothed by the operation of the plane,

without turning either the plane or the stuff. This defect arises from a twisted dis-

position of fibres while in the act of growing.

Cross Springers. The ribs in the Pointed style that spring from the diagonals of the

pillars or piers.

Cross Vaulting. That formed by the intersection of two or more simple vaults. Wlien
each of the simple vaults rises from the same level to equal heights, the cross vaulting

is denominated a groin-, but when one of the simple vaults is below the other, the inter-

section is called an arch of that particular species which expresses both the simple

arches. For example, if one cylinder pierce another of greater altitude, the arch so

formed is termed a cytindro-cylindric arch ; and if a poition of a cylinder pierce a

sphere of greater altitude than the cylinder, the arch is called a sphero-cylindric arch,

and thus for any species of arch whatever, the part of the qualifying word which entls

in o denotes the simple vault having the greater altitude, and the succeeding word the

other of less altitude.

Crow. A bar of iron used in bricklaying, masonry, and quarrying, and serving usually

as a lever in its employment.

Crowde, Ceoude, or Croft. The old term for the crypt of a church.

Crown. (Lat. Corona.) The uppermost member of any part. Thus, the upper portion

of a cornice, including the corona and the members above it, is so called.

Crown of an Arch. The most elevated line or point that can be assumed in its surface

;

it is also called the extrados.

Crown or Joggle Post. The same as a king post, being the truss post that sustains

the tiebeam and rafters of a roof.

Ceown Glass. A common sort of window glass cut from a sheet blown into a disk form
having a bull's eye in the centre of it.

Crowning. The part that terminates upwards any piece of architecture, as a cornice,

pediment, etc.

Crypt. (Gr. Kpyirroi, I hide.) The under or hidden part of a building. It is used also

to signify that part of the ancient churches and abbeys below the floor, appropriated

to monumental pnrpoios, and sometimes formed into chapels. There are only four

apsidal crypts m England; Winchester, 1079; Worcester, 1084; Gloucester, 1089 ; and
Canterbury, 1096. In all these the side aisles run completely round the apse. See

Crowub.
CRYi'TO-PoKTicrs. In ancient architecture a concealed portico, also one that for coolness
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is enclosed on every side. Some of them were sunk some way into the ground. It also

is a term applied to subterranean or dark passages and galleries in the liomau villas,

often used as cool sitting rooms.

]uBB. (Gr. KujSos, a die.) A solid bounded by six square sides. It is also, from its six

sides, called hexahedron.

JuBic FEET (as the quantity necessary to be allowed for health under varying circum-

stances). Prom 60 to 100 feet superficial is recommended for each bed. It is sbited

that a healthy man respires about twenty times in a minute, and inhales in that period

about 700 cubic inches of air. Fresh air contains rather more than 23 per cent, of

oxygen, and about 1 5 per cent, of carbonic acid ; by the process of respiration the

oxygen is reduced, in round numbers, to 11 per cent., and the carbonic acid is increased

to rather more than 8 per cent. Now, 3j per cent, of this gas renders air unfit to sup-

port life; so that a man, in respiring 7i'0 cubic inches in a minute, vitiates about 1630

cubic inches, without taking into account the eflect produced by the exhalation from the

skin.

ever Ilospital, Islington, allows

Cubic Feet.

J
2:i00 per bed.

( 2010 „
. 1500

Children J f"^/?
^."^ff

I double beds

Cubic Feet.
Cells, for a woman with children,

54 feet ditto .... 640 per bed,
Ordinary dormitories, 3G ditto . 3(i0 „
Sick wards, CO ditto . . .600 „
LyiuK-iu, Offensive, or Infectious

wards, 80 ditto . . . .900 „
Dormito ies ; wall space for each bed,

in addition to that occupied by dool"s

or fire-places :

—

inmates in health ; adults 4 feet

women with infants . . 5 „

n „
5 „

Pick ; ordinary, itch, and venereal 6 „
Ditto, lying-in, offensive, fever
and smali-po.x cases . . 8 „

In registered Lodging Houses of Lon-
• don, Dublin, &c. . . 240 to .300 „
In modern Gaols . . 900 to 1000 „
Surrey County Prison, each cell .819 „
Knutsford House of Correction, ditto 910 „
Manchester City Prison, ditto . . 844 „
Lunatic Asylums in Scotland, gal-

leries COO „
Ditto, single rooms .... lOO'l „
Ditto, in some crowded asjlums 2 in 900 „
Ditto, Devon, bedrooms . . . 470 „
Ditto, Commissioners recommended . 550 „
Ditto, Lanark 800 „
Ditto, private in Scotland . 200 to 3n0 „

Cow Sheds, Holboru Board of Health 1 1000

The Cattle Plague broke out in Sheds
allowing but 450 „

It has been lately calculated that the average
space allowed to each person in London is 1220

square feet, while in Paris it is only 500 ditto.

per
animal.

amp at Aldershot
eneral Hosiiital, Bristol . . . 1090 „
ariboisiere Hospital at Paris 1700 to 1860 „
inceunes Hospital . . 1200 tj 1334 „
orough Hospital, Birkenhead . . 1430 „
Dldiers' Hospital, Netley 1315, 1406, ISOO „
Herbert Hospital, Woolwich . . 1400 „
ecently prescribed for Militai'y Hos-
pitals by the English Barrack and
Hospital Commissioners—iu Great
Britain 1200 „
itto, in hot climates . . . 1500 „
itto, in wooden hospitals, tents, and
in permanent barracks . 400 to COO „
illinium allowance for health in a
sitting-room SOOprindiv.
Meeting of Medical Officers had

decided was sufficient in dwellhig
houses 300 „
ondon Hospital, smallest allowed . 800 per bed
'estminster Hospital . . . .1100 „
niversity College Hospital . .1100 „
iddlesex Hospital . . . .1100 „
:. Bartholomew's Hospital , .1377 „
3ndon Hospital 1700 „
ny's Hopital . . . 1300 to 2000 „
irig's College Hospital . 1800 to 2068 „
'orkhouse hospitals iu London, for
ordinary sick 850 „
itto, special or offensive cases . . 1200 „
itto, ordinary wards for the infirm,
&c 500 „
ard space, as near as may be to 2000 „
with 144 square feet of floor,

resent reqiiiruments :

—

Vagrant wards, cells, ordinary,
36 feet of floor space, and . . SCO „

UBicuLUM. (Lat.) A chamber. A distinction is made by Pliny between the cuhiculum
and the dormitorium. The name was also applied to the royal pavilion or tent which
was built in the circus or amphitheatre for the reception of tlae emperors.
UBiT. A linear measure, in ancient architecture, equal to the length of the arm from
the elbow to the extremity of the mi. Idle finger, usually considered about eighteen

English inches. The geometrical cubit of Vitruvius was equal to six ordinary cubits.

Mr. Perring, in 1843, calculated the Egyptian cubit at 1"713 English feet, divided into

four palms each of seven digits. The cubit, in the survey, etc., of the Uoly Land,
was assumed (1875) at 21 inches. See Mj^asurb.
UL DE Four. (Fr.) A low vault spherically formed on a circular or oval plan. An
oven-shaped vault.

ui.MEN. In ancient Roman architecture, the ridge-piece of the roof.

ULVEET. An arched channel of masonry or brickwork built bei>eath the bed of a canal

for the purpose of conducting water under it. If the water to be conveyed has nearly

the same level as the canal, the culvert is built in the form of an inverted siphon, and
acts on the principle of a water-pipe. The Avord also signifies any arched channel for

water under ground.
ULVER-TAIL. The Same as Dove-tail.
ONiius. (Lat.) That part of the Roman theatre where the spectntors sat.

u ['HOARD. A receptacle whether a recess iu a wall or otherwise, and fitted with

ehulves, for small articles. See Closet.
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Crpoi.A. (It. from Cupo, hollow.) A term, properly spciiting, -nhich is confined to tlie

underside or ceiling part of a dome. See JJome.
Cdrb for Brick Steps. A timber nosing, generally of oak, used not only to prevent tho

steps from wearing, but also from being dislocated or put out of their places. AVhen
the steps are made to return, the curb also returns, but when they profile against a
wall, tlie ends of the cui-b or nosing pieces house at each end into the wall.

Curb Plate. A circular continued plate, either scarfed together or made in two or more
thicknesses. The wall plate of a circularly or elliptically ribbed dome is called a curb-
plate, as likewise the horizontal rib at the top, on which the vertical ribs terminate.
The plate of a skylight, or a circular frame fur a well, is also called a curb-plate. The
name is moreover given to a piece of timber supported in a curb roof by the upper ends
of the lower rafters for receiving tho feet of the upper rafters, which are thence called

ci(rb-raffcrs.

Curb Eoof. One formed of four contiguous planes externally inclined to each other, tlie

ridge being in the line of concourse of the two middle p'anes and the highest of tho
three lines of concourse. A roof of this construction is frequently termed a Mansard
roof, from the name of its supposed inventor. Its principal advantage over other roof-

ing arises from its giving more space in the garrets, whicli become attics.

Curb Stone. The stone in the foot-paving of a street, which divides it from the carriage-

paving, above which they are, or ought to be, raised.

Curia. (Grr.) A Eoman council house. Tho city and empire contained many curise.

The curia municipalis, or domus curia/is, seems to have, in destination, resembled our
Guildhall. The curia dominicalis was a sort of manor house.

Curling Stuff. That which is affected from the winding or coiling of the fibres round
the boughs of the tree where they begin to shoot out of the trunk. The double iron

plane is the best for working it.

Current. The necessary slope of a piece of ground or pavement for carrying oif the

water from its surface.

Cursor. (Lat.) The point of a beam compass that slides backwards and forwards. Also
the part of a proportional compass by wliich the points are set to any given ratio.

Curtail Step. The first or bottom step by wiiich stairs are ascended, ending at the

furthest point from tho wall, in which it is placed in a scroll
;
perhaps taking its name

from the step curling round like a cur's tail.

Curvature. See Radius of Curvature.
Curve. (Lat. Curvus.) A line that may be cut by a straight lino in more points than

one.

Curvilinear. Formed of curved or flowing lines. Thus a curvilinear roof is one erected

on a curA'ed plan, circular, elliptical, or otherwise. Tracery in the later Mediaeval styles

is so called.

Cushion of an Ionic capital. See Coussinet.

Cushion Capital. A capital used in Romanesque and
early Mediaeval architecture, resembling a cui-hiou pres-sed

down by a weight. It is also a cap consisting of a cube

rounded off at its lower angles, largely used in the Nor-
man period of architecture. Fig. 1397.

Cushion Rafter. See Principal Brack.

Cusp. (Lat. Cuspis.) One of the pendents of a pointed arch,

or of the arched head of a compartment of such an arch,

or one of the several pendents forming what may be

termed a poh/foil. Two cusps form a trefoil, three a

quatrefoil, and so on.

Custom House. A custom house is an establishment for

receiving the duties, or, as they are called, customs,

levied on merchandise imported into a country, as

well as of regulating the bounty or drawback on goods

exported. According, therefore, to the impoi tance and

wealth of a city, the building to receive it is of considerable consequence. The first

point that immediately presents itself is, that it should be provided with spacious

warehouses for holding the merchandise which arrives, and in which it is, as it

were, impounded till the duties are paid; and next, that there must be provided

ample accommodation for the officers who are to supervise the levying of the

imposts. The general principles in design are contained in the two maxims, of

ample capaciousness for the merchandise to be received into the warehouses, and a

panoptical view, on the part of the proper officers, of that which passes in the establish-

ment. Security against fire must be strictly attended to. The warehoui-es and covered

places for examining and stowing the goods should therefore be arched in l)rick or

Btone, and should, moreover, be as much as possible on the ground floor. The offices
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for the public and heads of the establishment may be over them on the first.

Both of these are, of course, to be regulated iu size by the extent of trade in the place

The general character should be that of simplicity ; decoration is unsuited, and should

be very sparingly employed. The species of composition most suitable seems to be

pointed out in arcades and arched openings. The site should be as near as maybe to the

river or port, so that the merchandise may be landed and housed with as little labour

as possible. The Custom house at Dublin, designed by James Gandon, is a good

work.
The following is a general view of the apartments and offices of the London Custom

House. The long room, which is the principal public room for the entries, &c., is

185 feet long and 66 feet wide. This, as well as the rooms next enumerated, are on

the first or principal floor, viz. a pay office for duties, treasury, bench officers' or com-
missioners' rooms, secretary's room, rooms for the inspector-general, surveyor of ship-

ping, registrar of shippit3g, surveyor of acts of navigation, strong rooms, comptrollers,

outward and inward, surveyor of works ; Trinity light office, bond office, board room,

chairm;in's room, committee-room and plantation clerk's office. On the ground floor

. are the following offices: for minute clerks, clerk of papers, petitions, messengers,

landing surveyors, wood farm office, tide waiters, tide surveyors, inspectors of river,

. gaugers, landing waiters, coast waiters, coast office " long " room, coast bond office, coffi'S

office, housekeeper, searchers, merchants' and brokers' room, comptrolling searchers,

appointers of the weighers, and office for the plantation department. JJesides these

apartments there are warehouses for the merchandise.
The above long list will give a notion of what would be wanted on a smaller scale;

but on such matters the special instructions on each ease must be the guide to the

architect in making his design. Many of the above offices would, of course, be un-

necessary in a small port, neither would the dimensions be so large as the examples
quoted. The staircases, corridors, and halls must be spacious in all cases, the building

being one for the service of the public.

Cut. In inland navigation, the same as canal, arm, or branch.

Cttt Brackets. Those moulded on the edge.

Cut Eoof. One that is truncated. That is, one that appears as if the part above the

collar beams was cut away; a good example is that over the chapel at Greenwich
Hospital.

Cut Splay. The term for the oblique cutting of the corners of bricks in walling ; as to

: reveals of doors, and other openings.
Cut Standards. The upright side pieces, or cheeks, supporting the ends of the shelves

placed above a dresser table, or to a bookcase. The front edge is usually cut into a
curved outline.

Cut Stone, Hewn stone, or that which is brought into shape by the mallet and
chisel.

Cut Stbinq Stairs. Stairs which have the outer string cut to the profile of the steps.

The nosings are mitred and returned; and the riser is mitred to the stiing. "Close
string stairs " are where the steps and risers are housed into the strings. See String
EOARD,

Cutters. The finest marl or malm bricks, chiefly used for arches of openings, quoins,

&.C., and which from their evenness of texture allow of being cut.

Cutting Plane. A plane dividing or cutting a solid into two parts in any direction.

Cyclograph. (Gr. KvkXo^ and rpa(l>co.) In practical geometry, an instrument for describ-

ing the arc of a circle to any chord and versed sine, but chiefly used in flat segments,
or those whose curvatures approach to straiglit lines.

Cycloid. (Gr. KvkKohStis.) A figure desi-ribed by rolling a circle upon a plane along
a straight edge, until the point on the circle which touches the straight edge return

again to it after a revolution. The point traces the curve called the cycloid or

trochoid.

Cyclopean Masonry. Works constructed of large rude stones arranged without mortar
are called by this name ; also Megalithic, and Pelasgic. It is considered there were
four distinct periods, illustrating the changes from the rude constructions to more
refined masonry. 1. Vast missliapen masses piled one upon another without order,

the interstices filled up with pebbles and small stones. 2. Pol/gonal hewn blocks cut

to fit each other ; some interstices filled in with pebbles. 3. Courses of stone trape-

zoidal in appearance, but broken, as two courses equal in height to one adjoining

;

joints not always vertical, and the stones of irregular size. 4. Continuous coursed
trapezoidal arrangement, the beds continued horizontally throughout, but the joints

rartly vertical.

Cylinder, (Gr. KvMv^pov.) A folid whose base is a circle, and whose curved surface is

everywhere at an equal distance from the axis or line supposed to pass through its

middle. Its formation may be conceived to be generated by the revolution of a rettangu-
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lar parallelogram about one of its sides. Tlie cone, sphere, and cylinder have a remark-
able relation to each other, first discovered by Archimedes, namely, that the cone is one
third the cylinder having the same base and altitude; and the inscribed sphere two
tliirds of the cylinder

; or the cone, sphere, and cylinder are to each other as tlie numbers
1, 2, 3. It is termed a right cylinder wlien the axis is at right angles to the base, but if
at an oblique angle the cylinder is said to be oblique.

Table of the areas of cylinders from 9 to 15 inches diameter:^

Diameter of Area of Diameter of Area of Diameter of
Cylinder.

Indies.

Cylinder. Cylinder.

Inches.

Cylinder. Cylinder. Cylinder.

Square Inches. Square Inches. Incites. Square Inches.
9 63-58 11;^ 103-84: 13L 14302

10 78-5 12 113-07 U 153-96
10=^ 86-o6 12.1 122-65 144 16O-01-
]1 9501 13 132-66

i

15 176-62

Note.—The areas of cylinders are as the squares of their diameters

Cylindrical Ceiiing or Vaultixg. "Vulgarly called a ivaggon-head and cradle. One in
tlie shape of the segment of a cylinder. This form appears to have been first used by
the Eomans. It admits of being pierced by lundtes for the admission of light, which
.fxn-m eylindro-cylindric arches, and is usually formed into panels or coffers.

Cylinduical Work. Any kind of work which partakes of the shape of a cylinder, of
whatever material it be formed.

Cyi.indroiu. a solid which differs from a cylinder in having ellipses instead of circles
for its ends or bases.

Cyma. (Gr. Kvfxa, a wave.) A moulding taking its name from its contour resembling
tliat of a wave, being hollow in its upper part and swelling below. Of this moulding
there are two sorts, the cyma recta \_ thus, just described, and the cyma reversa SZI
thus, wherein the upper part swells, whilst the lower is hollow. By workmen, each is

called an ogee.

CvMATiuM. (Gr.) The name commonly applied to the upper moulding of a cornice or
capping.

Cymbia. The same as Fillet.
Cypress. (Lat. Cupressus.) The wood of the cypress was valued for its hardness and

durability by the ancient architects.

CvzicE.Nus. In ancient architecture, a large hall decorated with sculptiu-e. See Glyfto-
TUECA.

DAnniNG, Daubing, or Pitching, "Working the face of a stone after it has been Iroaehcd
and draughted, with a pick-shaped tool or the patent axe, so as to form a series of minute
holes.

Dado. The die, or that part of the pedestal of a column between the base and tlie

cornice. It is of a cubic form, whence the name of die. Large rooms are sometimes
decorated with a base, dado, and cornice, representing a pedestal, and the term dado is

often ajiplied to the whole. See Base.

Daghoba or Dagoba. The Eastern topes or tumuli mostly contained relics, the worship
of these objects being one of the principal characteristics of Budhism. These were
designated dagohas, of which the word "pagoda" appears to be a corruption. In a Bud-
hist temple, the dagoba is a structure whicJi occupies the place of an altar in aCiiristian

church. It consists of a low circular basement or drum surmounted by a hemispherical

or elliptical dome that supports a square block covered by a roof called a tee.

Dairy. Au apartment in a house, or a separate building, for the preservation of milk, and
the manufacture of it into butter, cheese, or other dairy produce. When on a small

scale, where the milk is only used for butter, the dairy may be a room on the north side

of the dwelling, or form one of the offices connected with the kitchen court. The tem-

perature of a dairy should be within the range of forty-eight to fifty-five degrees of

Fahrenheit, with sufiBcieut ventilation to discharge all smells and impurities of the air.

A tlairy on a large scale should be a detached building, in which case it should contain

a milk-room, a churning-room, and a dairy scullery or place for scalding the utensils.
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If cheese Le to be made, a room is required for the cliecso-press, and another for drj'ing

and storing the cheeses.

Dais. (Fr.) The pUitform or raised floor at the iipp^^r end of a dining-hall, where the

high table stood ; also the seat with a canopy over it, for the chief gxiests who sat at

the high table.

Dam. See Coffer Dam.
Damp Course. In order to prevent the damp rising np the walls from the soil on which

a house is built, a course of some impermeable material is laid on the foundation

walls a short distance (about a foot) above the level of the outside soil. This damp
course, as it is called, is formed of a layer of powdered charcoal mixed with pitch or

resin and powdered pitcoal ; or of two courses of slates set in cement ; of asphalte
;

or of the stoneware hollow tile manufactured for this purpose.

Dampness. A moisture generally attendant on buildings finished hastily on account of

the materials not being dry ; or the walls not being made of good •well-burnt bricks ; or

with bad moitar; or the joints not flushed up, anil allowing: wet to come through.

Dancette. The chevron, or zigzag moulding, in Norman architecture. See Jig. 1381.

Day or Bay. Iq Gothic architecture, the compartment in windows formed by the tran-

soms or horizontal pieces and muUions or vertical pieces.

Dead Shore. A piece of timber worked up in brickwork to support a superincumbent

mass until the brickwork which is to carry it has set or become hard.

Dkafexing SotJND-BOARDixo. The pvgging used to prevent the passage of sound tlirough

wooden partitions. See Boarding.
Deal. (Sax. Delan, to divide.) Properly the small thickness of timber into which a piece

of any sort is cut up ; but the term is now, thouoih improperly, restricted in its signifi-

cation to the wood of the fir tree cut up into thicknesses in the countries whence deals

are imported, viz. Christiania, Dantzic, &c. Their usual thickness is three inches, and
tlieir width nine. They are purchased by the hundred, which contains 120 deals, be

their thickness what it may, reduced by calculation to a standard thickness of one inch

and a half and to a length of twelve feet. Whole deal is that which is one inch and a

quarter thick, and i.'/<Y deal is half that thickness. Clean deal refers to picked or

selected deal, which is always used for stair treads for good work. See Board.
Decagox. (Gr. Ae/ca, ten, and Toivia, an angle.) A geometrical figure liaving ten sides

and ten angles. If the sides and angles are all equal, the figure is a regular deaigon,

and capable of being inscribed in a circle.

Decastylb. See Coeonnade.
Decimal. (Lat.) A term applied to a system of arithmetic in which the scale of numbers

proceeds by tens.

Decimal Equivalents of Inches, Fket, and Yards ; and of a Shilling.

Fractions of an Inch.
Dccim.ils of D
an Inch.

jcimals of

a Foot.

1 1-0000 0S333
15 •9.375 07812

11
12

•9165 07638
7 •8750 07201

15 •8125 06771
3 or 5
4 "^ 8 • •7500 06250

12
•7499 06219

u •6875 05729
5
8

•6250 Oo'208
7
T2 •5833 04860

•5625 04688
1 •5000 04166

7_ •4375 03645
A. •4166 03472

3 •3750 03125
^ 1

3
•3333 02777

10 •3125 02604
lor|. •2500 02083

_3_ •1875 01562
1

. •1666 01388
1 •1250 OlOtl

1

12
•0833 00694

1

IG • •0625 00521

1

2

3

4

5

6

7

8

9

10

11

12

Decimals of

a Foot.

•0833

•1666

•2500

•3333

•4166

•5000

•5833

•66«6

•7500

•8333

•9166

1 0000

Decimals of

a Yard.

00277
•0555

•0833

•nil
•1389

•1666

•1944

•2222

•2500

•2778

•3055

•3333

Decimals of a Shilling.

J •0416

1 •0833

u 1-249
2 •l«(;6

'4 •2082

H •'2500

M, •2916

4 •.•!:!33

n •I'.-.IO

5 •41fi6

r,A •4583

u •OOliO

rf.

6i
7

'h
8

?i
!)

9i
10
lOJ
n
"i
12

s.

•5416

•5833

•C250
•ficr.e

•7083

•7500

•7016
•83."!3

•8750
•91 (i6

•9583

1-0000
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Dkcimal Parts of a PorxD.

12fi5

d.

4

Decimtvl. J. Decimal. d.

lU

Decimal.
]

.. d. Decimal.

•00208 6 •02500 •04791 10 •5000
1 •00416 6d •02708 s. d. 11 •5500

n •()062o 7 •02916 1 •0500 12 •6000

2 •00833 7.^ •03125 2 •1000 13 •6500

2J •01041 8 •03333 3 •1500 U •7000
3 •01-250 Si 03541 4 •2000 15 •7500
3.'. •01458 9 •03750 5 •2500 16 •8000
4 •01666 n •03958 6 3000 17 •8500

ik •01875 10 •04166 7 •3500 18 •9000
•02083 10.1 •04375 8 •4000 19 •9500

H •02291 11 •04583 9 •4500 20 10000

Dbcorated Period. A term applied to the Mediaeval arcliiteeture iu England prevailing

diiriiig the reigns of the three first Edwards, wherein the decorative features grew out
of, or became embodied in, and formed part of, the construclion. It succeeded to the
Early English period.

Decoration. The combination of ornamental objects which the desire for varying a form
or forms brings together in many ways for embellishing those subjects which are thu

objects of art.

Debicatiox Cross. See CRoas, fig. 1392.

Deliqui^. (Lat.) A term used by Vitrurius to designate the rafters which formed thd

ridge of the roof and threw the water on each side.

Density. (Lat. Densiis, thick.) A term used in physics to denote the quantity of matter
which a body contiiin.s under a given or determinate surface ; for example, a cubic foot.

The quantity of matter in a body is called its mass, and is measured by the weight of

the body, to which it is always proportional ; hence the density of a body is great in

proportion as its weight is great and its volume small ; or the density of bodies is

directly as their masses, and inversely as tiieir volumes.

Dentils or Dentels. (Lat. Dentes, teeth.) The small square blocks or projections in tlie

bed mouldings of cornices in the Ionic, Corinthian, Composite, and occasionally Doric

orders ; their breadth should be half their height; and. as Vitruvius teaches, the inter-

val (Metoche) between them two thirds of their breadth. In the Grecian orders they

are not used under modillions.

Deodokisation and Disinfection. The Suminai-y of the " Ha-'tings Prize Essay, 1865,"

on these subjects, states that :^-I. For the sick room, free ventilation, when it can bo

secured, together with an even temperature, is all that can be required. 11. For rapid

deodorisation and disinfection, chlorine is the most effective agent known. III. For

steady and continuous effect, ozone is the best agent known. IV. In the absence of

ozone, iodine exposed in the solid form to the air, is the best. V. For that of fluid and
semi-fluid substances undergoing decomposition, iodine is the best. VI. For the

deodorisation and disinfection of solid bodies that cannot be destroyed, a mixture of

powdered chloride of zinc or powdered sulphate of zinc, with sawdust, is the best.

After this, a mixture of carbolic aeid and sawdust, ranks next in order; and following

on that, wood ashes. VII. For that of infected articles of clothing, etc., exposure to

heat at 212° Fahr. is the only true method. And, VIII. For the deodorisation and

disinfection of substances that may be destroyed, heat to dcsfruction is the rrue method.

Carbolic acid, Condy's fluid, Burnett's fluid, and Ch.ircoal are among the materials

inmufactured for this purpose.

Derby or Darby. A two-handed float used in plasterers' work.

Description of a Building. The same as Specification.

Descriptive Geometry. That which consists in the application of geometrical rules to

the representation of the figni'es, and the various relations of the forms of bodies,

according to certain conventional forms. It differs from perspective, on account of the

representation being made in such a manner that the exact distance between the different

points of the body represented can always be found, and consequently all the mathe-

matical relations resulting from the form and position of the body may be deduced from

the representation.

Design. (Lat. Designo.) The idea formed in the mind of an artist on any particidar sub-

ject, which he transfers by some medium, for the purpose of making it known to others.

Every work of design is to be considered either in relation to the art that produced it,

to the nature of its adaptation to the end sought, or to the nature of the end it is des-

tined to serve; hence its beauty is dependent on the wisdom or excellence displayed in

4 M
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the design, on the fitness or propriety of the adaptation, and upon the utility fi>r the

end. See Composition.

Dktails. a term usually applied to the drawings on a large scale for the use of builders,

and generally called working drawings.

Dktermining Line. In the conic sections, a line parallel to the base of the cone; in the

hyperbola this line is within the base ; in the parabolic sections it forms a tangent to

the base, in the elliptic it falls without it. In the intersecting line of a circle, the

determining line will never meet the plan of the base to which it is parallel.

DiACONicuM. A place contiguous to the ancient churches, wherein were preserved the

sacred vestments, vessels, relics, and ornaments of the altar. In modern language, tlie

sacrisfy. The sacristy is now also called the vestry.

Diagonal. (Gr. Aia, through, and Taivia, angle.) A straight line drawn through a figure

joining two opposite angles. The term in geometry, is used in speaking of four-sided

figures, but it is nevertheless properly applied with reference to all polygons whereof
the number of sides is not less than four. The term diameter is used l)y Euclid in the

same sense ; but modern geometers use the term diameter only in speaking of curve
lines, and diagonal when speaking of angular figures.

Diagonal Scale. A compound scale formed by vertical and horizontal subdiA'isions with
diagonals drawn across them, whereby very small parts can be measured off by means
of equidistant parallels crossing others of the same kind.

Diagkam. (Gr. Aiaypaixfia, irom Aia, through, and Tpa<\)w, 1 write.) The figure or scheme
for the illustration of a mathematical or other proposition.

Diameter. (Gr. Aia, through, and V\iTpou, a measure.) A straight line passing through
the centre of a geometrical figure, as that of a circle, ellipse, or hyperbola. The term
is architecturally used to express the measure across the lower part of the shaft of a
column, and is usually divided into sixty parts called minutes, which form the scale for

the measurement of all the parts of an order. See Diagonal.
DiAMiCTON. The Roman method of building a wall, with ivaular ashlar work on tho

outsides and filled in with rubble between. It is similar to Emplocton, but without the
clkttoni or binding stones which go through the thickness of the walls, showing on both
sides. See Masonry.

Diamond Pavement. One disposed in squares arranged diagonally.

Diaper Work. 1 he face of

stone worked into squares

or lozenges, with a leaf

therein ; as over arches and
between bands. It is gene-

rally done only in interior

work for decorating a plain

surface. The illustration

(fig. 13S)8) is from Can-
terbury Cathedral, and of

the Perpendicular period.

DiAsTYLE. (Gr.AiaandSruXor,
a column.) Thatdistance be-

tween columns which con-

sists of three diameters, or,

according to some, of four

diameters. The term is

sometimes used adjectively,

to signify that the building

is arranged with those inter-

vals between the columns.

DiATONi. (Gr. A(o and Tovos,

an extension.) In Greek
architecture, the stones of a
wall wrought on two faces,

which, from ttretching beyond the stones above and below them, tiiat is, going througli

the wall, made a good bond or tie to the work.
DiAzoMA. (Gr. Ata through, and Zwfia, a cincture.) In ancient architecture, the landings

or resting places which, at diflTeront heights, encircled the aniphitheati-e like so many
bands or cinctures, whence the name.

DicASTERiTj.M. (Gr. AiKTj, justice.) In ancient arciiitecture, tho name of a tribunal or hall

of justice.

Dk -lYoTHETON. (Gr. AtKTvoi/, a net, and TidrifMi, I p'ace.) In ancient architecture, masonry
worked in courses, like tho meshes of a net. Also open lattice-work, for admitting

ligiit and air.

Diaper work in stone.
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DiDORON. (Gr.) See Brtck.
Die of a Pedbstal. That part included between the base and the cornice. See Dai>o.
Digging. In soft ground, one man with a spade will throw up, per hour, a cubic yard of

twenty-seven feet. If a mattock must be used, the same quantity will require two men,
and in a strong gravel, three. It will require three men to wheel thirty cubic yards of
gravel in a day to the distance of twenty yards.

DiGLYPii, (Gr. Aiy, twice, and r\v<pw, 1 carve.) A projecting face ovfemur, with two
panels or channels called glyphs, sunk thf reon. See Teiglyph.

Dilapidation. The state of neglect into which a building has been permitted to ftill.

Dimension. (Lat. Dimetior.) In geometry is either length, breadth, or thickness. Thus
a line has one dimension, as of length ; a superficies has two, length and breadth ; a
solid has three dimensions, length, breadth, and thickness.

Diminished Arch. One lower or less than a semicircle, called by the French vottte

surbaissee. See Surbased Arch.
Diminished Bar of a Sash. One thinner on the edge towards the room than on that

towards the glass of the window.
Diminished Column. A column whereof the upper diameter is less than the lower.
Diminishing Eule. A board cut with a concave edge, so as to ascertain the swell of a

Column, and to try its curvature.

Diminishing Scale. A scale of gradation used in finding the different points for drawing
. the spiral curve of the Ionic volute, by describing the arc of a circlelhrough every three
]ireceding points, the extreme point of the last arc being one of the next three. Each
point through which the curve passes is regulated so as to be in a line drawn to the
centre of the volute and the lines at equal angles with each other.

Diminution of a Column. The continued contraction of the diameter of the column as

it rises. Most of the modern authors make the diminution to commence from one-third

the height of the column; but in all the ancient examples the diminution commences
from the bottom of the shaft. See EyxAsis. In Gothic architecture neither swell nor
diminution is used, all the horizontal sections being similar and equal.

Dining or Dinner Eoom. Generally one of the largest rooms in a dwelling-house. In
large buildings it extends to forty or fifty feet in length, and the breadth is from half

to three-fourths the length. In middle-sized houses, dining-rooms run from twenty-four

down to eighteen feet in length by eighteen to sixteen feet in width, and thirteen or

fourteen feet in height.

Diocletian Window. Usually called a Venetian Window.
Dipteral. (Gr. Aiirrepoy, double-winged.) la ancient architecture, a temple having a

double range of columns on each of its flanks. See Temple.

Direct Radial. In perspective, a right line from the eye perpendicular to tlie picture.

Directing Line. In perspective, the line in which an original plane would cut tho

directing plane.

Directing Plane. In perspective, a plane passing through the point of sight, or the eye,

parallel to the picture.

Directing Point. In perspect've, that in which any original line produced cuts the

directing plane.

Director of an Orioinal Line. In perspective, the straight line passing through the

directing point and the eye of a spectator.

Director of the Eve. In perspective, the intersection of the plane with tho directing

plane perpendicular to the original plane and that of the picture, and hence also per-

pendicular to tho directing and vanishing planes, since each of the two latter is parallel

to each of tlie two former.

Directrix. In geometry, the name given to a certain straight line perpendicular to tlie

axis of a conic section. One of the properties of these curves is that the distance of any

point of the curve tVom the directrix is to the distance of the same point from the focus

in a constant ratio. The name is sometimes applied generally to any straight or curved

line required for the description of any curve.

Discharge. (Fr. Decharger.) The relief given to a beam, or any other piece of timber,

too much loaded by an incumbent weight of building. When the rolief is given, the

weight is said to be discharged.

Discharging Arch. An arch built over a wood lintel, whereby tho bearing upon it

is taken off. The chords of discharging arches are not much longer than the lintel,

being the segments of very large circles. A temporary arch is frequently intr.-duced,

and removed on completing tiie building. Sometimes the arches are built without any

lintel under them.

Dishing Out. The same as Cradling.

Displuviatum. (Lat.) In ancient architecture, a place from which tho rain is conveyed

away in two channels. According to Vitruvius, a euva-ditim dt.iji/uviaiiim was an open

court exposed to the rain.

i M 2
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Disposition. (Lat.) One of the esseutials of architecture. It is the arrangement of the

whole design by means of idinography (plan), orthography (section and elevation), and

pcenngraphy (perspective view). It differs from distribution, which signifies the par-

ticular arrangements of the internal parts of a building.

Distance of the Eye. In perspective, the distance of the eye from the picture in a line

perpendicular to the plan thereof.

Distance, Point of. In perspective, the distance of the picture transferred upon the

vanishing line from the centre, or from the point where the principal ray meets it ; and
thus it is generally understood to be on the vanishing line of the horizon.

Distance of a Vanishing Line. The length of a perpendicular falling from the eye per-

pendieuhir to the vani.shing plane.

Distemper, (Fr. Detemp^r.) In house ja n'i'gi whiting mixed with size and water,

with which ceilings are generally done; plastered walls when not painted or papered
are also so coveretl, and are called coloured when a tint is used in it.

.Distribution. (Lat.) The arrangement of the various apartments of a building.

Dodecagon. (Gr. AoiSe/ca and Tuvta, an angle.) A regular polygon of twelve equal sides.

Dodecahedron. (Gr. Aa-SeKo and 'E5pa, a seat.) One of the five platonic bodies, or

regular solids, its surface being composed of twelve equal and regular pentagons.

Dodecastyle. a colonnade or portico consisting of twelve columns.

DoG-LEGGED Stairs. Such as are solid between the upptr flights, or such as have no
well-hole, and in which the rail and balusters of both progressive and retrogressive

flight fall in the same vertical plane. Thfi steps are fixed to strings, newels, and car-

riages ; and tlie ends of the steps in the inferior kind only terminate on the side of the
string without any housing.

Dog-tooth Ornament. This ornament {fig. 1399 is a common rcpresei.t;ition of it), so

greatly used in First Pointed or Early English

work, appears in the abacus of one of the capitals

in the cloister at Monreale, in Sicily, 1182-94;
and it is noted by J. G. Wigley as occurring in the
jambs of the little church of the Ccenaculum at

Jerusalem, now known as the mosque of the tomb
of David, erected earlj' in the fourteenth century. li^. 1399.

He assigns the origin of the ornament, as well as

of the " ball flower," to the Iloly Land, the types being obtained from the cycJamcn or

gazelle's horn, and the red anemone. The use of it in Western architecture, 1090- 1 187,

curiously corresponds with the period of the first Ciusades.
Dolmen. The French name for a Cromlech.
Dome. (Lat. Domus.) The spherical, or otherwise formed, convex roof over a circular

or polygonal building. A siirbasid or diminished, dome is one that is segmental on its

vertical section, a surmounted dome is (me that is higher than the radius of its basj.

There is great variety in the forms of domes, both in plan and section. In the former,

they are circular and polygonal ; in the latter, we find them semicircular, semi-elliptical,

segmental, pointed, sometimes in curves of contrary flexure, bell-shaped, &c. The
oldest dome on record is that of the Pantheon at Rome, which was erected under
Augustus, and is still perfect. Below is a list of the principal domes.

Place. Feet. Diam.
Lutheran Church at Warsaw . . (?) 200
Pantheon at Koine (ancient) . . . U2J
British Museum, London (iron) . . 140
St. Peter's at Rome . . . . 139
Duomn, or Sta. Maria del Fiore,at Florence 134J
Gol Goomuz, Beejaporo , . . . 124
Sta. Francesca, Naples . . . . 124
Baths of Carncalla (ancient) . , . 112
Sta. Sophia at Constantinople . . liifij

S. Carlo Borri meo, Milan . . . lO.'i

Mosque of Snleinianieh, Constantinople 104
Church at Darmstadt . , . . 102
St. Paul's, London 100
Capitol at Washington (iron) . . 100
Hall of Liberation at Kehlheim . . 96
S. Isaac at S. Petersburg (iron) . . 96
Chapel of the Medici nt Florence . . 94
Church of the Invalides at Paris . . 92
Possagno, Chnrih 91
Halle anx Bles at Paris (iron) . . 90
Baptistery at Florence .... 8-iJ
Cathedral at Gran 82

Place.

Minerva Medica at Home (ancient)

St. George, Salonica....
Mosque of Ahmedith at Coistantinople
Jurama Musjeed. Be japoie
Ispahan, Mesjid Shah
Madre di DIm, at Turin .

Santa Maria doUa Salute, Venice
S. Lorenzo, Milan ....
St. Gtiviviive at Paris (Pantheon) .

Superga, Turin ....
Madonna di Cam])apna at Verona .

Mosque of Has.san at Cairo
St. (iereon at Col gne
I luomo at Siena ....
Santa Maria dclla Grazie, Milan .

Val de Grace at Paris

RadclifTe Library, Oxford
San Vitale at Ravenna .

II Rod ntore, Venice
Museum of the Vatican at Rome

Feet Diam.

81i
8il

80
76
75
74
70
70
69
64
64
6.'}

60
87
67
65
62

60|
00

San Marco, Venice 46

DoMUS Conver.sorum. The day-room and dormitory of the conversi of a Cistercian mo-
nastery. They performed all the agrarian, artificers', and menial work incidental to the

cultivation of the land, and the ch)thiiig and daily service of the whole community,

taking part only occasionally in the daily service of the Church.
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Donjon. (Fr.) Tlio massive ti;\ver within ancient castles to which the garrison niif>-ht

ritreat in case of necessity. It was ceiiirally placed, and frequently raised on an arti-

ficial elevation.

Book. (Scotch.) The same as Wooden Brick.
Door. (Sax. Do ', Gr. 0i»po.) The gate or entrance of a house or other building, or of an

apartment in a house. It must be proportioned to the situation and use for which it is

intended. Thus, for an ordinary dwelling-house, a door should not be less than seven to
eight feet high, and three to four feet broad ; but to churches and public buildings the
entrance doors should be much wnder, to allow of a multitude passing out. So in stately

mansions, the doors must be from six to twelve feet in width, and of proportionate
height.

Door Frame or Case. The -wooden-frame enclosing a door.

Door Plane. The plane between the door proper, and the larger opening within which
it may be placed. It is often richly ornamented.

Door Stop. The slip of wood against which a door shuts in its frame. See Rebate.
Door-way. The framework of an opening for a door, the shape of which is determined by

the style of architecture of the building. The Greek doorway was always square-headed,
and generally less in width at top than at bottom. The Roman and the Romanesque
doorwaj's are sometimes r. und-arched ; the Mediieval ones are pointed in shape.

Doiiic Order. The first of the orders used in Grecian architecture, and the second as
used in Roman and Italian architecture. Its capital is composed of straight lines and
mouldings. In the frieze is used the triglyph, with mutules in the cornice and corre-

sponding to them.

Dormant Tree or Summer. The lintel of a dour, window beam, &c. A beam tenoned
into a girder to support the ends of joists on both sides of it. Sumiucr, in some loca-

lities, is the common term for a girder. See Brkssummer.
Dormer. A -window placed on the inclined plane of the roof of a house, the frame being

placed vertically on the rafters.

Dormitory. (Lat. Dormio, I sleep.) A large sleeping-room, capable of containing many
beds. A range of cells for sleeping in.

DoRON. The Greek for a palm. See Brick.
i

^

;„;

DossEL. See Reredos. ^ ^
'

Double Cone MouLDiNa. A moulding used in the

arches of the Norman period. {Fig. 1400.)

Double Curvature. The curvature of a curve,

whereof no part can be brought into a plane,

such as the cylindro-cylindric curve, &c.

Double Floor. One constructed of binding and Fig. 1400.

bridging joists.

Double-hung Sashes. A -windo-w opening with two sashes, one for lifting up, the

other for dra-wing down, fitted into the sash frame of a window opening.

Double Vaults. Two vaults of brick or stone carritd up separately with a cavity between

them.
Doubles. A sized slate used in roofing.

Doubling. A term used in Scotland to denote eaves' boards.

DouciNB. The French term for the cym i recta.

DovE-HOUSE, or Do-VE-coT. A building for keeping tame pigeons, the only essential dif-

ference between which and a common poultry house is that the entrance for the birds

must be placed at a considerable height from the ground, because of the flight of pigeons

being so much higher than other birds.

DovE-TAiL. A joint, so called from its being formed spreading like a pigeon's tail, used by

carpenters and joiners in connecting two pieces of wood, by letting one into the other.

It is the strongest method of joining masses, because the tenon or piece of -wood

•widens as it extends, so that it canuot be drawn out, because the tongue is larger

than the cavity through which it would have to be drawn. The F"rench call this

method queue cThironde, or swallow's tail.

DovB-TAiL Moulding. An ornament formed of running bands, as Example "i, fig. 188.

It is sometimes called a i!n'a»i7!//«r/rci:.

Do-WBL. A pin of wood or iron used at the edges of boards in laying floors to avoid the

appearance of the nails on the surface. Floors thus laid are ca led dowelled floors.

The drums of columns were steadied by the insertion of dowels of wood, cube in

shape, as found in the remains of Greek and F^gyptian architecture. Slate dowels

are now often used in preference to iron, on account of the latter material tending to

split the stone with rust.

Drap.. (Verb.) A term applied to anything bearing down or rubliing on another. Thus,

a door is said to drag when its hinges become so loosened that the lower edge rubs upon

the floi.r.
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Dkaoging. Tlie operation of completing tlie surface of soft stone by menns of an instru-

ment called a drag, -which is a thin plate of steel with fine tcetli on one edge, moved
backwards and forwards by the workman.

DiJAGON Beam or Pikck. In carpentr}', a short beam or piece of timber lying diagonally

with the wall-platos at the angles of a roof for receiving the heel or foot of the hip

rafter. It is fixed at right angles with another piece called the ang^e tie, which is sup-

ported by each returning wall plate, on wliicli it is cocked down. It may be a corruption

of " dragging."

DiiAiN. A subterraneous or other channel for waste wnter.

Draught or Drawing. The represe.'itatinn of a building on paper, explanatory of the

various parts of the interior and exterior, by means of plans, elevations, and sections,

drawn to a scale, liy which all the parts are exhibited in the same proportion as tlie

parts of the edifice intended to be represented. AVorking drawings show the parts in

detail, or serve as directions to the artificers.

Draught. In masonry, a part of the surface of the stone, hewn to the breadth of the

chisel on the margin of the stone according to the curved or straight line to which the

surface is to be brought. When the draughts are framed round the different sides of the

stone, the intermediate part is wrought to the surface by applying a straight edge or

templet. In very large stones, when the substance needs much reduction, it is usual to

make several intermediate parallel draughts, and thus the intermediate parts may bo
hewn down nearly by the eye, without much application of the straight edge or

templet.

In carpentry, when a tenon is to be secured in a mortise by a. pin, and the hole in the

tenon is made nearer the shoulder than to the cheeks of the mortise, the insertion of the

pin draws the shoulder of the tenon close to the cheeks of the mortise, and it is said to

have a dravght. See Draw Bore Pins.

I'uAUGHT Compasses. Those with moveable points.

Draw Bore. (Verb.) The pinning a mortise and tenon, by piercing the hole through
the tenon nearer to the shoulder than the holes through the cheeks from the abutnni.t
in which the s-houlder is to come in contact.

Uravt Bore Pins. Pieces of steel in the shape of a frustrum of a cone, rather taper,

and inserted in handles with the greatest diameter next to the handle, for driving

through the draw bores of a mortise and tenon in order to bring the shoulder of the rail

close home to the abutment on the edge of the style. When this is effected, the draw
bore pins, when more than one are used, are taken out singly, and the lioles immediately
filled up with wooden pegs.

Draavhrjdge. One made with long and lieavy levers to be raised or let down, at

pleasure.

Drawing. See Draught.
Drawing Knifk. An edge tool used to make an incision on the surface of wooil

along which the saw is to follow. It prevents the teeth of the saw tearing the

surface.

Drawing Room, perhaps more properly WiXHunAwiNG Boom. The apartment to which
the company withdraiv after dinner.

Dressed. A term in masonry which expresses the operation a stone lias undergone before

building it in the wall, whether by the hammer only or by the mallet and chisel, and
then rubbing the face smooth. In Scotland the term is used to signify hammer dressing
only.

Dressee. a long table placed against a wall in a kitchen, usually with drawers, and
having shelves over it for plates, stoj^ped by a Cut Standard. At the edges of the

shelves hooks are driven to carry jugs and cups. Under the drawers is a shelf raised

a few inches above the floor, and called a pot board, for holding pots used in cooking.
Dressing Room. A room generally adjoining to and communicating with the sleeping

room, used, as the name implies, for dressing in. It should have a separate door to

open on the lobby or passage of communication.
Dressings. All kinds of mouldings beyond the naked walls or ceilings are called by the

general name of dressings. In joinery it is a term applied to the architraves or other

appendages of apertures.

Drift. (Sax. Dpipan.) The horizontal force which an arch exerts with a tendency to

overset the piers from which it springs.
Drip. See Cokona.
Dripstone. The moidding in Gothic architecture placed over an opening to throw off

water. It is also called a weather moulding, or mere properly hood moidd; and lubd

when it is returned square.

Dripping Eates. The lower edges of a roof from which the rain drips or drops to the

ground.

Droog, a Sanscrit term for a hill fort, a term used in Iliudostan.
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Drop or Ortuse Arch. A pointed arch of less lu-ight tlian that formed by an equilateral

triangle, similar to Fig. 1401.

Drops. (Sax. Dnojrpan.) The frusta of cones in the Doric
Order, used under the triglyphs in the architrave below
the i(pnia. They are also employed in the under part of
the mutuli or modillions of the order. In the Greek
examples they are sometimes curved a little inwards on
the profile, and were called Guttle.

Droved Ashlar. A term used in Scotland for chiselled or

random-tooled ashlar. It is the most inferior kind of

hewn -work in building. What is in that country called

broached work i.s sometimes done without being droved
;

but in good broached work the face of the stone should be
previously droved, and then broached.

Droved and Broached. A term used in Scotland to signify

work that has been roughed and then tooled clean.

Droved akd Striped. Work tliat is first droved and then Fig. 1401.

Btripod. The stripes are shallow grooves done with a half
or three-quarter inch chisel, about an eighth of an inch deep, having the droved inter-

stipes prominent. This and the two preceding sorts of work are not much used in the
southern part of England.

Drtjidical Architecture. The Celtic erections -were formerly so called.

Drum. (Dan. Tromme.) The upright part under or above a cupola. The same term
is sometimes applied to the solid part or vase of the Corinthian and Composite
capitals ; as well as to the block of s;one composing part of the shaft of a column.

Druxy. Timber having decayed spots or streaks of a wliitish colour in it.

Dry Rot. A disease of timber which destroys the cohesion of its parts; it is usually

ascribed to theattacksof fungi, such as the Pu/_t/poriis destriicior and Meruliiis lacrymaiis,

whose spawn appears upon tJie surface overspreading it like a tough thick skin of

white leather; and there is no doubt of its being often connected with the appearance of

such fungi. Dry rot is, however, in some cases to be identified with the presence of

fungi of a more simple kind than those just mentioned, such as those of the genus
Sforutrichum.

DuBBiXG OUT. A term used V)y plasterers to signify the bringing of an uneven surface in

a wall to a plane, by pieces of tile, slate, or the like, before it is plastered over.

Duchesses. A sized slate used in i-oofing.

DwANG. A term used in Scotland to denote the short pieces of timber employed in strut-

ting a floor.

Dwarf Wainscotino. Such as does not reach the whole height of a room, being usually

three, four, five, or six feet high. Sometimes called a Dado.
Dwarf Walls. Low walls of less heighr, than the story of a building; sometimes the

joists of a ground floor rest upon dwarf walls. The enclosures of courts are frequently

formed by them with a railing of iron on the top; and indeed any low wall used as

a fence is a dwarf wall. See Fender.
Dwelling House. See House.

Dynamics. (Gr. Awajxis, force or power.) As generally understood, the science which
treats on the motion of bodies, because it is only known to us by the motion it produces

in the body on which it acts. It is however usually restricted to those circumstances

of motion in which the moving bodies are at liberty to obey the impulses communi&ited
to them ; the opposite cases, or those in which the bodies, whether by external circum-

stances or by their connection with one another, are not at liberty to obey the impulses

given, being within the science of mechanics.

E
E.VGLE. See iETiAioL

Early English Period. The name given to the first, or Lancet period of medijeval

architecture in England. It succeeded that of the Norman towards the end of the

twelfth century. The accompanying illustration, fig. 1402, is a fine example of the

work of that period.

Ears. The same as Crossettes.

Earth Closet. A convenience for the use of the occupants of a house, in lieu of a water

closet, lately suggested by Rev. U. Moule, of Dorchester. Though adaptable to every

dwelling, it is more appropriate to a country habitation. Two tubs are rnquired, one

being the store for dry common garden mould; the other, the receptacle for the deposits,

over each of which is to be placed half a spadeful of the mould; this prevents any
smell arising. When the tub is fall, it may either be sot aside for about a week or

fortnight to dry, when the mould is then lit to be re-used, or employed for garden
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purposes. Liquid sewage will require to be disposed of separately, as it satura

large qufintity of earth.

Kauth Table, or Ghound Tabi.f,

Mild Grass Taui.k. Tlie plin'h

of a wall (usually in Gothic work),

or lowest course of pr^'fC'ii g
stones immediately above the

grdimd. See Foot-sfall.

F.ASTEB, or Holy, Sepulchre. A
recess for the reception of the

holy elements consecrated on

the Ccena Domini or Maunday
Thursday, till liigh mass on

Easter-day. The few examples

in England remaining are gene-

rally shallow, under an arch of

obtuse or broad ogee form, rising

about three feet from the slib,

and are placed on the north side

of the church.

Eayes. (Probably Fr.Eaux.) The
lowest edges of the inclined sides

of a roof which project be_\ond

the face of the walls, so as to

throw the water off therefiom,

that being their oflfice.

Eatks' Boaru, Eaves' Lath, Eaves'
C.iTCH. See Arris Fillet.

Ehony. The wood of a naturil

order of shrubby or arborescent

exogens, chiefly inhabiting the

tropics. Some species are re-

markable for the hardness and
blackness of their wood, which is

principally used for furniture

EccKNTHiciTY. The difference of

centre from another circle. The distance between the foci of an ellipse.

Echea. (Gr. Hxfco,I sound.) In ancient architecture, sonorous vessels of met^l or earth,
in the form of a bell, used in the construction of theatres for the purpose of reverberat-
ing the sound of the performer's voice. They were distributed between tlie seats, and
are described in the fifth book of Yitruvius, who st^vtes that Mummius iiitroducfd them
in Rome, after the taking of Corinth, where he found this expedient used in tlio theatre,

J'JcHixus. (Gr. Ex'ws.) The same as the ovolo or quarter round, though the moulding
is only properly so called when carved with eggs and anchors. (See Anchor.) It

is the shell or husk of the chesnut, though the trnameiit does not seem to bear much
resemblance to it.

EcPHORA. (Gr. Ek:, out, <pfpa>, I bear.) A word used by Yitruvius (lib. iii. cap. 3.) to

signify the projecture of a member or moulding of a column, that is, the distance of its

extremity from the naked of the column, or, according to others, from the axis.
EcTVPE. (Gr. Kktuttov.) An object in relievo, orembos.-ed.
Edge.^ (Sax. ee^e.) The inter.'eetionof two planes or surfacesof a solid, which therefore

is either straight or curved according to the direction of the surfices. See Arris. Jt

is also that side of a rectangular prismatic body which contains the lengih and tliick

ness; but in this sense of the term, the body to which it applies is generally uniler
stood to be very thin ; thus w e say " the edge of a door," " the edge of a board," meaning
the narrow side. The edge of a tool is the meeting of the surfaces when ground to a
very acute angle.

J''di:e Tools. Those which clip or shave in the operation of working.
EuGixa, In carpentry, the reducing of the edges of ribs or rafters, whether externally or

internally, so as to range in a plane or in any curved surface required. llacki)iff'\s a
part^icular use of edging, and only applies to "the outer edges of ribs or raft'^rs ; but
edging or ranging is a general term, and applies either to the backing or internal sur
fice. See Backing.

Edifice. (Lat. ^dificium.) A word synonymous with fabric, building, erection ; the
word is, however, more usually employed to denote architectural erections distinguished
for grandeur, dignity, and importance.

EiFECT. (Lat. Efficio.) That quality in works of art whose nature is to give particular
efficacy U) other qualities, so as to bring them out and attract the eye of the spectator.

1 1 loiit and Towers of
Itipon Cathedral, 1215-55.
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Egg and Tonguf;. OrnameDte iise<l in the ecliinus, supposed liy Quntrem^re de Qnincy
to have had their origin in the head of Isis, and, as he imagines, representing a mystical
collar or necklace of the mundane egg and the tongue of the serpent of immortality;
but as we think, in the representation of much more simple objects, those of nature
herself.

, Sec Echinus.
EfiYPTiAN Aechitecture. In analysing the architecture of Egypt, three points offer

themselves for consideration ; construction, form, and decoration. If solidity be a.

merit, no nation has equalled the Egyptian. Uniformity of plan characterises all their
works ; they never deviated froni the straight line and square. The decorations
of the buildings were chiefly incised, or painted on plaster. The pyramids, temples,
obelisks, statues, and rock-cut tombs, all attest the duration of a style doomed to

become eternal.

Egyptian Uall. See CEcus.

El.hothesium. (6r. EAatoc, oil.) In ancient architecture, an apartment in the baths
wherein, after leaving the bath, the bathers anointed themselves.

Elastic Cuiive. In mechanics, the figure assumed by an elastic body, one end of which
is fixed horizontally in a vertical plane, and tlie other loaded with a weight which, by
its gravitj', tends to bend it.

Elasticity. (Gr. EAacrTij, a spring, from ¥.\avvo}, I draw.) In physics, that property jios-

sessed by certain bodies of recovering their form and dimensions after the external

force which has dilated or compressed them is withdrawn. It is only perfect when
the body recovers exactly its primitive form after the force to which it has been sub-
jected has been removed, and that in the same time as was required for the force to

produce the alteration. This is however a quality not strictly found in nature.

Elbow. The upright side which flanks any panelled work, as in windows below the
shutters, &c.

Elevation. (Lat. Elevatio.) A geometrical projection drawn on a plane perpendicular

to the horizon.

Elizabethan Architecture. The name given to the mixed or debased, yet picturesque,

style of architecture prevailing during the reign of queen Elizabeth of England, caused
by the partial introduction of Italian art and its mixture with mediaeval details, with
the requirements of greater civilization, leading to the purer examples displayed by
Inigo Jones.

Ellipse or Ellipsis. (Gr. EAA6n|/i?, defect.) One of the conic sections produced by
cutting a cone entirely through the curved surface, neither parallel to the base, nor

making a subcontrary section ; so that the ellipsis, like the circle, is a curve that returns

into itself and completely encloses a space.

Ellipsograph. An instrument for describing an ellipsis by continued motion.

Ellipsoid. See Conoid.

Elliptic Arch. A portion of the curve of an ellipsis employed as an arch.

Elliptic Compasses. The same as Ellipsograph.

Elliptic winding Stairs. Such as are cased in and wind round an elliptic newel.

Elm. (Lat. Ulmus.) A forest free occasionally used in building, principally for weather-

boarding to barns, and such-like sheds.

Embankment. A term signifying any large mound of earth on tlie sides of a passage for

water or other purposes ; aUo for protection against the action of the sea. It is usually

constructed of earth, and, when necessary to resist much force, cjised with brick or stone.

Embattled. A wall indented with notches in the form of embrasures on the top of a wall,

parapet, or other buildmg. It is sometimes called crenellated.

Embattled Aronade. See Aronade.
Embattled-battled Line. A straight line bent into right angles, so that if there Jje

three sets of parts, one set may be parallel to those of the other two.

Embattled Buildings. Those with embrasures in the parapets, resembling a castle or

fortified place.

Embossing or Embossed Work. (Fr. Bosse, a protuberance.) The raising or forming

in relievo any sort of figure, whether performed with the chisel or otherwise. It is a

kind of sculpture, in which the figures rise from the plane on which they are formed,

and as they are more or less prominent they are said to be in alto, mezzo, or hastio riiievo.

Embrasure. An opening made in the wall or parapetof a fortified place; it is also called

a. crenel. The term is also applied to an enlargement within the sides of a window,

in wliich sense it is the same as Splay.

Emplecton. (Gr. ^ix-kX^kw, 1 entangle.) Among the ancients, a method of constructing

walls, in which, according to Vitruvius, the front stones were wrought fair and the

interior left rough and filled in with stones of A'arious sizes.

Encarpus. (Gr. Ej/ and Ka^>iros.) The festoons on a frieze, consisting of fruit, flowers,

leaves, &c.

Encaustic Work. An ancient mode of painting, in which the execution was accorn-

pli.sheJ by the application of iieat. It would appear as if one process consisted iu
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mixing t!ic tints in hot wax, whicli were then applied on the -a'all ; and anothrr, to coal

the wall with wax after the tint had been given to tlie wall, rubbing in well the wax
with hot cloths.

Encaustic Tiles. Tiles of earthenware used as paving. They are coloured and glazed,

and formed to any shapes for patterns.

End of a Stone, Brick, &c. The two parallel sides which form the vertical joints.

Endkcagox. (Gr. EvSsKa, eleven, and Fuvia, an angle.) A plain geometrical figure bounded
by eleven sides.

Engaged Columns. Those attached to walls, by which a portion of them is concealed.

They never stand less than half their diameter out of the wall to wliich they are attached.

English Bond. In brickwork, the laying one course of bricks all headers, and the next

course all stretchers, when for a one-brick wall.

Ensemble. (Fi-.) A term denoting the masses and details considered with relation to

each other.

Entablature. (Fr. Entablement.) In Greek, Eoman, and Italian architecture; the

whole of the parts of an order above a column. The
assemblage is divided into three parts : the architrave,

which rests immediately on the column ; tlie frieze,

next over the architrave, being the middle member;
and the cornice, which is the uppermost part. All

tlirce vary according to tiie different Orders. The
cntiiblature has sometimes been used as an arcliivo!t,

as in tlie specimen here given, from a building by the

elder Dance, who followed the example of Wren aiid

other eminent professors. This use of it has been
highly reprobated as a false principle of construc-

tion, as it conveys a false idea of the real use of the

entablature; see fy. 141)3. In the early Rennais-
sance architeiture, the arch sprang from the capital

of the column.
Entail or Entayle. The more delicate and elaborate

portions of carved medifeval decoration.

Entasis. (Gr. Evraais.) A delicate and almost imper-

ceptible swelling of the shaft of a column, to be found
in almost all the Grecian examples. It, seems to have
been adopte.l to prevent the crude appearance which
the frusta of cones would have presented. This re-

finement is alluded to in the second chapter of the
third book of Vitruvius, and was first in modern
times observed in execution in 1814 by ]\lr. AUason.
It has been adopted in the lines of a spire.

Enter. (Verb.) In carpentry and joinery, the act of inserting the end of a tenon in the

mouth of a mortise previous to its being driven home to the shoulder.
Enterclose. a passage between two rooms.
Entresol. (Fr.) A low story over another one, both coming -within a story equal in

height to both. See Mezzanine.
Envelope. (Verb.) The covering of a portion of the surface of a solid with a thin sub-

stance or wrapper, which in all points or parts comes in contact with the surface of such

surface. To tievelop the surface of a solid is to find the envelopes that will cover its

different parts.

EopvLA. (Gr.) A church with an apsis at the eastern end.

Eothola. (Gr ) A church with an apsis at the western end.

Ephkheium. (Gr.) A building, in ancient architecture, for the exercise and wrestling of

the youth.

EpicitAMiTis. (Gr.) A name given by the Greeks to the tiles forming the cyma or upper

member of the cornice of their temples.

Epicycloid. (Gr. ETnKvK\os, and Ei5os, form.) In geometry, a curve line generated by the

revolution of a point in the circumference of a circle, which rolls on the circumference

of another circle, either externally or internally.

Episcenium. (Gr. Etti, upon, S.-CT/j-rj, a scene.) In ancient architecture, the upper order of

the scene in a theatre.

Efistylitjm. (Gr. Eirt, upon, S,tu\os, column.) The same as Architrave.
Epitithedes. (Gr. Etti, upon, Tidrifji.t, I place.) The crown or upper mouldings of an

entablature.

Equiangular. Having equal angles.

Equidistant. At equal distances.

Equilateral. Having equal sides.

Cliiiroli of St. Lcouanl,
Shuroditoli.
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FiK. 1404.

EQt;iL.\TERAL Arch. An firch formed of two sogments of circles whose centres iire at the

tipring of tlie arch on each side, and if united witli t!ie point

of intersection or apex of the arch form an equilateral

triangle, as shown in fg. 1404.

EQUiLiBKitTM. In mechan'cs, an equality of forces in opposite

directions, so as mutually to balance each other. Por the

arch of equilibrium, see Catexaky Curve.
EiiEMACAUsis. Slow combustion, which bikes place in timber,

and is the cause of its deca}'.

Krgastuh M. In ancient architecture, a name given by the

Romans to a prison or house of correction, where slaves, by
the sole authority of their masti-rs, were confined for their

offences and subjected to bard labour. By the Greeks these

buildings were called sophronistcria.

EsOAPK. That part of the shaft of a column where it springs
out of tile base moulding. It is also called the apiphyyc,

and in French, conge.

Escutcheon. A shield for armorial bearings, a mode of deco-
ration extensively used in Gothic architecture. It is also a plate for protecting tho

'keyhole of a door ; or one to which the handle of a door is attached.

Estimate. The computed cost of works before they are commenced.
EsTRADE. An even or level space ; a public road.

Etruscan Buildings. The inhabitants of Etruria, a country of Italy, and now called

Tuscany, are supposed to have been a colony from Greece. Gi'eat solidity of con-

struction is the prominent feature, enormous blocks of stone forming the high walls

of fortified places. Their other works are tombs, in which are found works of art of

high merit, especially the vases of red ware with black figures and ornamentation.

Ettkithmy. (Gr. Evpvdfxia, justness of proportion.) The regular, just, and symmetri&il

measures resulting from harmony in the proportions of a building or order. Vitruvius

makes it one of Jiis six essentials.

EusTYLE. (Gr. Eu, well, and 2tuA.os, column.) See Colonnade.
Evaporation. (Lat.) The conversion of substances into vapour, during which process

a considerable quantity of sensible heat pa.sses into the latent or insensible state.

The circumstances which principally influence the process of evaporation, are extent of

surface, and the state of the air in respect of temperature, dryness, stillness, and density.

EvoLUTE. (Lat. Evolvo.) In tho theory of curve lines, is a curve from which any given

curve may be supposed to be formed by the evolution or iinlapping of a thread from a

surface having the same curvature as the first curve. The curve thus generated is

called the involute curve.

Excavation. (Lat.) The digging out or hollowing the ground for tho foundations of a

wall or of a building, or of a floor below tho level of the ground.

Exchange. A place of meeting and resort for the merchants of a city to transact the

affairs relating to their trading. There is every reason to believe that the ancient

basilica served at the same time for the accommodation of the officers of the law and for

the assembling of the merchants. All modern cities with any pretension to commerce
have some place appropriated to the recep ion of the merchant, to which at a certain

hour he resorts. Sometimes it is a place surrounded with porticoes and planted with

trees. Often it is a building, including several porticoes, surrounded by offices for the

bankers and money-changers, which latter use has given among us the name of exchange

to the building.

The exchange is, perhaps, next in importance to the town hall, and should be com-

mensurate in appearance and accommodation with the wealth and consequence of the

city ; it should, moreover, if possible, be placed in the most central part.

The Exchange at Amsterdam seems for a long time to h^vo prevaded as the model

for all others. It was commenced in 1608, and finished in 1613, and its architect was

Cornelius Bankers de Ry. It is about 271 feet long, and about 152 feet wide.

The Bourse at Paris has always been considered an admirable model, both in

distribution and des'gn. The edifice was begun in 1808, from the desifzus of

Brongniart, and completed ty Labarre at a much protracted period. The general form

on the plan is a parallelogram of 212 feet by 126 feet. It is surrounded by an

unbroken peristyle of sixty-six Corinthian columns, supporting an entablature and

attic. The perist}le forms a covered gallery, to which the as^-eut is by a flight of

steps extending the whole width of the western front. In the centre of the parallelo-

gram is the Salle, or great hall, 116 feet long and 76 feet broad. It conveniently

cont.iins 2,000 persons. At its eastern end is a circular space railed off for the con-

venience of the ageiis dc change: these only are admitted within it, and to it there
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is a communication from thtir hall of liusiness. On the right are rooms for the com-

niitteo and s-yudicate of the ayens de change, for the courtiers de coniiaeice, and a hall

of meeting for the laiter. From the gallery, as on the ground floor, a corridor extends

round the Salle, communicating witu the Chamber of Commerce, the Court of Bank-

ruptcy, and other public offices. The cost of this elegant building was about 32fi,000/.

The Koyal Exchange in London was erected from tlie design of tlie late Sir William

Tile, and opened October 1844, at a total co^t of about 150,000/. It is 308 feet long,

and 119 feet wide at the west end, but 175 feet at the ea-t end. Tlie central area,

wiiich is uncovered as above noticed, is 111 feet by 53 feet, and with the arcades (21

feet wide) surrounding it, 170 teet by 112 feet. This was originally left umover. d, but

a fine glazed roof was put over il in 1886 by Chirles Barry. The subscribers' room of

Lloyd's is 100 feet loi.g by 48 teei wide; the commercial room on the north side is

86 feet long and 40 fett wile. The ambulatory was highly painted and decorated in

encaustic by Fred. Sing.

The Stock Exchange was rebuilt in 1854 by Thonias Allason, jun , but in 1885-7 it

was enlarged to about double the size, with numerous additions, by John J. C ile. It

is somewhat in the form of a Greek cross, having a dome of timber with skylights,

30 feet in diameter. It will hold about l,20(i members, but it is seldom all are present.

F reproof strong rooms with lockers are provided for the custody of securities.

Besides the "house" or large reading and refreshment rooms, there are otfices lor

brokers in the houses communicating.

The Coal Exchange was rebuilt in 1849, by the late Mr. J. B. Bunning, City arclii-

tf'Ct. It consists of offices on several floors around a c- ntral hall 60 feet diameter, and
74 feet high to the top of the dome; it is formed principally of iron, and is decorated

with representations of nature found in the coal measures, &c.
The Exchange Buildings at Liverpool, formerly one of its grandest buildings, erected

in 180l, by Mr. Foster, sen., has been lately rebuilt by Mr. Thos. H. Wyatt, otLondon,
on a much larger scale. The area of the Corn Exchange there is 100 ff-et by 98 feet,

divided into three aisles by two rows of iron columus, the centre having curved iron

ribs supporting the roof. There are 170 stands for tlie merchants. The architect was
Mr. J. A. Picton, and it was erected 1861-53, at a cost of 1 1,000/.

Corn exchanges, or corn markets as they are usually called, are now to be seen in

every important town. In 1856, when that at Coventry was built, il was stated to be
" the largest hall of the sort," being 110 feet long, 55 feet wide, and 46 feet high;
across the galleries it was about 74 feet wide. The Corn Exchange, in Mark Lane, is

the greatest corn market in the world. Though the first site had been increased in

area, additional space was acquired, and in 1878 a new exchange whs 'n course of con-

struction from the designs of the architect, the late Edward I'Anson. It is about 100

feet wide ; the front part is 40 feet deep, and in rear is a nave of 60 ieet with aisles

on three sides of 20 feet each, the centre having a semicircular roof of iron, the aisles

arched in iron.

CxHKDHA. (Gr. E|, out of, and 'E5po, a chair.) In ancient architecture, a small room in

the baths and other buildings appropriated for conversations. See Apsis.

i^xosTRA. (Gr.) In ancient architecture, a machine for representing the interior part of

a building as connected with the scene in a theatre.

ilxpANSioN. One of the ordinary effects of heat, Avhich enlarges the bulk of all matter.

Though the expansion of solids is by increase of temper.iture comparaiively small, it

may be renilered sensible by carefully measuring the dimensions of any substance when
cold and again when heated. Thus an iron bar fitted to a gauge, showing its length

and breadth, M-ill when he:ited no longer pass through the apertures. The metals are

most expansible by heat and cold. The following exhib ts the change which some of

them undergo when heated from the freezing to the boiling point of water :

—

E.xpaiisiou in linear Temperature,
dimension. 32° 212°

'latinum . 120000 120104
teel . . -0011 — 120147
ron . . 0012 — 120151
Copper . -0017 — 120204
irass . . -002 120000 120230
^in . -0021 — 120290

Expansion in linear Temperature,
dimeuoiou. 32° 212°

Lead . . -0028 — 120345

Zinc . . 0029 — 120360

Granite •0008 0009 — —
Marble 00065 0011 — —
Sandstone •0009 -0012 — —
SLite •00104 — — —

(Eankine, Manual of Ci )il Eiig , 1864).

Extension. (Lat.) One of the g neral properties of matter, being the quantity of spiice

which a body occupies, iis extremities in every direction limiting or circumscribing ihe

matter of that body. It is the magnitude, size, or bulk of a body.

ixTEHXAL or ExTKKioR. A term of relation applied to wiiatever is on the surface or

outside of a body, as opposed to iutrrmd or interior, 1">xi£unal AVali., see AN'all.

f
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ExTRABos. The exterior curve of an arch. The t-^rm is generally used to denote the

upper curve of the vou^soirs or stones. See Intrados.

Eyk. a general term signifying ihe centre of any part : thus the et/e of a pediment is a

circular window in its centre. The ei/e of a dome is the horizontal aperture on its

summit. The eye of a volute is the circle at the centre, from whose circumference the

spiral line commences. See Bull's Eye.

EvEjiROW. A name sometimes given to the fillet.

pAnRic. (Lat.) A general term applied to a large and important Luilding.

1'"a(,-ade. (Fr.) The face or front of any building towards a street, court, garden, or other

place ; a term, however, more commonly used to signify the principal front.

Face Mould. The name applied by workmen to the pattern for marking the plank or

board out of which ornamental hand-railings are to be cut for stairs or other works.

Face of a Stone. The surface intended for the front or outward side of the work. The
back is usually left rough. Stones should be faced in the opposite direction of their

splitting grain.

Facettes. (Fr.) Flat projections between the flutes of columns.

Facia, or Fascia. (Lat.) A flat member of an order or of a building, like a flat

band or broad fillet. The architrave, when subdivided for instance, has three bands
called fascicB, whereof the lower is called the first fascia, the middle one the second,

and the upper one the third.

Facino. That part in the work of a building seen by a spectator ; but the term is usually

cmploj-cd to signify a better sort of material, which masks the inferior one usod
internally.

Factabling. The same as Coping.

Faldstool. A moveable reading desk provided with a kneeling shelf at the foot thereof.

Fall of Land. A measure used in Scotland, equal to 36 square yards.

Falling Moulds. The two moulds applied to the vertical sides of the railpiece, one to

tiie convex, the other to the concave side, in order lo form the back and under surface

of the rail and finish the squaring.

False Attic. An attic without pilasters, casements, or balust-ados, used for crowning a
building, as at the gates of St. Denis and of St. Martin, at Paris.

False Bearing. See Bearing Wall.
False Roof. That part between the ceiling of the upper floor and the covering of the roof.

Fan Tracery or Vaulting. A system of vaulting used in the Perpendicular period, in

which the ribs spring from slender shafts or corbels at the side, and then diverge and

Fig. 110.5. Tor.g Churcb, Shrop.-^h i re.

I

spread tiiemselves over the vaulting, presenting an appearance similar to the frame-

work of a fan. This fan sometimes also springs from a pendent in the vaulting meet-

ing the other fan work, as in fig. 1405. See Pp.hdent.
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'ang. The narrow part of tlie cutting iron of any tool -vvliicli passes into the stock.

i"ANUM. (Lat.) A place consecrated to religion, including the building and ground

belonging to it. Those temples erected to the memory of distinguished persons were

called fana by the ancients.

'aeraria. See Granaey.
•'ascia. See Facta,

"astigium. (Lat.) See Pkdimknt.

"athom. (Sax.) A measure of six feet, taken from the extent of both arms when

stretched out in a right line. It is chiefly used in measuring the depth of water,

quarries, wells, or pits.

'eathep.edgkd. a term applied to any thin body whose section is trapezoidal ; that is,

thicker on one edge than on the otiier. See Boakd ; Coping,

'katherings. The cusps, plain or decorated, at the ends of a foil in tracery.

•'keder. a cut or channel by which a stream or supply of water is brought into a canal.

Sometimes the supply itself of the water is so called.

'kehing House or Shed. A farm-building for stalling and fattening neat cattle. It

should be in a dry warm situation, capable of free ventilation, and supplied with proper

conveniences for food and water.

'ei.t Grain. That position of splitting timber which is cloven towards the centre of the

tree, or transversely to the annular rings or plates. The transverse position, or rather

that which is in the direction of the annular plates, is called the qxiarter grain.

"elting. The act of splitting timber by the felt grain.

'e.mtib. See Triglyph.

•'ence. (Lat. Defensio.) Any sort of cou'-truction for the purpose of enclosing land, as a

bank of earth, a ditch, hedge, wall, railing, paling, &c.

"ender. a dwarf wall in the basement of a house, built up to carry the front hearth of

a fireplace.

•"ender Pii.es. Those driven to protect work, either on land or in water, from the con

cussion of a moving body.

•"enestration. a design in which the windows are arranged to form the principal

feature.

"estoon. (T'r.) A sculptured representation of flowers, drapery, ard foliage, loopeil or

suspended at intervals on walls. The festoon was much used on friezes, altars, ttibletsi,

also over or under niches, as well as in many other situations.

'iGURE. In a general sense the terminating extremes or surface of a body. No body

can exist without figure, or it would be infinite, and all space solid matter. I'igure, in

geometry, is any plane surface comprehended within a certain line or lines.

''illet. (Fr. Filet.) A narrow flat band, listel, or annulet, used for the separation of

one moulding from another, and to give breadth and firmness to the upper edge of a

crowning moulding, as in a cornice. The small bands between the flutes of a column

are called fillets. See Annulet, Band, and Facette.

'iLLET.* In carpentry or joinery, is any small timber scantling equal to or less than

battens. Fi'.lets are use:l for supporting the ends of boards by nailing them to joists or

quarters, &c., as in sound boarding, and in supporting the ends of shelves.

Mi.LET Gutter. A tipping gutter, with a learboard and fillet thereon, to divert the

water.

i"'iLLiNG IN PiECK.s. In carpentry, short timbers, less than the full length, fitted against

the hips of roofs, groins, bract s of partitions, which interrupt the whole length.

MNE SfiT. When the sole of a plane iron only projects sufficiently to take off a very thin

shaving (,f wood.
'iNE Stuff. Plaster used in common ceilings and walls for the reception of paper oi

colour. It is composed of lime slaked and sifted through a fine sieve, then mixed with

a due quantity of hair and fine sand.

•'iNiAL. In Gothic architecture, the top or finishing of a pinnacle or gable, as it is now
gener.dly un lerstood ; but in ancient documents the term was used to denote an entire

pinnacle. The carved topis of bench ends are also called finials.

iNisHiNG. A term frequently applied to the termination of a building; but more espe-

cially to the interior in the plasterer's work for the last coat, and often to the joiners

work, as the architraves, bases, surbases, &c.
L'lH. A forest tree, extensively used in building, both for beams and for deals.

L-'iu Poles. Small trur.ks of fir trees, from ten to sixteen feet long, used in rustic build-

ings and outhouses.

I"[R IN Bond. A technical expression to denote lintels, bond timbers, wall plates, and

all timbers built in walls. See Bond.
I'lR FRAMED. Rough timber framed, but which has not undergone the action of platting.

I'lR WROUGHT. That planed on the edges and sides.

l''iR WROUGHT AND FRAMED. That wliich is both planed and framed.

b'lR WROUGHT, FRAMED, AND REUATED. That which is planed, framed, and rebated.

I
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Fin wnouGHT, framed, HKnATKi), AND BEAiiKi). Tho same as the piveeding article, with
the addition of beading.

Fir no Labour. Eough timber employed in walls, without planing or framing.
Fire-place. See Chimney.
Fire-stone. That which resists the action of the fire. A species of it is used in joinerv

for rubbing away the ritlges made by the cutting-edge of the plane.

Firmer Tool. A chisel used by joiners with a mallet, by which the sides of mortises

are formed.

Firring. See Furring.
First Coat. In plastering, the laying the plaster on the laths, or the rendering, as it is

called, on brickwork, when only two coats are used. When three are used, it is called

pricking-up when upon laths, and roughing-in when upon bricks.

First Floor. Generally the floor over the ground floor. Where there is a basement to a

building as in a country mansion, the floor over is often called the " principal floor."

Fish. (Verb.) To secure a piece of wood by fastening another piece above or below it.

and sometimes both to strengthen it.

Fished Beam. A long beam farmed of two short beams placed end to end, and covered by
a long piece of wood placed over and under the joint, the whole being secured together by
bolts. Sometimes these latter pieces are indented to the beams as a further security.

Scarfing is a somewhat similar operation.

FisTUCA. (Lat.) A pile-driving instrument with two handles raised by pulleys, and
guided in its descent to fall on the head of a pile so as to drive it into the ground, being
what is by the workmen called (but improperly so) a monkiy.

Fixture. A term applied to all articles of a personal nature affixed to land. This annex-
ation must be by the article being let into or united with the land, or with some sub-

stance previously connected therewith.

Flags. Thin stones used for paving, from one and a half to three inches thick, and of

various lengths and breadths, according to the nature of the quarry. See Landixcj.

Flake White. In painting, lead corroded by the pressing of grapes, or a ceruse prepared

by the acid of grapes. It is of Italian manufacture, and for the purity of its white far

surpasses the wliite lead of this country.

Flamboyant Period. The term applied to a period of mediaeval architecture in France,

in which the mullions and tracery terminate in waved lines of contrary flexure in flame-

like forms. Examples of it occur about the beginning of the loth century, and con-

tinue down to the middle of the 16th, being coincident nearly with the latter part of

the period of our Ornamental English, and the whole period of the Florid English, cr

Tudor, style.

Flange. A projection round the edge of a pipe or other article of metal, to admit of its

being fastened to a similar projection by screws, rivets, or bolts. The |_-shaped pieces

of wrought iron, used in girder work, are also called "flanges," and are employed for

securing iron plates at right angles to each other, and for suspending one piece of work
to another.

Flank. (Fr. Flanc.) That part of a return body which joins the front. In town house s

the party-walls are the flank walls. Same as End.
Flashing. (Probably from Fr. Flaque, a splash.) Pieces of lead or other metal let into

the joints of brickwork so as to lap over the metal of gutters, or along the slatinj; of a

roof, and thus prevent the rain getting access behind the latter, and so injuring tho

interior works.

Flat. That part of the covering of a building laid horizontal, or sufficiently sloping to

tiirow off the water, and fini.shed with lead or other material, perhaps to be walked upon.

Flatting. In house painting, a mode of painting in oil, in which the surface is left, when
finished, without any gloss. The material or paint is prepared with a mixture of oil

of turpentine, which secures the colours, and when used in the finishing, leaves the paint

quite dead. The process is of use where it is desirable that the surface painted should

retiiin the colour. It is only used fjr inside work and in the best apartments. Nut oil

and poppy oil may be used for the purpose, both of which are good media for the

colour.

Flkmish Bond. In brickwork, the laying of each course of bricks as headers and stretchers,

one course breaking joint with that over and under it.

LEMiSH Bricks. A species of bricks used for paving, whereof seventy-two will pave a

square yard ; thej' were originally imported from Flanders, are of a yellowish colour,

and harder than common bricks.

'iBUR-DE-Lis. An ornament like a lily, and often used as a finial ; it is a favourite form

in decoration.

'L.3X1BIL1TY. (Lat. Flecto.) That property of bodies which admits of their bending. It

is opposed to sfiffnens on the one hand, am! hrlUlencss on the other; stiff bodies being

such as resist bonding, and brittle todits tlioso which cannot be bent without a disrup-

tion of their paits.
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Flekuph. Tlie bending or curve of a lino or surface. The point of contrary flexure is

that point of a curve where the curvature alters from convex to concave, or the rc'verj.c,

us respects the first direction of the curve.

Flight of Steps. In a staircase is the series of steps from one landing place to another.

Thus, the same staircase between one floor and another may consist of more than one

flit^ht of steps ; the flight being reckoned from lauding to landing. See Floor.

Flint. A material used in building walls where chalk abounds. Common flints are

nearly pure silica. They usually occur in irregular nodules in chalk. Their origin is

still an unsolved geological problem.

Float. In plastering, a long rule with a straight edge, by whicli the work is reduced to

a plane surface.

Floated Lath and Plaster. Plastering of three coats, whereof the first is -pricking-icp,

the secDud, floating or floated work ;
and the last, of tine stuff.

Floated Work. Plistering rendered perfectly plane by means of a Float.

Floating Screeds. Strips of plaster previously set out on the work, at convenient inter-

vals, for the range of the floating-rule ov float.

Floor. (Sax. Flope.) The pavement or boarded lower horizontal surface of an apartment.

It is constructed of earth, brick, stone, wood, or other materials. Carpenters include in

the term the framed timber work on wliich the boarding is laid, as well as tlie boards

themselves. lu carpentry, it denoti s the timbers which support the boarding, called

also naked, flooiing and carcass flooring.

The term floor is, moreover, applied to the stories of a building, as ba.^onent floor,

ground floor, &c. When there is no sunk story, the ground story becomes the basement

floor, and the next floor the principal floor, cout'iining the principal rooms; in many
country houses they are on the ground floor, but in those of the town mostly on the

one piir floor. The expressions, one pair, two pair, &c., imply a story above the first

flight of stairs from tiie ground, and so on.

Floor. Folding or Folded. One in whicii tlie floor boards are so laid that their joints

do not appear continuous throughout the whole lenglli of the floor, but in bays or folds

of three, four, five, or moi'e boards each.

Floor. Straight Joint. That in which the floor boards are so laid that their joints or

edges form a continued line throughout tlie direction of their length; in opposition to

folding floor, wherein the joints end \n folds.

Floor Cloth. Stout canvas covered witli coarse oil paint, and then printed with a pattern,

more or less elaborate. It should be thoroughly dry before being used, else it soon

wears out. Kamptulicon, a preparation of caoutciiouc and ground cork ; and Linoleum,

produced from uxydised linseed oil mixed with ground cork, and rolled on to strong

canvas, are late and good substitutes for the common floor cloth. Coriicine, and Cork

CWr/iei: are other similar materials; v/\\\\& Boulmikon, or buflfalo hide floor-cloth, is a

late candidate for jiublic favour.

Floor Joists. The joists supporting the boards of the floor ; but when tlie floor consists

of binding joists, which are secured into the girders, and bridging joists, the bridgings

are never called floor joists.

Floriated. Cai'ved in imitation of flowers or loaves, either conventional or natural, and

generally applied to decorated capitals, corbels, and bosses.

Florid period of English medisjeval architecture is the same as the Perpendicular
PERIOD, and is also called the Tud ir style.

Flue. The long open tube of a chimney from the fire-place to the top of the shaft, for

voidance of the smoke. See Chimney.
Fluing. The same as Splayed.
Ilush. (L:it. Fluxus.) A term used by workmen to signify a continuity of surface in two

bodies joined together. Thus, in joinery, the style, rails, and muntins are usually made
flush ; that is, the wood of one piece on one side of the joint does not project or recede

from that on the other.

Flush. In masonry or brick-work, the aptitude of two brittle bodies to splinter at the

joints where the stones or bricks come in contact when contiguous in a wall.

Flush. (Verb.) A term to denote the complete bedding of masonry or brick-work, in

the mortar or cement used for the connection of the stones or bricks, so as to leave no

vacant space where the stones or bricks do not nicely fit in their places.

Flush bolt. A bolt of iron or brass let into the woodwork so that it does not project

beyond the face of it. The bolt has to bo worked by the thumb or a finger.

Flutks or Flutings. Upright channels on the shafts of columns, usually ending hemi-

sphorii'ally at top and bottom. Their plan or horizontal section is sometimes circular

or segmental, and sometimes, as in the Grecian examples, elliptical. The Doric column
has twenty round its circumference ; the Ionic, Corinthian, and Composite have twenty-

four. The Tuscan column is never fluted. Flutes are occasionally crtft/ct^. See Caklb.

Flyers. Steps in a flight of stairs that are parallel to each other. See Winder.
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YT'sci BuTTRKS3. A Luttress in the form of an arch, springing from a solid mass of

masonr}^ and abutting against tiie springing of another arch which rises from the upper
points of abutment of the first. It is emploj-ed in most of the cathedrals, and its office

is 10 act as a counterpoise against the vaulting of the navo. If flj'ing buttresses were
built solid from the ground, it is obvious that they would interfere with the vista aloa^
the aisles of the church ; hence the project of continuing a resistiince by means of arches.

Their stability depends on the resistiance afforded by the weight of the vertical buttress,

whence they spring. See Aec-boutant and Buttress.
cus. In geometry and the conic sections, a point on the concave side of a curve, to

which the rays are reflected from all points of such curve.

DDER or FoTHBR. A Weight among the plumbers of London of 19^ cwt.

ENiLiA, (Lat.) See Granary.
iL. The small arcs in the tracery of Gothic windows or panelling. See Cusp.
i.DED Floor. See Floor.
LDiNG Doors Such as are made to meet each other from the opposite jambs to which
they are hung ; and when they ore rebated together, their edges meet folding over each
other, with a bead at the joint, to give the appearance of one entire door.

LDiNG Joint. A joint made like a rule-joint or the joint of a hinge.

LiAGE.. A sculptured group of the leaves of plants and flowers, so arranged as to form
architectural ornaments, as in friezes, panels, &c., and in the capitals of the Corinthian
and Composite orders.

LiATiON. The use of small arcs or foils in forming tracery.

NT. A vessel, generally of stone or metal, fo'r containing the water of baptism in the

Christian Church. The body of the font is usually a large block of stone hollowed out,

and supported by a short column, single or clustered, and elevated on a base ; sometimes
two or three steps lead to the platform on which the font may be fixed. Ancient
exampk'S occur where they are made of metal. Some of the early fonts are extremely
beautiful, and wrought with great richness of decoration. The singular inscription

frequently found on the walls of baptisteries occurs also occasionally on ancient fonts :

NIVON ANOMHMATA MH MONAN O^IN, which, reading equally well both ways, admo-
nishes the reader to cleanse himself from sin, not less than to use the outward ceremony
of baptism.

lOT. (Germ. Fuss.) A measure of length, but used also in a sense which expresses sur-

face and solidity. Thus we shv, a foot superficial and a foot cube. As this term is used

in almost all languages as a linear measure, it has doubtless been derived from the

length of the human foot. It seems in all other countries, as in England, to be divided

into twelve equal parts, or inches. See Measures.
The English standard foot (31 Edw. 1.) is=12 lineal English inehes = 36 barley-

cnrns=16 digits = 4 palms = .3 hands = 5j nails = l^ spans=r515l Gunter's links —

•938306 ft. of France = -3047 met. of France. The foot is divided by geometricians into

10 digits, and each digit into 10 lines, &c. The French, as the English, divide the foot

into 12 inches, and the inch into 12 lines. The foot square or superficial is a foot each

way, and contains, therefore, 12x12=1-1:1 superficial inches = 2'29o684 square links.

The glazier's foot in Scotland = 61 square Scotch inches. The Scotch foot is to the

English foot as 1 066 to 1-000, being in fact the French foot.

The length of the foot varies in different countries. The Paris royal foot exceeds

hat of England by 9^ lines. The ancient Roman foot of the Capitol consisted of 4

palms =11^ English inches. The Rhinland or Leyden foot, used by the northern

aations of Europe, is to the Roman foot as 950 to 1000. The following table exhibits

he length of the foot in the principal places of the Continent, the English foot being

livided into 1000 parts, or 12 inches :

—

jondon
Kmsterdam -

kntwerp
5ologna

5remen
Cologne

Jopenhagen -

)antzig

>ort - - -

rankfort-on-the-Maine

orrain

antua

lono
942
046

1204
9G1

954
965
944

1184
948
958

1 569

Ft. In. Lines.

12

11 2

11 3

1 2 4

11 6

11 4

11 6

11 3

1 2 2

11 J

11 c

1 6 8

4 .N
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Mechlin --------
Middleburgh
Paris royal foot, according to Greaves -

. according to Bernard - . -

_ — according to Graham, from the mea-

sure of half the toise of the Chatelet, the toisp

being six Paris feet - - - - -

. according to Mounier -

from the two last

Prague ........
Rhiulaud or Leyden -.-...
Kiga
Rome ---------
Strasbourg

Spanish ........
Toledo
Turin
Venice---------
Greek ---------
Old Roman, according to Greaves - - - -

from the monument
of Statilius' - -

Parts. Ft. In. Lines.

919 11

991 11 9

1068 1 9-7

1066 1 9-4

1 065-41

6

106O-351

1 06.V4 1 9-4

1026 1 3

1033 1 4

1831 1 9 9

967 11 6

920 11

1001 1

899 10 7

1062 1 /

1162 1 1 9

1007 1 1

967 11 6

972 11 7

Mr. Raper {Philos. Trans, vol. li.), from various authorities, determines the mean of

the Roman foot to be nearly 968 parts of the London foot ; and he considers that befor»»

the reign of Titus the Roman foot exceeded ^^ of the London foot, and aftei-wards,

in the reigns of Severus and Diocletian, it fell short of 965. Cagnszzi, from examina-
tion of the monuments of antiquity in Herculaneum and Pompeii, detormines tho Roman
foot at -29624 metre, which, the metre being 3-2808992 English feet, would make the

old Roman foot ^j^ of the English foot.

List of feet of all ci untries aa drawn up by Dr. Thomas Young from Hutton, Cavallo.
Howard, Vega, and others :

—

English Feet.

AltdorfE foot ... - -775 Hutton.
H.

Amsterdam foot

Amsterdam ell

Ancona foot -

Antwerp font -

Aquileia foot -

Aries foot

Augsburg foot

Avignon= Aries.

Barcelona foot
Basle foot

Bavarian foot -

Bergamo foot -

Berlin foot
Berne foot
Besan90n foot -

Bologna foot -

Bourg en Brcs-se foot

Brabant ell. in Germany
Bremen foot -

Brescia foot
Brescian braccio
Bresla'j foot -

Bruges foot

Brussels foot -

Bras-sels, greater ell

Brussels, lessei- ell -

Castilian vara -

Chamtery foot

China mathematical tout

China imperial foot

Chinese li

Cologne foot -

C'oustai.tinoi.lo

0-27

930
931

•.>-2:13

I -282

•!M0

M28

97-.>

•9:)2

944
•9fi8

1-431

•.»n2

•9li2

1-01.5

(1-244

1 1-2.10

1-030

2-2«S

Cavallo.

Howard.
C.
H.
H.
H.
H.
II.

H.
H.
Beigol.

H.
H.
Howe.
H.
H.
Cavallo.
H.
Vega.
II.

l-5(i0 H.
2-092 C.
1-12.5 H.
•749 n.

( -902

1 -9,54

H.
V.

2-278 V.
2-245 V.
2-7JU c.
1-107 H.
1-127 H.

1
1-061 IT.

1 1-0.50 V.
(il 16-000 c.

•9o:l H.
(2-195 If.

( 1-1G5

Copenhagen foot
Cracow foot
Cracow gi-eater ell -

Cracow smaller ell -

Dantzlc foot -

Dauphind foot
Pelft foot
1 )enmark foot -

Dijon foot

Dordrecht foot

Dresden foot -

Dresden ell = 2 feet -

Ferrara foot -

Florence foot -

Florence braccio

Francho Comt6 foot

Frankfort= Hamburgh

Genoa palm

Genoa canna -

Geneva foot
Grenoble = Dauphinf

.

Haarlem foot -

Halle foot

Hamburgh foot

Heidellierg foit

Inspruek foot -

Leghorn foot -

Leipzig foot -

Leipzig ell

Leyden foot -

Licgo foot
Lisbon foot

Lucca braccio -

Lyons = Dauphin(>.

Madi-id foot -

Madrid vara -

English Feet.
1-049 H.
1-1 G9
2-0-24

1-S.'.5

•923

1-119
•.)47

1-017

1-030

771
•929

1 S.-,7

1-317

995
1 -900 )

1-910 f

1-172

812
809
81

7-300

1^919

H. V.
V.
V.
H.
H.
H.
H.
H.
H.
Wolfe.
V.
H.
H.

Cavallo,

H.
H.
H.

937
•977

•933

•903

l^lOl
•992

1-034

1833
1-02.3

944
9-52

1-958

I
•915

I
-918

3-2U3

, [ Cavallo.

C.

u.

n
H.
H.
H.
H.
H,
H.
H.
H.
H.
H.
ir.

H.
How.
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Sraestriclit foot
MaJta palm ....
Mantua brasso
Mantuan braccio= Brescia
Marseilles foot
Mechlin foot ....
Mentz foot ....
Milan decimal foot...
Milan aliprand foot

.

Milanese braccio
Modena foot ....
Monaco foot ....
Montpelller pan ...
Moravian foot....
Moravian ell -

Moscow foot - . . -

Monich foot . . - .

Naples palm ....
Naples canna ....
Niiremburg town foot

Nuremburg country foot
Nurembu g artillery foot
Nuremburg ell ...
Padua foot ....
Palermo foot . . . -

Paris foot ....
Paris met-e - - - .

Parma foot ....
Parmesan braccio -

Paviafoot ....
Placentia=Parma -

Prague foot - . . .

Prague ell - - - -

Proveuce= Mar:oilles.

Rhinland foot....
Riga = Hamburgh

.

Roman palm ....
Roman foot - . - .

Roman deto, 1-inth foot

Roman oncia, l-12th foot

Roman palmo....
Roman palmo di architettura
Roman canna di architettura -

Roman staiolo....
lioman canna dei mercanti (8 1

palmsj I

English Feet.
•91G H.
•915 H.

1-521 H.
C.

•8U H.
•753 H.
•9SS H.
•855 H.

1-42G H.
1-725 C.
2-081 H.
•771 H.
-777 H.
•971 V.

2-594 V.
•928 H,
•947 H.

J
•861 II.

I -859 C.

6-aon C.
( -996 H.
1 ^997 Y.
•907 H.
•961 V.

2-166 V.
1-406 H.
•747 If.

1^0C6 H.
3-280899-.'

1-869 H.
2-242 C.
1-540 H.

C.
(-987 H.
1 ^972 V.
1-948 V.

( 1-023 H.
11-030 Eytelwein.

•733 IT.

9fi6 Folkes.
•0604 F.
•0805 F.

•2515 F.
•7325 F.

7^325 F.

4^212 F.

6 5365 V.

Roman braccio dei meroanti (4 p

palms)
)

Roman braccio di tessitor di
|

tela
)

Roman braccio di arcliitettura
Rouen= Paris....
Russian arschine ...
Russian verechok ( 1 -1 6th arsch.)
Russian foot = to the English.
Savoy= Chambery .

Seville= Barcelona ...
Seville vara ....
Siena foot ....
SteUin foot - - .

Stockholm foot

Strasbourg town foot
Strasbourg couiitrv foot -

Toledo=iladad " -

Trent foot ....
Trieste ell for woollens -

Trieste ell for silk -

Tiuin foot ....
Turin ras ....
Turin trabuco - - - .

T\rol foot ....
Tyrol ell

Valladolid foot

Venice foot ....
Venice braccio of silk

Venice ell ....
^enice braccio of cloth .

Verona foot ....
Vicenza foot ....
Vienna foot - -

Vienna ell - - . -

Vienna post mile -

Vienne in Dauphin^ font
Ulm foot
Urbino foot ....
Utrecht foot . . . .

Warsaw foot . . . .

Wesel= Dordrecht . -

Zurich foot ....

English Feet.
2-7876 P.

2-856 C.

F.

2-561 C.

H.
[
2-3625 C.

[2-3333 Phil Mag.
•14.58

2-760

1-239

1-224

[
1-073

1
-974

-.056

•967

1-201

2-220

2-107

(
1-676

i
1-681

1^958

10-085
1-096

2-639

•908

1-137
1-140

1167
2-108

2-089
2-250

1-117

1 -186

I 1-036

i 1-037

2-557

24-888

1-058
-826

1-162

•741

1-169

f
-979

1-984

H.
H.
C-

H.
H.
H.
Celsius.

H.
H.
H.
H.
H.
H.
H.
C.

C.

C.

V.
V.
H.
H.
How.
C.
C.

V.
C.

H.
H.
H.
How.
V.
V.
H.
H.
H.
H.
H.
H.
H.
Phil. Mag

Foot of the ErE Dirkctok. In perspective, that poiut in the directing line made bv a
vertical plane passing tlirougli the eye and the centre of tlie picture.

Foot op a vertical Line. In perspective, that point in the intersecting line -which is made
by a vertical plane passing througji the eye and the centre of the picture.

Foot Pace or Half Pace That part of a st^iircase -whereon, after the flight of a few
steps, a broad place is arrived at, on -which two or three paces may be taken before

coming to anotlier step. If it occur at the angle turns of the stairs, it is CJilled a

quarter pace.

Footins Beam. The name given, in some of the provinces, to the tie-beam of a
roof.

Footings of a Wall. The projecting courses at the base of a wall to spread it, and thus

give security to tlie wall.

FooT-STALi>. Tlie base or plinth of a building. See Earth Table.

Force. In meclianics, the course of motion in a body wlien it begins to move, or when it

changes its direction from the course in which it was previously moving. "While ii body
remains in the same state, whetlier of rest,or of uniform and rectilinear motion, tlie

cause of its so remaining is in the nature of the body, wliieh principle has received the

name of inertia.

Forcer. In mechiinics, a solid piston applied to pumps for the purpose of producing a

constant stream, or of raising water to a greater hciglit than it can be raised by the

pressure of the atmosphere.

Fore Front. Tlie principal or entrance front of a building.

Fore Plane. In carpentry and joinery, the first plane used after the saw or axe.

Foreshorten. In perspective, the diminution whicli the representation of the side or

part of a body has, in one of its dinjensions, compared with the other, ocavsioned by
the obliquity of the corresponding side or part of the original body to the plane of

prcjection.

4 K 2
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FoftM. The external appearance or disposition of the surfaces of a body, in -which sense

it is synonymous with Figure.

loKMERET. The arch rib, which in Gothic groining lies next the wall, and is consequently

less than the other ribs which divide the v;mlting.

Forum. (Lat.)- In ancient archite> tare, a public market ; also a place where the common
courts were held, and law pleadings carried on. The fora of the Romans were large

open squares surrounded by porticoes, parts whereof answered for market-places, other

parts for public meetings of the inhabitants, and other paris for courts of justice ; the

forum was also occasionally used for shows of gladiators. There were in Rome seven-

teen ; of these fourteen were for the sale of goods, provisions, and merchandise, and

called Fora Venalia ; the other three were for civil and judicial proceedings, and called

Fcyra Civilia et Judicialia. Of the latter sort was the furum of Trajan, of which the

Trajan column formed the principal ornament.

Foundation. The ground prepared for the footings of a wall to be placed thereon. The
concrete and footings of a wall are sometimes called the " foundations."

Foundry. A building in which various metals are cast into moulds or shapes.

Fountain. (Lat. Fons.) Any natural or artificial apparatus by meais whereof water

springs up. In natural fountains the ascensional effect is produced by the hydrostatic

pressure of the water itself; in artificial fountains, by the same sort of pressure, or

by that of compressed air, and sometimes by machinery.

Fox TAIL Wedging. A method of fixing a tenon in a mortise by splitting the end of the

tenon and inserting a projecting wedge, then entering the tenon into the mortise, and
driving it home. The bottom of the mortise resists the wedge, and forces it farther into

the tenon, which will expand in width, so as not only to fill the cavity at the bottom,

but be firmly compressed by the sides of the mortise.

Frame AND Framing. (Sax. Fpamman, to form.) The rough timber work of a house,

including floors, roofs, partitions, ceilings, and beams. Generally, any pieces of wood
fitted together with mortises and tenons are said to be framed, as doors, sashes, &c.

Franking. A term used by the mak-rs of window-sashes, and applied to the mode of

forming the joint where the cross-pieces of the frame intersect each ether, no more wood
being cut away than is sufficient to show a mitre.

Freking Beads. Tlie beads formed on the elbows of the boxings of a window, to allow

of the shutters rising high enough to come on to the Ivead of the window sill.

Free Stone. It is an old term that has no very distinctive meaning, but one which \t

commonly employed when speaking of any stone, whether it be a sandstone or a lime-

stone, that is capable of being easily toole I, quite irrespective of its chemical compo-
sition, such as Portland stone, Eatli stone, Yorkshire stoue, some Scotch stone. &c.

French Casements. Windows turning upon two vertical edges attached to the jambs,
and, when shut, lap together like folding doors upon the other two parallel edges,

and are fastened by means of a long bolt called an Espagnoletto bolt, extending their

whole height. French casements are made in the form of the old English window,
the two meeting styles, which lap together, forming a munnion about four inches in

breadth. The lower part only of the window is moveable, the upper being fixed, and
having a corresponding munnion ; the lower rail of the fixed part and the upper rail

of the moveable part forming a transom. The upper part is now sometimes made to

open on centre pivots at the sides, to allow of ventilation to the apartments whilst the

casement is closed.

Fresco Painting. (It. Fresco, fresh.) A system of wall or ceiling decoration in which a

painting is executed by incorporating the colours on the plaster before it is dry, by

which it becomes very permanent.
Frette or Fret. A species of ornament consisting of one or more small fillets nieetint

IBllSllisra rFTm^ikiL3ri|
I

U^ ILh^
lLfaii

rig. una.

in vertical and horizontal directions. {See Jiff. 1406.) The sections of the channels
between the fillets is rectangular.

Fret-work. Ornamental decoration ra'sed in protuberan.^es.

I'riction. (Lat. Frico, I rub.) The resistance produced by the rubbing of the surfaces

of Lwo solid bodies a/jainst each other.

Frieze, Freeze or Frize. (Ital. Freaio, adorned.) That member in the entablature of

an order between the architrave and cornice. It is always pliin in the Tuscan ; orna-

mented with triglyphs and sculpture in the Doric (See Wetopa) ; in the modern or

Italian Ionic it is often swelled, in which case it is said to he jmlvinatfd or ctishiotted

;

and in the Corinthian and Composite it is variously decorated with figures and foliage,

«
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The illustr.ttion is from the western end of the

Fig. 1407.

according to the taste of the architect

Parthenon at Athens, pre-

senting a portion of the _

Panatlieiac frieze It is one
of the fine speeimens of

Grecian art of the Elgin

collection in the British

Museum. {Fig. 1407.)
Frieze of the Capitai,. The
same as the Hvpothachk-
LIUM.

Frieze Panel. The upper
panel of a six-panelled door.

Fbieze Rail. The upper rail

but one of a six-panelled

door.

Frioidarium. In ancient ar-

chitecture, the apartment in

which the cold bath was
placed. The word is some-
times used to denote the

cold bath itself.

,

1'roxt. (Lat. Frons.) Any side or face of a building, but morecommonlj used to denote
the entrance side.

Frontal. The cloth hung in front of the altar, also called antcpenditini.

Frontispiece. (Lat. Frons and Inspicio.) The face or fore-front of a house, but the
term is more usually applied to the decorated entrance of a building.

Fronton. The French term for a pediment.

Frosted. A species of rustic-work, imitative of ice, formed by irregular drops of water.

Frijwey TdMHER. Such as works freely to the plane without tearing, whose grain there-

fore is in the same direction.

Frustum. (Lat.) In geometry, the part of a solid next the base, formed by cutting o9
the top, or it is the part of any solid, as a cone, a pyramid, &c., between two planes,

which may be either parallel or inclined to each other.

Fulcrum. (Lat.) In mechanics, the fixed point about which a lever moves.

Funnel. (Lat. Infundibulum.) That part of a chimney contained between the fire-placo

and the summit of the shaft. See Chimney.

Furniture. (Fr. Fournir, to furnish.) The visible brass work of locks, knobs to doors,

window-shutters, and the like.

Furring. (Fr. Fourrer, to thrust in.) The fixing of thin scantlings or laths upon the

edges of any number of timbers in a range, when such timbers are out of the surface

they were intended to form, either from their gravity, or in consequence of an original

deficiency of the timbers in their depth. Thus the timbers of a floor, though level at

first, oftentimes require to be furred ; the same operation is frequently necessary in the

reparation of old roofs, and the same work is required sometimes in new as well as old

floors.

FuKRiNGS or F'lERiNGS. Picces of wood used to bring a surface to a level with others.

FuSAROLE. (It.) A member whose section is that of a semicircle carved into beads. It

is generally placed under the echinus, or quarter round of columns in the Doric, Ionic,

and Corinthian orders.

Fust. (Fr. Fut.) An old term for the shaft of a column or trunk of a pilaster. It is

also a term used in Devonshire, and, perhaps, in some other counties, to signify the

ridge of a house.

G

Gable. (Brit. Gavel.) The vertical triangular piece of wall nt the end of a roof, from

the level of the eaves to the summit

Gablet. A small gable, or gable-shaped decoration, as intro luced on buttresses, &c.

Gage. See Gauge.

Gain. In carpentry, the bsvelled shoulder of a binding joist, for the purpoie of giving

additional resistance to the tenon below.

Galilee. A porch usually built near the west end of abbey churches. The galilees of

Durham and Ely are found in the situation here described. The last mentioned is still

used as the principal entrance to the church. The porch, south-west of the great

transept, at Lincoln Cathedral is also sometimes called a galilee. The word has been

frequently used, but improperly, to designate the nave of a church. Many conjectures



have been made on the origin of this term, but the most commonly received op.nion,

founded on a passage in the writings of St. Gervase of Canterbury, is, tliat when

a female applied to see a monk, she was directed to the porch of the church, and

ans-wercd in the words of Scripture, " He goeth before you into Galilee, there shall

you see him."

Gallery. (Fr. allee couverte.) The name given to one of the structures called Celtic

and Mcgalithic, and formed of upright stones covered -with flat ones.

Galleuy. (Fr. Galerie.) An apartment of a house, for diflferent purposes. A common
passage to several rooms in any upper story is called a gallery, A long room for the

reception of pictures is called a picture gallery. A platform on piers, or projecting

from the wall of a church and op3n in front to the central space is also called a gallery.

The Whi'spering Gallery at St. Paul's is another example of the various uses of the

word. The whole or a portion of the uppermost story of <a theatre is likewise called a

gallery.

Galiet. See Garhetino.
Gaol. A prison, or place of legal confinement.

Gaiiden Sheds. Erections for containing garden implements, flower-pots, hot-bed frames,

and glass sashes, &c. ; also for working in during bad weather. They are best placed

on the back wall of the greenhouse, and thus hold the furnaces, fuel, and other articles.

Gargouille, or GrRGOVLE. The carved repre.sentations of men, monsters, &e., on the

exterior of a church, and especially at the angles of the tower, serving as waterspouts,

being connected with the glitters for the discharge of the water from the roof.

Garlanbs. (Fr.) Ornaments of flowers, fruit, and leaves anciently ufeed at the gates of

temples where feasts or solemn rejoicings were held.

Garnets, Cross A species of hinge used in the most common works, formed in the

shape of the letter X turned thus \—, the verticjil part being fastened to the style or jamb
of the doorcase, and the horizontal part to the door or shutter.

Garuet. The upper story of a house taken either partially or wholly from the space

within the roof. It is also an epithet applied to rotten wood.

Garreting, or Galleting. Inserting small splinters or chips of stone or flint, called

galleti, in the morbir joints of rubble work, after the walls are built.

Gate. (Sax. Ijoac). A large door, generally fr;imed of wood. The widtli of gates

should be from eight and a half to nine feet, and the height from five to eight feet. The
materials of gates should bo well seasoned previous to use, otherwise they will be soon

injured by the sun and wind. Tiie parts should be also very correctly put together.

For durability, oak is the best ; but some of the lighter woods, as deal, willow, and

alder, are, on account of their lightness, occasionally used. These, however, are more
for field-bar gates than close gates.

Gateway. A passage or opening formed through an enclosure wall or fence. It is also

given to a building placed at the entrance of a property, and through which access is

obtained, and guarded by a gate, or formerly by a portcullis drawbridge.

Gathering of the Wings. See Chimney.
Gauge, or Gage. In carpentry or joinery, an instrument for drawing one or more lines

on any side of a piece of stuff parallel to one of the arrisses of that side. Of this tool

there are four sorts ; the common gauge and the flooring gauge (which are both applied

to the drawing of a line parallel to an arris), the internal gauge, and the mortise and

tenon gauge.

This term is also used to signify the length of a slate or tile below the lap;

also the measurp to which any substance is confiu'-d.

Gauged Arch. One having the bricks or stones formed radiating to a centre. The bricks

have to be cut, and, in very good Avork, they are also rubbed, to get a fine joint.

Gauged Stuff. In plasterer's work, stuflF composed of three parts of lime putty and one

part of plaster of Paris, to set quicker. In bricklayer's work, it is the same proportion

of mortar and Roman or Portland cement, used for filletings and in setting chimney-

pots.

Gavel. The same as Gable.
GEMjrELS. A mediseval term for hinges. See GiMBii.s.

Generating Curve. See Evolutb.
Generating Line or Plane. In Geometry, a line or plane which moves according to a

,

given law. either round one of its extremities as a fixed point or axis, or parallel to
.j

itself, in order to generate a plane figure, or solid, formed by the space it has gone

over.

Genesis. (Gr.) In geometry, the formation of a line, plane, or solid, by the motion of a;|

point, lino, or plane. See Generating Line.
Geometric Proportion. A building designed by geomotriGil figures, as the square, the

triangle, &c.
Geometrical. That which has a relation to geometry.
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GeoMktrical Decoeateu. The period of iijediEeval architecture in whicli the tracery and
other ornamentation consisted entirely of distinct geometrical forms, and in wliich the
principle of verticality and unity by a subordination of parts was fully developed.

Geometrical Staircase. That in which the flight of stone stairs is supported by the
wall at only one end of the steps

Geometrt. (Gr. Ttj, the eartli, and Merpco, I measure.) That science which treats of the
objects of figured space. Its etymology implies the object of measuring land. The
invention of the science has been referred to a very remote period: by some, to the
Babylonians and Chnldeans ; by others to the Egyptians, who are said to have used it

for determining the boundaries of their several lands after the inundations of the Nile.

Cassiodorus says that the Egj'ptians either derived the art from the Babylonians, or
invented it after it was known to them It is supposed that Thales, who died 648 B.C.,

and Pythagoras of Samos, who flourished about 620 B.C., introduced it from Egypt into

Greece. Whatever the origin, however, of the term, the occasions on which it is neces-
sary to compare things with one another in respect of their forms and magnitudes are
so numerous in every stage of society, that a geometry more or less perfect must have
existed from the fir.«t periods of civilisation.

Geometry, descriptive. The art of representing a definite body upon two planes at
right angles with each other, by lines falling perpendicularly to the planes fro.m all the
points of concourse of every two contiguous sides of the body, and from all points of its

contour, and, vice versa, from a given representation to ascertain the parts of the
original objects.

Geometry, practical. The method of working problems in geometry.
Ghaut. A Hindoo term for a landing place, s^eps on the banks of a river, a pass

between mountains, and the mountains themselves, especially the eastern and western
ranges, which cut off from the upper or table land the narrow strips of low coast that
intervene between them and the sea.

GiBLEA Cheque, Giblet Cheek or Check. A term used by Scotch masons to denote the
cutting away of the right angle formed by the front and returns of the aperture of a
stone door-case, in the form of a rebate or reveal, so as to make the outer side of the
door or closure flush with the face of the wall.

GiLDiXQ. The practice of laying gold leaf on any surface.

Gimbals, Gimhols, or Gimbles. (Lat. Gemellus.) A piece of mechanism consisting of

two brass hoops or rings which move within one another, each perpendicularly to its

plane, about two axes at right angles to each other. A body suspended in this manner,
having a free motion in two directions at right angles, assumes a constantly vertical

position. See Gemmels.
Gimlet, or perhaps more properly Gimblet. (Fr. Guimbelet.) A piece of steel of a

semi-cylindrical form, hollow on one side, having a cross handle at one end and a worm
or screw at the other. Its use is to bore a hole in a piece of wood. The screw draws
the instrument into the wood when turned by the handle, and the excavated part, form-
ing a sharp angle with the exterior, cuts the fibres across, and contains the core of the

wood cut out. It is used for boring holes larger than is effected by the bradawl.

Girder. (Sax. nyptan, to enclose.) The principal beam in a floor, for supporting the

binding or other joists, whereby the bearing or length is lessened. Perhaps so called

because the ends of the joists are enclosed by it. An iron or timber girder carries

a wall or assists to carry a floor. See Bressumeh.
Girdle. A circular band or fillet surrounding a part of a column.

Girt. The length of the circumference of an object, whether rectilinear or curvilinear, on

its horizontal section. In timber measurinor, according to some, it is taken at one-fourth

of the circumference of the tree, and is so taken for the side of a square equal in area to

the section of the tree cut through, where the perimeter is taken in order to obtain the

Glass. (Germ.) A transparent, impermeable, and brittle substance, of which there are

different sorts used in building. The " Times " paper of February 6th, and otb.ers in May,

1875, stated that a Frenchman had discovered that glass heated to redness, and then

cooled or annealed in oil, greatly increased its toughness, while its transparency remained

the same. Thus a plate of glass supported at the ends would resist a weight falling

two feet, but when treated as above it would resist the same weight falling six or eight

feet. See Crown Glass, Sheet Glass, Plate Glass.

Glass Painting. A decoration frequently used in buildings. It is the mctliod of painting

on glass in such a manner as to produce the effect of the drawing, v, hich has to be pre-

pared by an artist for it. A French painter of Marseilles is said to have been the first

who instructed the Italians in this art, during the pontificate of Julius II. It was,

however, practised to a considerable extent by Lucas of Leyden and Albert Durer. See

Stained Glass and Pot Metal.

LAZIER. An artisan whose employment is that of fitting and fixing glass.
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Glue. (From the Lat. Gluten.) A tenacious viscid matter made of the skins and hoofs of

animals, for cementing two bodies together. Glue is bought in cakes, and is better tiie

older the skin of the animal from whicii it is made. That which swells without dis-

solving when steeped in water is the best. To prepare glue it should be broken into

small fragments and then steeped in water about twelve hours. It should be then

heated in a leaden or copper vessel till the who!e is dissolved, stirring it frequently

with a stick. After this it is put into a wooden vessel and remains for use. A water-
tight joint in wood can be obtained by grinding glue and white lead in equal propor-

tions, boiled in linseed oil, so as to make tlie liquid of a whitish colour, and strong but
not thick. It is also useful for external work. " Marine glue " is a very strong liquid

matter, the material often giving way before the joint.

Glyph. (Gr. T\v<f>ci>, I carve.) A sunken channel, the term being usually employed in

reference to a vertical one. From tlieir number, those in the frieze of the Doric order

are called triglyphs.

Gltptotheca. (Gr. r\v<pi», and ©t/ktj, deposit.) A building or room for the preservation

of works of sculpture. See Cyzicenus.

Gneiss. A species of granite which, from excess of mica, is generally of a lamellar or slaty

texture. It is a term used by the miners of Germany.
Gnomon. (Gr. ryuixoov.) An instrument for measuring shadows, and thereby determining

the sun's height. In dialling, it is the style of the dial, and its shadow marks the hour.

It is placed so tliat its straight edge is parallel to the axis of the earth's rotation. In

geometry, a gnomon is that part of a parallelogram which remains when one of the

parallelograms about its diagonal is removed ; or the portion of the parallelogram com-
posed of the two complements and one of the parallelograms about the diagonal. The
t«rm is found in Euclid, but is now rarely used.

GoBHETs. Blocks of stone; and also squared blocks of stone.

GoccioLATOio. (It.) The same as Corona.
GoDOWN. The Bengalese term for a warehouse or cellar.

GoDRooN, or Gadroon. An ornamented moulding, consisting of headings or cablings.

GoLA, or GuLA. (It.) The same as Cyma.
Goniometer. (Gr. rai'ia, an angle, and Merpo), I measure.) An instrument for measuring

solid angles.

GopuRA. The Indian name for a gate-tower in the wall enclosing the space of ground in

which are the cell and porch forming a temple in the south of Hindostan. In elevation

it is pjTamidal like a pagoda ; but instead of being square like the temple in plan, the

gopura is merely a yylon, sometimes 130 feet wide by 100 feet deep, pierced in the mid-
dle of the longer sides by a gateway whii'h occupies a seventh or even a fourth of the

width of the tower. The pile is covered liy a crested roof, resembling a boat with the

keel uppermost. Among the finest examples are those at Seringam, at Combaconum, and
at Cliillambaram, dating about 990-1004.

Gorge. The same as Catetto. Iha gorgerin \s a diminutive of the term.

GoRGONKiA. (Gr.) Key-stones carved with Gorgons' heads.

Gothic Architecture. The name given about the end of the seventeenth century to the

Pointed architecture of the mediaeval period, and now called MBDi.a5VAi, Architectueh.'
GouFiNo Foundations. A Scotch term, signifying a mode of securirg unsound walls by

driving wedges or pins under their footings.

Gouge. A chisel whose section is of a semicircular form.
Gkadetti. (It.) The same as Annulets.
Gradient. Good lists are given in Builder, 1863, p. 818 ; and xvii. p. 214.

GrjEcostasis. a hall or portico adjoining the Roman comitia, in which foreign ambas-j

sadors waited before entering the senate, and also whilst waiting the answer that wasj

to be given to them.
Grain. The line of direction in M-hich some materials can be split transversely.

Graining. The imitation of the grains or texture of certain ornamental woods, by means

of paint worked over by a comb and other implements required to represent the various

sorts. It is also called " combing."
Granary. (Lat. Granum.) A building for storing corn, especially that intended to be

kept for a considerable time. Vitruvius cfills those buildings intended for the preserva-

tion of grain granaria, those for hay foenilia, and those for straw farraria. The term

horreum was used by the Romans for denoting buildings not only for the preservation

of corn, but for various other effects.

Grand. A term used in the fine arts, generally to express that quality by which the

highest degree of majesty and dignity is imparted to a work of art. Its source is, m
form, freed from ordinary and common bounds, and to be properly appreciated requires

an investigation of the different qualities by which great and extraordinary objects

produce impressions on the mind.
Granof. a farm-yard or farmery, consisting of a farm-house and a court of offices for

the different animals and implements used in farming, as also of barns, feeding houses,

poultry houses. &c.
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Ghamite. This word is apparently a corruption of the Latin word gcranites, used by
Pliny to denote a particular species of stone. Tournefort, in the account of his Voyage
to the Levant in 1699. is the first of modern writers who uses the name. The constituent

pnrts of true granite are concretions of felspar, quartz, and mica, intimately joined

together, but without any basis or ground. They are variable in quantity. Granites

vary in colour, as the white, red, pink, blue, &c. See Gneiss.
Grass Table. See Earth Table.
Gratictjlation. The division of a design or draught into squares, for the purpose of

reducing it to smaller dimensions.

Gravel. A term applied to a well-known material of small stones, varying in size from
a pea to a walnut, or something largei*. It is often intermixed with other substances,

as sand, clay, loam, flints, pebbles, iron ore, &c. It is used for roads and for concrete.

Grave-stone. A flat stone placed over the grave of a deceased person, on which the

name, dates, &c., are engraved.

Gravity. See Specific Gravity.
Grecian Architecture. The refined works of the ancient Greeks, as exhibited in the

buildings at Athens and numerous other cities of Greece, Asia Minor, Sicily, &c. The
chief principle of construction was the entablature and columns.

GiiEco-Roman Style. The style of architecture adopted by many architects in England
at the end of the last century, in which the severity of the ancient Greek style is modi-
fied by the richness and elaborate details of that of the Eoman, together with the intro-

duction of features such as the arch, adapted to the requirements of the style and of the

present era.

Gree, Grees, Grese, or Grysb. An old word, signifying a step, steps, or degrees.

Greek Cross. See Cross, /^. 1387.

Greek Masonry. The manner of bonding walls among the Grecians. See Masonry.
Greenhouse. A building for sheltering in pots plants which are too tender to endure the

open air the greater part of the year. It is constructed with a roof and one or more
sides of glass, and being erected for luxury should not be far away from the

dwelling-house, so that the greatest enjoyment may be had from it. At the same time
it should, if possible, be near the flower garden, as being of similar character in use. The
length and breadth can only be determined by the wealth and objects of the proprietor.

The best aspects are south and south-east, but any aspect may, in case of necessity, be
taken, if the roof be entirely of glass, and plenty of artificial heat be supplied. In those

greenhouses, however, which face the north, the tender plants do not in winter succeed

60 well, and a greater quantity of artificial heat must then be supplied, and the plants

should, in such case, be chiefly evergreens, and others that come into flower in the summer
season, and grow and flower but little during the winter. The plants in greenhouses

are kept in pots or boxes on stages or shelves, so as to be near and follow the slope of

the roof, and thus made more susceptible of the action of the sun's rays immediately on
passing through the glass.

An orangery, from being constructed with a ceiled roof, differs from a greenhouse ; it

is. moreover, chiefly devoted to plants producing their shoots and flowers in the summer
season, and in the open air ; the use of the orangery being merely to preserve them
during the winter. The structure is more properly called a conservatory, though this

term is now applied to buildings with glass roofs, wherein the plants are not kept in

pots, but planted in the free soil, and wherein some are so reared as to grow and flower

in the winter months.

Gkey Stocks. Bricks of the third quality of the best or malm bricks.

GfiiNDiNa. The act of taking off the redundant parts of a budy, and forming it to its

destined surface.

Grindstone. A cylindrical stone, mounted on a spindle through its axis, with a winch-

handle for turning it, to grind edge-tools.

Grit Stone. One of various degrees of hardness ; mostly of a grey, sometimes of a yellow-

ish colour. It is composed of a siliceous and micaceous sand, closely compacted by
an argillaceous cement. It gives some sparks with steel, is indissoluble, or nearly so, in

'. acids, and vitrifiable in a strong fire. It is used for millstones more than for building.

Groin. (Sax. lipoptn, to grow.) The line formed by the intersection of two arches,

which cross each other at any angle. See Cross Vaulting}.

Groined Ceilins. One f jrmetl by three or more curved surfaces, so that every two may
form a groin, all the groins terminating at one extremity in a common point.

Groined VAri.TiNG. A vaidt which is formed by groins springing from various points

and intersecting. The varieties are described in Book II. Chap. 1, p. 388 ; and Chap.

3. p. 608.

Groove. (Sax. D, apan, to dig.) A sunken rectangular channel. It is usually employed

to connect two pieces of woofl together, the piece not grooved having on its edge a

projection or tongue, whose section corresponds to and fits the groove.



Grotesque. (Fr.) A term applied to capricious ornaments which, as a whole, have no
type in nature, consisiing of figures, animals, leaves, flowers, fruits, and the like, all

connected together.

Ground Floor. The floor of a building level, or nearly .«o, with the surface of the chief

thoroUQ:hfare or the land around it. It is not always the lowest floor, the basement
being frequently beneath it. A floor, -if on such a level, as in some country mansions,
becomes a ground floor, though generally called a basement.

Ground Glass. The white effect given to glass by grinding it with emery powder, and
thus obscuring it, so that it cannot be seen through.

Ground Joists. Those which rest upon sleepers laid upon the ground, or on bricks, prop
stones, or dwarf walls ; they are only used in basement and ground floors.

Ground Line. In perspective, the intersection of the picture with the ground plane. See
Ground Plane.

Ground Niche. One whose base or seat is on a level with the ground floor.

Ground Plan. The plan of the story of a house level with the surface of the ground, or

near to it.

Ground Plane. In perspective, the situation of the original plane in the supposed level

of our horizon. It differs from the horizontal plane, which is said of any plane parallel

to the horizon ; whereas the ground plane is a tangent plane to the surface of the earth,

and is supposed to contain the objects to be represented. The term groimd plane is used
in a more confined sense than that of original plane, which may be any plane, whether
horizontal or inclined.

Ground Plate or Ground Sill. The lowest liorizontHl timber on which the exterior

walls of a building are erected. It chiefly occurs in timber buildings, or in buildings

whose outside walls iire formed of brick panels with timber framings.

Ground Plot. The plan of the walls of a building where they first commence above the
foundation, tliough more properly it is the piece of ground selected to receive the
building. Por dwellings, its chief requisites are a healthy situation, a convenient supply
of water, good drainage, a pleasant aspect, &c. If for trade or manufacture, it should
be conveniently placed for receiving the raw material, and for exporting the articles

manufactured.

Grounds. In joinery, certain pieces of wood attached to a wall, to which the finishings are
fastened. Their surface is flush with the plastering. Narrow grounds are those whereto
the bases and surbases of rooms are fastened. Grounds are used over apertures, as well

for securing the architraves ns for strengthening the plaster. That the plaster may be
kept firm, should the wood shrink, a groove is sometimes run on the edge of the ground
next to the plaster, or the edge of the ground is rebated on the side next to the wall, bo

that in the act of plastering the stuff is received into the groove or rebate, which pre-

vents it from shitting when it becomes dry. Wide grounds are framed.
Grouped Columns or Pilasters. A term used to denote three or more columns placed
upon the same pedestal. When two only are placed together they are said to be coupled.

Grout, (Sax. DpuT.) A semi-liquid mortar, composed of quicklime and fine sand,

poured into the joints of masonry, and those of large masses of brickwork at every
four courses or so, in order to fill up the joints well, which process is CixWedi grouting.

It is not required when tlie joints are properly flushed up.

Growing Shore. See Dead Shore.
Gudgeon. The axle of a wheel, on which it turns and is sup]iorted. To dimini.'^h friction

gudgeons are made as small as possible in diameter, consistent with their weight. They
are often made of c;ist iron, on account of its cheapness, but wrought iron of the same
dimensions is stronger, and will support a greater load.

Gcilloche. (Fr.) An ornament in the form of two or more bands or strings twisting

over each other, so as to repeat the same figure, in a continued series, by the spiral

returning of the bands. The term is applied, but improperly so, to a Frkt.
GiiLA, or GoLA, or Gueulb. (It.) Synonymous with Cymatium.
Gunter's Chain. One used for measuring land, and taking its name from its reputed

inventor. It is 66 feet, or 4 poles, long, and divided into 100 links, each whereof is

joined to the adjacent one by three rings ; the length of each link, including the adja-

cent rings, is therefore 7"02 inches. The advantage of the measure is in the facility it

affords to numerical calculation. Thus the English acre, containing 4,840 yards, and
Gunter's chain being 22 yards long, it follows that a square chain is exactly the tenth

part of an acre, consequently the contents of a field being cast up in square links, it is

only necessary to divide by 100,000, or to cut off the last five figures, to obtain the con-

tents expressed in acres.

GrRGOTLE. See Gargoyle.
GuTTyK. See Drops.
GiTTRR and Guttering. A canal to the roofs of houses, to receive and carry off rain-

water. Gutters are made of metal or of tiles, which are either plain or concave ; these
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last are called gutter tiles, and so adapted to each other as to lie laid with great ease.

The Romans had gutters of terra-cotta along the roofs of their houses, and the rain-

water from them ran out through the heads of animals and other devices placed in tho

angles and in convenient parts. Zinc is often used for gutters, but should only be fixed

to temporary erections. An Auris Gutfer is formed of wood. The channels on each
side or in the middle of a roadway to carry off water, are called gutters.

Gymnasium. (Gr. rv/xfaa-iov, from rvfj.vos, naked.) Originally a space measured out and
covered with sand for the exercise of athletic gamps, the gymnasia in the end became
spacious buildings, or ins-titutions, for the mental as well as corporeal instruction of

youth. They were first erected at Lacedaemon, whence they spread through the rest of

Greece, into Italy. They did not consist of single edifices, but comprised several buildings

and porticoes for study and discourse, for baths, anointing rooms, palaestras, in which
the exercises took place, and for other purposes. It is also a building for the practice

of physical games, and instruction in gymnastic exercises ; and in Russia and Germany
it is the schiiol below the academy or university, where the scholar receives a superior

education and learns its application in life.

Gyx-Eckum. (Gr. rvvaKiioi>.) In ancient architecture, that portion of the Grecian house
set apart for the occupation of the female part of the family

Gypsum. (Probably from Ftj, earth, and E\l/ui, I concoct.) Crystals of native sulphate
of lime. Being subjected to a moderate heat to expel the water of crystallisation, it

forms plaster of Paris, and when water is applied to it, it immediately assumes a solid

'form. Of the numerous species, alabaster is, perhaps, the most abundant.

n
Habitable Rooms. These are required by the Metropolis Local Management Act, 1855,

c. 120, to be not less tlian 7 feet high. When placed in the roof they must, be of that

height at least, throughout not less than one half of the area of such room. When under-

ground, they must bo of that height at least, 1 foot of which must be above the surface

of the footway of the street. They must have, for their entire frontage, an open area

from 6 inches below the level of the floor to the surface of the footway and 3 feet wide
in every part; they must be effectually drained; have a fire-place with a proper chim-

ney or flue ; and an external glazed window of at least 9 superficial feet in area, clear

of the frame, and made to open in an approved manner. There must be appurtenant to

such room or cellar a water-closet or privy, and an ashpit furnished with proper doors

and coverings.

Hack. In brickmaklng, the row in which crude bricks are laid to dry after being

moulded, and before being placed in the clamps or kilns to be burnt.

Hacking. In walling, denotes the interruption of a course of stones, by the introduction

ofanoilier on a different level, for want of stones to complete the thickness. Thus
making two courses at the end of a wall of the same height as one at the other. Tlie

last stone laid is often notclied to receive the first stone of the other where the two

heights commence. Hacking is never permitted in good work. The term is used more

in Scotland than in England. Taking down old plastering from a wall or ceilir.g, is

called "hacking off."

Hacking-out Knife. An implement used in cutting old putty out of the rebates of a

bar of a light, before inserting a new pane of glass. As this operation injures the bars,

a liquid preparation is now often used for softening the putty.

Hagioscope. (Gr. ayws, holy, and o-Koirhs, mark.) An aperture made in the interior

walls or partitions of a cliurch, generally in the sides of the chancel arch, to enable per-

sons in the aisles, or side chapels, to see the elevation of the host. They are techni-

cally called squmts, and sometimes elevation apertures ; and now written Agiosoj)e.

Half-pace. See Foot Pace.

Half Round. A si'Uiicircular moulding which may be a bead or torus.

Half-timber BriLDiNG. A structure formed of studding, with sills, lintels, strut's, and

braces, sometimes filled in with brickwork, and plastered over on both sides. Cottages

were usually lathed and plastered on the outside only, the upright timber work showing

on the inside. The outside woodwork was sometimes painted black.

Hall. (Sax. Hal.) A name applied indifferently to the first largo apartment on entering

a house, to the public room of a corporate body, a court of justice, or to a manor house.

Vitruvius mentions three sorts of halls ; the Tetrastyle, which has four columns sup-

porting the ceiling ; the Corinthian, which lias columns all round, and is vaulted
;
and

the Egyptian, which has a peristyle of Corinthian columns, bearing a second order with

a ceilina:. These were called aci. In magnificent edifices, where the hall is larger and

loftier than ordinary, and is placed in the middle of the house, it is called a saloon
;

• and a royal apartment consists of a hall or chamber of guards, a chamber, an uiito-

chambei% a cabinet chamber, and a gallery.



Halving. A method of joining timbers by letting them into each other. It is preferable

to mortising, even where the timbers do not pass each olher, as they are less liable to

be displaced by shrinking.

Ham. (Sax.) Properly a house or dwelling place ; also a street or village, whence it has

become tlie final syllable to many of our towns, as Notting^wwi, Backingham, &c. ; hence,

too, hamlet, the diminutive of ham, is a small street or village.

JIammee Beam. A beam acting as a tie at the feet of a pair of principal rafters, but not

extending so as to connect the opposite sides. Hammer beams are used chiefly in roofs

constructed after the Gothic style, the end which hangs over being frequently supported

by a concave rib springing from the wall, as a tangent from a curve, and in its turn

supporting another rib, forming an arch. The ends of hammer beams are often decorated

with beads and other devices. The finest example of sui-li a roof is at Westminster Hall.

Hance. The small arch which olten joins a straight lintel to a jamb. Hence the term

Hance arch.

Hanu-raii. of a Stair. A rail raised upon slender posts, called balusters, to prevent per-

sons falling down the well hole, as also to assist them in ascending and descending.

Handspike. A lever for raising a weight, usually of wood, and applied to the holes in a

c<apstan head.

Hang over. (Verb.) A term used to denote the condition of a wall when the top pro-

jects beyond the bottom.

Hangings. Linings for rooms of arras, tnppstry, paper, or the like. Paper hangings were

introduced early in the seventeenth century.

Hanging Stile of a Door. That to which the hinges are attached.

Hardware. Ironmongery is so called.

Harmonic Proportion. That which, in a series of quantities, any three adjoining terms

being taken, the dilFerence between the first and second is to the difference between the

second and third, as the first is to the third.

Harmus. (Gr. 'Ap/xos.) In ancient architecture, a tile used for covering the joint between

two common tiles.

Harness Room. A room wlierein harness is deposited. It is absolutely requisite that it

be dry and kept clean. Its situation should be near the stable it is destined to serve.

Hasp. The fastening to a common casement. See Snacket and Staple.

Hassack. The provincial name for Kentish rag stone.

Hatchet. (Fr. Hachette.) A small axe used by jointrs for r. ducing the edges of boards.

Haunches of an Arch. The parts between the crown and the springing.

Hawk. A small quadrangular tool with a handle, used by a plasterer, on which the stuff

required by him is served, for his proceeding with the work in progress. He has always

a boy attendant on him, by whom he is supplied with the material. The boy in ques-

tion is called a Hawk boy.

Head. See Aperture.
Head and Foot Stones. The upright stones placed to the grave of a deceased person,

and on which the name, dates, &c., can be engraved.

Header. In masonry and brickwork, the stone extending over tlie thickness of a wall.

Hence the term Heading c 'urse.

Heading Joint. In joinery, the joint of two or more boards at right angles to the fibres,

or in handrailing at right angles to the back ; this is so disposed with a Anew of con-

tinuing the length of the board when too short. In good work the heading joints are

ploughed and tongued, and in dadoes are, moreover, connected with glue.

Headway of Stairs. The clear distance, measured perpendicularly, from a given landing-

place or stair to the ceiling above, whether of the stairs or landing.

Heart Bond. In masonry, that in which two stones of a wall forming its breadth, have
one stone of the whole breadth placed over them. See Bond.

HniRTH. See Chimney. See Slab.
IIkatheu Koof. a covering used in Scotland, by some considered superior to straw.

Hecatompedon. (Gr.) A temple one hundred foet in front. A term applied to the

Parthenon. Fig. 1458, 99 and 100.

Mr. Penrose's measurement gives the length of top of upper step as lOrS-41 English
feet = 100 Attic feet. Length of the same 228-141 English feet.

Heek. The same as Rack.
Heel. A term used by workmen to denote a cyma reversa.

Heel of a Rafter. The end or foot that rests on the wall plate.

Height. The perpendicular distance of the most remote part of a body from the plane on

which it rests.

Height of an Arch. A line drawn from the middle of the chord or span to the

intrados. It is also called the ver.^ed shie.

Helical I»ine of a Handrail. Tlie spiral line twisting round the cylinder, representing

the form of the handrail before it is moulded.

i
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ITei.iocamixl's. (Gr. 'H\ios, the sun, and Kafxipos, a furnace.) A chamber in the Roman
houses whicli depended on the rays of the sun for warming it.

Hkliosckne. An outside blind invented of late years, formed like the louvres of a venti-

lator, whicIi keeps out the rays of the sun, ensures ventilation, and permits a clear

view from the inside of the room to the window of which it is applied.

LIelix. (Gr. "HAi|, a kind of ivy whose stalk curls.) A small volute or twist under

the abacus of the Corinthian capita!, in which there are, in every perfect capital,

sixteen, called also nrill<s; viz., two at each angle, and two meeting under the middle

of the abacus, branching out of the caulicoli or stalks, wliich rise from between the

leaves.

Hem. The spiral projecting part of the Ionic capital.

Hemicycle. a semicircle; the term is used architecturally to denote vaults of the cradle

form, and arches or sweeps of vaults, constituting a semicircle.

Hemisphere. In geometry, the half of a globe or sphere, when divided by a plane pass-'

ing through its centre.

Hemitiuglyph. a half triglyph.

Heitagon. (Gr.) A geometrical figure of seven sides and angles.

Hermitage. A small hut or dwelling in an unfrequented place, occupied by a hermit.

Imitation buildings in a park, as a resting place, are so called.

Herring Bone Work. In paving, a disposition of bricks or ttones laid

diagonally (see diagram in the margin), each length receiving the eod of the

adjoining brick or stone. In walling, courses of stone or bricks laid angularly

in the face of a wall, in a similar manner. Sometimes there is a horizontal

course of stones or bricks laid between each angular course. See Ashlar.

Hewn Stone. That which is reduced to a given form by the use of the mallet and
chisel.

Hexagon. ('E| and Tuvia, angle.) In geometry, a plain figure bounded by six straight

lines, which, when equal, constitute the figure a regular hexagon.

Hexahedron or Cube. (Gr 'E| six, and 'E5pa, seat.) One of the five regular solids, so

called from its having six faces or seats.

Hk.xastyle. (Gr. 'E| and
2ru\os, column.) That
species of temple or build-

ing having six columns in

front. (Fig. 1408.) See

Colonnade.
Hick -JOINT Pointing. That

species of pointing in

which, after the joints are

raked out, a portion of su-

perior mortar is inserted

between the courses, and

made perfectly smooth with

the surface. See Pointing.

Hieroglyphics. {'Upos, sa-

cred, and r\v<paj, 1 en-

grave.) Sculpture or pic-

ture-writing, which has

obtained the name from

being most commonly found on sacred buildings. They consist in the expression of

a series of ideas by representations of visible objects. The name, is, however, more

particularly applied to a species of writing used l>y the ancient Egyptians, of three

different varieties of characters:— 1. The hieroglyphic, properly so called, wherein the

representation of the object conveys the idea of the object itself. 2. That m which the

characters represent ideas by images of visible objects used as symbols. 3. That

consisting of yho7ietic characters, in which the sign does not represent an object but a

sound.

Hindoo Architectuhe. See Indian Architecture.

Hinges (from Hang.) The metal joints upon which any body turns, such as doors,

shutters, &c. There are many species of them, as described under the names.
_

Hip. a piece of timber placed between every two adjacent inclined sides of a hip roof,

for the purpose of receiving what are called the jack rafters.

Hip Knob A finial, placed at the end of the ridge piece of a roof, or apex of a gable, and

against which abuts the barge board of a gable ; it is often 4inished with a p. ndaiu.

Hjp Mould. A term used by some workmen to denote the back of the hip
;
by others it

is used to signify the form or pattern by which the hip is set out.

Hip or Hipped Roof. A roof whose return at the end of a building r.scs immediatflj

Teiuple of I lie«eus Tt 'Vtheii'!



from the wall plate -with the same inolination as the adjacent sides. The back of a hip

is the angle made on its upper edge, to range with the two sides or planes of the rouf,

between which it is placed. The jack rnfters Rve those short rafters which are shorter

than the full-sized ones to fill in against the hips.

Hip or Cornkr Tiles are those used at the hips of roofs ; tliey are ten inches long, and of

appropriate breadth and thickness, and bent on a mould before burning.

Hippodrome. (Gr. 'liriros, a horse, and Apo/xos, a course.) In ancient architecture a

place appropriated by the Greeks to equestrian exercises, and one in which the prizes

were contended for. The most celebrated of these was at Olympia. It was four'stadia

(each 625 feet) long, und one stadium in breadth.

Hoard. (Sax. Ho. is, to keep.) A timber enclosure round a building, in the course of

erection or under repair.

Hod. a utensil employed by labourers for carrying mortar or bricks.

Hogging. That curve upwards or convexity which is given to the middle of a long line,

as the ridge of a roof, to prevent it appearing to have sunk in that part of it. It is

carrying out the scamilli impares recommended by Vitruvius for the same purpose.

Holdfast. A long nail, with a flat short head for securing objects to a wall.

Hollow. A concave moulding, whose section is about tiie quadrant of a circle ; called,

sometimes, by the workmen a casement.

Hollow Newel. An opening in the midillc of a staircase. The term is used in contra-

distinction to solid newel, into which the ends of the steps are built. In the hollow

newel, or well hole, the steps are only supported at one end by the surrounding wall of

the staircase, the ends next the hollow being unsupportf d.

FTollow Quoins. Piers of brick or stone made behind the lock gates of canals.

EIoLLow Wall. One built in two thicknesses leaving a cavity between them, for the

purpose of preventing rain being drifted through the brickwork into the apartment, or

for preserving a unifonn temperature therein. They are tied together at intervals

by iron ties, square slate, &c. A lining of slate in the cavity has lately been added.

EIoMESTALL and Homestead. A mansion, or seat in the country.

Homologous. In geometry, the corresponding sides of similar figures. The areas and

solid contents of such figures are likewise homologous.

ilooD Mould. The projecting moulding forming a drip to protect the other mouldings

to a door or window. See Label.

looK. (Sax. Hoee.) A bent piece of iron, used to fasten bodies together, or whereon to

hang any article. They are of various kinds.

looK Pin. The same as Draw-bore Pin.

[oRizoNTAL Cornice. Tiie level part of the cornice of a pediment under the two inclined

cornices.

loRizoNTAL Line. In perspective, the vanishing line of planes p.irallel to the horizon.

loRizoNTAL Plane. A plane passing through the eye parallel to the horizon, and pro-

ducing the vanishing line of all level planes.

loRizoNTAL Projection. The projection made on a plane parallel to the horizon. This

may be understood perspectively, or ortliographically, according as the projecting rays

are directed to a given point, or perpendicular to a given point.

loRN. A name sometimes given to the Ionic volute.

Torreum. See Granary.
Torse Block. A square frame of strong boards, used by excavators to elevate the ends

of their wheeling planks.

loRSE Run. A contrivance for drawing up loaded wheelbarrows of soil from the deep

cuttings of foundations, canals, docks, &c., by the help of a horse, which goes back-

wards and forwards instead of round, as in a horse-gin.

loRSEsiiOE Arch. An arch which, being higher than a semicircle, the radius is continued

down on to the capital. It is chiefly used in Saracenic architecture.

Iospital. a building erected for the care of sick persons. It is also given to one for

infirm persons, as Greenwich Hospital, but that is properly an infirmary.

losTEL or Hotel. (Fr. Hotel.) This word is useil to denote a large inn, or place of

public entertainment; but on the Continent it is applied to a large house, either of a

private or public nature. One of the most interesting of the former class in Paris, is

that of the ce'ebrated Hotel de Cluny {fig. 1409), now containing a museum of mediseval

antiquities. It was erected at the end of the 15th century, the works being resumed in

1490, after some interruption, by Jacques d'Amboise, Abb6 of Cluny. (See page 239.)

loT House. A general term for the glass buildings used in gardening, and including

stoves, greenhouses, orangeries, and conservatories. Pits and frames are mere garden

structures, with glass roofs, the sides and ends being of brick, stone, or wood, but so

low as to prevent entrance into them ; they cannot therefore be considered as hot-

houses.

lorsp,. (Germ. Ilav.* /^ A human habitation or place of abode of a family. Amongthe
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nations of tlie east and of the south, houses are flat on the top, to which ascent is general
on the outside. As we proceed northward, a declivity of the roof becomes requisite to
throw off the rain and snow, whicli are of greater continuance in higher latitudes.
Amongst the ancient Greeks, Romans, and Jew.s, the houses usually enclosed a quad-
rangular area or court,

open to the sky. This

part of the house was
by the Romans called

the i-nipluvium or caves-

dium, and was provided

with channels to carrj

off the waters into the

6evver.s. Both the Ro-
man and Oreek house
is de.scribed by Vitru-

vius, to whose work we
must refer the readei

for further information

on these heads. The
word house is used in

various ways ; as in

• the phrase, "a religious

house," either the build-

ings of a monastery, or

the community of per-

sons inhabiting theni

may be designated. In
the middle ages, when
a family retired to the

lodge connected with

the mansion, or to their

country seat, it was
called " keeping their

secret house." Every
gradation of building

for habitation, from the

cottage to the palace, is

embraced by the word
house, so that to give a

full account of the re-

quisites of each would
occupy more space than

can be devoted to the

subject in this place.

Housing. The space taken

out of one solid for the insertion of the extremity of another, for the purpose of connect-

ing them. Thus the string board of a stair is most frequenMy notched out for the

reception of the steps.

Hovel. An open shed for sheltering cattle, for protecting produce or materials of different

kinds from the weather, or for performing various country operations during heavy

rains, falls of snow, or severe frosts.

Hovelling. A mode of preventing chimneys from smoking, by carrying up two sides

higher than those less liable to receive strong currents of air; or apertures are left on

all the sides, so that when the wind blows over the top, the smoke may escape below.

Hue. In painting, any degree of strength of colour, from its deepest to its weakest tint.

Hundred of Lime. A denomination of measure which, in some places, is equal to thirty-

five, in others to twenty-five, heaped bushels or bags, the latter being the quantity

about London, that is, one hundred pecks. The hundred is also used for numbering,

thus deals are sold by the long hundred, or six score. Pales and laths are sold at five

score to the hundred if five feet long, and six score if only three feet long. The hundred

weight is 112 lbs. avoirdupois ; the long hundred weight is 120 lbs. ; so that the former

is to the latter as -93333 to 1.

Hung, double and single. A term applied to sashes ; the first when both the upper

and lower sash are balanced by weights, for raising and depressing ; and the last when

only one, usually the lower one, is balanced over the pulleys.

HuRKiCANK. A violent storm of wind, calculated at a velocity of from 80 to 100 niilob

per hour ; and to exercise & force of from SlA to 49 lbs. per superficial foot. In places

Fig. 1409. Hdtel de Cluny, Paris.



where buildings are subject to destructive hurricanes, the prec<tutions to be observed

have been described in the Papers, Sec, of the Corps of Koyal Engineers, new series,

1851, vol. i. The whole of the roof should be fixed down to the wall-plate, and the

wall- plate to the wall; the wall being made strong enough to resist the powerful cur-

rent of air rushing against it. Where buildings are of wood, the framework should be

tied into the ground, or into stone piers fixed in the ground. During the hurricane at

IJarbadoes, on the 11th August. 1831, buildings having substantial partitions at short

intervals, withstood the blast, whilst others without them were blown down. Inside

buttresses would answer the purpose. Shutters should be made to open on pivots at top

and bottom. Joists used in galleries and verandahs, when let into the wall, tend to upset

it. All brickwork should be English bond well grouted throvghout, the bricks having

first been well saturated with water, and the mortitr made of four parts of sand care-

fully selected, mixed with one of coral lime ; this mixture seis very strong. In the

hurricane mentioned, a small building arched like a gunpowder magazine was uninjured
;

and a hospital building, well tied with iron, also withstood the storm. Eoofs when
reconstructed had diagonal bracing inserted to stiffen the rafters

;
parapet walls were

found to protect roofs. Flat roofs, such as those used in the Mauritius, are perhaps

the best to use.

Hut. a small cottage or hovel, generally constructed of earthy materials.

IIvDRAULics. (Gr. 'TSoip and AvKos, a pipe.) That branch of natural philosophy which

treats of the motion of liquids, the laws by which they are regulated, and the effects

which they produce. By somic authors the term hj/drodynamics is used to express the

science of the motion of fluids ger.erally, whilst the term hydraulics is more particularly

applied to the art of conducting, raising, and confining water, and to the construction

and performance of waterworks.

Hydrostatics. (Gr. 'thtup and Sraw, I stand.) The science which expl.tins the properties

of the equilibrium and pre.'-sure of liquids. It is the application of statics to the pe-

culiar constitution of water, or other bodies, existing in the perfectly liquid form. The
following is the fundamental law wh.ereon the whole doctrine of the equilibrium and
pressure of liquids is foundeil : when a liquid mass is in equilibrium under the action

of forces of any kind, every molecule of the mass sustains an equal pressure in all

directions.

Hvp^aiTHRAL. (Gr. 'Tiro, under, and hiBttp, the air.) A building or temple open to the

air. The temples of this class are arranged by Vitruvius under the seventh order,

which had ten columns on each front, and surrounded by a double portico as in dipteral

temples. The cell was open, whence the name, but it generally had round it a portico

of two ranges of columns, one above the other. See Temple.
Hyperbola. (Gr. 'Tfirep, over, and BaAAoi, I throw.) One of the conic sections, being

that made by a plane cutting the opposite side of the cone produced above the vertex,

or by a plane which makes a greater angle with the base than the opposite side of the

cone makes.
Hyperbolic Conoid, or Hyperboi.oid. A solid formed by the revolution of an hyper-

bola about its axis. See Conoid.
Hyperbolic Cylindroid. A solid formed by the revolution of an hyperbola about its

conjugate axis or line through the centre, perpendicular to the transverse axis.

Hyperthtrum. (Gr. 'Tjrtp and @vpa, a door.) The lintel of the aperture of a doorway.

Hypocaustum. (Gr. 'tiro, undnr, and Kaiw, I burn.) In ancient architecture, a vaulted

apartment, from which the heat of the fire was distributed to the rooms above by means
of earthen tubes. This contrivance, first used in baths, was afterwards adopted in

private houses, and is supposed to have diffused an agreeable and equal temperature

throughout the different rooms.
HYFoa/t:uM. (Or.) A term applied among the ancients to those parts of a building

which were below the level of the ground.
Hypopodium. a footstool used in the ancient baths.

Hyposcexium. In ancient architecture, the front wall of the theatre, facing the orchestra

from the stage.

Hypostyle. (Gr.) Work supported by columns ; a covered colonnade, or a pillared hall.

Hypotrachelum. (Gr. "tito, under, and Tpaxr;A.o?, the neck.) The slenderest part of

the shaft of a column, being that immediately below the neck of a capital.

Ice House. A subterranean depot for preserving ice during the winter. The most im-

portant advice that can be given to the builder of an ice house is, that it be .'io tlioroughly

capable of drainage, from the lowest point of its floor, as to permit no water ever to

collect upon it; this accomplished, no difficulty will, with common precaution, prevent

the preservation of the ice. The iispcct of such a building should be towards the south-
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east, that the morning sun may expol the damp air which is more projudioial than
warmth. If possible it should be placed on a declivity for the facility of drainage. At
the end of the drain which is to carry away the water arising from the melted ice, a
perfect air trap should be placed, to prevent all communication between the external
and internal air, from which trap the water should bo carried off without the possibility

of obstruction. With respect to the dimensions and form of the ice house, the former
may be of a medium diameter, from fifteen to twenty feet; a moderate size would be
from eight to fifteen feet. The best form is the frustum of an inverted cone, ten to twenty
feet deep, bricked round, and with double walls, a cavity of four inches being left

between them. The ice is sustained on a grated floor, through which the water is rapidly
carried off by the drainage first mentioned. The ice is best collected during the severest
part of the frost, and sliould be pounded as laid in the ice house, besides being well
rammed down as it is put in. Snow however, hard rammed, will answer when ice can-
not be obtained. The entrance may be at the top by double flaps well covered over
with straw ; or near the top at the side by a lobby with a door at each end, and filled

with trusses of straw to keep out the air.

IcHNOGRAPiiY. (Gr. Ix''os, a ' model, and Vpacpcc, I draw.) The representation of the
ground plot of a building. In perspective, it is its representation, intersected by aa
horizontal plane at its base or groundfloor,

IcosAHEURON. (Gr. EiKocTi, twenty, and 'E8pa, seat.) One of the five regular or platonio
bodies, bounded by twenty equilateral and equal triangles. It may be regarded as con-
sisting of twenty equal and similar triangular pyramids, whose vertices all meet in the
same point; and hence the content of one of these pyramids, multiplied by twenty, gives
the whole content of the icosahedron.

Image. In perspective, the scenographic or perspective representation of an object.

|mi?ow. (Verb.) To arch over or to vault.

iMiiRiCATED Tracery. A pattern formed like the tiles on a roof,

Impages. a term used by Vitruvius (lib. iv, c. 6.), which has usually been considered aa
meaning the rails of a door.

Imperial. (Fr.) A species of dome, whose profile is pointed towards the top, and widens
towards the base, thus forming a curve of contrary flexure.

Imperials. A sized slate used in roofing.

Ijipetu.s. (Lat.) In mechanics, the same with momentum or force.

Impluvium. (Lat.) In ancient architecture, the uncovered court of a house. In tha

summer time it was the practice to stretch an awning over it. The term is also applied

to the sinking in the fioor to receive the water.

Impost. (Lat. Impono, I lay on.) The capital ofa pier or pilaster which receives an arch.

It varies in the different orders ; sometimes the whole of the entablature serves as tha

impost to an arch. The term is applicable to any supporting piece. An impost is said

to be mutilated when its projection is diminished, so that it does not exceed that of the

adjoining pilaster which it accompanies.

Inbond Jambstonk. a bondstone laid in the joint of an aperture.

Incbrttjm. (Lat.) A term used by Vitruvius to designate a mode of building which con-

sisted of small rough stones and mortar, and whose face exhibited irregularly formed
masonry, not laid in horizontal courses. See Masoxry.

Inch. A measure of length, being the twelfth part of a foot, and is usually subdivided

into eighths and sixteenths. See Foot.

Incised Slab. A memorial to a deceased person, sometimes plainly lettered, and occa-

sionally ornamented with brasses; they usually formed the pavement of ancient

churches. See Mural Slab.

Inclination. (Lat.) The approach of one line, which if continued will meet another or

the same of two planes.

Inclined Plane. One of the five simple mechanical powers, whose theory is deduce 1

from the decomposition of forces;

Incrustation. (Lat.) Anything, such as mosaic, scagliola, &c,, apjilicd by some con-

necting medium to another body.

Indefinite. (Lat.) Anything which has only one extreme, whence it may be produced

infinitely as it is produced from such extreme.

Indented. (Lat.) Toothed together, that is, with a projection fitted to a recess.

Indian Architecture. The Buddhist and Mahometan buildings of Iliiidostan are

comprised under this title. Eock-cut temples, temples, pillars, monumental tombs,

halls, tanks, &c., show the energy and skill of these people, many of tlio works buing

profusely covered with sculpture and carvings, the earlier works chiefly having reference

to their religion.

Induration. (Lat.) A term applied to the firmer consistence which a body acquires from

various causes.

Inertia. (Lat. Iners.) A term applied to that law of the material world whicli is known

40
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to predicate that all bodies are absolutely passive or indifferent to a state of rest or

motion, and would ccntinue in those states unless disturbed by the action of some
extrinsic force. Inertia is one of the inherent properties of matter.

Infinite. (Lat. Infinitus, boundless.) In geometry, that which is greater than any
assignable magnitude ; and as no such quantities exist in nature, the idea of an infiuito

quantity can only, and that most imperfectly, exist in the mind by excluding all notions

of boundary or space.

Infirmary. A public building for the reception of infirm persons ; but the term is more
generally used to denote a sick ward attached to some public establishment.

Inlaid Work. Work in which the surface of a material is cut away to allow of the

substitution of metal, stone, cement, wood, ivory, tortoiseshell, mother-of-pearl, or

other substance, with a flush surface. Such is Buhl Work, Marquetuy, &c. Mosaic
Work in stone is also inlaid work. The inlaying of metal on metal is called

damascmiing. Veneering is also a species of inlaying.

Inner Plate. The wall plate, in a double-plated roof, which lies nearest the centre of

the roof; the side of the other wall plate, called the outer plate, being nearer the outer

surface of tlie wall.

Inner Square. The edges forming the internal right angle of the instrument called a
square.

Inserted Colttmn. One that is engaged in a wall.

Instruments, Mathematical. Those used for describing mathematical diagrams and
drawings of every description, when the figures or elementary parts of them are com-
posed of straight lines, circles, or portions of them. The indispensable instruments for

such operations are a drawing fen, a fair ofplain cornpasscs, commonly called dividers,

a pair of drawing compasses, a port crayon and "pencil foot, a pair of bow, of triangidar,

and of proportional compasses, a protractor in the form of a semicircle or rectangle,

and graduated on the edges, a plain scale, and a parallel ride.

Insular, or Insulated Building. Such as stands entirely detached from any other.

Insulated Column. One detached from a wall, so that the whole of its surface may be
seen.

Intaglio. (It.) Sculpture in which tlie subject is hollowed out, as for a seal, so tliat

the impression from it would present the appearance of a bas-relief.

Intavolata. The same as Cyma.
Intercepted Axis. In conic sections, that part of the diameter of a curve comprehended

between the vertex and the ordinate. It is also called the abscissa, and forms an arch

of a peculiar kind.

Intercolumniation. (Lat. Inter, between, and Columna, a column.) The distance between
two columns measured at the lower part of their shafts. It is one of the most important
elements in architecture, and on it depends the eflTect of the columns themselves, their

pleasing proportion, and tho harmony of an edifice. Intercoluniniations are of five

species, pi/cnosti/los, systylos, diastglos, arceostylos, and eiisti/los, which see.

Inteudentels. The space between two dentols. From a comparison of various example.s

it seems that the Greeks placad their dontels wider apart than tho Konians. In the

temple of Bacchus atTeos, the interdentel is two-thirds the breadth of the dentel, and iu

that of Minerva Polias at Priene, t'le interdentel is nearly three-fourths. In the temple
of Jupiter Stator at Eome, the interdentels are equal to half the breadth of the dentel.

Interduce. The same as Inteutie.
Interior Angle. An angle formed within any figure by two straight lined parts of tho

perimeter or boundary of the figure, the exterior angle being that which is formed in

producing a side of the perimeter of the fij^ure. Tlie term is also applied to tho two
angles formed by two parallel lines, when cut on each side of tho intersecting lino.

Interior and Opposite Angles. An expression applied to tho two angles formed by a

line cutting two parallels.

Intkrlacing Arches. Semicircular aches as in an arcade, the mouldings of which
intersect each other, as frequently seen in Norman arciiitecturo. Milner supposed
the Pointed stylo to have had its origin from them.

IxTER."^AL Angle. See Interior Angle.
Intertiks. Short pieces of timber used in roofing to bind upriglit posts togelher, in

roofs, in partitions, in lath and plaster work, and in walls with tinilier framework.
Intonaco. (It.) Tho term often applied to the whole coating of plastering upon a

wall or ceiling ; but properly it means the finishing coat only.
Intrados. 'J'ho interior and lower lino or curve of an arch. The exterior or upper curve

is called the rxfrad'is. Seo Arch.
Invkntion. (Lat. Invenio, I find.) In tho fine arts, tho choico and production of such

objects as are proper to enter into the composition of a work of art. "Strictly speak-

ing," says Sir Joshua Jleynolds, "invention is little more than a new comliination of

those images Avhich have been previously g.ithcrcd and deposited in the memory

:
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nothing can como of nothing; he who has Liid up no materials can produce no com-
binations.'' Tliougli there be notliing new under the sun, j'et novelty in art will be at-
tiinahle till all the combinations of the same things are exhausted, a circumstance that
can never come to pass.

Inverted Arch. An arch turned with its back and keystone downwards. It is used in
foundations, to distribute the weight of particular points over the whole extent of the
foundation, and hence its employment is frequently of the first importance in construc-
tive architecture. Such an arch has been used in some of the English Ciithedrals to
form a buttress between the piers of the central tower when they appeared to be giving
way from the weight above.

Involute, See Evolute.
Inward Angle. The re-entrant angle of a solid. See Interior Angle.
Ionic Order. The second of those employed by tlie Greeks, and the third used by the
Komans and in Italian architecture. The capital is known by tlie volutes. Deiitels
are used in the cornice. The proto-Ionic is considered to be found in the capital of the
columns at Perscpolis. The Authemion is an ornament peculiar to this order.

Irdn. One of the chief metals. The metallic products of the iron manufacture are of
throe kinds: malkahie or wrought iron, being pure or nearly pure iron : cast iron; and
sto'/, being certain compounds of iron with carbon. In all cases cast iron is best for
exterior, and wrought iron for interior purposes—as the former is not acted upon so
greatly by atmospheric influences.

luoNKD-iN. Ashlar work, when acted upon by water, is sometimes set in hydraulic
cement, the joints being filled and rubbed up so as to make the stuff curl out, which is

then to be neatly struck off and ironed-in to secure a good water-tight joint.

Ironmongery. The articles in iron and other ware, required by the builder during the
execution of his works ; such as bolts, locks, and other fastenings, hinges, nails, spikes,
screws, and such-like.

Irregular Figure. One whose sides, and consequently angles, are unequal to each other.
IsAGON. (Gr. \cros, equal, and Vievia, an angle.) A figure with equal angles.

IsLK or Ile. The old way of writing aisle or aile.

IsiiDOMUM. (Gr.) One of the methods of building walls practised by the Greeks. It was
executed in courses of equal thickness, and with stones of equal lengths. The other
method was called pseudisodomum, in which the heights, thicknesses, 'and lengths of
the stone were different. There was yet another mode called Emplecton.

Isometrical Projection. A system of drawing objects similarly to a bird's-eye view,

excepting that parallel lines are not made to radiate to vanishing points as in that and
in the usual perspective. It was matured about 1823 by Professor Earish, who explained

it in the Transactions of the Cambridge Philosophical Society, vol. 1. The figures

590/ and 590 p are drawn by this method of representation.

Isosceles Triangle. One in which two of the sides are of equal length

Italian Architecture. That adaptation of ancient Romau architecture which com-
menced at the period of the Eenaissance of Art in Italy.

Jack Arch. One whose thickness is only of one brick.

Jack Plane. A plane about eighteen inches long, used in taking off the rough surface

left by the saw or that of the axe, and for taking off large protuberant parts, to prepare

the stuff for the trying plane..

Jack Eafter. See Hip Eoof.

Jack Eibs. Those in a groin, or in a polygonally-domed ceiling, that are fixed upon the

hips.

Jack Timber. Any one interrupted in its length, or cut short.

Jamb Linings. The two vertical linings of a doorway which are usually of wood.

Jamb Posts. Those introduced on the side of a door, to which the jamb linings are fixed.

They are particularly used when partitions are of wood.

Jamb Stones. In stone walls, those which are employed in building the sides of

apertures, in which every alternate stone should go entirely through the thickuess of tli«

Jambs. (Fr.) The sides of an aperture which connect the two sides of a wall. See

Aperture and Chimney.

Jerkin Head. The end of a roof not hipped down to the level of the opposite adjoining

walls, the gable being carried higher than the level of those walls.

Jetty.
'

The projecting part of a building, as an upper story beyond a lower one.

Jewish or Hebrew Architecture. Very little beyond the references in the Scriptures

is known of the works of these ancient people. The excavations lately made at Jeru

ealem have not led to any discoveries of value relating thereto.

4 2
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Jib Door. A door so constructed as to have the same continuity of surface "with that of

the partition or wall in -which ic stands. Its use is to preserve an unbroken surface in

an apartment where one door only is wanted nearer to one end of a room than another,

and generally for the purpose of preserving uniformity.

JiBLET Cheek. See Giblet Check.

Joggle. The joint of two bodies so constructed as to prevent them sliding past each

other, by the application of a force in a direction perpendicular to the two pressures by

which they are held together. Thus the struts of a roof are joggled into the truss posrs

and into the rafters. When confined by mortise and tenon, the pressure which keeps

them together is that of the rafter and the reaction of the truss-post. The term is also

used in masonrj' to signify the indentation made in one stone to receive the projection

in another, so as to prevent all sliding on the joints. This may be also accomplished

by means of independent pieces cf material let into the adjacent stones. See Ckamp;

Dowel.
Joggle Piece. The truss post in a roof when formed to receive a brace or strut with a

Joiner. The artisan who joins wood by glue, framing, or nails, for the finishings of a

building.

Joinery. The practice of framingor joining wood for the internal and external finishings

of houses ; thus the covering and lining of rough walls, the covering of rougli timbers,

the manufacture of doors, shutters, sashes, stairs, aud the like are classed under this

head.
''

Joint. The surface of separation between two bodies brought into contact and held

firmly together, either by some cementing medium, or by the weight of one body lying

on another. A joint, however, is not merely the contact of two surfaces, though the

nearer they approach the more perfect the joint. In masonry, the disfcmces of the

planes intended to form the joint is comparatively considerable, because of the coarse-

ness of the particles which enter into the composition of the cement.

Jointer. In /owicry is the largest plane used by the joiner in straightening the face of

the edge of the stuff to bo prepared. In hricklayuig, it is a crooked piece of iron form-

ing two curves of contrary flexure by its edges on each side, and is used for drawing,

by the aid of the jointing rule, the coursing and vertical jomta of the work.
Jointing Eule. A .straight edge used by bricklayers for the regulation of the direction

and course of the jointer in the horizontal and vertical joints of brickwork.

Joist. (Fr. Joindre.) The timber whereto the boards of a floor or the laths for a

ceiling are nailed. Joists rest on the walls or on girders ; sometimes on both. When
only one tier of joists is used, the assemblage is called siJigle-jiooring ; when two,

double-flooring.

JuBE. (Fr.) The rood loft or screen at the entrance to the choirs of French cathedrals.

In England it is usually called the chancel screen. It is also the stand (often ending

upwards in an eagle with expanded wings) on which the Gospel is placed to be read,

receiving its name from the words " Jube Domne benedicere," used by the deacon when
the missal is presented to him by the officiating priest at mass, previous to the reading

of the Gospel. See Choir Screen and Rood Loft.
JuFFERS. An obsolete term for pieces of timber four or five inches square.

Jump. An abrupt rise in a level course of brickwork or masonry to accommodate the

work to the inequality of the ground. Also in quarrying, one among the various

names given to the dislocations of the strata in quarries.

Jumper. A long iron chisel used by masons and miners.

K
KAMPTtTLicoN. An elastic covering for floors. See Ploorcloth.
Keblah, or Kibleh. The point in a mosque designating the direction of the temple of

the Mahometans at Mecca.
Keel. The fillet, raised edge, or sharp arris, formed on roll mouldings, by which the

heaviness of the large ones was relieved, and diversity gained without loss of mass.

Keep, or Keep Tower. A term almost synonymous with donjon. See Castle.
Kerb. See Kirb.
Kkrf. The way made by a saw tlirough a piece of timber, by displacibg the wood with

the teeth of the saw.
Kernel, or Kernelle. See Crenelle.
K;;t. (Sax. Csege.) An instrument for driving back the bolt of a lock. The key of a

floor is the board last laid down. In joinery generally, a key is a piece of wood let into

the back of another in the contrary direction of the grain, to preserve the last from

warping.

Key Stone. The highest or central stone of an arch. See Arch. In Gothic vaulting,

see Pendent and Boss.
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Keyed Dado. Thai whicli has bars of wood grooved into it across tho grain at the back
to prevent it warping.

Keys. In naked flooring are pieces of timber fixed in between the joists by mortise and
tenon. When these are fastened with their ends projecting against the sides of the
joists, they are called sirutting-picccs.

Kiln. A building for the accnmulation and retention of heat in order to dry or burn
certain materials deposited within them.

King Post. The centre post in a trussed roof. See Crown Post.
KiuB Plate, Roof, and Stone. See Curb Plate ; Curb Roof ; and Cure Stone.
Kitchen. (Fr. Cuisine.) The apartment or oflBce of a house wherein the operations of

cookery are carried on.

Knee. A part of the back of a handrailing, of a convex form, being the reverse of ,i

ramp, which is also the back of a handrail, but is concave. The term knee is also
given to any small piece of timber of a bent or angular form.

Knee Piece, or Knee Rafter. An angular piece of timber, to which other pieces in the
roof are fastened.

Knobblino. Knocking ofl the rough protuberances of hard rock stone at the quarry. It
is called also skiffling.

Knocker. A movable sort of hammer, more or less of an ornamental character, hinged
to the face of a door or gate by which attendance ia claimed to the demands of those
requiring admittance. The knob-wh\c\\ is struck upon is sometimes called a door-nail.

Knot, or Knob. A bunch of leaves or flowers, as the bosses at the ends of a label ; at the
intersection of ribs ; and in capitals.

Knotting. The preliminary process in painting, to prevent the knots appearing, by cover-
ing them with a coat composed cf red read, then white lead and oil, and lastly, a coat
of gold size. Sometimes leaf silver is used. Also a knotting size.

Knuckle. The joint of a cylindrical form, with a pin as an axis, by which the straps of
a hinge are fastened together.

Knulling. a moulding nearly flat, and similar in character to a bead and reel orna-
ment. It is chiefly used in cabinetwork.

Koss. A measure of length used in India, which varies in different provinces
;
generally

about two mil^s.

KuijB Stone. See Curb Stone.

Label. In Gothic architecture, the drip or hood moulding over an aperture when it is

returned square.

Labour. (Lat.) A terra in masonry employed to denote the value of a piece of work in

consideration of the time bestowed upon it.

Labyrinth. (Gr. AaSupndos.) Literally a place, usually subterraneous, full of inextri-

cable windings. The four celebrated labyrinths of antiquity were the Cretan, Egyptian,

Lemnian, and Italian. The first has the reputation of being the work of Daedalus to

secure the Minotaur; the second is said to have been constructed under the command of

Psammeticvis, king of Egypt ; the third was on the island of Lemnos, and was sup-

ported by columns of great beauty ; tho fourth is reported to have been designed by
Porsenna, king of Etruria, as a tomb for himself and his successors.

Labyrinth Fret. A fret, wnth many turnings, in the form of a labyrinth. See Fret.

Laconicum. (Lat.) One of the apartments in the ancient baths, so called from its having

been first used in Laconia.

Lacquer. A yellow varnish, consisting of a solution of shell-lac in alcohol, coloured by
gamboge, saffron, annotto, or other yellow, orange, or red colouring matters. The use

of lacquer is chiefly for varnishing brass, and some other metals, in order to give them

a golden colour and preserve their lustre.

Lactarium. (Lat.) Strictly a dairy-house. In ancient architecture, it was a place in

the Roman herb market, indicated by a column, called the Columna Lactaria, whore

foundlings were fed and nourished.

Lacunar. (Lat.) The ceiling or under surface of the member of an order. Also tho

under side of the larmier or corona of a cornice. The under side also of that part of

the architrave between the capitals of columns. The ceiling of any part in archi-

tecture receives the name of lacunar only when it consists of compartments sunk or

hollowed, without spaces or bands, between the panels ; if it is with bands, it is called

laqtiear.

Lady. A sized slate used in roofing.

Lady Chapel. The name given to a chapel dedicated to the Virgin, generally, io

ancient cathedrals, placed behind the high altar.
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Fig. 1410. Laucct Arch.

Laogtng, or Laggins. The planks laid on tlie ribs forming the centreing of an arch, to

carry the stone or brickwork.

Lancet Arch. One whose head is shaped like the point of

a lancet, and generally applied to long narrow windows.

Fig- 1410. ^ .

Landing. The terminating floor of a flight of stairs, either

above or below it.

Lantern. (Fr. Lanterne.) A structure either square, circular,

elliptical, or polygonal, on the top of a dome. It 1s.,also the

upright windows placed over the ceiling of an apartment,

to give liglit. The internally polygonal tower over the in-

tersection of the nave with the transepts of a church, as at

Ely Cathedral ; St. Helen's, York, &c., is also so called.

Lap. The part of one body which lies on and covers another.

Laquear. See Lacunar.
Lararium. (Lat.) In ancient architecture, the apartment in

which the lares or household gods were d.-posited. It

frequently contained also statues of the proprietor's

ancestors.

Larder. The place in which undressetl meat is kept for the use of a family.

Larmier. (Fr.) The same as Corona.

L\T, or Lath. The Sanscrit term for a pillar.

Latch. The catch by which a door is held fast.

Latent IIeat. That which is insensiblo to the thermometer, upon which the liquid and

aeriform states of bodies depend, and which becomes sensible during the conversion of

vapours into liquids and of liquids into solids.

Lateral Strength. The resistance which a body will afford at right angles to its grain.

Lateral Thrust. The weight, or rather pressure, of materials sideways, as in an arch.

Lath. (Sax. Lsetta.) A thin piece of wood used in slating, tiling, and plastering.

For the latter, there are two sorts, double and single, the former being about three-

eighths of an inch thick, and the latter barely a quarter of an inch. Laths for slates

and for pantiles are pieces of fir, about three inches by one inch thick, to which the

iormer are nailed, and on to which the latter are hung.

Lath Brick. A species made in some parts of England. They are twenty-two inches

long and six inches broad.

Lath floated and set fair. Three-coat plasterers' work ; the first is called pricMng

up ; the second Jloatinff ; the third, or finishing, done with fine stuff, is the setting coat.

Lath laid and set. Two-coat plasterers' work, except that the first is called layi»g,

and is executed- without scrrt^c/«H^, unless with a broom. When used on walls, this

sort of work is generally coloured ; when on ceilings, it is whited.

Lath plastered, set, and coloured. The same as lath laid, set, and coloured.

Lath pricked up, floated, and set for Paper. The same as lath floated and set fair.

I-attice. (Fr. Lattis.) A reticulated window, made of laths of wood, strips of iron, or

other materials, and only used where air, rather than light, is to be admitted, as in

cellars and dairies.

Laundry. It should be spacious and well supplied with every convenience for washing,

drying, mangling, and ironing the linen of a family or of an establishment. Horses, or

frames of M'ood, should be provided for hanging the linen upon to dry, which should

he suspended to the timbers of the ceiling by pulleys, by which they may be raised

and lowered, unless a drying closet heated by a stove or hot water be provided; this

is fitted up with horses running on iron rails backwards and forwards.

Lavatory. (Lat.) Besides the reference to the monks' lavatories, as noticed b.v.

Cloister, this term is now employed to designate a closet or small room fitted up

with basins and other apparatus for washing hands ; it sometimes includes urinals and

water-closets, or communicates with another room fitted up with them.
Law Coi-rts. See Court of Justice.
IvAYER. In brickwork and masonry, it is synonymous with Courst?.

Layer Boarding. The same as Gutter Boarding; tiie boards being fixed to the

bearers to carry the leadwork of a gutter to a roof.

Laying. In plustering, the first coat on lath of two-coat work, the surface whereof is

roughed by sweeping with a broom. The difference between laying and rendering being,

that the latter is the first coat upon brick.

Lazarhouse, or Lazaretto. (Ital.) A hospital for the reception of the poor and those

aiflicted with contagious diseases. There are many in the southern states of Europe
for the performance of quarantine, into which those only are admitted who arrive from
cmtitried infected by the plague, or suspected of being so. An account of the principal

laziirettos of Europe was published by the celebrated Howard.
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Lead. ^Sax. Lscb.) The hcivirst mctil noxt to golJ, platiua, and mercury, being elevoi

times lieavier than its own bulk of water.

Leaf. One side of a door, upright shib of stone, &c.
Leanto. a building whose rafters pitch against or lean on to another building or wall.

Lrae Board. The plank fastened on the feet of the rafters to carry the side piece of tin

lead of a gutter under the bottom rows of the slating or tiling.

Lkayes. (Sax. Lseaf-.) Ornaments imitated from natural leaves, whereof the ancient;

used two sorts, natural and imaginary. The former were those of the laurel, palm
acanthus, and olive ; but they took great liberties in the representations of all of them

Lkctern. The reading desk placed in the choir of mediteval churches. It was made ii

the shape of a pillar, with a slab for the book, and wms usually of brass, sometime:

elaborately carved. It was superseded by the reading desk after the Reformation.

Lectorium. The ancient name for the place where the epistle was read in a church

hence lectern and letterii for the desk itself. The lectorium in the German churches i:

now of rare occurrence, but one is to be seen in Meissen Cathedral.

Lecture Hall. A building erected for the special purpose of affording good accommoda
tion for a lecturer and his audience. It is sometimes a large room ci mbined witi

others; thus, in a village orsma'l town, a building containing a lecture hall about fi.tj

feet by thirty feet, might have a reading room about twenty feet by eighteen feet, t

class-room, with a vestibule and the usual necessarit s.

L::dge. A surface serving to support a body either in motion or at rest. Ledges of doori

• are the narrow surf ices wrought upon the jambs and sofites parallel to the wall to stoj

the door, so that when it is shut the ledges coincide with the surface of the door. A

ledge, therefore, is one of the sides of a rebate, each rebate being formed of two sides

In temporary work the ledges of doors are formed by fillets, likewise called a stop

Also the horizontal planks in common doors, to which the vertical planks are nailed.

Ledgement. The development of a surface, or the surface of a body stretched out on i

plane, so that the dimensions of the different sides may be easily ascertiiined.

A string course or horizontal moulding. Ledgement table is applied to any of the pro

jections of a plinth in Gothic architecture, except the lowest ov earth table.

Ledgers. In scaffolding for brick buildings are horizontal pieces of timber parallel t(

the walls. They are fastened to the standards, or upright poles, by cords, to supper

the put-logs, which lie at right angles to and on the walls as they are brought up, am
receive the boards for working on.

Legs of an Hyperbola. The two parts on each side the vertex.

Legs of a Triangle. The sides which inclose the base.

Lkngtii. (Sax. Lens.) The greatest extension of a body. In a right prism the lengtl

is the distance between the ends ; in a right pyramid or cone, the length is the ditUme

between the vertex and the base.

Lesche. (Gr.) A public building among the Greeks, consisting of open courts with por

ticoes, the walls covered with paintings. It was used principally as a lounging place

The nearest modern approach to it appears to be the Ruhmeshalle, or mercantil

exchange, at Munich. Ancient writers state that these public meeting-places were si

much in request that there were no less than 360 in Athens alone.

Lettern, or Lectern. A desk in a church from which the lessons are read. See Amh
in the ancient church. An eagle with wings displayed, that bird being symbolical o

S. John the Evangelist and his Gospel, was often used as a book board in the Middl

Ages ; and is also seen in the cathedrals and in some large churches in England.

Letjcomb. See Lookum.
Level. (Sax. Loerel-) A line or surface which inclines to neither side. The terni i

used substantively to denote an instrument which shows the direction of a straight liii

parallel to the plane of the horizon. The plane of the sensible horizon is indicated ii

two ways : by the direction of the plummet, or plumb line, to which it is perpen

dicular ; and by the surface of a fluid at rest. Accordingly, levels are formed eithe

by means of the plumb line, or by the agency of a fluid applied in some particula

manner. They all depend, however, upon the same principle, namely, the action o

terrestrial gravity.
, , ^ ^

The carpenter s level consists of a long rule, straight on its lower edge, about ten o

twelve feet in length, with an upright fixed to its upper edge, perpendicular to and i

the middle of the length, having its sides in the same plane with those of the ruli

and a straight line drawn on one of its sides perpendicular to the straiglit edge of th

rule. The mason's level is formed of three pieces of wood, joined in the form of a

isosceles triangle, having a plummet suspended from the vertex over a mark in th

centre of the base.
, , . .

Levelling. The art or act of finding a linn parallel to the horizon, at one or more st;

tions, in order to determine the height of one place with respect to another, for layiii
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groumh evon, regulating descents, draining morasses, conducting waters fo

tion of land, etc
In the practice of levelling, it is evident that the level line,

carried on by means of a spirit level or other instrument used for

the purpose, is a tangent to the earth : it is therefore necessary to

nuike an allowance for the difference between the true level B C and

the apparent level B D. This difference is, of course, equal to the

excess D C of the secant of the arch of distance above th'e radius of

the earth. Hence, from station to station, accordingly, allowance

must be made. The subjoined Table exhibits the corrections or

values of the length C D.

the irri":a-

Distance Diff. Qf Lev. Distance DifF. of Lev. Distance Diff. of Lev. Distance

-

Diff. of Lev.

orBC. or CD. or BC. or CD. or BC. or CD. orBC. or CD.

Yards. Inches. Yards. Inches. Miles. Teet. In. Miles. Feet. In.

100 0-026 900 2-(l81 A 01 6 23 11

200 0123 1000 2-570 ^ 2 7 32 6

300 0-231 1100 3-110 ^ 4» 8 42 6

400 0-411 1200 3-701 1 8 9 53 9

500 0-643 1300 4-344 2 2 8 10 66 4

600 0-925 1400 5-038 3 6 11 80 3

700 1-260 1500 6-784 4 10 7 12 95 7

800 l-G4o 16U0 6-580 5 16 7 13 112 2

LiiYER. In mechanics an inflexible rod, moveable about a fulcrum, or prop, and having

forces applied to two or more points in it. The lover is one of the mechanical powers,

and beiiig the simplest of them all, was the first attempted to be explained.

Leyek Boaeds. a set of boards so fastened that they may be turned at any angle to

admit more or less light, or to lap upon each other so as to exclude all air or light

through apertures. See Louvre Boauds.
Lewis, or Lewissox. An instrument used by builders to raise stones of more than ordi-

nary weight to the upper part of a building. It was revived by a French artisan in

the reign of Louis XIV., and is now generally employed. It operates by the pieces

forming its dovetail end being held in iheir corresponding places in a hole sunk in the

stone, by a -middle straight piece, kcjit in its situation by a pin passing through it and
the dovetail pieces at top, and the coniuination of the whole is effected with a large

ring, which is attached to the rope or chain, and the stone lifted to its place.

Lias. A provincial name adopted liy geologists for an argillaceous limestone, which,

together with its associated bed, is characterised by peculiar fossils.

Library. An edifice or apartment for the reception of a collection of books. The most
ancient and celebrated library in existence is that of the Vatican : in the latter respect,

as well on account of its size as of the number of valuable manuscripts it contains. It

occupies in the suite of its apartments one of the sides of tho Vatican 900 feet in

length. In the architecture or arrangement there is nothing particularly to admire,
and indeed it was not originally intended for the purpose to which it has been
appropriated.

The Medicean library at Florence, the -work of Michael Angelo, has grand proportions,

but the details are as capricious as that great man could possibly have invented. The
library of St. Mark at Venice has already been described in the First Book. Sansavino
had to encounter many difficulties in respect of its site and connection with other

buildings, but Palladio considered the success of its design to have been so great as to

have made it worthy of any age.

Although a public library would seem to require a grave and simple style of treat-

ment, it is, nevertheless, properly susceptible of much richness, if the funds admit, and
it comports with the surrounding buildings to use muel. decoration. Security against

fire is the first important consideration in its construction ; and the next is to ensure

the perfect quiet necessary for study. There can .scarcely be too much light, because
there are always modes of excluding the excess in the brightest days of summer. The
light should not be placed high up for the purpose of obtaining more room for the

presses which are to receive the book.s, because even a greater space may be obtained,

as in the magnificent library at Trinity College, Cambridge, by WreiL, by making the

presses .stand against the piers at right angles with the longitudinal walls, and placing

the windows between them. Moreover, the presses, when placed longitudinally against

the walls, the windows being above, have the titles of tho books they contain in-

distinct, from being too much in shadow. The library just mentioned is in every

respect one of the finest works of Sir Christopher Wren ; it is 190 feet long, 40 feet



GLOSSAEY. 1305

\iide, and 38 feet high, floored withmarblo, and decorated with pihistcrs and an enta-
hhiture of the Corinthian order. This library is adduced as a perfect model of
the mode of distribution, which might be carried in principle to any extetit. If
the readers be very numerous, a separate reading-room becomes a nect-ssary addition,
which should be placed as centrally as may be to the whole mass of building, so that
the labour of the attendants may be lessened, and the readers at the same time more
readily served with the books wanted. The best mode of warming the apartments is

by hot water in pipes carried round the apartments, or pumped up through the floor.

Efficient means of aflfbr.ling ventilation to the room or rooms is also necessary.
At Paris the Biblioth^que Nationale is, though of immense extent, little more tlian

a Avarehouse for holding the books. The library of St. Genevieve, in the same city, is

a well-conceived and well-designed building, and particularly suited to its destination.
This ornamental edifice was designed by M. Labrouste in 1843.

Perhaps one of the most absurd distributions of plan for the buildings under
consideration is to be seen in the Eadcliffe Library, at Oxford. It is circular on
the plan, and hence vast loss of room is experienced, but nevertheless it is a noble
building.

In London the only library of any size to which reference can be made is that of the
British Museum. With so many clubs and institutions, each possessing its own library,

it may probably be many years before an edifice, similar to the Free Library and
Museum at Liverpool, is erected in London ; especially as the parishes have not vet
had sufficient courage to tax themselves for the establishment of free libraries, which
the Act of Parliament has for some years past enabled them to do. The king's

library at the British Museum is situated in the east wing, and was erected, 1825-28,
by Sir E. Smirke, E.A. The chief room is 300 feet long, 40 feet wide, and 30 feet

high. Little "was done for the accommodation of the readers, largely increasing in

numbers, until 1857, when the new reading-room was opened, affi^rding desks for three

hundred readers, which are very often fully occupied, who have free access to about

20,000 volumes ranged around it. The room is 146 feet diameter and 106 feet high,

having a central light of 40 feet diameter in the dome, with tall side lights in the

springing of the dome. It was designed by Mr. Sydney Smirke, E..1. The arrange-

ments for economising the space around it for holding the annual accession of new
books in narrow and well-lighted corridors, are admirably managed. The Builder

journal, xv. p. 229, and the Building News journal, iii. 157, 449-55, contain full

details of these fine additions to the national establishment.

The library attached to the Loudon University, Gower Street, designed by Professor

T. L. Donaldson, is 91 feet long by 21 feet 6 inches wide, 45 feet through the recesses,

and 45 feet high in the centre. It is a good example of such a room, planned as a

nave and aisles, with cases projecting from the outer walls up to the piers. The
library erected by the Corporation of the City of London, and attached to the Guild-

hall, is 98 feet by Go feet, and museum, with reading room 54 feet by 20 feet, is a

well-designed edifice, by Sir Horace Jones, the City architect.

LiEENE Rib. A short rib in vaulting.

Lift, or Hoist. A machine introduced into warehouses, to raise goods from the lower

to the higher floors of the building, and worked either by manual or by hydraulic

power. Lately it has been placed in large houses and in hotels, for the purpose of

raising fuel, luggage, &c., to each floor; in some instances the platform has been

formed into a room for the accommodation of persons while being hoisted to an upper,

or lowered to an under floor, without the fatigue of walking up and down long flights

of steps. Por lifting stones, see Lewis.

Light, Diffusion of. Light passing into a room through obscured glass or a blind, by

means of which the intensity of the light is broken. If the glass be placed flush with

the outside of the wall, the obscured side being placed outside, the effect is very great

in diffusing light.

Light, Obstruction of. The raising a building opposite a neighbour's windows,

whereby he is deprived of a certain amount of light. It used to be held that all per-

sons building on old foundations in the City of London could carry their buildings to

any height they pleased ; that the intervention of a street or public way justifies the

raising of a building to any extent; that a building may bo raised providing the rais-

ing is not to a height beyond a line drawn at an angle of 45 degrees from the window

opening or openings, the light of which is affected by the raising of an adjoining build-

ing; that skylights or horizontal roof lights are not subject to the same law as ordinary

vertical windows ; but these are all fallacious notions. However distant the obstruc-

tion, or however brought about, if an ancient light which has existed twenty years is

injuriously affected by reason of the works of an adjoining owner, there is a cause for

action.
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Light, Reflected. Light thrown by means of a light and polished surface into the win-

dows opposite to it. This may be effected in some degree by limewhiting the wall

;

also by building it of white glazed bricks; also by white tiles being affixed to the wall.

" Reflectors " are also provided for this purpose, made of a white metal, fixed in a

frame and covered with glass, which is suspended and fixed at an angle which will

throw the light to the point required.

Lighthouse. A lofty building, on the top whereof artificial lights are placed to guide

ships at sea. The lighthouse dates from the earliest period, and appears to have

consisted of a tower of masonry, sometimes of a circular form, but usually square, and
consisting of various apartments, as the establishment was greater or less, wherein was

a raised altar upon which the beacon was established. Fire-cowers or lighthouses were

common on the shores of the Mediterranean, the Archipelago, the Bosphonis, and Red
Bea. Among the most celebrated of these was the Pharos of Alexandria. It was
accounted one of the seven wonders of the world.

In England, the Eddystone lighthouse, by the celebrated Smeaton, was not only

an object of beauty, but of that soundness of con-

struction which is the most essential requisite

in works of this kind. The general form is seen

m fig. 1411. This is a fine illustration of fitness

producing beauty. The resistance it afforded

against the waves arose from the beautiful curved
line which leads them up it instead of being
broken against it. Indeed, in stormy weather,
the waves actually rolled up the side, and fell in

a contrary curve over the top of the lighthouse.

The beds of the masonry were so laid and dove-
tailed and joggled as to become a part of the
rock on which it was erected, between June 12,

1757, and October 16, 1759. A narrative of the
work was published by Mr. Smeaton. This
elegant structure was pulled down and a new light-

house built between August 19, 1879, and June 1,

1881, when the first and last stones were laid. The
old lighthouse was re-erected on land.
The most architectural of modern lighthouses is

that of Corduan on the coast of France, which stands
on a large rock, or rather on a low island, about
three miles from land, at the entrance of the river

Garonne. Founded about the year 1584, in the reign

of Henry II. king of F^rance, it was carried on under
the reigns of three successive monarchs, arriving

at its completion in 1610, in the reign of Henry IV.
It stands upon a platform of solid masonry, and is

surrounded by a parapet about 145 feet in diameter,
which is equal to the lieight. The lightkeepers'

apartments and store rooms are not in the mniu
tower, but form a detached range of buildings on the great platform, the interior
of the tower itself being finished in a style of magnificence too splendid for the use
of common persons. Over the fuel cellar, which is formed in the solid masonry of
the platform, is the great hall, twenty-two feet square, twenty feet high, with an arched
ceiling. On this floor are two wardrobes and other conveniences. Above the last-men-
tioned room is the king's room, twenty-one feet square and twenty liigh, with an ellip-

tical ceiling. There are on this floor a vestibule, two wardrobes, and other con-
veniences. On the third floor is placed the chapel, for a priest who occasionally says
mass is attached to the establishment, and this is twenty-one feet in dianutt-r, domed,
and forty feet high, and lighted by eight windows. There is an eye in the dome
through which is seen the ornamental roof of the room above, and that is fourteen feet
diameter and twenty-seven feet high. This is used by the lightkeepers as a watch
roona. Over it rises an apartment, which is immediately under the ligiitroom, used for
holding sufficient fuel for one night's consumption, and capable itself of being converted
into a place for the exhibition of a light in case of repairs being required to any extent
iu the main light room, which, as we have said, is immediately over it, and is sur-
rounded by a balcony and circular stone parapet. The height from the floor to the top
nf the cupola of the original lantern or light room was 17 feet, and being unglazed, the
smoke was carried out on either side in the direction of tlie wind. The roof, moreover,
formed a kind of chimney in the form of a spire, tormiuatir.g with a ball. The height
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of tho light room, which was entirely of stone, was thirty-one feet from the light room
floor to the ball on the top of the spire. The fuel first used for the light was oak, after

which pit coal was introduced ; but in modern times lamps and reflectors have succeeded

tho last, and the light is now seen at a proper distance.

The attempt to make lighthouses resemble columns is intolerable; they should

possess, according to the different situations, a character peculiar to themselves : hence
the application of a column for the purpose is the worst of abuses. The ISorth Foreland
liglithouse, whose plan is polygonal, would be a good example had the details been pro-

perly attended to in the design.

LiGKTixQ. The quantity of daylight admitted by windows and skylights into an apart-

ment. The superficial area of light may be equal to one-half the area of one wall of

the room, if the room is lighted on one side only, and does not exceed more than one

and one-half times its height in depth. A room more than twice its height in depth,

i.e. in distance back from the side from which it receives the light, cannot be efficiently

lighted from one side only. The aspect of a window makes very considerable difference

in the amount of light, as also the presence of buildings or trees in the vicinity. It

should be remembered that the higher the top of the window is in the room tho better

will be the light at the back of the room. A line at an angle with the wall of 60°

from the top of the window to the floor will cut off all the depth than can be freely

lighted. The quantitj- of light admitted by a skylight is considered to bo equal to

about thirty times that by a window —thus, if one foot square of vertical light placed

centrally be sufficient for 100 cubic feet of room, one foot of horizontal light will suffice

for upwards of 3,000 cubic feet, as proved by the Pantheon at Eome; see sec/. 2747.

Lightning Conductor. A metal rod fixed to the highest part of a building, carried

down the ftice of it, and into the earth, for the purpose of attracting the fork of li^iht-

ning, and carrying it away from tho other metal-work of the structure. Newall sup-

plies copper rope of |, §, and f inch diameter, with copper points and fittings. A con-

ductor requires fixing with proper isolators and attachments, to pi event the interruption

of the electric current. Hart and Son supply a sort of wire chain under Spratt's patent.

Lights. A term sometimes used to denote the openings whether of doors, gates, or win-

dows, or unenclosed places, and through which air and light have passage.

Like Akcs. In the projection of the sphere, the parts of lesser circles containing an

equal number of degrees with tho corresponding arcs of greater circles.

Like Figures. In geometry, such as have their angles equal, and the sides about the

equal angles proportional.

Like Solids. Those which are contained under like planes.

Li.wr. (Germ. Leim, glue.) A most useful earth, obtained by exposing chalk, and other

kinds of limestones or carbonates of lime, to a red heat, an operation generdly con-

ducted in kilns constructed for the purpose, by which tlie carbonic acid is expelled,

and lime, more or less pure, according to the original quality of the limestone, remains,

in which state it is called quicklime.

Limekiln. One for the purpose of burning lime. They are constructed in a variety of

ways, to save expense, or to answer to the particular nature of the fuel.

Limestone. A generic term for those varieties of stone containing carbonate of limo,

which are neither crystallised nor earthy, the former being calcareous spar, the latter

chalk. When burned they yield quicklime.

Line. (Lat. Linea.) In geometry, a magnitude having only one dimension, and defined

by Euclid to be that which has length without breadth. The term is also used to

denote a measure of length used formerly in France, namely, the twelfth part of an inch,

or^ of a foot.

Line of Dieection. In mechanics, the line in which motion is communicated.

Line of Station. Tho intersection of a plane passing though the eye, perpendicular to

the picture, and to the geometrical or primary plane with tho plane itself.

Line, Geometrical. In perspective, any straight line in the geometrical or primary line.

Line,' Horizontal. A line parallel to the horizon. In perspective it is tho vanishing

line of horizontal planes.

Line, Vertical. The intersection of a vertical plane with tho picture passing along tho

station line.

Line, Visual. A ray of light reflected from tho object to the eye.

Lines of Light and Shade. Those in which the light and shade of a body are sepa-

rated. Thus, on a curved surface, it is the line determined by a tangent to tho surface

in the direction of the rays of light.
, , . , mi. i

Lining The covering of the surface of any body with another thin substance, i hns the

linin'<^ of a wall is a wooden boarding, whose edges are either rebated or grooved and

tongued. Lining is distinguished from casmg, the first being a covering in the interior

of a building, whilst the latter is tho covering of the exterior part of a buildnig.

Lining out Stuff. (Participle.) Tho drawing lines on a piece of board or phiuk so as

to cut it into thinner pieces.
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JOININGS OF Boxings. The pieces of framework of a window into which the window

shutters are folded back.

Linings of a Doob. Those of the sides of apertures of doors called the jambs or jamb-

linings, that which covers the top or head being the soflfite.

Lintel. (Span.) A horizontal piece of timber or stone over a door, window, or other

opening to discharge the superincumbent weight. If a wall be very thick, more than

one lintel piece will be required, unless scantling of sufficient width be found. Li some

old books on carpentry, lintels are classed under wall plates, but the word is now never

used in this sense, unless the joisting or tie beams rest upon it, in which case it is both

a lintel and a wall plate.

liisT, or LisTEL. The same as Fillet.

Listed Eoards. Such as are reduced in their width by taking off the sap from the

sides. They are also explained as boards, sorted and matched, so as to make the floor

appear all of one colour.

Listing. (Participle.) Cutting the sap wood out from both edges of a board.

Loam. A soil in which clay prevails. It is called heavy or light as the clay may be more

or less abundant.

Lobby. (Germ. Laube.) An enclosed space surrounding or communicating with one or

more apartments, such as the boxes of a theatre, for instince. By it also is understood

a small hall or waiting room, or the entrance into a principal apartment where there

is a considerable space between it and a poitico or vestibule; but the dim-nsions,

especially as regards the M'idth, will not allow of its being called a vestibule or ante-room.

Lock. (Sax. Loc.) A well-known instrument, consisting of springs and bolts, for fasten-

ing doors, drawers, chests, &c. A good lock is a masterpiece in smithery, requiring

much art and delicacy to contrive and vary the wards, springs, bolts, and other parts

whereof it is composed, so as to adjust them to the places where they are serviceable,

and to the various purposes of their use. The structure of locks is so varied, and the

number of inventions of their different sorts so extended, that we cannot attempt to

enumerate them.

Those placed on outer doors are called stock-locks, those on chamber doors spring

locks, and rimlocks, and such as are hidden in the thickness of the doors to which thoj

are applied, mortise locks. Tho jwdlock is too well-known to need description here.

LocKRAiL. The middle horizontal rail of

a door.

LocuTORY. An apartment in a monastery
in which the monks were allowed to con-

verse when silence was enjoined else-

where.

Lodge. A small house, situated in a park
or domain, subordinate to the mansion.
Also the cottage placed at the gate
leading to the mansion.

Loft. An upper platform, as in Scotland.

It has been applied to the gallery in a

church. In modern usage it is limited

to the place immediately under the

rafters, as cockloft in a house, hay-lojt

in a stable, &c. See Solau.
Logan. See Eocking Stone.
Logarithms. Artificial numbers used to

facilitate arithmetical calculations.

LoGGLi. (It.) In its strict meaning a
lodge; but usually signifying a gallery

open to the air, and used for shelter, or

from which to obtain a prospect.

Log-house. A hut constructed of the

trunks of trees.

Logistic Spiral. One whose radii are in

continued proportion, and in which the ^
radii are at equal angles ; or, in other ^_
words, a spiral line wiiose radii every- ._r:

where make equal angles with the ''-'l^-
tanrents.

Figri4l2.
Lombard Architecttjbb. The class of

Romanesque architecture which prevailed in the Northern parts of Italy.

Li>ng and Short Work. A rough sort of building, consisting of quoin stones placed flat

and upright alternately. Many writers consider such masonry as a mark nf tiie woilf

of the nth century, or previous to it, and call it Saxon work. ScoyiV/. 1112.

Tower of Earl's Barton Church.
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LoNGiMETRY. A term used to denote the operation of trigonometry for measuring lengths,
whether accessible or inaccessible.

LooKUM, or Leucomb. A word used for the projection on the upper floor of a warehouse
or mill, to cover a wheel and fall, or a crane, and has a trap-floor to it. It may, pro-
bably, be derived from the French term lucarne.

Loop. (Fr.) A small narrow window. A loophole is a term applied to the vertical
series of doors in a warehouse, through which the goods in craning are delivered.

Loophole. A narrow aperture formed in walls, and sometimes in the merlon of a battle-
ment, through which the defenders discharged their bows or firearms. See Balistearia.

Lotus. A plant of the water-lily specii s much used in the architeetural ornaments of
the early nations, and especially in the capitals of Egyptian columns. See fig. 54.

LouvKE. A turret or lantern over a hall or other apartment with openings for ventila-
tion and to allow the escape of smoke or steam.

Louvre, Luffer, or Lever Boarding. (Fr. Lou\Te.) Boarding, with intervals between
the boards, nailed horizontally in an inclined direction, on the sides of buildings or
lanterns, so as to admit a free current of air, and at the same time to exclude the rain.
They are used for air-drying lofts. Each set, if required, is made to open and shut
hy the action of a lever.

Low Side Window. A small opening like a window, usually placed in the south chancel
wall, and lower than the other windows, for what purpose is not strictly known. It has
been called a Lychnoscope.

Lozenge. A quadrilateral figure of four equal sides, with oblique angles.

Lozenge Moulding. An ornament used in Norman architecture, presenting the appear-
ance of diamond-shaped lozenges laid in the hollow of the moulding.

Lucarne. The same as Dormer.
Lumber. Timber sawn ready for use. It is a term used chiefly in America.
LuNE or Lunula. The space between two equal arcs of a circle.

Lunette. (Fr.) A cylindric, cylindroidic, or spherical aperture in a ceiling. As an
example of the term, we may refer to the upper lights in the nave of St. Paul's
Cathedral.

LuniBRN. The same as Dormer.
Lych-Gate, or Corpse-Gate (from the Anglo-Saxon Leich, a dead body). A gate at the

entrance of a churchyard, where the coffin was set down for a few minutes before burial.

It is generally of wood, and often thatched. Lych-gates are not of frequent occurrence

in England. In Wales many of them may be seen.

Lychnoscope. See Low Side Window.
Lying Panels. Those wherein the fibres of the wood, or the grain of it, lie in a hori-

zontal direction.

Lysis. (Gr.) A plinth or step above the cornice of the podium of ancient temples, which
surrounded or embraced the stylobate ; an example of it may be seen in llio temple

of Fortuna Virilis at Eome.

M
M Roof. A roof formed by the junction of two common roofs with a valley between

them. The letter }^ inverted represents this species of covering.

Machicolations. (Fr. Machicoulis.) lu castellated architecture are, according to Grose,

the projections, supported by brackets or corbels, through which melted lead and stones

were dropped on the heads of assailants. They were not probably, however, projecting

works, but sometimes were considered as the series of square holes in the vaultings of

the portals used for the same purpose.

Machine. (Gr. Moxch"?.) In a general sense, anything which serves to increase or regu-

late the effect of a given force. Machines are simple or compound. The former are tlie

simple mechanical power.^, six in number ; viz. the lever, the wheel and axle, the pulh'y,

the wedge, the screw, and the funicular machine. The latter are formed by the cond)i-

nation of two or more simple machines, and are classed according to the forces by

which they are put in motion, as hydraulic machines, pneumatic machines, eld trie

machines, &c., or the purposes they are intended to serve, as military machines,

architectural machines, &c.

Mabnhir, or Menhir. A long upright stone in Celtic works, called \ry the Norman

writers peulvan, and by country people hoarstone.

Magnesian Limestone. An extensive series of beds lying in geological position imme-

diately above the coal measures ; so called because the limestone, which is the principal

member of the series, contains magnesia.

Magnitude. (Lat.) A term by which size, extent, or quantity is designated. It was

originally applied to the space occupied by any figure ; or, in other words, it was apjilicd

to objects strictly termed geometrical, and of throe dimensions, length, breadth, and

thickness, but it has gradually become enlarged in its signification, so as to be given to
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every kind of quantity that admits of mensuration, or of wliich greater or less can be

predicated ; in whicli sense it was used by Euclid.

Mahogany. A wood used for doors, window-sashes, and ornamental work, especially cabinet

work. The Jamaica mahogany is the hardest and most beautiful, and is distinguished

from that of Honduras by the chalky appearance of its fibres. The latter has very

little flower.

Main Couple. See CotrpLB.

Malleability. (Lat. Malleus, a hammer.) The property of being susceptible of extensior

under the blows of a hammer. It is a characteristic of some of the metals, most particu-

larly in gold. Common gold-leaf is not more than a two-hundred-thousandth part of an

inch in thickness. Five grains may be beaten out so as to cover a surface of more than

two hundred and seventy square inches.

Malleable Ieon. The same as pure Wrought Iron, being iron that can be worked by

the hammer and tongs. The name has also lately been gi^'en to a soft quality of iron

more easily worked for ornamental purposes.

Mallet. (Lat.) A large kind of wooden hammer much used by artificers who work
with a chisel, as masons, stonecutters, carpenters, joiners, &c.

Maltha. (Gr.) A native bitumen used by the ancients for plastering the walls of their

dwellings, &c. An artificial kind was made of pitch, wax, plaster, and grease ; another

sort was composed of lime slaked with wine, and incorporated with melted pitch and
fresh figs.

Mangeb. The trough in the stall of a stable wherein is placed the corn or other short

food given to live stock, and more especially to horses.

Manhole. An opening formed over a sewer, or by the side of it, large enough to admit a

mau to enter to do repairs, &c., when requisite If is also formed on the top of large boilers,

to give access to clean out the interior ; and also over a cesspool tor tlie same purpose.

A manhole has usually a close-fitting cover, well set to prevent the escape of steam, foul

air, &c.

Mansard Roof. (So called from the name of its supposed inventor, the French archi-

tect, Franqois Mansart.) The same as Curb Roof.

Mansion. A large house ; a term more usually applied to one in the country. The
origin of the word and its application is supposed to be derived from the mansiones, or

stationary camps of the Roman soldiers.

Mantapa. The Hindoo term for the porch attached to most vimanas or temples beyond

the antiirala. It is a square building, having a door on each of its four sides ; the roof

is generally pj-ramidal. If there should be two porches, the outer one is called the

maha manUipa.
Mantel Piece. The horizontal decoration in stone or marble in front of the mantel

tree, and supported by tiie jambs or boxings of a chimney-piece.

Mantel Shelf. The slab lying on the mantel piece, and secured at the back into the

plastering of the wall.

Mantel Tree. The wood lintel or brick arch to the openings of a fire-place.

Marble. (Gr. Mapfiaipui, to gleam, to sparkle.) A term limited by mineralogists and
geologists to the several varieties of carbonate of lime, having more or less of a granu-

lar and crystalline texture. Among sculptors, the word is used to denote several

compact or granular kinds of stone susceptible of a very fine polish ; the varieties of it

are very numerous. Ancient Marbles :—The most valuable sort, and the grandest

quarry of the Greek white marbles, was the Per.telican, obtained from mount Penteles,

in Attica. It was used in the Parthenon and other buildings in Athens, and was in

great repute with the sculptors. This marble is overlaid in the quarries with large

figured red and green Cipollino. The base rock of the Acropolis at Athens, a mass of

richly coloured marble—rose, reds, browns and greys—^was discarded by the Greeks.

The Parian was obtained from the island of Paros, Mount Marpesus yielded the best,

which was called Mar2)essian ; it was also termed Lychneus, because of its use for

candelabra, and Li/gdineum, from the promontory of Lygdos. It consists almost en-

tirely of carbonate of lime ; and Dr. Clarke states it has lasted better than the

Pentelican, which has veins of extraneous substances intersecting the quarries, and
which appear, more or less, in all works executed in this sort of marble. The
Parian has a waxy appearance when polished, and hardens by exposure to the

air; the statues of the Venus di Medici, the Diana Venatrix, the coUossal Minerva
Pallas of Velletri, and the Capitoline Juno, weie carved in this material, and the

tomb of Mausolus was built of it, the remains of which are now in the British

Museum.
Other white marbles were of mount Ilymettus, in Attica, of Thasus and Lesbos, in

great repute; of Lunar, in Etruria, of a white even whiter than that of Paros; the

Phellense, from mount Phellens ; the Curaliticum, found near the river Coralios in

Phrygia, which was also termed Sangarium, from another name of the same river

;
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.'Cysicum, from Cyzicus in Asia Minor, one of the three marbles of which the temple at

Ephesus was to be built ; also called Proconnesian marble.

Chernites -was another sort of marble, which resembled ivory in its colour. The
Phcngites of Capadocia was white with yellow spots.

The black marbles were : Tanarus, highly esteemed ; one from the island of Lesbos
;

liyhicum or Niimidian, called also Lucullcum ; Ghiiom, from Mount P.^lineus, in the

island of Chio, of a transparent chequered black colour ; Obsidiaimm, from Etliiopia
;

Synnadicum, or Marmor Phrygium, from near Synnas, in Phrygia, having small circles

in its black ground ; Africa?io, from the island of Scio, so called from its dark colour

by Pliny, who was wrong.

The rose Africano, from Porta Santa, in the island of Scio, a grand quarry, yielding

six or more diiFerent kinds (Brindley) ; the old quarries of Eosso antico were discovered

at Laconia
;
quantities were obtained from Egypt.

Taygetum supplied x\\& grcoi porphyry, or serpentine, of the Italifins. Carystua, in

Eubaea, gave the green Cipollino, one of the marbles most appreciated by the Romans, of

which in Rome alone .'iOO columns still remain; it was a mingled dark green ; Memphites
and Ophites, resembling the skin of a serpent, and from the city in Egypt, near where it

was found ; it is the Strpentino antico of the Italians ; Laconicum, from Mount Taygetes,

the well-known Vcrd antique of the antiquaries ; the green Tiberian and Augustan
marbles were obtained from Egypt.

Yellow marble was found at Corinth ; the Ehodian marble was marked with spots

resembling gold ; that of Melos was excavated in Mount Acynthus.

Atracium, from Mount Atrax, in Thessaly, was a mixture of white, green, blue, and
black.

The Romans seem to have introduced coloured marbles in monumental works after

their conquest of Egypt, whence they derived their first ideas of monolith column':.

Their early buildiug.« contained few varieties of coloured marbles, the number in-

creasing as the colomes matured. The monoliths in St. Peter's and St. Sebastian were

cut from the quarry of Porta Santa, in the island of Scio, as was also the basin, 15 feet

diameter and 4 feet thick, discovertd by Mr J. T. Wood, at Ephcsus. The ancient

quarry in Tunis supplied the Giallo aiiHco, and varieties of rose and orange Breccias
;

this marble was reserved for Rome, where 172 columns of it are still extant. Most of

the pavement in the Basilica Julia, and the columns iu St. John Lateran, the Pantheon,

the Arch of Titus, are of this marble ; as well as the wall-lining, half an inch thick,

in the palaces of the Cfesars.

The first paper read by Mr. Brindley names forty-six of the principal quarries of

various countries worked in the time of the Romans ; the second one refers to the stones

and marbles found in Egypt. Transactions of the Royal Institute ot British Archi-

tects, 1887-88 and 1888-89. The building and decorative stones of Egypt, including

limestone, sandstone, granite, porphyry, opus Alexandrinum. verde Augus^tus, Oriental

alabaster. Breccia verde, gem stones, &c., are described by Mr. Brindley, 1687, Nov. 24.

See PoKPHYRY and Syenite.

The Ntmidian marble of the Romans, obtained from North Africa, is coloured marlile

of various shades and tints, but does not include white marbles or shades of white,

of which there are numerous quarries in North Africa. Marmor Numidicum appears

to be a misnomer, for the only known quarry in the ancient produce of Numidia is at

Filfilla, near Philippoville. The only -^et discovered quarries are those at Ghemfou in

Tunisia (Simittu Colonia in Africa Provincia of the Romans), and at Kleber in Algeria,

north-east of Oran (in the ancient kingdom of Mauretania). The former quarries are

much in the condition in which they were left by the Romans. The quarries at Kleber

cover an area of over l,oOO acres. Breccias, from dark brown to blood reel ;
Giallo antico

of diiFerent hues, designated as Canarino, Avo^-io, and Pavonazzo ;
Cipollino rosso, and

more than one quality of -white marble. Specimens of some of these are now to bo

seen in the new mausoleum r lom of the British Museum. Great and beautifid

varieties are to be seen in the prayer chamber of the great mosque at Kairouan, and

other mosques (Alex, Graham, in Proceedings Royal Institute of British Architects,

A useful list of ancient and modern marbles, with references to works of art, is con-

tained in the work by the Count de Clarac, and translated in the Cicil Enqineer, cjc,

Journcd for 1839, pnges 367, 434, and 452. It also gives numerous references to

writers on the subject.

The onyx marbles of Algeria, Mexico, and California, are of the same nature as the

Oriental alabasters.
,, • •

i i ..i c .

Almost: every mountainous district of the world produces this mineral, but the finest

and most valuable is from Italy. The material is Iirouirht to an even face by rubbing

with free-stone, afterwards with pumice-stone, and lastly with emery of suvcral colours;
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but white marble is finished witli calcined tin. The Italians polish with lead and emery.

The sawing uf marble, preparatory to polishing, is by a saw of soft iron, with a con-

tinued supply of the sharpest sand and water. The Belgian marble chimneypieees,

toilet-table top<, and such like articles, are finished with a liquid which gives a polished

appearance ; but it is not lasting.

The varieties of marble used in modern times are very numerous, and a classi-

fication of them would occupy a larger space than can be here given. Except tlie finest

specimens of white marble, they are mostly opaque. Some extremely fine specimens

of white marble are to be seen in the Borghese Palace at Rome, which, on being sus-

pended by the centre on a hard body, bend very considerably. It is found that statuary

marble exposed to the sun acquires, in time, this property, thus indicating a less degree

of adhesion of its parts than it naturally possessed. Two books have been written on

the subject : Marble and Marble Workers, by Arthur Lee, and Marble Decoration, by
. G. H. Blagrove, both dated 1888.

Margin. That part of the upper side of a course of slates which appears uncovered by
the next superior course.

Marigold Window. The name given to a circular window in which radiating mullions

prevail. See Cathehine-wheel Window ; Rose Window.
Market Cross. A cross set up in a market-place. The primitive form was a long shaft

with a cross stone, set upon a number of steps. Subsequently it was constructed in an
elaborate manner ; and later, a sort of arched structure was erected around the central

pillar. In Scotland many were finished with a crowning work.

Mahmoratum Opus. (Lat.) A fine stuff used by the ancients, formed of calcined gypsum
with pulverised stone, or for finest work with pounded marble, well beaten together,

and rubbed to a fine marble-like surface, examples of which still exist at Girgenti,

formerly Agrigen'um.
Marquetry. (It. Intarsiatura. Fr. Marquetrie.) Inlaid work, consisting of thin plates

of ivory, or of various coloured woods, glued on to a ground, usually of oak or fir

well dried and seasoned, which, to prevent casting and warping, is composed of

several thicknesses. It was us»d by the early Italian builders in cabinet work, and
represented by its means figures and landscapes. See Buhl Work ; Inlaid Wohk ;

Parquetry.
Mason. An artificer who practises the science of cutting and setting stones in building

walls. Formerly the workman who worked the stone was called a free-stone mason,
hence the term freemason ; while the man that set the stone was called a rough
mason.
The terra " master mason" was during the media-val period equivalent to the more

modern term "architect." He designed and carried out the monastic, cathedral, or

regal buildings. Later, the designer taking the name of surveyor, the master aiason

became the head of his trade.

Masonry. (Fr.) The science of combining and joining stcnes for the formation of walls

and other parts in constructing ^__„
buildings. When applied in the —-r^'
construction of domes, groins, and ~~ X
circular arches, it is difficult and "~7 "'

complicated, and is dependent on a '

thorough knowledge of descriptive 4^^_l_, ^-^ ^.„__,^^,^^^yj<™-^*^
geometry. U-Ji^V^ .

' X ^"^

""C

Among the ancients, several sorts {

of masonry were in use, which are
described by Vitruvius as follows, -

in the ciglith chapter of his second ir

book:—"The different species of--,
walls," he observes, " ave th.t rcti- ^ T^-' >^">[^Vw' V'^

'''^^^^^?T'^*^
cidatum {net-\\k&) {fig. \\n A), a ^-

'C^Vi'Vl^vuUrV .^^^^^

method now in general use, and the
' 1^ <:h ,^"i 3^1 /-<TR^"^T^^'^T^'~

incertum (B), which is the ancient ^'- -'"
•,

' rf^^'Ps^^^^c'^:^
mode. The reticulatum is very

'-
' "; ' - --^^-^^"'^TVtI^:"'^''^^'^^very '-'

";
-

,--^-^^-y^Y{r'^r-'"T''^
beautiful, but liable to split, from
the beds of the stones being un
stable, and its deficiency in respect '_:_^ i. lj^\;::^l^:-^ZLiz^:Mi^:^^^iE^^^^^^t^^i^^
of bond. The incertum, on the con-
trary, course over course, and the ^'=- ^^l^.

whole bonded together, does not present so beautiful an appearance, though stronger
tluin the reticulatum. Botii species should be built of the smallest sized stones,
that the walls, by sucking up and atUiching themselves to the mortar, may last the
longer: for as the stones are of a soft and porous nature, they absorb, iu dry-
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5ng, the moisture of the mortar ; and this, if used plentifully, will consequently exercise
a greater cementing power; because from their containing a large portion of moisture,
the wall will not, of course, dry so soon as otherwise ; and as soon as the moisture is

absorbed by the pores of the stones from the mortar, the lime, losing its power, leaves
the sand, so that the stones no longer adhere to it, and in a short time the work becomes
unsound. We may see this in several monuments about the city (Rome) which have
been built of marble, or of stones squared externally, that is, on one face, but filled up
with rubble run with mortar. Time in these has taken up the moisture of the mortar,
and destroyed its efficacy by the porosity of the surface ou which it acted. All cohesion
is thus ruined, and the walls fall to decay. He who is desirous that this may not hap-
pen to his work should build his two-face walls two feet thick, either of red stone, or of
bricks, or of common flint, binding them together with iron cramps run with lead, and
duly preserving the middle space or cavity. The materials in this case not being
thrown in at random, but the work well brought up on the beds, the upright joints pro-
perly arranged, and the face -walls, moreover, regularly tied together, they are not liable

to bulge, nor be otherwise disfigured. In these respects one cannot refrain from
admiriug the walls of the Greeks. They make no use of soft stone in their buildings

;

wlien, however, they do not employ squared stones, they use either flint or hard stone,

and, as thougii building with brick, they cross or break the upright joints, and thus
produce the most durable work. There are two sorts of this species of work, one called

isodomum (CC), the other j)seudisodomum (DD). The first is so called, because in it

all the courses are of an equal height ; the latter received its name from the unequal
heights of the courses. Both these methods make sound work ; first, because the stones

are hard and solid, and therefore unable to absorb the moisture of the mortar, which
is thus preserved to the longest period ; secondly, because the beds being smooth and
level, the mortar does not escape ; and the wall, moreover, bonded throughout its whole
thickness, becomes eternal. There is still another method, which is called i/xTr^fKrov

(emplcclon) (E), in use even among our country workmen. In this species the faces

are wrought. The other stones are, without working, deposited in the cavity between

the two faces, and bedded in mortar as the wall is cai-ried up. But the workmen, for

the sake of despatch, carry up these casing walls, and then tumble in the rubble between

them, so that there are thus three distinct thicknesses, namely, the two sides or facings,

and the filling in. The Greeks, however, pursue a different course, laying the stones

flat, and breaking the vertical joints ; neither do they fill in the middle at random, but,

by means ot bond stones, make the wall solid, and of one thickness or piece. They,

moreover, cress the wall from one face to the other, witli bond stones of a single piece,

which they call Biarovoi (diatoni) (F), tending greatly to strengthen the work." (G) is

supposed to show the solid masonry of a wall properly bonded in the courses.

Mass. (Germ. Masse.) The quantity of matter whereof any body is composed. The
mass of a body is directly as the product of its volume into its density. Multiplied into

the constant force of gravity, the mass constitutes the weight; hence the mass of a body

is properly estimated by its weight.

Mastic. (Gr. Ma<TTtKri, a species of gum.) A cement employed for plastering outside

walls. It is used with a considerable portion of linseed oil, and sets hard in a few daj's.

From this latter circumstance, and from its being fit for the reception of paint in a veiy

short period, it is extremely useful in works where expedition is necessary, but it must

be constantly painted; when the oil has dried out, it has proved to be worthless.

Asphalte mixed with coal tar or limestone, ready for use in paving, is termed "mastic."

Mateeials. Things composed of matter, or possessing its fundamental properties.

Mathematics. (Gr. Ma6r](ns, learning.) The science which investigates the consequences

logically deducible from any given or admitted relations between magnitude or numbers.

It has usually been divided into two parts, pure and mixed. The first is that in which

geometricul magnitude or numbers are the subjects of investigation ; the last that in

which the deductions so made are from relations obtained by observation and experiment

from the phenomena of material nature. This is sometimes called physics, or physical

science. Mathematics, as respects what is necessary for the architect, comprises Arith-

metic, Algebra, and Geometey.

Mausoleum. A term used to denote a sepulchral building, and so called from a very

celebrated one erected to the memory of Mausolus, king of Caria, by his wife Artemisia,

about 353 B.C. From its extraordinary m.tgnificence, it was in ancient times esteemed

the seventh wonder of the world. Many statuesand other portions of it are now in the

British Museum.
Mean. In mathematics, that quantity which has an intermediate value between several

others, formed according to any assigned law of succession. Thus, an arithmetical mean

of several quantities is merely the ai-ew^c, found by dividing the sum of all the quantities

by their number, A geometrical mean between two quantities, or a mean proportional, is

the middle term of a duplicate ratio, or continued proportion of three terms ; that is,

4P
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that the first giA-en term is to the quantity sought as thnt quantity is to the other givew

term. lu arithmetic, it is the square root of the product of the two given terms. The
harmonical mean is a number such that, the first and third terms being given, the first

is to the third as the diiference of the first and second is to the difference of the second

and third.

Measure. (Lat. Mensura.) In geometry, strictly a magnitude or quantity taken as a

unit, by which other magnitudes or quantities are measured. It is defined by Euclid as

that whiL-h, by repetition, becomes equal to the quantity measured. Thus, in arithmetic,

the measure of a number is some other number which divides it without a remainder,

though, perhaps, such a definition rather intimates the notion of aliquot jmrts. But that

meaning on which this article is submitted is the unit or standard by which extension is

to be measured. We have measures of length, of superficies, and of volume or capacitj'.

But the two latter are always deducible from the former ; whence it is only necessary

to establish one unit, namely, a standard of length. The choice of such a standard,

definite and invariable, though beset with many and great difficulties, modern science

has accomplished. The rude measures of our ancestors, such as the/o^ the cubit, the

span, ihefathom, the harhycorn, the hair's breadth, are not now to be mentioned in matters

of science, much more precise standards having been found, and not susceptible of casual

variation. Nature affords two or three elements, which, with the aid of science, may be

made subservient to the acquisition of the knowledge required. The earth being a solid

of revolution, its form and magnitude may be assumed to remain the same in all ages.

It this be so, the distance between the pole and the equator may be taken as an
invariable quantity ; and any part, say a degree, which is a ninetieth part of it, will be

constant, and furnish an unalterable standard of measure. So, again, the force ofgravity

at the earth's surface being constant at any given place, and nearly the same at places

under the same parallel of latitude, and at the same height above the level of the sea, the

length of a pendulum making the same number of oscillations in a day is constant at the

same place, anil may be determined on any assumed scale. Thus we have two elements,

the length of a degree of the meridian, and the length ot a pendulum beating seconds,

which nature furnishes for the basis of a system of measures. Others have been
suggested, such as the height through which a heavy body falls in a second of time,

determined, like the length of the pendulum, by the force of gravity, or tlie perpendicidar

height through which a barometer must be raised till the mercurial column sinks a
determinate part; for instance, one- thirtieth of its own length; but these are not so

cap.able of accurately determining the standard as the terrestrial degree, or the length of

the pendulum.
In the English sj'stcm of linear measures, the unit has been for many years the yard,

wliich is subdivided into 3 feet, and each of those feet into 12 inches. Of the yard, the

multiples are, the pole or perch, the furlong, and the mile ; 5^ yards being 1 pole, 40 poles

being 1 furlong, and 8 furlongs 1 mile. The pole and furlong, however, are now much
disused, distance being usually measured in miles and yards. The English pace is

1| yards = 5 feet. See Peuch and Milk
Under the word Foot will be found the length of that measure in the principal places

of Europe.

The following table exhibits the relations of the diffi>rent denominations mentioned:

—

Inches. Feet. Yards. Poles. Furlongs. Miles.

1 0083 0028 0-0050,5 0001262G 00000157828
12 1- 333 0-0(i060 OOOlololn 000018039
36 3- 1- 0-1818 0004.J45 00056818
198 16o O-.i 1- 002d 0003125

7020 660- 220- 40- 1- 0125
63300 5280- 1760- 320- 8- 1-

The measures of superficies are the square yard, foot, inch, &c., as under :-

144 square inches are equal to -

9 square feet -

2| square yards
10'89 square paces

40 square poles

4 sqtuire roods -

- 1 square foot.

- 1 square yard.

- 1 square pace.

- J .square pole.

- 1 square rood.

- 1 square acre.

In which it will be seen that the multiples of the yard are the pole, rood, and acre.

Very large surfaces, as of countries, are expressed in square miles. See Mii.k.
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The relations of square menstire .ire given in the following table

:

lolo

Square Feet. Square Yards. Square Poles. Square Roods. Square Acres.

1-

9-

27225
10890-

43560-

01111
1-

30-25

1210-

4840-

0-00367309
0-0330579
1-

40-

160-

0-000091827
0-000826448
0-025
1-

4-

0-000022957
0-000206612
0-00625
0-25
1-

The measures of solids are cubic yards, feet, and inches, 1728 cubic inches being equal
to a cubic foot, and 27 cubic feet to one cubic yard. By the act of 1824, the standard
measure for all sorts of liquids, corn, and other dry goods, is declared to be the Imperial
gallon. According to the act in question, the imperial standard gallon contains ten

pounds avoirdupois of distilled water, weighed in air at the temperature of 62° Fahren-
heit's thermometer, the barometer being at 30 inches. The pound avoirdupois contains

7000 troy grains, and it is declared that a cubic inch of distilled water (temperature 62°,

barometer 30 inches) weighs 252-458 grains. Hence the imperial gallon contains
277'274 cubic inches. The gallon is subdivided into quarts and pints, 2 pints being one
quart, and 4 quarts one gallon. Its multiples are the peck, which is 2 gallons, the

bushel, which is 4 pecks, and the quarter, which is 8 bushels. The relations of measures
of volume are given in the subjoined table :

—

Pints. Quarts. Gallons. Pecks. Bushels. Quarters.

1 0-5 O-l^o 0-0625 0015625 0001953125
2 1- (1-25 01 25 003125 000390625
8 4- 1- 0-5 0-125 0-015625

16 8- 2- • 1- 0-25 0-03125

64 ?>-l-
8- 4- 1- 0-125

512 256- 64- 32- 8- 1-

12-78936 English inches.

106578 English inches.

= 0-088815 English inches.

The old wine gallon c-mtained 231 cubic inches, the old corn gallon 268-8 cubic inches,

and the old ale gallon 282 cubic inches.

Subjoined are a few of the principal ancient measures of France: —
1 toise, French = 6 French feet = 6-394665_English feet.

1 foot, do. —12 French inches

1 inch, do. = 12 French lines

1 line, do. = 6 I'rench points

1 point, do. = = 00148025 English inches.

Accordin"- to General Roy, an English fathom ; a French toise : : 1000 ; 1065-7-1.

In the new French system the vutre, which is the unit of linear measure, is the ten-

millionth part of the quadrant of the meridian = 3-2808992 English feet (but lately

ascertained by Oapt. Henry Kater, to be more correctly 3-280916 English feet) ; and, as

its multiples and subdivisions are decimally arranged and named by prefixing Greek

numerals, the following table exhibits each :

—

Denomination.

•Myriametre
Kilometre
Hectometre
Decametre
Metre (the unit)

Decimetre
Centimetre

Millimetre

The metre, therefore, is equal to 3937079 English inches.

The unit of superficial measure, in the French system, is the arc, which is a surface

of 10 metres each way, or 100 square metres. The centiare is 1 metre square.

Enplish Feet.

- 10000 metres = 32808-991667
- 1000 = 3280-8992

100 = 328-08092

10 = 32-808992

1 = 32808992
0-1 = 0-32808992
0-01 = 0-032808992

0001 = 0-0032808992

English Square Yards.

- 10000 square metres = II 960-33

100 = 119-6033

Centiare - - - 1 = M 9603326

The are, therefore, is equal to 1076-4297 English square feet.

4 P 2

-Denomination.

Hectare

Are (the unit)

Centiare
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The unit of measures of capacity, in the French system, is the Hire, a vessel containing

a cube of a tenth part of the metre, and equivalent to 0'22009668 British imperial gallon.

Its multiples and subdivisions are as follow:

—

Denomination. Eng. Imp. Gallons.

Kilolitre - - - - 1000 litres = 220 0966767
Hectolitre - - - - 100 = 22-009668
Decalitre - - - - 10 = 22009668
Litre (the unit) or Cubic Decimetre - 1 ^ 0-22009668
Decilitre - - - -01= 0022009668

The unit of solid measure, or the stere, is equal to 35 31658 English cubic feet ; therefore,

Denomination.

Decastere

Stere (the unit)

Decistere -

English Cubic Feet.

10 steres = 3531658
1 = 35 31658
01 = 3-531658

There is much uncertainty respecting the ancient measures; the tables before
printed being the usually received notions are continued, but subjoined are some of the
dimensions given in Dr. W. Smith's Dictionary of Antiquities :

—

ScBiPTURE LoNo Measure.
(See Cubit.) Hebrew anil Chaldean

ileusnrea, as drawn
ip by F. R. Coiider,

English L'.E., 1875.
Feut J nches. ItarU-.vcorns. Eng. in.

1 digit .... = 0-912 = 2 = 0-6666
4 digits = 1 p;ilm 3-648 = 8 = 2-6666
3 palms = 1 span 10944 i= 40 or Artificers'

2 spans = 1 cubit 1 9-888 cubit = 13-3333
4 cubits = 1 fathom - = 7 . 3-552 = 48 or Land cu-
li fathom = 1 reed (Iv^^ekiel's)

Ig rccd =1 pole (Arabian) -

= 10 11 328 bit=16-
= 11 7-104 = 52 or Sacred

10 poles = 1 scoenus, or measuring line = 145 1104 cubit=17 3333

Grecian Long Mbasu HE.

(See UECATO.MPKD0N.) English
rnrps Smith's Diet.
of 5 ft. Ft. In. Ft. Indies.

1 dactylus, or digit - - - - = 0-7554 -75843
4 dactyli = 1 doron, doclime, or pale-ti= 3 0218 303375
2| palesta or 2 =1 lichas = 7-5546 6 0675 H
1^ lichas or 1 1 =1 orthodoron - = 8-3101 8-3428
l-^orthodoron =1 spithame = 9-0656 9-!Or25 ^
li^ spithame = 1 pons, or foot

-

- 1 00875 1 0-135
li pous = 1 pygme, or cubit = (» 1 1-5984 1 1 65187
lipygme = 1 pygons = 1 3 109 = 1 3-10875

1| PygOD = 1 pecus, or larger cubit = 1 61312 1 6-2025
4 pecus = 1 orgye, or pace = 6 0-525 6 81

100 orgya, or paces =1 stidium, aulus, or furlong = 100 4 4-6 = 606 901
8 stadia, &c. =1 million, or Koniaii mile = 805 5 = 4854 0-00

Roman Lono Mkasure.

English Rmitli's Diet.
Paces. n. In. I't. luclies.

6 scrupula =1 .sicilicum.

8 scrupula =1 duulluni.

1^ duellum = 1 semniaria.

18 scrupulas = 1 digitus transvcrsus - = 0-725 -7281

1^ digitus =1 uncia?, or inch = 0967 -9708
3 uncise = 1 palina minor = 2 901 2-9121
4 palmse = 1 pes, or foot - = 11-604 11-6496
i^ pes, or foot = 1 palmipes = 1 2-505 = 1 2-562
1^ palmipes or 1 ^ft.= 1 cubit = 1 5-406 = 1 5-4744
1§ cubit or 2^ feet = 1 gradus = 2 5-01 = 2 5-124

I

2 gradus or 5 feet = 1 passus = 4 10 02 = 4 10-248 !

2 passus = 1 decernpeda - = 1 4 8(14 = 9 8496
25 passus = 1 stadium = 120 4 4-5 The raluius major

8 sUidia = 1 milliare, or mile = 967 8*7372

1000 passus = 1 millo passuum - -
1

= 4854
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Mkchanical Carpentry. That branch of carpentry which relates to the disposition of
the timbers of a building in respect of their relative strength and the strains to which
they are subjected.

Mechanical Powers. See Machine.
Mechanics. (Gr. MrjX"*^. machine.) That science in natural philosophy treating of

forces and powers, and their action on bodies, either directly or by the intervention of
machinery. The theory of mechanics is founded on an axiom or principle, called the
law of imrtia, namely, that a body must remain for ever in a sUate of rest, or in a state
of ULilorm or rectilineal motion, if undisturbed by the action of an external cause.
Theoretical mechanics consists, therefore, of two parts :— Statics, which treats of the
equilibrium of forces ; and di/7iamics, or the science of accelerating or retarding forces,
and the actions they produce. When the bodies under consideration are in a fluid
state, these equilibria become respectively hydrostatics and hj/drodi,tiamu.s.

Medallion. A square, or more properly, a circular, tablet, on which are embossed
figures, busts, and the like.

Mbdleval Architecture. The architecture of England and the Continent during the
Middle Ages. It is also chiefly called Gothic and Pointed.

Megalithic. a term which has lately been applied to those works usually called Celtic
and Druidical. .

Mehrab. a niche in a mosque of the Mahomedans which marks the direction of the
Kebla or temple at Mecca, to which their religion directs them to bow their face in
praying.

Member. (Lat.) Any part of an edifice ; or any moulding in a collection of mouldings,
as of those in a cornice, capital, base, &c.

Menagerie. (Fr.) A building for the housing and preservation of rare and foreign
animals. The ancient Romans of opulence usually had private menageries, a sort of
small park attached to their villa, and in them various kinds of animals were placed.

Menhir. See Maenhir.
Mensa. The slab, top, or table of the altar of the Roman Catholic Church.
Mensuration. (Lat.) The science which teaches the method of estimating the magni-

tudes of lines, superficies, and bodies.

Meridian Line. A line tracedon the surface of the earth coinciding with the intersect i^'Q

of the meridian of the place with the sensible horizon. It is therefore a line which lies

due north and south. In Italy these lines have been laid in large churches, as at Santi
Maria del Fioreat Florence, the Duomo at Bologna, &c. They are traced on brass rods
let into the pavement of the church, and marked with the signs, and otherwise graduated.

A hole in the roof permits the sun's rays to fall on them at his culmination, thus marking
noon as well as its height each day in the heavens.

Merlon. The plain parts of an embattled parapet, between the crenelles or embrasures.

Meros. (Gr.) The plane face between the channels in a triglyph. See Triglyph.
Mksaul^. (Gr.) Described by Vitruvius as itinera or passages ; they were, however,

smaller courts. ApoUonius Rhodius, in describing the reception of the Argonauts at

the palace of .35etes, conducts them first into the vestibule, then through the folding

gates into the mesaula, which had thalami here and there, and a portico (aiQavaa) on every

side.

Meta. (Lat.) A mark or goal in the Roman circus to which the chariots, &c., ran.

Metal. (Gt. MeroAAov.) A firm, heavy, and hard substance, opaque, fusible by tire, and
concreting again when cold into a solid body such as it was before

;
generally malleable

under the hammer, and of a bright glossy and glittering substance where newly cut or

broken. The metals conduct electricity and heat, ami have not been resolved into other

forms of matter, so that they are regarded as simple or elementary substances. They
also reflect, when polished, both light and heat. Modern chemists have carried the

number of metals to over forty-two, only seven whereof were known to the ancients

;

namely,

—

\. Gold, whose symbol is thus marked Q ; 2. Silver, ]) ; 3. Iron, ^ ; 4. Cop-

per, $ ; 5. Mercury, $ ; 6. Lead, ^ ; 7. Tin, 2^.

Metatomb. (Gr. Mero. and tfixvw, I cut.) The space or interval between two dentels.

Metoche. (Probably from M€TfX'«'i I divide.) In ancient architecture a term used by

Vitruvius to denote the interval or space between the dentels of the Ionic, or triglyphs

of the Doric order. Baldus observes that in an ancient MS. copy of that author, the

word metatome is used instead of metoche. This made Daviler suspect that the common
text of Vitruvius is corrupt, and that the word should not be metoclie but metatome,

as it were section.

Metopa. (Gr. Mera, between, and Ottt;, a hole.) The square space in the frieze between

the trigl^'phs of the Doric order: it is left either plain or decorated, according to the

taste of the architect. In very ancient examples of this order the metopa was left quite

open. Figs. 1414 and 1415 represent two sculptures from the Parthenon at Athens.

Metre. The French unit of length (see Measure), from whence is derived their metrical

svetem now followed by many other nations.
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Mexican Architecture. The building-3 of the ancient people inhabiting Mexico and

.- Yucatan in America

—

Teocalli or pyramids, wiih walls of ruined cities, various carvings

Fig. 1414. Fig. 1416.

on the face of the stones, and sculpture of hideous shape, comprise nearly all that is as

yet known of their works.

Mezzanine. (Ital. Mezzano, middle.) A story of smnll height introduced between two
higher ones. See Enthesol.

Mezzo Eelievo. See Rfxikvo.

Middle Post. In a roof, the same as King Post.

Middle Quarters of Columns. A name given to the four quarters of a column divided

by horizontal sections, forming angles of forty-five degrees on the plan.

Middle Eail. The rail of a door, on or in which the lock is usually fixed.

Mile. (Lat. Mille passuum, a thousand paces.) A measure of length in England equal

to 1,760 yards. The Roman pace was 5 feet; and a Koman foot being equal to 1I'62

modern inches, it follows that the ancient Eoman mile was equivalent to 1,614 English
yards, or very nearly eleven-twelfths of an English statute mile. The measure of the

English mile is incidentally defined by an Act of Parliament passed in the 3oth of

Elizabeth, restricting persons from erecting new buildings within three miles of

London, in which Act the mile is declared to be 8 furlongs of 40 perches each, and each

perch equal to 16| feet.

Milk Eoom. See Dairy.
Millstone Grit. A coarse grained quartzose sandstone. It is extracted from the group

of strata which occur between the mounttvin limestone and the superincumbent coal

formations.

Minaret. (Arab. Menarah, a lantern.) A slender lofty turret, rising by different

stages or stories, surrounded by one or more projecting balconies, common in

Mohammedan countries, being used by the priests for summoning (from the balconies)

the people to prayers at stated periods of the day. They are also called alkoi-anes.

Minora^ The name for the cdla containing the statue of a Hindoo temple, from whence
rises the sikr ov spire; t\ie pronaos \s XhQ munduf, aud the portico is in front, which
is the ckdori or pillared hall.

Minion. An iron ore, which mixed with a proper quantity of lime makes an excellent

water cement. '

Minster. A church to which an ecclesiastical fraternity has been or is attached. The
name has been also used freely to distinguish collegiate or conventual churches from
parish churches.

Minute. (Lat.) See Module.
MiscHiA. See Scagliola.
Miserere. A hinged seat attached on an horizontal axis to a stall in a church or

cathedral. It was so contriA'ed that if, during the performance of religious ceremonies,
the occupier of it slept, he would fall on (perchance) the floor. Hence the name. The
corbel under the seat, which formed the resting place, is usually carved with foliage, or

with figures sometimes of a ludicrous design. The earliest examples are in Exeter
Cathedral, dating 1240-56.

Mitciiel. a name given by workmen to Purbeck stones of twenty-four inches by fifteen

when squared for building.

Miter, sometimes written Mitre. See Bevel.
MiTKB Box. See Box foe Mithr
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Mitre Arch. A French name for a pediment arch similar to fig, 1413. Examples are

found in early Greek and in Celtic structures as well as in the early Norman work in

England.
Mixed Akgt.e. An angle of which one side is a curve
and the other a straight line.

Mixed Figure. One composed of straight lines and
curves, being neither entirely the sector nor the seg-

ment of a circle, nor the sector nor segment of an
ellips^is, nor a paraLohi, nor an hyperljola.

Moat. A wide ditch surrounding a house, castle, or

town, and always full of water, or capable of being

filled when requisite.

Model. (Lat.) An original or pattern proposed for

anyone to copy or imitate. Thus St. Paul's may be,

though not strictly so, said to be built after the model
of St. Peter's at Rome.
The word is also used to signify an artificial pattern

made of wood, stone, plaster, or other material, with

all its parts and proportions, for the satisfaction of the

proprietor, or for the guide of the artificers in the exe-

cution of any great work. In designing Inrge build-

ings a good method of proceeding is to make a model, ^'8- ^"*'- ^'^'-^^ ^*^ Barnack Clim-ch

and not to trust entirely to drawings.

MoDiLLioN. (Fr.) A projection under the corona of the richer orders resenibling a

bracket. In the Grecian Ionic there are no modillions, and they are seldom found in

the Roman Ionic. Those in the frontispiece of Nero at Rome consist of two plain faces

separated by a small cyma reversa, and crowned with an ovolo and bead. In the frieze

of the fourth order of the Coliseum, the modillions are cut in the form of a cyma
reversa.

Modular Propoktion. That which is regulated by a module. See Module.
Modulation. (Lat.) The proportion of the different parts of an order.

Module. (Lat.) A measure which may be tiiken at pleasure to regulate tlie proportions

of an order, or the disposition of the whole building. The diameter or semi-diameter of

the column at the bottom of the shaft has usually been selected by architects as their

module ; and this they subdivide into parts or minutes. Vignola has divided liis module,

which is a semi-diameter, into 12 parts for the Tuscan and Doric, and iuto 18 for tiie

otlier orders. The module of Palladio, Cambrai, Desgodetz, Le Clere, and otiiers, is

divided into 30 parts or minutes in all the orders. Some liave divided the whole height

of the column into 20 parts for the Dirie, 22^ for the Ionic, 25 for the Corinthian, &c.,

one whereof is taken for the module by which the other parts are to be regulated.

Vitruvius having lessened his module in the Doric order, which in the other orders is

the diameter of the lower part of the column, and having reduced the great module to a

mean one, which is a semi-diameter, Perrault reduces the module to a third part for a

similar reason, namely that of determining the diflFerent measurements without a frac-

tion. Thus, in the Doric order, besides that the height of the base, as in the other

orders, is determined by one of these mean modules, that same module furnishes the

heio-ht of the capital, architrave, triglyphs, and metopse. But the smaller module ob-

tained from a third of the diameter of the lower part of the column has uses considerably

more extensive, inasmuch as by it the heights of pedestals, of columns, and entablaturea

in all the orders may be obtained without a fraction.

Modulus of Elasticity. A term in relation to elastic bodies, which expresses the weight

of themselves continued, which would draw them to a certain length without destroying

their elastic power.

Mole. (Sax.) A pier of stone for the shelter of ships from the action of the waves.

Amongst the Romans the term was applied, as in the CMse of the mole of Uadriau

(now The castle of St. Angelo at Rome), to a kind of circular mausoleum.

Momentum. (Lat.) The impetus, force, or quaiitity of motion in a moving body,

word is sometimes used simply for the motion itself.

Monastery. A house for the reception of religious devotees, but more properly applied \n

one for the habitation of monks.

MoNiAL. An old way of writing Mullion, and still used by some writers.

Monkey. In piling operations. See Fistuca.

MoN(JCHROME. a system of decoration of one colour only.

Monolith. (Gr. Moi/os one, hiQos, a stone.) A monument, obelisk, or column of a

single stone. Such works are found in many parts of the world. In Egypt and

India temples have been formed out of the rock or of single blocks of stone. Many

circl"S of stones, as at Abury and elsewhere, consist of monoliths.

The
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MtiNOPTBRAi,. (Gr.) A species of temple of a round form, which had neither walls not

cella, but only -a cupola sustained by columns. See Temple.

MoNOTRiGLYPH. (Gr.) A term applied to an intereolumniation in which only one tri-

glyph and two metopse are introduced.

Monstrance. A transparent pyx for processions of the Church, or when the Host is

exhibited ; a casket for the exhibition of the Sacrament.

MoNTANT. The intermediate style in a piece of framing, which is tenoned into the rails.

It is alsi called a muntin.

Monument. (Lnt. Moneo.) An edifice of importance in the history of art, and which
was raised to perpetuate ttie memory of some eminent person, or to serve as a tlurable

token of some extraordinary event. See Mausoleum. The pyramids may also come
II ider this class, although they were tombs. The word monument is too generally ap-
plied to mere tombs.

Mdorstune. A species of grjnite found in Cornwall and some other parts of England,
and very serviceable in the coarser parts of a building. Its colours are chiefly black and
white, and it is very coarse. In some parts of Ireland immense beds of it are found.

Moubsque Architecture. The style of building peculiar to the Moors and Arabs. It is

aLo called Saracenic.

The AV.)rd Moresque is also applied to a ki.id of painting in that style used by the
Moors. It consists in many grotesque pieces and compartments, promiscuously, to ap-
pearance, put together, but without any perfect figure of man or animal. The stylo is

sometimes called Arabesque.

Mortar. The material used to bind stone, bricks, &c., together ; it is cempounded of

burnt limestone and sand. Hydraulic mortar is made of hydraulic lime and sand.

Mortick, or Mortise. (Fr. Mortoise, probably from the Latin Mordeo, to bite.) In car-

pentry and joinery, a recessed cutting wi'hiu the surface of a piece of timber, to receive

a projecting piece called a ienmi left on tiie end of another piece of timber, in order to

fix the two together at a given angle. The sides of the mortice are generally four

planes at right angles to eaeh other and to the surf ice, whence the excavation is made.

Mortice Lock. A lock made so as to fit into a mortice cut in the lock rail of a door to

receive it. It is thus shut out from sight.

Mosaic. (It. Mosaico.) A mode of representing objects by the inlaying of small cubes

of glass, stone, marble, sliells, wood, &c. It was a species of work much in repute

among the ancients, as may be gathered from the numerous remains of it. It is sup-

posed to have originated in the east, and to have been brouglitfrom Phccnicia to Greece,

and thence carried to Home. The term Mo.saic work is distinguished from marqtiefri/

and farqitetry by being only applied properly to w'orks of stone, metal, or glass. The
art continues to be practiseil in Italy at the present day with groat succes-.

Mosque. (Turk. Moschet.) A Moliaminedan temple or place of worship. The earliest

Arabian mosques were decorated with ranges of a vast number of columns, often be-

longing originally to other buildings. Those of the Turks, on the other hand, are more
distinguished for the size and elevation of their principal cupolas. Each mosque is

provided with a minaret, and commonly with a fountain of water, with numerous
basins for ablutions.

Mould. A term used to signify a pattern or contour by which any work is to be wrought.

The gla-ier's moulds are of two sorts, one of which is used for CJisting the lead into long

rods or cames, fit for drawing through the vice in which the grooves are formed. This

they sometimes call the ingot nioidd. The other is for moulding the small pieces of

lead, a line thick and two lines broad, which are fastened to the iron bars of casements.

The mason's mould, also called caliber, is a piece of hard wood or iron, hollowed on

the edge, answering to the contours of the mouldings or cornices to be formed. The
ends or heading joints being formed as in a cornice by means of the mould, the inter-

mediate parts are wrought down by straight edges, or circular templets, as the work is

straight or circular on the plan. When the intended surface is required to be very

exact, a reverse mould is used, in order to prove the work, by applying the mould in a

transverse direction of the arrises.

Mould. The prepared form on which plumbers cast their sheets of lead ; it is simply

called a table. They have others for casting pipes without soldering.

Mould Stone. One of the stones of a moulded jamb.
Mouldings. The ornamental contours or forms applied to the edges of the projecting or

receding members of an order. Grecian mouldings are formed by some conic section, as

a portion of an ellipse or hyperbola. The Roman mouldings are formed by arcs of

circles, the same moulding having the same curvature throughout. The mouldings

used in Pointed architecture are chiefly formed by portions of circles.

MuLLioN, MuNNioN, Or MoNiAL. In Pointed architecture, the vertical post or bar which
divides a window into two or more lights.

MuLTiToiL. An arch with such numerous foliations that it is thought unnecessary par-

ticularly to specify the number.
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Municipal Ahchitectcee. The term applied to buildings erected for civil and municipal
purposes, such as town halls, guild halls, &c. No particular style is inferred, as the
buildings partook of the style prevailing at the time of their erection, and in the pre-
sent day it depends on the decision of the persons for whom the edifice is designed.

Muniment Eoom. A strong, properly fire-proof, apartment in public or private buildings,
for the keeping and preservation of evidences, charters, seals, &c., called muniments.

MuNNiON. See Mullion.
MuNTiN. See Montant.
Mural. (Lat ) Belonging to a wall. Thus, an upright monumental slab attached to a

wall is Crtllpd a mural monument ; sometimes a mural slab or tablet ; an arch inserted
into or attached to a wall is called a mural arch; and columns placed within or ;igainst

a wall are called vmral columns.
Museum. (Gr. WovcreLov.) A museum is a building destined to the reception of natural,

literary, or scientific curiosities, and for that of the works of learned men and artists.

The term M'as first applied to that part of the palace at Alexandria appropriated solely

to the purpose of affording an asylum for learned men; it contained buildings and
groves of considerable magnificence, and a temple wherein was a golden coflfin contain-
ing the body of Alexander. Men of learning were here lodged and accommodated
with large halls for literary conversations, and porticoes and shady walks, where,
supplied with every necessary, they devoted themselves entirely to study. The
.establishment is supposed to have been founded by Ptolemy Philadelphus, who here
placed his library. It was divided into colleges or companies of professors of the
several sciences, and to each of such professors was allotted a suitable revenue.

Museums, in the modern sense of the word, began to be established about the
sixteenth century, when collections were formed by most of the learned men who
studied natural history. On a small scale, they are becoming more common in the
principal towns of this country. Where economy requiies it, and the collection in

o.ich department be not too larjio, the whole may be properly and conveniently
comprised within one building. In respect of security against fire, and quietness of
tlie situation, the same precautions will be necessary as have been indicated for

libraries, and must always be observed.

In the composition of museums, decor.ation must not be exuberant. It must be kept

in the interior so far subordinate as not to interfere with the objects to bo exhibited,

which are the principal features of the place. With this caution we do not preclude

the requisite degree of richness which the architecture itself requires. Great skill is

necessary in introducing the light properly on the objects, inasmuch as the mode of

properly lighting up objects of Natural History is very different indeed from that

which is required for Pictures, and this, again, from what Sculpture requires.

Specimens illustrating Natural History, Sculpture, Vases, and the like, should have
high lights. Algarotti states that the museum which Eubens built for himse f

at Antwerp was circular, with a single light in the roof. The museum at Scarborough,

designed by Mr. E. H. Sharp, is 32 feet in diameter inside, with a skylight of 9 feet.

It has also seven windows round the lower portion of the room. There are subjects,

nevertheless, in all these classes (in mineralogy, for example), for which strong side

lights are essential to an advantageous exhibition of tlum. In such cases small

recesses may be practised for the purpose. At the Hotel des Monnaies, at Paris, the
' presses which contain the collection of Mineralogy form a circle which encloses a small

lecture theatre, and thus become doubly serviceable. The student is thus made aware

how room is to be gained when the area of a site is restricted. The collection of

Sculpture is not so well lighted as are the models and other objects. Paintings

excepted, in the Vieui Louvre, which are exhibited to perfection.

AVhere the same museum is to contain several classes of objects, the suites of rooms

for the different departments should be accessible from some central one common to all

;

this may be circular or polygonal, as may best suit the arrangement and means
;
and,

if possible from the site, the building should not consist of more than one story above

the ground ; on no account of more than two.

For the objects it contains we question whether the British Museum is surpassed,

as a wholrt, in Europe; and those of the Vatican, of the Uffizj at Florence, of Portici,

and of Paris, are none of them of sufficient architectural importance to detain the

reader by description ; neither would they, if so described, be useful to the student as

models. At Munich the Glyptotheca for sculpture, and the Pinacotheca for pictures,

by the Baron von Klenze, are in some respects well suited to the exhibition of the

objects deposited in them, better, indeed, than is the nmseum at Berlin, As specimens

of architecture they have been highly praised and as severely censured.

Sir John Soane's Museum, in Lincoln's Inn Fields, should be visited by any amateur

contemplating the formation of a collection of works of art, to understand how much
may be got into a small space, witli well-lighted, warmed, and ventilated apartmento.



1322 GLOSSARY.

The Museum of Economic Geology, in Jermyn Street, wus designed 1837—18, by th.6

late Sir James Pennethoroe. It is well adapted for the special purpose. The hall or

museum is 9.5 feet long, 55 feet wide, and 32 feet high to the springing of the iron roof,

and 42 feet 9 inches to its crown. It is also a good specimen of well-selected

Anston stone, and cost about 30,000^. The Fitzwilliiim Museum, at Cambridge, was
commencetl in 1837 by George Baseri, and partially completed after his death in 1845

by C. R. Cockerell. R.A. ; but it has since received several additions and alterations

for the increased coLections. The South Kensington Museum, as it is called, com-
bining works of art and manufacture of modern date, has many portions to be highly

commended. The Art Museums at Dublin, Edinburgh, in the castle at Nottingham,
Manche-ter, and numerous other towns, afford examples for the future designer of

such useful edifices for general purposes. Tlie Natural History Museum at Soutii

Kensington, designed 1873-bl by Mr. Alfred W.iterhouse, R.A., affords one of the

latest examples of a building for a special purpose. It is probably the largest modern
building in which terra-cotta has been exclusively used for external and internal sur-

faces, including architectural and decorative features, except ceilings and floors. It is

670 feet long and 290 feet deep.

The public museum and library erected at Havre, by M. L. Fortune Brunet
Debaines, about 1848, is exceedingly meritorious. It consists of a central hall for

sculpture ; on either side, and separated from it by nn open iircade, by means of

which the hall is lig ited, is a gallery and museum, the floor of which is six or eight

feet above the floor of the hall, so as to afford rooms for attemlants, &c., beneath.

Access to these galleries is had from the hall by a flight of steps on each side of the
entrance in front. A long flight of steps from the centre of the back of the hall, with
other flights right and left, conduit to a picture gallery over the hall, and to a library,

Containing 20,000 volumes, over the side galleries. It is a square of about 100 feet,

not including the principal staircase. The building, without the fittings, cost about
40,000/. It is of stone.

MusHuEBEEYKH. The Arabic term for a projecting balcony enclosed with lattice work, in

which the occupiers of a house can sit without being sien from the street and enjoy
the air.

MusjiD. The Arabic for a mosque; the jumma muyid is the chief mosque of a
city.

Mutilated Cornice and Pediment. One that is broken or discontinued. Such works
were much used during the worst p^-riod of the Renaissance, and may still be seen

occasionally introduced in modern buildings

Mutilation. (Lat.) The de'acing or cutting away of any regular body. The word is

applied to statues and buildings where anj' p;irt is wanting.

MuTULE. (Lat.) A projecting ornament of the Doric cornice, which occupies the plnce

of the modillion in the other orders, and is supposed to represent the ends of ratters.

The mutule has always been assumed as an imitation of the end of a wooden rafter;

hence, say the advocates for a timber type, they are properly represented with a decli-

nation towards the front of the coronas.

N

Nail. (Sax. Naejel.) A small metal spike for fastening one piece of timber to Riiother.

The sorts of nails are very numerous. Those of mf)st common use in building are

known by the names of ten-pennt/, twenty-penny, and two-shilting naih. Boss nails are

drawn square in the shank. Brads are long and slender nails withijut heads, used for

thin deal work to avoid splitting. Tacks, the smallest sort of which serve to fasten

Jiuen or paper to wood ; the middling fur medium work ; the larg/r size are much i;sed

by upholcterers. Cut nails, or nails cut by miichinery instead of being wrought by
hand as formerly, are now much used, especially for securing flooring boards to the

timbers. See Adhesion.
Nail-head Moulding. One used in Norman buildings, and S) calltd from being formed

by a series of projections resembling the heads of nails or square knobs.

Naked. A term applied ei'her to a column or wall to denote the face or pi tin surface

from which the projections rise.

Naked Flocking. The assemblage of timbers for the floor of a building, whereof there

are three sorts, viz., single flooring, double flooring, and double-framed flooring.

Naked of a Wall. The remote face whence the projections take their rise. It is gene-

rally a plain surface, and when the plan is circular the naked is the surface of a cylinder

with its axis perpendicular to the horizon.

Naos. (Gr.) See Cell.
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Narthex. An inclosed space in the ancient basilica when used as a Christian churoh ; and
also of an ante-temple or vestibule outside the church ; it is tlius used as synonjinous
with porch a,nd portico. Some modern churches have a narthex with a lean-to roof,

si as to form a kind of large porch the whole wultli of the building, or of the nave only.

Na ruEAL Bed OF A Stone. The surface from which the laminae were separated. In all

masonry it is important to its duration that tlie laminae should be placed perpendicular

to the face of the work, and parallel to the horizon, inasmuch as tlie connecting sub-

stance of these laminae is more friable than the lamii.ae themselves, and therefore apt to

scale off in large flakes, and thus in luce a rapid decaj' of the work.

Naumachia. (Gr. from Naus, a ship, and Max ij, a battle.) In ancient architecture, a
place for the show of mock sea engagements, little different from the circus and amphi-
theatre, since this species of exhibition was often displayed in those buildings. One
was erected at Milan under the orders of Napoleon I.

Nave. (Gr. Naos.) The body of a church reaching from the rail or partition of the choir

to the principal entrance. See CmiECH. By
far theuK st important feature of Eomanesque
architecture is the greater elevation obtained for

tlie interior of churches beyond the mere walls

of previous times. This resulted in the triple

range of Pier ar.'=h, dividing the nave from the

aisles, as 1 in^^. 1417 ; the Triforium, contain-

ing sometimes a gallery over the aisles, as 2; and

the Clerestory, or row of windows admitting

light to rhe n':>ve, as 3. The string courses are

unbroken, and give the appearance of the build-

ing being divided into layers or stages ; the

arches also do not harmonise, and the whole

presents the characteristics of the horizontality

of ancient types. The first stage of transition to the verticality of Pointed architecture

Fig. 1417. Roman. Fig. 1418. Norman.

Fig. 1419. Fig. 1420. Fig. 1421. Fig. 1422.

was the use of shafts of small diameter running up in front of the piers anddividing the

Fig. 1423. Fig. U2i. Fig. 1425. Fig. 1426.

triforium and clerestory into compartments, as injig. 1418. The style advanced, as is

shown \ajiff. 14J9, being an example c f the treatment of a bayof a nave or choirin the

Early English or Lancet period ;y!^. 1420 in that of the Geometrical Decorated -./ff. 1421

in that of the Flowing or Late Decorated ; and
p'ff.

1422 in that of the earlier part of
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the Rectilinear or Perpendicular period. In the later portion may be noticed the flatten

ing of the arches, the four-centred arch being that most frequently used. The ogee arch

(j^'^. 1427) was also much used at the same period. The above representations {fgs.

1424 to 1427) of a bay of a nave or choir, exhibit the additions of a Perpendicular

clerestory on a lower portion of earlier character ; and the extinction of the triforium

as a gallery, it being trans lornied into a wall decorated with panels. The priory church

at Bath has not a triforium, but a lofty clerestory, like fff. 1426; -while the choir it

Bristol has neither triforium nor clerestory.

Neutjie MouLDixG. (Lat. Nebula.) An ornament in Norman architecture, whose edge

forms an undulating or wavy line, and introduced in corbel tibles and archivolts. Fi(^. 1382.

Neck of a Capital. The space, in the Doric order, between the astragal on the shaft

and the annulet of the capital. Some of the Grecian Ionic capitals are with necks

below them, as in the examples of Minerva Polias and Erechtheus, at Athens. But the

Ionic order has rarely a neck to the capital.

Needle. A horizontal piece of timber serving as a temporary support to some super-

incumbent weight, as a pier of brickwork, and resting upon posts or shores, while the

lower part of a wall, pier, or building is being underpinned or repaired.

Nervubes. a name given by French architects to the ribs bounding the sides of a
groined compartment of a vaulted roof, as distinguished from the ribs which diagonally
cross the compartment.

Net Measure. Tliat in which no allowance is made for finishing, and in tlie work of

artificers, when no allowance is made for the waste of materials.

Neutral Axis. That plane in a beam in which theoretically the tensile and compressive
forces terminate, and in which the stress is therefore nothing.

Newel. The upright cylinder or pillar, round which, in a winding staircase, the steps

turn, and are supported from the bottom to the top. In stairs, geometrical for instance,

where the steps are pinned into the wall, and tliere is no central pillar, the staircase is

said to have an ftpm newel.

Niche. (Fr. probably from Neotro-ja, a nest.) A cavity or hollow place in the thickness
of a wall for the reception of a statue, vase, &c.

Nidged Ashlar. A species of ashlar used in Aberdeen. It is brought to the square by
means of a cavil or hammer with a sharp point, which reduces the roughness of the
stone to a degree of smoothness according to tiie time employed. When stone is so

hard as to resist the chisel and mallet, the method described is the only way in which
it can be dressed.

Nog. The same as a Wood Bkick.
NooGiNG. A species of brickwork carried up in panels between quarters or studs, and in

which manner partitions called " l^rick-nog partitions" are made.
Nogging-piece. a horizontiil board laid in brick-nogging, and nailed to the quarters for

strengthening the brickwork. Tliey are disposed at equal altitudes in the brickwork.
NoNAGON. (Gr.) A geometrical figure having nine sides and nine angles.

Normal Line. In geometry, one which stands at right angles to another line.

Norman Architecture. This term comprises the architecture of the Normans as seen
in Sicily and adjoining countries; and is applied to the round arch style which was
carried out chiefly in Normandy, and thence taken over into England soon after

Edward the Confessor's time, and more prominently in the reign of William I. It is a
variation of Romanesque architecture. See /(V^s. 1417 and 1418.

NosiN(j OF A Step. The projecting part of the tread-board or cover which stands before
the riser. The nosing is generally rounded, so as to have a semicircular section; and
in the better sort of staircases a fillet and hollow is placed under the nosing.

Notation. In the early periods of the Roman notation, four was written IIIL, this has
been changed into IV. ; ni?ie was written Villi., now IX.

; forti/ was written XXXX.,
now XL. Five hundred was originally written Ig., now D. ; a thousand CIq., now M,
The number Iq = 500, is increased in value ten times for every q annexed. Thus Iqq =
5,000; l3QQ = 50,000. and so on. The number CIo= 1,000 is increased in value ^<»

times for every and Q prefixed or annexed to it. Thus CCIq3 = 10,000, &c. This
notation is not now in use, but will be found in works of the 17th century.

Notation, Architectural. The method adopted of placing signs to figures when mark-
ing dimensions on drawings. Thus, in lieu of writingyee;^, inches, and parts of an inch,

certain dashes are used, ' for feet, " for inches, and '" for parts ; or ° for feet, ' for inches,
and ' for parts. There is no settled method for using these marks.

Notch-board. A board which is grooved or notched for the reception and support of the
ends of steps in a staircase.

Notching. A hollow cut from one of the faces of a piece of timber, generally made
rectangular in section.

Nucleus. (Lat.) In ancient architecture, the internal part of a floor, which consisted of

a strong cement, over which the pavement was laid with mortar.
NuGQER, or Nagar. The Snnscrit name for a city ; as Ahmednugger, properly Ahmad-

nacar. the city of .\hniad.
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NoHAGHE. The name of a sptcies of very ancient structure in Sardinia, resembling and
used for a similar purpose as the cromlechs or dolmens. They are supposed by some
writers to be the work of the ancient Phoenicians.

Nymphjedm. (Gr.) A name used by the ancients to denote a picturesque grotto in a
rocky or woody place, suppostd to be dedicated to, and frequented by, the nymphs. The
Romans often made artificial nymphae in their gardens. In Atticii, the remains of a
nympheeum are still to be seen decorated with inscriptions and bassi-rilievi, from the
rude workmanship of which it may be presumed that tlie grotto is of very ancient date.

O
Oak. (Sax. Ac, JEc,) A forest tree, whose timber is, from its strength, hardness, and

durabdity, the most, useful of all in building.
Obelisk. (Probably from o^eKhs, a spit, brooch, or spindle, or a long javelin.) A lofty

pillar of a rectangular form, diminishing towards the top, those of Egypt often
having inscriptions and hieroglyphics. The upper part finishes generally with a low
pyramid, called a pyramidion. The proportion of the thickness to the height is nearly
the same in all obelisks

; that is, between one ninth and one tenth, and their tiiickness

ar top is never less than half, nor greater than three fourths, of that at bottom. The
following table exhibits a list of the principal obtlisks; and with the dimensions must
be taken with some reservation. Builder, 1877, xxxv., 1076, give.s a plate of eleven.

Situation, &c., of the Obelisk.

Two, mentioned by Diodorus Siculug
Two, of Nuncoreus.Bon of Sesostris, according to Herodotus, Diodorus

Siculus, and Pliny ---.......
Two, attributed by Pliny to Smerres and Eraphiua -

Of Nectanabis, erected near tha tomb of Arsiube by Ptolemy Phila-
delphus ............

Attributed to Sothis, mentioned by Pliny
Karnak; Thebes : two in the ruins, raised on a block ...

„ „ two in the ruins, raised on a block ...
Rome : Piazza del Laterano ; taken to Alexandria by Constautine,
and to Eome by Constantius, where it was placed in the Circus
Maximus ; broken in three pieces, repaired and raised, 1588, by
Fontana. Weighs 445 tons ; the longest

Rome : Piazza del Popolo ; Seti and his son Rameses II. ; brought
from Heliopolis by Augustus, B.C. 10, aud placed iu Circus Maxi.
mus ; raised 1589 by Fontana ........

Rome : Piazza di Monte Citorio ; Psammcticus II., n.i^. 594-588
;

brought from Heliopolis by Augustus to act as a guomon; re-

moved 1792
Rome : Piazza of St. Peter ; Manephthah ; from Heliopolis, B.C. 1400,

by Caius Caligula ; erected about 1590 (plain) . . . .

Rome : Piazza Navona ; cut for Domitian ; placed in Circus Caraca la

or Maximus ; raised 1G51 by Bernini ; also called Pamplii ian

obelisk --.-......--
Rome: Piazza Sta Maria Maggiore ; cut by Claudius; formerly in

front of the mausoleum of Augustus ; (made about B.C. 2U0II ?)

;

raised 1587 by Fontana (plain 1
-.---.--

Rome : Quirinal Hill ; also cut by Claudius, and set up by Augustus,
as its fellow ; raised 1786 by Antinori (plain)

Rome : Trinitd, de' Monti ; brought by Hadrian ; set up 1789 .

„ in front of the Pantheon ; from Circus Maximus ; stt up 1711

„ Villa Mattei, ou the Ccolian

„ on the Pincian (called the Aurelian) ; raised for Pins TIT. -

„ Piazza della Minerva ; by Pharaoh Hdphra, lie. 588-69 ;

raised on au elephant 16C7 by Bernini

„ Villa Medici
„ the Barberini

,, fromThebes: by Thothmes Ill.or IV.
Heliopolis : only one now remains tut of three pairs ; it is the oldest,

by Osirtesen, about 3000 B.C.

London: Thothmes III., B.C. 1600; it was origiiially on a block of

granite .V2 feet high, on three steps 6 ft. 6 in., pieds de Paris ; re-

moved B.C. 23 to Alexandria; removed 1878 to London, and riiLscd

for E. Wilson, by John Dixon, C.E. ; called Cleopatra's Needle
Aries : foiuid buried there in 1389, aud raised 1675 . - . -

Paris : from Luxor ; removed aud raised 1831-36 by Lebas
Lu-'ior: still there--..-------
Constantinople : in the At-Meidan ; moved t>y Emperor Theodosius -

„ smaller one, aocordhig to Gyllius . . - .

Axum, Abyssinia, about - -

Gardens of Sallust : according to Mereati

Bijije, near Meednet-el-Fayoum, in Egypt : Qsirtcsen I.; ui.cqual

sides .--.-.
Alexandria, Thothmes-Rameses I

Height.

Eug. Feet.
158-3

121-8

106-0

105-5

63-3

72-8 ii 90-0

63-3 & 70-0

105-0

105-5

78-2

71-9

82-4

47
43-6

20-1

26-4

29-9

17-6

IU-1

30-0

68-5i

50-

r

76-6

79-1

i>9-7 & 5O-0
34-2

60-0

48-3

42-9

43-0

41 6

67-2 i 69-1

Thickness,

Attoj

Eag Kp» t

7-9

6-G

6-9

5-3

4-5

6-0

4-5

6-2

4-5

4-9

5-8

2-9

2-9

2-1

2-2

2-0

19
3-2

Belov

Jug. I'l'Ct.

11-8

10-5

9-8

9-2

5-1

7-5

51

9-0 & 9 i

7-4

7-9

9-4

4-5

4-3

2-4

2-7

2-6

2-4

3-9

5-3

4-5

3-9

2-9

26
4-9

4-9

8-1

7-5 & 7-lOi

5-lOcf.'-
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Oblique xVxgi.k. One that is greater or less than a right angle. :

Oblique-angled Triangle. One that has no right angle.

Oblique Arches. Such as cross an opening obliquely to the front face of them.

Oblique Line. One which stands, in respect to another, at a greater angle than ninety

degrees.

Oblong. A rectangle of unequal dimensions,

Obskevatory. (Fr.) A building for the reception of instruments and other matters for

observing the heavenly bodies. The observatory at Paris, from the designs of Perrauit,

is a noble building, but, we believe, is universally admitted to be very ill suited to the

purposes for which it was built. A regular observatory is one where instruments are

fixed in the meridian, whereby, with the assistance of astronomical clocks, the right

Fig. 1428.

hbcensions and declinations of the heavenly bodies are determined, and tiius motion,

time, and space are converted into measures of each other. On the observations and
determinations made in such establishments they are therefore, to maritime states, of

vital importance, and ought to be liberally endowed by their govarnments. As the

subject will be better understood by a plan, we subjoin, in.%. 1428, a plan and elevation

of the observatory at Edinburgh. The general form of the plan, as will bo tliorein

Been, is a Greek cross, 62 feet long, terminated at its feel by projecting liexastyle porti-

coes, which are 28 feet in front, and surmounted by pediments. The interspcting limbs
of the cross at their intersection are covered by a dome 13 feet diameter, wiiich traverses

round horizontally, and under its centre a pier of solid masonry is brought up of a
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conical form 6 feet in diameter at the base, and 19 feet high. This is intended eitlier

for an astronomical circle or for an equatorial instrument for oLservations of the
heavenly bodies made out of tlie meridian. In the eastern foot of tlie crOss (b b) are
stone piers for the reception of the transit instrument ; c is the stone pier to which the
transit clock is attached ; and d is a stone piece on which an artificial horizon may be
placed, when observations are taken by reflection : this is covered by a floor board
when not in use, being just under the level of tlie floor ; a a are the slits or chases run-
ning through the walls and roof, but closeablo by means of shuttei-s when the observa-
tion is completed. On the western side (c e) are chases as in the transit room

; / a large

stone pier for the reception of a mural circle
; g the clock pier ; h the pier for an artifi-

cial horizon as before ; i is the conical pier above mentioned, over which the moveable
dftsne is placed, having an opening (/) in the elevation for the purpose of observatiou ; k
is the observer's room ; and m the front entrance.

It is to be especially observed that the piers for the reception of the instruments
must not be in any way connected with the walls of the building ; they should stand on
the firmest possible foundation, which, if at all doubtful, must be formed with concrete,

and the piers should, if possible, be out of a single block of stone ; but if that cannot be
obtained, the beds must be kept extremely thin

;
partial settlement being ruinous to the

nicety of the instruments as well as to the observer's business. The observation

applies also to the clock piers, all vibration and settlement being injurious also to them.
A dry situation should be chosen for the site, for, except in the computing rooms, no
fire heat can be allowed ; and it is important that the brass whereof the instruments are

made should not be corroded by the action of moisture. In large public observatories

there should be the readiest access from one part to another, and rooms for a library

and computers independent of the chief astronomer's joom. The Orwell Park observa-

tory', as described by its architect, Mr. Macvicar Anderson, is published in the Scssio7ial

papers of the Royal Institute of British Architects, Nov. 16, 1874. The observatory at

Warsaw by Pletro Aigner is said to be one of the finest in Europe ; that at Armagh is

very good. A descriptive account of public and private observatories in England Is given

in the Pictorial Handbook of London, 8vo., London, 1851, published by J. ^Yeale.

Obtuse. (Lat.) Anything that is blunt.

Obtuse-anglkd Triangle. One which has an obtuse angle.

Obtuse Akch. See Drop Aech.

Obtuse Sbctihn of a Conp.. Among the ancient geometricians a uaiue given to the

hyperbola.

Octagon. (Gr. 'Oktco and Ftwija, angle.) A figure having eight equal sides and eight

equal angles.

Octahedron. (Gr.) One of the five regular bodies bounded by eight equal and equi-

lateral triangles.

Octastyle. (Gr. 'Oktoi andSruAos.) That species of temple or building having eiglit

columns in front. See Colonnade.

Odeum. (Gr.) Among the Greeks, a species of theatre wherein the poets and musicians

rehearsed their compositions previous to the public production of them.

Oecus. See Hall.

Offices. The apartments wherein the domestics discharge the several duties attached to

the service of a house ; as kitchens, pantries, brewhouses, and the like.

Offset. The horizontal projection from the faces of the different

parts of a wall where it increases in thickness. iX" \ "/^\

OoF.E. A moulding, the same as tlie Cyma revkrsa. i ^^^^ i

Ogee Arcu. A pointed arch, the sides of which are each formed : x^^i^^^
\

with a double curve. (See./?r/. U29.) It frequently appears in !^'
\ ^^

the Decorated period of Gothic architecture, and occasionally in
//}/ ^nU^

that of the Perpendicular ; chiefly in small ornamental work, I
( "O—

as shrines and canopies ; its inflected curves weaken it too much i

for supporting great weights. In some late work, this arch is {J •

also made to curve forward.
_

_
I

j

Ogive. A term used by French architects to denote the Gothic I

|

arch, with its ribs and cross springers, &c. The word is used
|

;

by them to denote the pointed arch.
• li i

Oii.LETS, or Ovletts. Small openings or eyelet holes seen in medi- jH :

tfeval military buildings, through which missiles could be dis-
2.-i^,_

j.joy_

charged without exposing the soldier.

Onk pair of Stairs. An expression signifying the first story or floor above that floor

level with, or raised only by a few steps, above the ground, wliich latter is thence called

the ground floor.

Onyx. Marble. See Marble.
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Op;k. (Gr. On-rj.) The beds of the beams of a floor or roof as in a Grecian temple, the

space between which are called the Metopje,

Open Ne"wei. Stairs. See Newel.
Opening. (Sax.) That part of the walls of a building which is unfilled, for admitting

light, ingress, egress, &c. See Aperture.

Opisthodomus. (Gr.) The same as the Roman posticum, being the enclosed space in

the rear of the cell of a temple.

Opposite Angles. Those formed by two straight lines crossing each other, but not two
adjacent angles.

Opposite Cones. Those to which a straight line can be applied on the surfaces of both

cones.

Opposite Sections. The sections made by a plane cutting two opposite cones.

Optic Pyramid. In perspective, that formed by the optic rays to every point of an object.

Optic Eays. Those which diverge from the eye to every part of an original object.

Orangery. A gallery or building in a garden or parterre opposite to the south. See

Greenhouse. The most magnificent orangery in Europe is that of Versailles, which
is of the Tuscan order, and with wings.

Oratory. (Lat.) A small apartment in a house, furnished with a small altar, crucifix,

&e., for private devotion. The ancient oratories were small chapels attaclied to monas-
teries, in which the monks oflFered up their prayers. Towards tlie sixth and seventh

centuries the oratory was a small churcli, built frequently in a burial-place, without
either baptistery or attached priest, the service being performed by one occasionally sent

for that purpose by the bishop.

Orb. (Lat. Orbis.) A knot or foliage of flowers placed at the intersection of the ribs of

a Gothic ceiling or vault to conceal the mitres of tiie ribs. See Boss.

Orchestra. (Gr. Gpxfojxai.') In ancient architecture, the place in the theatre where the

chorus danced. In modern theatres it is tlie enclosed part of a theatre, or of a music
room, wherein the instrumental and vocal performers are seated.

Order. (Lat.) In Grecian, Koman, and Italian architecture, an assemblage of parts,

consisting of a base, shaft, capital, architrave, frieze, ami cornice, whose several services

requiring some distinction in strengtli, have been contrived in five several species—Tus-
can, Doric, Ionic, Corinthian, and Composite ; each of these has its ornaments, as well

as its general fabric, proportioned to its strengtli and use. These are the five orders of

architecture, the proper understanding and application of which constitute tlie foundation

of all excellence in the art.

Ordinate. In geometry and conies, a line drawn ff-om any point of the circumference of

an ellipsis or other conie section perpendicular to, and across the axis, to tlie other side.

Ordonnance. (Fr. from the Lat.) The perfect arrangement and composition of any ar-

chitectural work. It applies to no particular class, but the term is general to all spec'.es

in which there has existed anything like conventional law.

Organical Description of a Curve. The method of describing one upon a plane by
continued motion.

Oriel, or Oriel Window. (Etym. uncertain.) A large bay or recessed window in a hall,

chapel, or other apartment. It ordinarily projects from the outer face of the wall

either in a semi-oi^tagonal or diagonal plan, and is of varied kinds and sizes. In lar^o

halls its usual height is from the floor to the ceiling internally, and it rises from the

ground to the parapet on the outside ; sometimes it consists only of one smaller window
supported by corbels, or by masonry projecting gradually from the wall to the sill of

the window. A bow window projects circularly, and was formerly called a compass or

embowed window ; whilst the projection of tlie oriel is made up of angles and straight

lines forming generally tlie half of a hexagon, octagon, or decagon, and was better

known l)y the name of hay tuindow, shot window, or outcast, window, a distinction, how-
ever, not generally observed.

Orientation. (Lat. Oriens.) The deviation of a church from due east, it being supposed
that the chancel points to that part of the east in which the sun rises on the day of the

patron saint. This point, however, has not been fiilly investigated.

Original Line, Plane, or Point. In perspective, a line, plane, or point referred to tlie

object itself.

Orle. (Ital.) A fillet under the ovolo or quarter round of a capital. When the fillet is

at the top or bottom of the shaft of a column it is called a cincture. Palladio uses the

word orle to express the plinth of the bases of the columns and pedestal.

Ornament. The smaller and detailed part of the work, not essential to it, but serving to

enrich it ; it is generally founded upon some imitation of the works of nature.

Ornamented English Architecture. That phase of mediseval architecture in England
which is generally called tlie Decorated period ; it was comprised chiefly in the reigns

of the three first Edwards.
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OKTHoanAPnT. (Gr. Op6os, right, and rpa(/)a;, I describe.) The elevation of a bviilding show-
ing all the parts in their proper proportions ; it is either external or internal. The first

is the representation of the external part or front of a building showing the face of the
principal wall, with its apertures, roof of the building, projections, decorations, and all

other matters as seen by the eye of the spectator, placed at an infinite distance from it.

The second, commonly called the section of a bailding, shows it as if the external wall
were removed and separated from it.

In geometry, orthogi-aphy is the art of representing the plan or side of any object, and
of the elevation also of the principal pmrts : the art is so denominated from its etymology,
because it determines things by perpendicular right lines falling on f ne geometrical plan,

or because all the horizontal lines are straight and parallel, and not, as in perspective,

oblique.

Orthosttle. a columnar arrangement, the columns being placed in a straight line.

Osculating Circle. That, the radius of whose curve, at any particular point of anotlier

curve, is of the same length as that of the curve in question at that particular point.

Hence it is the kissing circle, and that so closely that there is no difference in the cur-

vature of the two curves at that particular point.

OuNDY, or Undy Moulding. A moulding with a wavelike outline. Feefff. 1383.

Out and In Bond. A Scotch term for alternate header and stretcher in quoins, and ia

window and door jambs.
Outer Doors. Those common to both the exterior and interior sides of a building.

Outer Plate. See In.ner Plate.
Outline. The line which bounds the contour of any object.

Out of Winding. A term used by artificers to signify that the surface of a body is that

of a perfect plane ; thus when two straight edges in every direction are in the s<iine plane
they are said to be out of winding.

Out to Out. An expression used ofany dimension when measured to the utmost bounds
of a body or figure.

OuTWAKD Angle. The external or salient angle of any figure.

Ova. (Lat.) Ornaments in the shape of an egg, into which the echinus or ovolo is

often carved.

Oval. A geometrical figure, whose boundary is a curve line returning into itself; it

includes the ellipsis or matliematicai oval, and all figures resembling it, though with
difft rent properties.

Overhang. See Batter.
OvERisTORT. The ckar- or clerestory of a building.

OvoLO. (Ital.) A convex moulding whoso lower extremity recedes from a perpendicular

line drawn from the upper extremity.

Oxidation. The corrosion of iron by the atmosphere. Paint is one of the best preserva-

tives, renewed as necessary. Lime-whiting is another; and latt-ly it has been urged

to pickle the wrought iron in dilute sulphuric acid, so as to remove the scaly oxide

before painting.

Pace A portion of a floor slightly raised above the general level : a dais. It is also

applied to a landing in a staircase ; its prefix, half ov quarter, determines the size of it.

See also Measure.
Packing. Small stones imbedded in mortar, used to fill up the interstices between tiie

larger stones in rubble work.

Paddle. A small sluice, similar to that whereby water is let into or out of a canal lock.

Pagoda. A name given to the tall pyramidal structure of several stones, forming one of

the peculiar features of Chinese architecture. It is said to be derived from the Ilindoo

word dagoba.

Painted Glass. Glass painted with ornaments or pictorial representations, and then put

into a kiln and the paint burnt in. See Stained Glass, with which it is sometimes used

in painted windows.

Pai>teh. An artificer who combines the knowledge of colours and the application of them

to decorative purposes.

Painter's Work. The work of painting, with different coats of oil colour and turpentine,

the parts of a building usually so treated.

Pair. As one-pair, two-pair, &c., story. See Floor, and One-pair.

Palace. (Lat. Palatium.) In this country, a name given to the dwelling of a kin^; '>r

queen, a prince, and a bishop. On the Continent, it is a term in more general use,

almost all large dwellings of the higher nobility and government offices being so

denominated. A palace is properly an edifice destined not only for the residence of the

sovereign or piince, but for the reception also of persons who have the privilege offublic or

4Q
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private audience. It being impossible for the -whole of the parties to be present together,

there must be, besides the apartments which are occupied by the sovereign and his

or her family, ample room and accommodation for the attendants in waiting of every

degree, and the consequent accessories. A palace should be disposed with porticoes,

vestibules, galleries, halls of waiting suited to every season, wherein those to be admitted

may wait with convenience and comfort till their turn of admission arrives. It is

evident that, from the nature of such an edifice, much magnificence should be displayed

in it. The site on which a palace is to be seated must be open and free in every respect,

go that a largo expanse of gardens should be attached to it for the use of the piiblic as

well as the sovereign, in which respect the palaces of the Tuileries and Versailles are

unparalleled. All should have a royal bearing, parsimony being inadmissible in works

of this nature.

The palace.<) of the Escurial, Versailles, and the Tuileries are, though extremely

spacious and imposing, but ill-disposed and imperfect examples of a palace. Perhaps

the most perfect in Europe is tliat at Caserta, near Naples, commenced in 1762, which

is described by Milizia as follows :
—" The plan of this palace is a vast rectangle, 731

feet long from east to west, 569 from north to south, and 106 feitin height. The interior

is divided into four courts, 16'2 feet by 244. The depth of building that surrounds these

: courts, in which are the apartments, passages, &c., is 80 feet, including the thickness of

the walls, which are in some instances 15 feet. The two principal facades have five

stories besides that below the ground, and each contains thirty-seven windows. There

are three entrances, one iu the centre, and the others at equal distances between it and

the extreme angles, where, as well as in the centre, ihe building breaks forward a litile,

is carried up to the height of 60 feet, and formed into pavilions by columns 42 feet high.

Thus the whole height of the building is 102 feet from the foundation to the top of the

pavilion, at the anghs 162 feet, and in the centre 190 feet. The basement, which is

rusticated, comprises tlie lower offices, the ground floor, and its mezzanine. Abi)ve is

placed an Ionic order of columns and pilasters, which contains the two ranges of state

apartments ; the lower windows are ornamented with pediments ; in the frieze are

introduced the windows of the upper mezzanine. The centre entrance It-ads to a superb

portico, which traverses the building from north to south, and is sufficiently spai-ious

to allow carriages to pass under from either facade to the centre of the building, where

is a large octangular vestibule, which unites the arms of the cross produced by dividing

the plan into four courts : two sides of the octagon are open to the portico, four to the

four courts, one to the grand staircase, and the eighth is occupied by a statue of Hercules

crowned by Virtue.
" The grand staircase, which is on the right, is lighted by twenty-four windows, and

decorated in a beautiful style. At the first landing it is divided into two flights; the

liundred steps of which it is composed are 18 feet long, and each of one piece of marble
;

it is lighted also from the top by a double skylight. The upper vestibule is also octangular,

and surrounded by twenty-four columns of yellow marble 18 feet high. Four doors lewd

from thence to the apartments : the one opposite the landing to the chapel, tliat to the

right to the apartments of the king, which comprehend the south-west angle of the build-

ing, overlooking the sea and the plains of Naples and Capua. To the It- ft are tlie apart-

ments of the queen, occupying the north-west angle, the remainder of these floors being

occupied by the princes. Tlie chambers throughout are vaulted, and admirably arranged

;

the apartments of the king and queen are separated by a gallery 138 feet long, 42 wide,

and 52 high. The palace contains a small elegant theatre, on a circular plan, divided

into nine compartments, with four tiers of boxes. The chapel is rectangular in its plan,

with the end terminated semicircularly, and decorated with isolated Corinthian columns

on pedestals, with an entablature, in which the cornice is not omitted. The marbles and

sculptures throughout are of the richest kind; the apartments generally well arriingcd

and distributed, of magnificent dimensions, and of various forms. The whole is a rare

as>emblage of vastnesc, regularity, symmetry, richness, ease, and elegance. The multi-

plicity of windows may certainly be a little at variance with propriety.

"But the most wonderful part of this grand work has not ms yet been desciibed.

There are ranges of aqueducts of a great height, and of sufficient length to unite the two

Tifati mountains near the Furche Caudine. The waters on the mountjiin are colhcted

info a canal for the purpose of supplying these acqueducts, and conducted to various

lakes and fountains of every description. To the embellishments," adds Milizia, "of
this royal residence are added a convenience and solidity that throw into shade all that

has been done before or since." The plans, &c. of this palace are given in Durand's

I'arallele des Edifices, and also in the work l)y Vanvitelli, its architect.

The palace at Whitehall projected by Inigo .Tones, and published in Kent's Designs

(see fig. 207, supra), consisted of six courts, with greater beauties of composition ;
and

had the edifice, of which the " banqueting-houso " is not the hundredth part, been

carried to completion, it would have eclipsed the one at Caserta, which contains the
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lepding, and, indeed, governing principles upon which the palace for a sovereign should
be constructed.

Many useful remarks on this subject will be obtained in perusing Bvewev'a Descriptive
and Historical Account of the various Palaces and Public Buildings, English and Foreign,
4to., London, 182L We regret that in this country no model of a palace can be offered
for the student. Windsor Castle, with all its beauties, which consist, however, more in

site and scenery than in the disposition of a palace, is not to be commended ; St. James's
Palace is said to be planned with many advantages for holding courts, but the exterior
is far fiom what a palace should be.

Paljestea. (Gr. naAaioi, I wrestle.) A part of the Grecian gymnasium, particularly

appropriated to wrestling and other gymnastic exercises; it was someimes used to

denote the whole building. It contained baths which were open for the use of the
public. According to the authority of Vitruvius no palfestra existed in Rome.

Pale. A small pointed stake or piece of wood, used for making landmarks, and enclosures,

placed vertically.

Pale Fencing, or Pale Fence. That constructed with pales.

Palisade. A fence of pales or stakes driven into the ground, set up for an enclosure, or

for tlie protection of property.

Palladian School of ARCiiiTECTUUE. A manner of designing, taking its name from its

introducer, the celebrated architect Andrea Palladio. It is a sort of medium between

that vigorous severity which some exclusive minds abuse in the endeavour to imitate

the Classic style, and the licentious anarchy of those who refuse to recognise rules,

•which rules allow of exceptions. In the conception and execution of the edifices by
Palladio there is always a clear intuition, a simple method, a sufficiently perceptible

accord between need and pleasure, and such harmony in this accord that it would be

difficult to say which gave the law to the other. His manner offers to all countries a

model easy of imitation. The talent of the author of it is doubtless the principle

whence this facility emanates, but this facility of adapting itself to everything and
being adopted by all, is what distinguishes his talc t and generalises its influence. In

fact, it may be said with truth, that Palladio has become the most universally followed

muster in all Europe, and in some sort the chief of the modern scho >l in civil build-

ings. This school has been reproduced in England with the greatest success, as in the

case of luigo Jones and others. Quatremere de Quincy, Bid. Arch. See also Gwilt's

criticism in Book I.

Palm, a measure of length. See Measure (Anciekt), and Foot.

Pampre. (Fr.) An ornament composed of vine leaves and bunches of grapes wherewith

the hollow of the circumvolutions of twisted columns are sometimes decorated.

Pan. a square of framing in half-timbered houses, the uprights being filled in with

work. It is called post and pan, or post and petrail work, in the north of Ei gland.

Pancahpi. (Gr.) Garlands and festoons of fruit, flowers, and leaves, for the ornament

of altars, doors, vestibules, &c.

Pane. A term applied to the side of any object, as a square, octagon, &c., which would

be said to have four, eight, &c., sides.

Panel. (From the low Latin panellum.) A board -whose edges arc inserted into the

groove of a thicker surrounding frame, as in a door.

A panel in masonry is one of the faces of a hewn stone.

Panier. (Fr.) An upright corbel fixed against a pilaster and under a beam to break

the angle so formed.

Pantameter. a graduated bevel.

Pantile. The curved tile used for roofing.

Pantograph. An instrument for copying, diminishing, or enlarging drawings.

Paper. A substance made by the maceration of linen rags in water and spreading them

by hand or machinery into thin sheets ; on this the drawings of the architect are usually

made ; its usual sizes, as made by Whatman, being :—

Demy -------- 20 inches by 1 5 inches.

Medium 221 - 17A -
Royal -------- 24 - 19 -
Super-royal ' ' ' ' ' ~ ' \*

" 1
Imperial -------- 30 - 22 -
Colombier - - - - - " - rfi — -•>

Atlas 33 —
^;

""

Double Elephant ----"'!['""
SI —

Antiquarian ' ' ' ' ' ~ '
'"^r.

'~

^8 _
Extra Antiquarian ------ oo o»

Emperor - - 68 — 48 —
Imperial 90 and 140 lbs.

4 Q 2
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" Cartridge " is a stronger sort for working drawings. For rough stet^^hing. a thin

paper, the " lining paper" of the paperhangers, is much used, and is obtained in a roil

of twelve yards in length. Continuous cartoon paper is 3 ft. 4 in., 4 ft., and 5 ft.

wide. Tinted papers can also be so obtained. For mapping or such work a strong

continuous paper is made, and ready mounted on hollaud for extra strength. See

Tkacing rAPEK.
Papeehangings. The paper prepared, either plain or with a pattern printed upon it, for

covering the walls o* rooms. The varieties are very numerous. The better sort are

still printed from wood-blocks, but the inferior kind are printed by machinery.

Fapykus Capital. A species of capital seen in some of the temples of Egypt. See

fff. 59.

Parabola. (Gr. Tlapa, through, and BaAAoj, I throw.) In geometry, a curved line formed

by the common intersection of a conic surface, and a plane cutting it parallel to another

plane touching the conic surface.

Parabolic Assymptote. In geometry, a line continually approaching the curve, but

which, though infinitely produced, will never meet it.

Parabolic Curve. The curved boundary of a parabola, and terminating its area, except

at the double ordinate.

Paeabolic Spinal, or Helicoid. A curve arising from the supposition of the axis of the

common parabola bent into the periphery of a circle, the ordinates being portions of the

radii next the circumference.

Paraboloid. See Conoid.
Parallel. (Gr. napoAA7jA.os.) In geometry, a term applied to lines, surfaces, &c., that

are in every part equidistant from each other.

Parallel Coping. See Coping.
Parallelogram. (Gr.) Any four-sided rectilineal figure, whose opposite sides are

parallel.

Parallelopiped. In geometry, one of the regular bodies or solids comprehended under
six faces, each parallel to its opposite face, and all the faces parallelogranis.

Paramkter. (Gr. Tlapa, through, and Mfrpw, L meature ) In conic sections a constant

right line in each of the three sections, called also latus rectum.
Parapet. (Ital. Parapetto, breast high.) A small wall of any material for protection on

the bides of bridges, quajs, or high buildings.

Pabascenium. Another name for the posticeniwnin the ancient theatre.

Parastat^. See Ant^e.
Parclose. The screen which separates chapels (especially at the east end of the

aisles) from the body of the church. They are usually of wood, but are also sometimes
of stone.

Parget. A name given to the rough plaster used for lining chimney flues, and formed of

lime and cow's dung.
Parge AVurk ; Pargetting. A particular sort of plaster work, having patterns and

ornaments raised upon it or indented ; much used in interior decorations, aud ofteu on
the exterior of half-timber houses, during the ElizMbt-than period.

Parker's Cement, also called Roman Cement in 1796. It is manufactured princi-

pally from nodules found in the Isle of Slieppey and at Harwich, being scptaria

from the London clay. When burnt, it is ground into powder, and mixed with
sand, and water being applied to it, it sets fast and very hard, aud is impervious to

water.

PARL(iUR. (Fr.) A room for conversation, which in the old monasteries adjoined the
buttery and pantry at the lower end of the liall. At the present day it is used to

denote the room in a house where visitors are commonly received, and often serves as

a dining-room.

Parados. (Gr.) The grand entrance of the scene of an ancient theatre that conducted
on to the stage and orchestra.

Parpeyn. See Perpeyn-Wall.
Parquetry. Inlaid work, made of thin plates or veneers of hard cf)lonrod woods, and

secured to a framing of deal, well-dried and seasoned, to form the fiooriiig of an apart-
ment. They are arranged in patterns. Of late years solid, and thick, parquetry has
been introduced. The floor may be left plain, but is more frequently polished, there
is also a thin substance, about |ths of an inch thick, which is secured to the old floor

by a patent cement, or by brads. The old method of covering a floor by a carpet, which
collects the dust and covers the furniture with it when swept, is now abandoned in

many houses, and parquetry substituted, with rugs, or square carpets, or Indian
matting, so as to be easily removable for cleansing. A "parquetry border" has also

taken the place of the common, but still useful, stained and varnislied border, around
a square carpet. See Makquktry.

Pai.sonage House. A building, usually near the church, occupied by the incumbent of
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tlio living
;
in former times this sort of building was often embattled and fortified, and

had various appendages, including sometimes a small chapel or oratory.
Parting Bead. The beaded slip inserted at the centre of the pulley style of a sash

window, to keep the two sashes in their pkces when being raised or lowered.
Partition. (Lat.) A wall of stone, brick, or timber, dividing one room from another.
When a partition has no support from below, it should not be suffered to bear on the
floor with any considerable weight, and in such cases it should have a truss formed
within it, in which case it is called a trussrd partition. See Truss.

Party Wall. Such as is formed between buildings to separate them from each other
and prevent the spreading of fire. Every wall used or built in order to be used as a
separation of any building from any other building, with a view to the same being
occupied by different persons. The regulations prescribed for them form a large
portion of the Metropolitan Buildings Act, and of local Acts passed for similar
purposes.

Pahty Fence Wall. A wall separating the open ground in one occupation from that in
another; each owner having a right up to the centre of such wall.

Party Structure. This term includes party walls, and also partitions, arches, floors,
and other structures separating buildings, stories, or rooms which belong to different
owners, or which are approached by distinct staircases or separate entrances from
without.

Parvise. a porch, portico, or large entrance to a church. It seems also to have
signified a room over the church porch, where schools used to bo held.

Parvise Turret. The small tower which encloses the staircase to the parvise.
Passage. The avenue leading to the various divisions and apartments of a building.
When there is only one series of rooms in breadth, the passage must run along one
side of the building, and may be lighted by apertures through the exterior walls. If
there be more than one room in breadth, it must run in the middle, and be lighted from
above or at one or both ends.

Patkea. (Lat.) A vessel used in the Roman sacrifices, wherein the blood of the victims
was received. It was generally slmllow, flat, a-nd circular. Its representation has been
introduced as an ornament in friezes and fascioe, accompanied with festoons of flowers
or husks, and other accessories.

Paternosters. A species of ornament in the shape of beads, either round or oval, used
in baguettes, astragals, &c.

Pavement. (Lat. Pavimentum.) A path or road laid or beaten in with stones or other
materials. According to the information of Isidorus, the first people who paved their

streets with stones were the Carthaginians. Appius Claudius, the founder of the
Appian Way, appears to have introduced the practice into Rome, after which the

Roman roads were universally paved, remains of them having been found in every part
of the empire.

In the interior of the Roman houses, the pavement was often laid upon timber
framing; and the assemblages so constructed were CiiWedi contignata pavimcnta. The
pavement called coassatio was made of oaken planks of the qucrcus asculus, which was
least liable to warp. The Roman pavements were also frequently of mosaic work, that

is, of square pieces of terra cotta or stone, called tesserse, in various patterns and figures,

many of which remain in Britain to the present day.

The various sorts of paving are as follows :— 1. Pehble faving, of stones collected

from the sea-beach, mostly obtained from Guernsey or Jersey. This is very durable if

well laid. The stones v^ary in size, but those from six to nine inches deep are the

best, those of three inches in depth are called holders or bowlers, and are used for paving

courtyards and those places wherever heavy weights do not pass. 2. Bag paving : in-

ferior to the last, and usually from the vicinity of Maidstone, in Kent, whence it bears

the name of Kentish rag-stone. It is sometimes squared, and then used for paving

coach tracks and footways. 3. Purheck pitchers,'<f;\v\c\\ are squared stones, used in foot-

ways, brought from the island of Purbeck. They are useful in courtyards ; the pieces

running about five inches thick, and from six to ten inches square. 4. Squared paving,

by some called Scotch paving, of a cle ir close stone, called blue wynn. This is now,

however, quite out of use. 5. Granite, oi the material which its name imports. 6.

Guernsey paving, which, for street work, is the best in use. It is broken with iron

hammers, and squared to any required dimensions, of aprismoidal figure, with a smaller

base downwards. It is commonly bedded in small gravel. 7. Purbeck paving, wsodtuv

footways, of which the blue sort is the best, is obtained in pretty largo surf ices, of about

two inches and a half thick. 8. Yorkshire pavivg : a very good material, and procur-

able of very large dimensions. 9. Hyegate, ot fire-stone paving, used for hearths, stoves,

ovens, and other places subject to great heat, by which this stone, if kept dry, is not

affected. 10. Newcastle flags, useful for the paving of ofltices. They run about one and

a half to two inches thick, and about two feet square, and bear considerable rcseinblanco
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to the Yorkshire. 11. Portland paving m&y be had from the island of Portland, of

almost any required dimensions. Tiie squMres are sometimes ornamented by cutting

away their angles, and inserting small black marble squares, set diagonally. 12.

Sweedland paving: a black slate, dug in Leicestershire, useful for paving halls or for

particoloured paving. 13. Marble paving, of as many sorts almost as there are

species of marble. It is sometimes inlaid after the manner of mosaic work. 14. Hat

brick paving, executed with bricks laid flat in sand, mortar, or grout, when liquid

lime is poured into the joints. 15. Brick-on-cdge paving, executed in the manner of

the last, except that the bricks are laid on edge. 16. Herrhig-bone paving : bricks

laid diaffonally to each other. See Herring-bone Work. 17. Bricks laid endwise in

sand, mortar, or grout. 18. Paving bricks are made especially for the purpose, and

are better than stocks. 19. Ten-inch tile paving. 20. Foot tile paving. 21. Clinker

paving. 22. Diamo^id tile p)aving. 23. Coloured tiles, auA. tessellated or mosaic pave-

ments, now form a large trade.

The pavements of churches are often in patterns of several colours, of which, to show

the great variety tliat may be obtained from a few colours, M. Truchet {Mem. Acad.

Fran.) has proved that two square stones, divided diagonally into two colours, may be

joined together chequerwise in sixty-four diiFerent ways.

Pavilion. (Ital. Padiglione.) A turret or small building, generally insulated and com-

prised under a single roof. The term is also applied to the projecting parts in the front

of a building. They are usually higher than the rest of the building.

Pavilion Roof. A roof sloping or hipped equally on all sides.

Paving Slabs. Experiments made by George Ronnie upon slabs 12 inches long, 2| inches

wide, and 1 inch thick, laid flat on bearings 10 iui;hes apart, the weight being sus-

pended from the middle of each, gave the following results

:

I. Green Moor and Yorkshire Blue Stone sustained -

11. Ditto ditto White Stone - - -

III. Caithness (Scotch) Stono ------
IV. Valentia (Irish) Stone ------
V. Bangor Slate (Welsh)

Buchanan tried specimens of stones, the weights being piled on :

—

Hailes,

Craigleith,

Arbroath,

Caithness
}

3 feet long, 9 inches broad, and 3 inches deep -

23l^4 »

cwt? . qrs. lbs.

2 3 27

3 23

7 2 17

7 3 3

17 12

Breaking Weight,
Iba.

r 794

{ 1,148

tl,8i8

-

3,291

(a very hard specimen.)

Pecky, Timber in which the first symptoms of decay appear. An American term.

Pedestal. (Compound, apparently, of nous, a foot, and StdAos, a column.) The lowest

division in an order of columns, called also in Greek, sfylobatc and stereobate. It con-

sists of three principal parts: the die, the cornice, and the base.

Pedimekt. The triangular crowning part of a portico, which terminates vertically the

Fig. 1430. Temple at Egina.

sloping parts of the roof. See Temple. It is sometimes placed over an opening as part

of the decoration of the dressings ; it should never be used under cover. In Gothic
architecture this triangular piece is much higher in proportion to its width, and is

denominated a Gable. The illustration (fg. 1430) exhibits the centre portion of the

sculpture in the pediment of the temple at Egina, which is among the earliest examples
of Grecian art. Seefg. 1467, which shows the elevation of the temple.
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Fig. U31.

Tho Deiidunt was also

rig. U32.

'F.niMEXT Arch. See Mitre Arch.
ELASGic Building. Walls of cities and houses formefl of huge stques scarcely more
tlian piled together, without the connecting medium of mortar or cement. It is also

called Oj'cloppan building.

Ei.i.KT Moulding. A flat band on which are cir-

culir Hat d'Sl<s forming an ornament, used in Nor-
man architecture. See fig. 1431.

ENDENT. (Lat.) An ornament suspended from
the summit of Gothic vaulting, very often elabo-

rately decorated. The mode in which stune

pendents arc constructed will be immediately
understood by a consideration of the annexed figure (Jig. 1432).
used very frequently to timber-framed roofs, as in that of

Crosby Hall, which has a series of pendents along tlie centre

of it. Pendents are also attached to the ends of the hammer
beams in Gothic timber roofs.

ENDENTiVE. The entire body of a vault suspended out of the

perpendicular of the walls, and bearing against the arch

boutants, or supporters. It is defined by Daviler to be the

portion of a vault between tlie arches of a dome, commonly
enriched with sculpture. Felibieu defines it as the plane of

tlie vault contained between the double arches, the forming

arches, and the ogives.

'ENDENTIVE BRACKETING, or Cavb BRACKETING. That Springing from tho rectangular

walls of an apartment upwards to the ceiling, and forming the horizontal part of tho

ceiling into a circle cr ellipsis.

'kndentivb Cradling. The timber work for sustaining the lath and plaster in vaulted

ceilings.

'enetralb. (Lat.) The most sacred part of the temple, which generally contained an
altar to Jupiter Hercseus, which appellation, according to Festus, was derived from

epKos, an enclosure, and supposed him the protector of its sanctity.

'enetralia. (Lat.) Small chapels dedicated to tlie Penates, in the innermost part of tlie

Eonian houses. In these it was the custom to deposit what the family considered most

valuable.

'enitentiart. In monastic establishments was a small square building, in which a

penitent confined himself. The term was also applied to that part of a churcii to whii'h

penitents were admitted during divine service. The word, as used in the present

time, implies a place for the reception of criminals whose crimes are not so heinous t.«

to deserve punishment beyond that of solitary confinement and hard labour, and where

means are used to reclaim as much as possible those who have become subject to tho

laws by transgressing them.

'enstock. a small paddle, working up and down vertically in a grooved fx-ame, for pen-

ning back water.

'entacle. a figure whose basis is a double triangle ; it is not unfrequent in early orna-

mental art.

'entadoron. (Gr.) A species of brick used in ancient architecture, which was five palms long.

'entagon. (Gr. n»vTe, five, and Toivia, an angle.) In geometry, a figure of five sides

and five angles. When the five sides are equal, the angles are so too, and tho figure is

called a regular pentagon.

'entagraph. See Pantograph.

'entalpha. a figure formed by a continuous line, making a five-pointed star, not un-

frequent in mediaeval decoration and window tracery. Seefy. 1293.

'entastyle. a portico or colonnade having five columns in front.

ent-house. a shed having a lean-to roof.

EPPEKCORN Eent. A rent for land, being one of the smallest possible value. A rose

is sometimes named ; also a flag or banner. A farm in St. Saviours, Southwark, was

let at the price of 17 lbs. of pepper at '2s. per pound. Also an acre of land at Lnmbeih
" for 2s. for the price of one pound of pepper by the year beyond all rents resolute.'

'erch. a measure for brickwork used in Ireland in piece of the Kod in England. It

is 21 feet in length, by 1 foot high, and 1 foot thick. It equ.als 1.5j cube feet. One

thousand bricks, a quarter cart of sand, and one and a quarter hogshead of linie, will

serve for four and a half perches. It is also there used for masonry, as well as in some

counties in England.
_ _

•eriacti. (Gr. nepidyfiv, to revolve.) The revolving scenes in an ancient theatre, called

by the Romans scciicb Versailles.

'ehibolus. (Gr.) The wall bounding an enclosure. It has become applied to the

enclosure itself, more particularly around a temple. It was frequeatly ornamented
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with statues, altars, and monuments, and sometimes had smaller temples or a grore.

The peribolus of the temple of Jupiter Oljmpius, nt Athens, was four stadia in cir-

cumference.

Peiudbome. (Gr. Tlepl, about, ^po/j.os, a course.) The space, in ancient architecture,

between the columns of a temple and the walls enclosing the cell.

Pekimetkr. (Gr.) The boundary of a figure.

Pkkiphery. (Gr. H^picppfd), I surround.) The circumference of a circle, ellipsis, para-
bola, or other regular curvilinear figure.

Pkripterax. (Gr.) A building encompassed by columns. See Temple.
Pekiptery. (Gr.) The range of insulated columns round the cell of a temple.

Peristylidjt. (Gr.) Ih Greek and Roman buildings, a court, square or cloister, which
sometimes had a colonnade on three sides only, and thercf)re in that ciiso improuerly
60 cjiUud. Some peristylia had a colonnade on each of the four sides ; that on the

south being sometimes higher than the rest, in which case it was called a li'hodiaii

fei-lstyUiim. The range of columns itself was called the 2>eristi/le. See Colonnade.
Pekithyrides. The same as Ancones.
Pkkitrochium. (Gr.) A term in mechanics applied to a wheel or circle concentric with

the base of a cylinder, and together with it moveable about an axis.

Perpen Ashlar. A provincial term, being probably a corruption of perpendicular, as
the stone in the form of 4, 6, 8, or 10 inches tliick, in 10, 12, or 14 i)ich courses, atnl

from 30 inches to 54 inches long, is placed on edge, and must of course be set very
plumb or perpendicular; the edge or bed also must be truly square with the upriglit face.

Perpendicular. Iu geometry, a term applied to a right line falling directly on another
line, so as to make equal angles

on each side, called also a normal
line. The same definition will

hold of planes t.biuding the one
on the other. A perpendicular
to a curve is a right line cuiriiig

the curve in a point where another
right line to which it is perpen-
dicular makes a tangent with the
curve.

Perpendicular Period. The last

period into which the Gothic stylo

iu England has been divided.

Its name is derived from the pre-

dominance of vertical or recti-

linear lines. Fig. 1433 is a fine

example of the style.

Pkkpend Stone, or Perpender.
A long stone reaching through
the thickness of the wall, so as
to be visible on both sides, and
therefore wrought and smoothed
at the ends.

Perpevn wall. A kind of pier or
buttress projecting from a wall.

Perron. (Fr.) A staircase, lying
open or outside the building;
or more properly the steps in the

front of a building which lead
into the first story, when it is

raised a little above the level of
the ground.

Persian or Persepolitan Archi-
tecture. The ancient style presents many features similar to the Assyrian remains

;

they are chiefly seen at the ruins at Persepolis. The modern buildings much resemble
those of other Mahommedan countries.

Persians. See Atlantes.
Perspective. (Lat. Per.spicio.) The science which teaches the art of representing ohjects

on a definite surface, so as from a certain position to affect the eye in the same manner as
would the objects themselves. See Bird's-eye Perspective; I.sometrical PiiojECTioN.

Pest House. A lazaretto or infirmary where persons, goods, &c., infected with the phigiie
or other contagious disease, or suspected so to be, are lodged to preveuf ioimuunication
with others, and the consequent spread of the cont;igion.

PjiULVAN. See MAJiNHiR Stone.

Fig. 1433. Wringlon Chnrch, Somersetshire.
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Pew. (Fr. Piou.) An enrlosed seat in a church. Pe.ws were in use lono- before tl:e
Keformiition in Enghind.

Pjialano^: (Gr.) A n:imo applied by Vitruvius to a species of wooden rollers, used to
transport heavy masses from one spot to another.

Phakos. (Gr. from *a-y, a light, and Opao}, 1 see.) See Lighthouse.
pHEASANTaY. A building or place for the purpose of breeding, Teirm<r, and keenin"

pheasants. ^ °

Phonics. The doctrine of sounds, wliich has not yet been so reduced in its application to
architecture as to justify more than its definition. See Acoustics.

Photo-Lithogr.\phy. a process of reproducing line engravings and drawings, either
copied, enlarged, or reduced, not exceadingone-sixth, and in some cases one-tenth, of the
expense by other processes.

PiioTOMhTEit. (Gr.) An instrument for measuring the different intensities of light.
Piazza. (Ital.) A square open space surrounded by buildings. The term'^is ' very

frequently and very ignorantly used to denote a walk under an arcade.
PiCTUKE Gallery. A room or rooms for the exhibition of pictures, drawings, and en-

gravings, and designed to suit either the wealth of the nation or the means of a private
person.

The arrangement of the collection has to be first decided by the proprietor or
curator of the gallery. Thus : Whether in one or more rooms—Miscellaneously—

.
Grouped according to the class of objects—Divided according to the different schools
.of painting—The largest size of any picture to enter the collection—The admission of
water-colour pictures, chalk drawings, and of prints—The arrangements as to the
admission of the public—The amount and nature of accommodation for students, and
any other rooms required for the keeper, for the cleaner, packing, and other similar
occupations. The miscellaneous arrangement of a collection is certainly the most
common, as well as the most gratifying to the public. The amateur and artist would
prefer the division of pictures by schools, which obtains on the Continent, particularly
in Germany. The Munich Gallery affords information as to the proportion of space
which was allotted to each of the groups into which the collection is divided.

In the Pinaoothecaat Munich the paintings are grouped according to schools, perhaps
more perfectly effected than at Berlin, and a corridor runs the whole length, 420 feet,

of the building. The large pictures are placed in very large rooms, 42 ft. wide and
31 feet 6 inches high to the cornice. Some of the large rooms are 93 feet long. The
smaller pictures are placed in lesser rooms, formed on the other side of the larger ones,
and with a side light fro>ii the north, which is admitted to be the best light for all

pictures and for painting-rooms. The museum and picture gallery at Berlin, by Herr
Schinkel, is formed on three sides of a central vestibule; ail the rooms are 39 feet

9 ins. wide and 2(>feet high, with a flat ceiling, and the light throughout is admitted by
common windows down to the dado on the side. Screens about 16 feet high by 20 feet

long divide the galleries into rooms about 30 feet by 18 feet, for grouping the paintings,

'ihe number of lineal feet of wall in the eroat picture galleries is as follows:

—

Munich, 1600; Louvre, 1300; Berlin, 1116; London (on the principal floor), 670, but
of late years increased to more than double that quantity ; and Dresden, which a3
mucii exceeds the extent of Munich or of Berlin as did these th .t of London.

It has been urged by the Messrs. Papworth, in their work on Museums, Libraries,

avd Picture Galleries, 8vo. London, 1853, that a skylight to a room, with divisions op

presses projecting from the wall, is the most economical mode of arranging a building

to receive an unformed collection of works of art. They also direct the picture gallery

to be on the first floor ; the ground floor being devoted to objects of art, not in relief.

Galleries for oil paintings, large or of a moderate size, mu-st be lighted from above.

But when they are of the small cabinet size, a side light, being a suitable side light,

is well adapted to their display. In the first case, the lights were formerly placed

in square or polygonal tambours, whose sashes were vertical or slightly inclined inwards,

their forms following the plan of the rooms ; as at the Dulwich (Jallery, by Sir .lohn

Soane, K.A. Of late years, for largo rooms, a long skylight having (jbscured glass in

it has been preferred, with a coved ceiling under to prevent shadows falling on the

pictures. This is occasionally hidden by a flat skylight having ground or oljscured

glass, the upper skylight having clear glass, but the necessary framework causes some

shadows. It will be in the memory of many how miserably lighteil, for exhibiting

the pictures, is the long gallery of the Louvre at Paris, which of late years has had

some dormer windows formed to admit more light. The walls should be boan'ed

throughout for facility in hanging the pictures. Many galleries fail of success from

being over-lighted. A roof all glass would be as bad fur the pictures as open air.

The glare of light, as it is termed, would be too great.

The Fitzwilliam Mu.seum at Cambridge, a liLi-ary, picture, and statue gallery, affords

an example of the mode of lighting for pictures, as also the ellect of sculpture us
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seen by a low side light oLtained from one side only. This is also to be found at the

galleries in Dublin ; in both cases not, with the happiest results.

Professor Magnus, of Berlin, proposed a gallery for small paintings, to be lighted

by windows on both sides, and not opposite one another, reaching nearly to the

ceiling, and about 5 feet from the floor, each about a fourth of the breadth of the

room. Between these were to be placed screens at an angle of 62 degrees wirh the

wall. As the pictures required to be removed 5 or 6 feet from the wall, the useless

space served for doorways from one compartment to another. The professor proposed

a circular building for such an arrangement, perhaps somewhat similar to that described

under Museums, but where the inner space was formed by a double circular staircase,

to lead to several stories, and where the upper room might have the advantage of a

skylight.

A principle of lighting a picture gallery, namely, that the window or source of light

by which a picture is seen, and the picture itself, ought not both to come within the

range of vision at the same time, was exemplified in the gallery built cir. 1825 by Sir

Benjamin West. P.R.A., expr. sely for the purpose of exhibiting his paintings. Anotlier

on the same principle was designed at Clapham, by the late Mr. J. B. Papvrorih, and

with an equally successful result. It consists in forming a side light opposite to the

picture wall and above the ceiling; thus all the light is thrown upon the painting, and
the source of the light is quite invisible to the spectator. This system is perhaps better

adapted for a privctte than lor a public gallery, on account of the difl&culty attending

the construction of the roof.

The peculiar arrancements of the small picture gallery in Sir John Soane's museum
should be seen and studied. The grand gallery at the National Gallery, by the

late Sir James Pt-nnethorne (a perspective view of which is given in the BidUlir for

1861); the new galleries for the same national structure, erected 1875-76, from the

designs of E. M. Barry, R.A., with the new entrance and suite of galleries beyond,

erected 1886-87, from the designs of John Taylor, principal surveyor of H.M. Works
and Public Buildings

;
the Art courts and the picture galleries at the South Kensingion

Museum; tlie picture galleries ercL'ted for the Exhibition of Industry, 1862 ; the exhi-

bition rooms of the Eoyal Academy at Burlington House, may all bo referred to for the

latest improvements.
PiECE-wuBK. Work done and paid for by measure of quantitj-, i.e. so much for the piece

or job ; in contradistinction to work done and paid for by the measure of time, i.e. by
day work.

PiEDRoiT. (Fr.) A pier or siuall pillar, partly hid within a wall. It differs from a
pilaster in having neither base nor cipital.

PiEXD. An arris; a salient angle; a hip. It is a northern appellation.

PiEND Check. The rebate formed on the piriid or angle at the bottom of the riser of a
stone step of a stair, to catch upon the angle formed at the top of the under step.

Pier. (Fr.) A solid between the doors or windows of a building. The square or other
formed mass or post to which a gate is hung. Also the solid support from which an
arch springs. In a bridge, the pier next the shore is usually called an abutment pier.

Pier Akcu. An arch springing from a pier, as large shafts are usually termed in

mediitval architecture. SecTu/*-. 1417 to 1427.
Pieeced Stone, Tolmen or holed sto>e. One of the consecrated stones of the Celtic people

Pilaster. (Fr.) A sort of square column, sometimes insulated, but more commonly en-

gaged in a wall, and projecting only a fourth or fifth of its thickness. See Anta.
Pile. (Lat.) A large timber driven into the earth, upon whose head is laid the founda-

tion of a building in marshy and lo 'se soils. Amsterdam and some other cities are

built wholly upon piles. The stoppage of DHgenham Breach was effected by piles

mortised into one another by dovetail joints. They are best and most firndy driven by

repeated strokes; and for the saving of time, a pile engine is generally used, in appear-

ance and effect very much like a guillotine ; this raises the hammer to a certain iieight,

which, pressing the clasps or monkey that carry it up, suddenly drops down on the pile

to be driven.

Pillar. (Fr. Pilier.) A column of irregular form, always disengaged, and always de-

viating from the proportion of the orders, whence the distinction between a column
and a pillar. In any other sense it is improperly' used.

Pin. In carpentry, a cylindrical piece of wood driven to connect pieces of framing together.

It is also called a trenail.

PiNACOTHECA. (Gr.) An edifice for the preservation of pictures. A picture gallery.

Pinnacle. (Low Lat. Pinnaculum.) A summit or apex. In medifeval architecture, the

crown of a buttress or vertical abutment, more or less ornamental, terminating irt a

cone or pyramid. It was intended to assure the .stability of a vertical abutment by its

•weight; it arrests the sliding of the coping stones of gables; it serves as an atiacli-

.
ment to the balustrade; and also, by a well-composed outline, it helps to give lo build-
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ings a partieiilar elegance. Pinnacles should have a bold and aspiring outline, and
should receive the parapets and copings against their plinths (nsfg. 1216), and not, as
often done, against tlieir shafts. Good examples are to be seen at St. Nicholas, Great
Yarmouth; Magdalen College, Oxford ; and St. Sepulchre's, London. A Hip knob to
a gable is a sort of pinnacle.

PiNNEY. Also called "green beds" of the Chilmark quarry; they are situate below the
tro gh beds. They are small but very durable.

Pinning -UP. In underpining, the driving the vredges under the upper work so as to
bring it fully to bear upon the M'ork below. The terra pinning is used to denote the
fastening of tiles with pins of iron or of heart of oak in roofs.

Pipe. A conveyance for water or soil from any part of a building, usually of lead or iron.
When for the supply of water to a building it is called a servicepipe ; when for carrying
off water, a waste pipe; and when for carrying off soil, a soil pipe; and those which
carry away the rain from a building are called rain-water pipes. When a cistern or
reservoir is supplied in such a way that those who labour to fill it .should be made
aware that it is full, the pipe which dif-charges the overflow is called a warning pipe.

Also for the conveyance of gas, wlien it is usually of iron, or of a softish white metal,
called composition. A pipe through which the voice is sent to communicate with a
distant apartment, is called a " speaking tube."

Pipe. The following rule has been given to ascertain the strength requisite to be gircn ta
a pipe of the metals named. Let (f = internal diameter; !; = thickuess of metal both in
inches; A = head of water in feet required to burst the pipe; c = constant, wrought iron,

200 ; cast iron, 73 ; copper, 87 ; brass, 83 ; and lead 10. Then c-^ = ]i; and — = t. In
d c

practice, the thickness of cast-iron water pipes is taken as = |»/diameter. Hurst, Sur-
veyors' Hand Book.

Piscina. (Lat.) Among the Romans this term was applied to a fish-pond ; to a shallow
reservoir for practising swimming; and to a place fur watering horses and washing
clothes. The piscina in ecclesiastical architecture was a shallow bowl for water,
generally in a niche in the south wall of the chancel, wherein the priest laved his hands
before tlio performance of the sacred rites, and for rinsing the chalice at the t'lue of

the celebration of the mass. A hole at the bottom allowed for the esi ape of the water,

so as not to be reused. The variety of their form is great; some are quite plain, others
very richly decorated ; and they often occur in pairs.

Pise. A species of walling, of latter years used in the south of France, made of stiff

earth or clay rammed in between moulds as it is carried up. This method of walling
was, however, in very early use. {Plin. lib. xxxiv. chap. 14.)

Pit. A place from whence chalk, gravel, and such like are obtained. See Quarry.
Pit of a Thp;atee. Formerly the part on tlie ground-floor between the lower range of

boxes and the stage ; but it is now much reduced fur the stalls and reserved pit seats.

Pitch. See Tar.
Pitch. A term generally applied to the vertical angles formed by the inclined sides of a

roof. Roofing.
Pitch of an Arch. The versed sine, or height from the springing line up to the under-

side of it.

Pitching Piece. See Apron Piece, which is at the bottom, as the pitching piece is at

the top, of a flight of steps, to carry the rough strings.

Pivot. (Fr.) The sharpened point upon which a wheel whose axis is perpendicular or

inclined performs its revolutions.

Place Bricks. The commonest sort of bricks, being those near the outside of the clamp

and therefore not much burnt.

Pi^AFOND or Platfond. (Fr.) The ceiling of a room, whether flat or arched; also the

underside of the projection of the larmier of the cornice
;
generally any sofite.

Plain or Plane Angle. One contained under two lines and surfaces, so called to dis-

tinguish it from a solid angle.

Plain Tiles, properly Plane Tiles. Those whose surfaces are planes. They are used

for roofing purposes ; forming copings, tiles in cement flats, etc. See Weather-tilino.

Plan. (Fr.) The representation of the horizontal section of a building, showing its

distribution, the form and extent of its various parts. In the plans made by the arclii-

tect, it is customary to distinguish the massive parts, such as walls, by a dark colour,

so as to separate them from the voids or open spaces. In a geometrical ptan, M'hich is

that above mentioned, the parts are represented in their natural proportions. A p(r-

spective plan is drawn according to the rules of perspective.

Planceer. The same as the sofite or under-surfice of the corona; the word is, however,

very often used generally to mean any sofite. See Plafond.

Plane. (Lat. Planus.) A tool used by artificers that work in wood for the purpose of

producing thereon a flat even surface. There are various sorts of planes.
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Plane. In geometry, <i surface that coincides in every direction -with a straight line.

Plane, geometiucal. Iu perspective, a plane parallel to the horizon, whereon the ohjVct

to be delineated is supposed to be placed. It is usually at right angles with the per-

spective plane.

Plane, horizontal. In perspective, a plane passing through the spectator's eye. parallel to

the horizon, and cutting the peri-peetiveplane in a straight line, called the horizontal line.

Plane, inclined. One that makes an oblique angle with a horizontal plane.

Plane, objective. Any plane, face, or side of an original object to be delineated on the

ptrspective plane.

Plane, peespective. That interposed between the original objects and the eye of the

spectator, and whereon tlie objects are to be delineated.

Plane Teigonomethy. That branch of mathematics whose object is the investigation

and calculation of the sides and angles of plane triangles. It is of the greatest impor-
tance to the architect.

Planimetry, That branch of geometry which treats of lines and surfaces only, without
reference to their height or depth.

Plank. (Fr.) A name given generally to all timber, except fir, which is less than four

inches thick and thicker than one inch and a half. See Board.
Plank Egof. A roof, the trusses of which are formed principally of planks cut to a

curved shape, as in de Lorme's system; or bent to the shape required, as in Kmy a

system.

Planted. When a moulding is wrought on a separate piece of stuff, and is fastened in

its place, as around a panel, it is said to be planted (on the stuff).

Plaster. Lime properly prepared for the plasterer,

Plastkrers' AVork. The laying of ceilings; the finishing to walls to give a fair face ;

the making and fixing of ornimental work ; and cementing to walls.

Plaster of JParis. A preparation of gypsum, originally procured in the vicinity of Mont
Martre, near Paris. The plaster stone, or alabaster, is, however, found in many parts of
England, as at Clielaston near Derby, and Beacon Hill near Newark. The former pits

yield about 800 tons a year. It is ground aud frequently used for manure, or ratlier as
a stimulant for grass. It is calcined intc the plaster used by tlio modeller, plasterer,

&c. When diluted with water into a thin paste, plaster of Paris sots rapidly, and at
the instant of setting, its bulk is increased. Mr. Boyle found by experiment that a
glass vessel filled with tliis paste, and close stopped, bursts while tlio mixture sets, a
quantity of water sometimes issuing through tlie cracks ; hence this material becomes
valuable for filling cavities, &c., when other earths would shrink. The gypsum is y)re-

paijd either by burning or boiling, and loses from four to six cwt. in a ton. After
burning, it is ground into p jwder in a mill.

Plat or Plot. A late mediaeval term for a design or drawing.
Platband. Any flat and square moulding whose projection is much less than its hcii^^ht,

such are the fasciae of an architrave, the list between flutings, &c. The platband of
a door or window is the lintel, when it is made square and not much arched.

Plate. A general term applied to those horizontal pieces of timber lying mostly on Avails

for tlie reception of another asseml)lage of timbers. Thus, a wall plate, is laid round the

walls of a building to receive the timbering of a floor and roof ; a gutter plate under the

gutter of a building, &c.
Plate Glass. Glass cast in sheets or plates, and polished,

quality and colour to both "crown" and "sheet" glass.

The best kind may be tested by its perfect freedcmi from
colour, blemishes, specks, and striae of every sort. It is

not subject to dampness or •' sweating." That which is

tinged is of inferior quality, aud cannot be used where it

is intended to exhibit coloured articles behind it. The
usual thickness is one quarter of an inch. Tho better

sort of plate glass is used for looking-glasses, and is

charged a higher price than for glazing purposes. There
is also an inferior sort of plate glass, called "patent
plate," which consists of blown glass of an extra thickness,

which is then opened aud polished. Por largo sizes tho

price is about the same as plate glass.

Plate Rack. A fixture over tho sink in a scullery for the
reception of dinner plates and dishes after washing.

Plate Tracery. The earliest form of tracery, used at the
commencement of tho Early English period of mediaeval
architecture, as Fig. 1431 ; it consists of tho openings
being formed or cut in tho stonework, and showing no
projecting mouldings.

PLArrouii. An assemblage of timbers for carrying a flat covering of a liuuse, or tho

Plato glass is superior in



GLOSSAEY. 1341

flat covering itself. A terrace or oppii walk at the top of a building. The raised dais on
which the altar stands, and also that on which the font stands.

Plinth. (Gr. nKivBos, a brick.) The lower square member of a base of a column or
pedestal. In a wall the term plinik is applied to two or more rows of bricks at the
base of it, which project from the face.

Plotting.^ The art of laying down on paper the angles and lines of a plot of land
by any instrument used in surveying.

Plough. A joiner's grooving plane.
Plough and Tongued. This is a continued mortise and tenon along the edges of two

boards, the one having a groove cut in it, and the other formed into a projection ; such
work is used to linings and floors. Sometimes both edges are grooved, and a thin
piece of wood or of hoop iron lot into both, while being fixed up or laid. See Heading
Joint.

Plug. A piece of timber driven perpendicularly into a wall with the projecting part
sawn away, so as to be flush witli the face.

Plug and Feather, or Key and Feathkr. A name given to a method of dividing hard
stones by means of a long tapering wedge called the kei/, and wedge-shaped pieces of
iron called feathers, which are driven into holes previously drilled into the rock for the
purpose, and thus forcibly split it.

Plumbing. (Lat. Plumbus.) The art of casting and working in lead and usii.git in build'ng.
Plumb Rule, Plumb Line, or Plummet. An instrument used by masons, carpenters,

&c., to draw perpendiculars or verticals, for ascertaining whether their work be upright,
horizontal, and so on. The instrument is little more than a piece of lead or plummet
at the end of a string, sometimes descending along a wooden or metal ruler raised
perpendicularly on another, and then it is called a level. See Level.

Plumber. The artificer who works in lead and zinc. The fittings for water-closets,

cisterns, pumps, gutters, &e., come under his care.

Pocket. The space in the pulley style of a sashed window. It is also a space closed up,

or nearly so, formed out of a larger space. Pockets are often found in the flues of old

houses, and form one of the great causes of fires, by accumulating the soot, which at last

heats and ignites adjoining woodwork.
Podium. (Lat.) A continued pedestal. A projection which surrounded the arena of the

ancient amphitheatre, See Amphitheatre.
Point. (Lat. Punctum.) In geometry, according to Euclid, that which has neither length,

breadth, nor thickness.

Point, accidental. In perspective, a term used by the old writers on the science to

signify the vanishing point.

Poind of Distance. In perspective, the distance of the picture transferred upon the vanish-

ing line from the centre, or from the point where the principal ray meets it, whence
it is generally understood to be on the vanishing line of the horizon. See Distance.

Point, objective. A point on a geometrical plane whose representation is required on
the perspective plane.

Point of Sight. The place of the eye whence the picture is viewed, according to Dr.

Brook Taylor, but, according to the old writers on perspective, is what is now called

the centre of the picture. It is also called \\\o point of view.

Pointed or Lancet Arch. An arch formed by a radius equal to the span of the opening,

and struck from both sides of it on the springing line. A lancet ^^
arch of a higher pitch is formed by the radius being struck as /^(^\
much beyond the opening as may be desired. See Tierce Point. ^^ /\ /\

Pointed Architecture. The mediseval styles of architecture in / /^ \^ \
which the pointed arch is adopted as a principle of construction. / ' \^ \^-A

Pointing. The raking out the mortar from between the joints //""•-.. \ \ \

of brick work, and replacing tlie same with new mortar. ( / """-.';•.
|

1

Pole Plate. A plate fixed to the lower ends of a truss of a
'

roof, to receive the ends ofthe common rafters, as B in Fig. 688. Fip. 1435.

PoLTSHiNG. The act of imparting to fancy woods, as wainscot, mahogany, bird's-eye

maple, &c., a brilliant surface to show off their flower to advantage. This is done by

rubbing on them a spirit varnish with great care. Varnish, wax, and a common polish

are rubbed or laid on with a brush for cheapness. See Marble.
Pollard. A tree which has been frequently lopped ox polled of its head and branches, a

practice very injurious to good timber.

PoLYCHROJiY. The decoration of exteriors and interiors of buildings, with colours and

tints. When executed in a single colour, it is called monochrome painting.

Polygon. (Gr. \lo\vs, many, and Tavia, an angle.) A multilateral figure, or one whose

perimeter consists of more than four sides and angles. If the siiles and angles bo

equal the figure is called a regular polygon. Polygons are distinguished according to

the number of the sides ; thus those of five sides are called pentagons, those of six
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hexagons, those of seven heptagons, and so on. The subjoined is a taLle of the ar^as

and perpendiculars of polygons, the side being = 1. ; and of the lergths of sides of poly-

gons to Eadius 1. See also par. 1219.

Number of

Sites.

3

4

5

6

7

8

9

10

11

12

Names of Polygons.

Trigon

Tetragon

Pentagon
Hexagon
Heptagon
Octagon
Enneagon
Decagon
Endeeagon
Dodecagon

•433013

l-OOOOOO
1-720477

2-59807tt

3-633912
4-828427

6 181824
7-604209

9-365610
11-196152

Perpendiculars,

•2886751

•5000000
•688)910
•8660254

10382617
1-2071068

1-3737387
1-5388418

1-7028437
1-8660254

Circumscribed. Inscribed.

3-4641 1-7321

20000 1-4142

1-4530 1-1756

1-1548 1-0(100

0-9630 0-8677
0-8284 0-7651

0^7278 06840
0-6498 0-6180

0-5872 0-5634

5358 0-5176

From the above, to find the area of a regular polygon, multiply one of the sides of the

polygon by the perpendicular from the centre on that side, and multiply half the pro-

duct by the number of sides ; or, multiply the square of the given side of the polygon

by the number opposite to its name under the word Area.

Polygram. (Gr.) A figure consisting of many lines.

PoLTH^iiDRON. (Gr.) A solid contained under many sides or planes. If the sides of a
polyhaedron be regular polygons, all similar and equal, it becomes a regular body, and
may be inscribed in a sphere, that is, a sphere may be dra-wn round it, so that its sur-

face bhall touch all the solid angles of the body.

PoLYSTYLE. (Gr. rioAoj and "ZtvXos^ Of many columns. See Colonnade.
PoMEL. (Lat. Pomum.) A globular protuberance terminating a pinnacle. &c.

Poplar. (Lat. Populus.) A tree sometimes used for rafters in common buildings.

Poppy Heads, or Poppies. The termination of the ends of open seats, often carved as

heads, foliage, «&c.

Porch. (Fr.) An exterior appendage to a building, forming a covered approach to one
of its principal doorways.

Porphyry. (Gr.) A very hard stone, partaking of the nature of granite. It is not so

fine as many of the ordinary marbles, but far exceeds them in hardness, and will take a
very fine polish. It is generally of a high purple, which varies, hosvover, from claret

colour to violet. Its variations are rarely disposed in grains. The purple porphyry
•was obtained by the Romans in Egypt, the quarries of which were only discovered,

between tlie River Nile and the Red Sea, about 1 885-87, liy Burton, Scliweinfurth, and
lastly by Brindley. Columns of it wrought 1900 years since stil) retain tlie fresimess

of colour. It had been olitained of very large sizes, for tombs, &c. It must not bo

confounded with the Syenite of Egypt.
The red-lead coloured porphyry, which abounds in Minorca, is variegated with black

white, and green, and is a beautiful and valuable material. The pale and red porphyry
variegated with black, white and green is found in Arab-a Petraja and Upper Egypt, and
in separate nodules in Germany, England, and Ireland. The sorts best known are what the

Italians call the porjido rosso (red), which is of a deep red with oblong white spots ; the lat-

ter are oi fdd spa/^, which resembles schorl. There are two varieties of black porphyry,

the forfido nero, or black porphyry, and that called the serjnntina nero antico. The first

has a ground entirely black, sp itted with oblong while spots like the red porphyry;
the other has also a black ground, with great white spots, oblong, or rather in the form
of fi parallelopipedon, nearly resembling in colour what the French call serpcntin vert

antique. The brown porphyry has a brown groiind with large oblong greenish spots.

There are several sorts of green porphyry, which the Italians princiially distinguish

by the names of serpentino antico verde, fountl in great abundance and in large blocks

in the neighbourhood of the ancient Ostia, of a green ground with oblong spots of a

lighter shade of the same colour ; and the porfido verde, which is of a ground of very

dark green, almost approaching to black, with lighter shades of a fine grass green.

Portal. (Lat. Porta.) The arch over a door or gate ; the framework of the gate ; the

lesser gate, when there are two of different dimensions at one entrance. The Fr. portail

is given to the entrance faQade of a building. This term was formerly applied to a

small square corner in a room separated from the rest of the apartment by wainscoting.

Portcullis. (Fr.) A strong grated framing of timber, resembling a harrow, the vertical

pieces whereof were pointed with irf>n at the bottom, for the purpose of striking into the

ground when it was dropped, aud also to break and destroy that upon which it fell. It
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was made to slide up and down in a groove of solid stone-work within the arch of the
portals of old castles. It was introduced into the early Norman castl'--s.

Portico. (Lat. Porticus.) See Colonnade.
Portland Cement. A quick-setting cement made from limestone and clay. It is

calcined at a very great heat ; w'U take a larger quantity of sand than Eoman
cement ; and is much lighter in colour, rendering it more agreeable for decorative
purposes.

Portland Stone. A dull white species of stone brought from the island of Portland.
It stands the action of the London atmosphere better than any other stone.

Portuguese Architecture. See Spanish Auchttecture.
Position. In geometry, the situation of one thing in regard to another. Speaking

architecturally, it is the situation of a building iu respect of the four cardinal points

of the horizon.

Post. (Fr.) An upright piece of timber set in the earth. Any piece of timber whose
office is to support or sustain in a vertical direction, as the king and queen posts iu a
roof, IS so called.

Post and Paling. A close wooden fence constructed with posts fixed in the ground and
pales nailed between them. This kind of fence is sometimes culled post and railing,

though this latter is rather a kind of open wooden fence, used for the protection of

young quickset hedges, consisting of posts and rails, &c.

PdSTERN. A side door or gate usually employed in castellated architecture.

Posticus!. (Lat.) See Cell.
PosTSCENiUM or Parascenium. (Lat.) In ancient architecture, the back part of the

theatre, where the machinery was deposited, and where the actors retired to robe

themselves.

P>)T Metal. See Stained Glass.
Poultry House. A building for the shelter and rearing of poultry, of which, perhaps, the

finest example is that at Winnington in Cheshire. The Iront is one hundred and forty
feet in length, with a pavilion at each end, united to the centre by a colonnade of small
cast-iron pillars, supporting a slated roof, which shelters a paved walk. In the centre
of the front are four strong columns, and as many pilasters, supporting a slated roof,

with an iron gate betM-een them, from which a large semicircular court is entered, with
a colonnade round it, and places for the poultry. On one side of the gate is a small
parlour, and at the other end of the colonnade a kitchen.

PowKR. In mechanics, a force which, applied to a machine, tends to produce motion. If

it actually produce it, it is called a moving power, if not, it is called a sustainioig power.

The term is also used in respect of the six simple machines, viz. the lever, the balance,

the screw, the axis in peritrochio, the wedge, and. \.\iq pulley, which are Ciilled the 'mecha-

nical powers.

PoYNTELL. A pavement consisting of small lozenge-shaped tiles, or square tiles laid

diagonally.

Pozzuolana. See Puzzuolana.
PK.SiciNCTio (Lat.) or Balteus. A wide seat, or rather step, round the audience part of

the ancient theatres and amphitheatres. It was termed 5ia(a>fta by the Greeks.

Preaching Cross. A cross erected in the highway, at which the monks and others

preached to the public.

Preceptory. a manor or estate of the Knights Templars, on which a church was erected

for religious service, and a convenient house for habitation, and generally placed under

one of the more eminent members ot the fraternity, called the prteccpiores te/npli, to have

care of the lands and rents of the place. The preceptories were nothing more than cells

to the Temple, or principal house of the knights in London.

Presbytery. That part of the church reserved for the officiating priests, comprising the

choir and other eastern parts of the edifice.

Pricking up Coat. The first coat of plaster in three-coat work on lathing.

Prick Post. The same as a Queen Post of a roof. Also tlie posts in a wooden building

placed between the principal posts at the corners. Also the posts framed into the

Lreastsummer, between the principal posts, for strengthening the carcass of a liou.se.

Prime. (Lat.) A figure in geometry that cannot be divided into any other figures more

simple than itself, as a triangle in plane figures, and a pyramid in solids.

A prime number is one that cannot be divi<led by another number without a remainder.

Priming. In painters work, the first colouring of the work, which forms a ground for

the succeeding coats.

Principal Brace. One immediately under the principal rafters, or parallel to them, in

a state of compression, assisting, with the principals, to support the timbers of a roof.

pHixcrpAL Point. In perspective, a point in the per.speclive plane upon which a lino will

fall drawn from the eye perpendicular to that plane. It is, in fact, liie intersection of

the horizontal and vertical planes, or Wia point of sight or of the cge.
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Peincipal Rafter. One whose size is larger than that of a common raftor, and is framed
in such a manner, as in a truss, as to bear the principal weight of the latter.

Pkincipal Ray. In perspective, the line passing from the eye to the principal point on
the perspective plane.

Priory. A monastery, the head of which was called a prior or prioress.

Prism. (Gr. UpicrfMa.) In geometry an ohlong or solid body contained under more than
four planes, whose bases are equal, parallel, and similarly situate.

Prismoid. a solid figure, having for its two ends any dissimilar parallel plane figure

of the same number of sides, and all the upright sides of the solid trapezoids. If
the ends of the prismoid be bounded by dissimilar curves, it is sometimes called a
ci/lhidroid.

Prison. A building erected for the confinement, or safe custody, of those who have trans-

gressed the laws of their country, until, in due course of time, they arc discharged.
In considerable cities and towns, humanity, and in leod justice, demands that the

same building which confines the convicted felon should not enclose the debtor and
the untried prisoner, as well as him whose oflfence is not of an aggravated nature. lu
small towns, where there may be only one, perhaps small, prison, the separation of the
prisoners is more difficult to accomplish. The separation of the sex is indispensable.
For whatever class of prisoners a building is erected, salubrity and ventilation are as
essential as the security of those confined. It is now unnecessary to reprint the whole
of the requisites which the celebrated Howard specified for prisons : modern rules
have necessitated great alterations since his time.

Prison discipline is a problem the wisest of our legislators have not yet been able
to solve. When Pentonville Prison was erected it was thought that complete separa-
tion, by its severity, would lessen crime. The result, however, has scarcely justified

the behef. The Government have had ample opportunity of forming an opinion upon
the merits of the separate system, consequently about 1851 some relaxation was made,
and about ten per cent, were placed in association. The City authorities adopted a
middle course, and they have the means of confining the vicious in eeparato cells

;

and have sufficient number of workrooms for classified association.

One of the prisons erected for the metropolis is the Model or Pentonville Prison .

in the Caledoniaa Road, erected 1840-42 by Major R. Jebb for 1,000 prisoners,
and to which additions have been made. A Report was publishe^^l at the time
giving all the details of the cells, which are 13 feet by 7 feet by 9 feet high, and
intended for solitary confinement. Another, the now City Prison, in the Camden Road,
erected 1849-52, by the City architect, Mr. J. B. Running, has 418 cells. It is

• constructed on the radiating principle, having four wings diverging from the centre,
with two others in front of the former. Each is twelve cells in length, or about
100 feet long, and tliree stojies high. The corridors are 16 f.ct wide, and are open up
to the arched ceiling, with galleries leading to the upper cells. One of the Litest

prisons erected is that at Edinburgh. It is described in the British Architect for
October 14, 1887, p. 291.

Problem (Gr.) In geometry, a proposition in which some operation or construction is

required, as to divide a line, to ma^'e an angle, to draw a circle through three points
not in a right line, &c. A problei>.. consists of three parts : the proposition, which
states what is required to be done ; the resolution or solution, wherein are rehearsed
tJie step or steps by which it is done ; and the demonstration, wherein it is shown
that by doing the several things prescribed in the resolution the thing required is

obtained.

Prodomus. In ancient architecture, the portico before the entrance to the cell of a
temple. See Cell.

Producing. In geometry, the continuing a right line to any required length.
Profile. The vertical section of a body. It is principally used in its architectural sense

to signify the contour of architectural members, as of bases, cornices, &c. The profile

of an order is in fact the outline of the whole and its parts, the drawing whereof is

technically called profiling the order.

Projection. The art of representing a body on a plane by drawing straight lines through
a given point, or parallel from the contour and from the intermediate lines of the body,
if any, so as to cut the plane. When the projection is made by drawing straight lines
from a point, it is called a perspective representation ; but if formed by parallel lines, it

is called an orthographical representation.

Projecture. An out-jetting or prominence beyond the naked of a wall, column, &c. By
the Greeks projecturcs were called fK<popai, by the Italians sj^ord, by the French saillics

;

our workmen called them sailings over.

Prolate. (Lat.) An epithet applied to a spheroid when generated by the revolution of
a semi-ellipsis about its longer diameter.
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Proxaos. See Cell.
Prop. A support, or that on -which anything rests. See Rance and Shork.
Proportion. The just magnitude of each part, and of each part to another, so as to ba

suitable to the end in view. See IIarmonic, and Geometric, Proportion.
Proportional Compasses. See Compasses.
PR0PYL.EXJM. (Gr. npo, before, and nvXn], a portal.) Any court or Tcstibule before a

building, or before its principal part ; but more particularly the entrance to such court
or vestibule.

Proscenium. (Gr.) That part in the ancient theatre whereon the actors performed in
front of the scene, being what we call the stage. The Romans called this part the
pulpitiDn.

Prostyle. (Gr. IT/jo, and 2tu\o9, a column.) A portico in which the columns stand in
advance of the building to which they belong.

Prothesis, Table of. See Credence.
Prothyris. (Gr.) A word used in ancient architecture to signify a cross beam or ovar-

thwart rafter, as likewise a quoin or course of a wall. See Console.
Prothyrtim. (Gr.) A porch at the outer door cf a house ; a portal.

Protractor. (Lat. Protractus.) An instrument for laying down an angle in drawing or
plotting.

PSEUDISODOMUM. See ISODOMUM.
PsEUDODiPTERAL or False Dipteral. A disposition in the temples of antiquity wherein

there were eight columns in front and only one range round the cell. It is called false

or imperfect, because the cell only occupying the width of four columns, the sides from
the columns to the walls of the cell hare no columns therein, though the front and rear
present a column in the middle of the void. See Temple.

Pseudoperipteral or Imperfect Peripteral. A disposition in the ancient temples, in

which the columns on the sides were engaged in the wall, and wherein there was no
portico except to the facade in front ; such are the Maison Carree at Nismes, and the

temple of Fortuna Virilis at Rome.
Pteea. In Grecian architecture, is the colonnade which surrounded the cell of the temple,

the monopteros temple being the only species which had columns without a wall behind

them. The peripteral had one tier of columns round the cell, the dipteral two, and the

pseudo or false dipteral, invented by Hermogenes, was that in which the ptera was
single, but occupied the same space on the sides of the cell as the dipteral, though one

of the tiers of columns was left out. Thus, by metaphor, the columns were called the

wings of the temple. See Temple.
Ptisroma. (Gr. Urepov, a wing.) The space between the wall of the cell of a temple and

the columns of the peristyle, called also amhulatio.

Public Building. Every iauilding used as a church, chapel, or other place of public

•worship ; also every building used for purposes of public instruction ; also as a

college, public hall, hospital, theatre, public concert room, public ball room, public

lecture room, public exhibition room, or any other public purposes. Metropolitan

Building Act, 1885.

Puddling. The filling behind a wall, filling up a avity, or banking up with clay

tempered with water, and carefully rammed down with the repeated strokes of beaters

or beetles, in order to make it solid. See Claying.

Pugging. A coarse kind of mortar laid upon rough boarding placed between joists, to

prevent the transmission of sound from the apartment above to that below.

Pug-mill. A stone, or a pair of large circular stones, in a vertical position, worked by

machinery to roll round as a wheel and also in and round an iron pan, for the purpose

of grinding up clay for brickmaking, and also the lime and bricks in making mortar.

Pug-piling. The same as dovetailed piling, or pile planking.

Pulley. (Fr.) One of the five mechanical powers, consisting of a wheel or rundle,

having a channel around it and turning on an axis, serving, by means of a rope which

moves in its channel, for the raising of weights.

Pulley Mortise. The same as Chase Mortise.

Pulpit. (Ital. Pulpito.) An elevated place, an enclosed stage or platform for a preacher

in a church. The ancient ambo served the same purpose.

PuLPnuM. (Lat.) See Proscenium.

Pulvinaria. (Lat.) Cushions in the ancient temples whereon the statues of the gods

were sometimes laid.

PuLviNATA. (Lat.) A pillow ; as applied to the volute of the Ionic order.

PuLviNATED. See Frieze.
_ _

Pump. A machine for raising water ; there are many varieties of them.

Puncheon. (Fr. Poin9on.) A name common to iron instruments used in different trades

for cutting, inciding, or piercing a body. In carpentry, it is a piece of timber placed

4 R
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upright between two posts -u-hose bearing is too great, serving, together with them, to

sustain some heavy weight. The term is also applied to a piece of timber raised upright

under the ridge of a building, and in which are jointed the small timbers. Also to the

arbor or principal part of a machine on which it turns vertically, as that of a crane.

PuHBECK Stone. A species of stone obtained from the island of Purbeck in Dorsetshii'e,

of avery hard texture, and used for paving. See Pavement.

PuRFLED. (Fr. Pourfiler.) Ornamented work in stone, or othrr material, representing

embroidery, drapery, or lace work.

Purlin. A horizontal piece of timber lying generally on the principal rafters of a roof to

lessen the bearings of the common rafters. Locally called side timbers, and side wavers.

PuTEAL, The marginal stone of a well. The celebrated one of Scribonins Li bo was
erected by order of the senate to mark the spot where a thunderbolt had fallen near the

statues of Marsyas and Janus by the Comitia.

PaTLoa. See Ledger.
Putty. A sort of paste consisting of whiting, with or without a small portion of white

lead, and linseed oil, beaten together until it assumes a kind of tough consistency like

dough. In this state it is used by glaziers for fixing in the squares of glass to sash

windows, etc., and also by house-painters to stop up holes and cavities in woodwork
before painting.

PuzzuoLANA. A grey-coloured earth deriving its name from Puzzuoli, whence it wa3
originally brought. It is a volcanic matter found in many other parts of Italy, and
generally in the neighbourhood of volcanoes active or extinct, from which it has been

thrown out in the form of ashes. It immediately hardens Avhcn mixed with one-tliird

of its weight of lime and water, forming an admirable water cement.

Pycxostyle. (Gr. niiK;'os, close, StuAos, column.) See Colonnade.
Pylon. The mass of building on either side of the entrance to an Egyptian temple. It

is pyramidal in form and sometimes as much as 100 feet in length and .32 feet in width.

Pyramid. (Gr. ITup, fire.) A solid' standing on a square, triangular, or polygonal basin,

and terminating at top in a point; or a body whose base is a regular rectilinear figure

and whose sides are plain triangles, their scvcr.il verticles meeting together in one

point. It is defined by Euclid as a solid figure consisting of several triangles whose
bases are all in the same plane and have one common vertex.

The principal properties of pyramids are as follow:— 1. All pyramids and cones

standing on the same base p.n'l having the same altitude are equal. 2. A tri.ingular

pyramid is the third part of a prism, standing on the same base and of the same altitude.

3. Hence, since every multangular may be divided into triangulars, every pyramid is

the third part of a prism standing on the same base and of the same altitude. 4. If a

pyramid be cut by a plane parallel to its base, the sections will be similar to the base.

5. All pyramids, prisms, cylinders, etc., are in a ratio compounded of their bases and
altitudes ; the bases therefore being equal they are in proportion to their altitudes, and
the altitudes being equal, they are in proportion to their bases. 6. Similar pyramids,
prisms, cylinders, cones, etc., are in a triplicate ratio of tlieir homologous sides.

7. Equal pyramids, etc., recipracate their bases and altitudes, i.e. the altitude of one is

to that of the other, as the base of the one is to the base of the other. 8. A sphere is

equal to a pyramid whose base is equal to the surface, and its height to the radius

of the sphere. See Frustum.
The name of the structure erected over a tomb, as commonly seen in Egypt.

Pyramidion. The small flat p>yramid which terminates the top of an obelisk.

Quadra. (Ttal.) A square border or frame round a biisso-relicvo, panel, etc. ; the term is

not (-trictly applicable to any circular border. Tlie term is also applied to the bands or

fillets of the Ionic base on each side of the scotia ; and also to the plinth or lower mem-
ber of the podium.

Quadrangle. Any figure with four angles and four sides. This term is in architecture

in England applied to the inner square or rectangular court of a building, as in the

college courts of Oxford, etc.

Quadrant. (Lat.) The quarter of a circle, or an arc of it contiiining ninety degrees

within its enclosed angle.

Quadrature. (Lat.) The determination of the area of a figure in a square, or even any
other rectilinear form.

QuADREL. An artificial stone perfectly square, whence its name, much used formerly by
tlie Italian arcliitects. Qnadrels were made of a chalky or whitish and pliable earth,

and dried in the shade for at least two years.

QuADRiFoRios. (Lat.) In ancient architecture, foiling doors whoso height was divided into

two parts. When they opened in one height, they were termed /orrs valvata or valva.

QuADRiLATr.RAL. In geometry, a figure whose perimeter consists of four right lines mak-
ing four angles, whence it is also called a quadrangular figure.
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lUARREL, vulgarly called Qcaruy. (Fr. Carre.) A square or lozenge-shaped pieeo of
glass used in lead casements.

tuARiiY. (Irish, Carrig.) A place whence marbles, stones, or slates are procured.
• uARRTiNG. The operation of extracting the produce of a quarry is one which requires
much practical knowledge to render it beneficial to its owner ; but in respect of the
details they are not required to be noticed in this work.

tuARTER Grain. See Felt Grain.
tuARTER Pace. See Foot Pace.
tuARTER Partition. One consisting of quarters, or upright pieces of timber receiving
tlie lath and plaster work.

Quarter Round. The same as Ovolo and Echinus, being a moulding whose profile is the
quadrant of a circle.

Quarters. Small vertical timber posts, rarely exceeding four by three inches, used to
form a partition instead of walls for the separation or boundary of apartments. They
are placed, or ought to be, about twelve inches apart, and are usually lathed and
plastered in the internal apartments, but if used for external purposes are commonly
boarded. A series of sucli posts is called Quartering.

iuARTZ. (Germ.) A mineral production better known by the name of rock crystal. It

includes a variety of stones with which we have nothing here to do, and the only motive
for mentioning it is its occurrence in the granites, wherein it is immediately recognised,

from its glass-like appearance.

iuATREFOiL. (Fr. Quatrefeuille.) A modern term denoting a form disposed in four
segments of circles, and so called fromit.5 imagined resemblance to an expanded flower
of four petals. It is only found in the windows, panels, etc., of Gothic architecture.

i,UAY. (Fr.) A bank formed towards the sea or on the side of a river for free passage,

or for the purpose of unloading merchandise.

iuEEN-PosT. A suspending post where there are two in a trussed roof.

iuEEN. A size slate used in roofing.

Quicklime. Lime in lump or in powder, ready for water to be added to it. See Lime.

l,uiRK. A piece taken out of any regular ground-plot or floor ; thus, if the ground plan were
square or oblong, and a piece were taken out of the corner, such piece is called a quirk.

See Re-entering angle.

iuiRK Moulding. One whose sharp and sudden return from its extreme projection to the

re-entrant angle seems rather to partake of a straight line on the profile than of the

curve. Of this class are a great number of the ancient Greek mouldings.

iuoiNS. (Fr. Coin.) A term applied to any external angle but more especially applied

to tlie angular courses of stone raised from the naked of the wall at the corner of a

building, and called rustic quoins. See Rustic Quoins.

E
^Iabbet. See Rebate.

^ACK. The case, enclosed by bars, over the manger in a stable, wherein the hay is placed

for the horses.

^AD and Dab. A substitute for brick nogging in partitions, consisting of cob or a mix-

ture of clay and chopped straw filled in between laths of split oak or hazel. It is also

called wattle and dab.

Radial Curves. In geometry, those of the spiral kind whose ordinates all terminate in

the centre of the including circle, and appear like so many radii of such circle

Radius. In geometry, the semidiameter of a circle, or a right line drawn from the centre

to the circumference.

Radius of Curvature. The radius of the osculatory circle at any point in a curve. See

Osculatory Circle.

Raffle Leaf. A leaf in ornamental foliage formed of small indentations at the edge.

The acanthus leaf is so called.

Rafters. (Quasi, Roof-trees.) The inclined timbers of a roof, whose edges are in the same

plane which is parallel to the covering.

Rag Slate. A slate obtained from Wales, and sold by the ton, wliich will cover about

one square and a half of roofing.

Rail. (Ger. Riegel.) A term applied in various ways, but more particularly to those

pieces of timber or wood lying horizontally, whether between the panels of wainscoting,

or of doors, or under or over the compartments of balustrades, &c. ; to pieces, in framing,

tliat lie from post to post in fences; in short, to all pieces lying in a horizontal dii-ec-

tion which separate one compartment from another.

Rainfall. To calculate the quantity of water that will accumulate over a given area,

multiply the inches of rainfall by 2,323,200, which will equal the cube feet per square

mile. If by 14^, it will equal millions of gallons per acre, If by 3,630, it will equal

cube feet per acre. (Molesuorth.)

I u 2



1318 GLOSSARY.

Rain-tvatek Pipe. One usually placed against the exterior of a house to carry oflf the

rain-water from the roof.

Eaisikg Piece. One which lies under a beam and over the posts or puncheons. The tenn

is chiefly used in respect of buildings constructed of timber framework.

Eaising Weights. See Lewis.

Pake. A slope or inclination, as of a roof.

Kakinq. a term applied to any member whose arisses lie inclined to the horizon.

Pamp. (Pr.) In handrails, a concavity on the upper side formed over risers, or over a

half or quarter pace, by a sudden rise of the steps above, which frequently occasions a

knee above the ramp. The term is also applied to any concave form, as in coping, &c.,

where a higher is to be joined by a continued line to a lower body.

Pampant Aech. One whose abutments or springings are not on the same level.

Pance. a prop or shore ; a term used in Scotland.

Panuom Tooling. In Scotland called droving, is a mode of hewing the face of a stone

either as preparatory to some other process, or as a finishing operation. A chisel two to

four inches broad at the cutting edge, is advanced along the stone at about ^ inch peT
stroke, the result being a series of indentations on the surface of the whole stone

—

The excellence of the work depends upon the regularity of these flutings and the absence

of ridges between the draughts.

Pange, or Panging. (Fr.) A term applied to the edges of a number of bodies when
standing in a given plane. Thus, if the edges of the ribs of a groin were placed in a
cyliudric surface, they would be said to range. It is also used in respect of a work that

runs straight without breaking into angles.

Paxk Set. When the sole of a plane iron projects greatly below the plane.

Pay, Pkincipal. In perspective, the perpendicular distance between the eye and the

perspective plane.

Payonnant. (Fr. Radiating.) A term applied in France to a period in Gothic archi-

tecture, wherein the mullious and tracery terminate in forms founded on the divergence

of rays from certain centres. It prevailed frum tlie latter end of the thirteenth until near

the end of the fourteenth century.

Rebate. (Fr. Pebattre.) A channel or small recess cut in a piece of wood, longitudinally,

to receive the edge of a body, or the ends of a number of bodies that are to bes^'Curedto

it. The depth of the channel is equal to the thickiiei-s of the body ; so that when the

end cf the latter is let into the rebate, it is in the same face with the outside of the

piece. See Door-stop.
Peuate Plank. One used for sinking rebates.

Recess. (Lat. Recedo.) A cavity left in a wall, sometimes for use, as to receive a side-

board, bed, &c., or to add to the quantity of floor room, and sometimes for ornament, as

when formed into a niche, &c.
Reciprocals. A term in mathematics, mostly applied to the fraction made by inverting

another fraction ; thus y is the reciprocal of | and \ of |.

Rectangle. In geometry, a figure whoso angles are all right angles. Solids are called

rectangular with respect to their position, as a cone, cylinder, &c., when perpendicular to

the plane of the horizon. A parabola was anciently called a rect.angular section of a cone.

Rectification. In geometry, the finding of a right line that shall be equal to a given
curve, or simply finding the length of a curve.

Rectilinear. A figure whose boundaries are right lines.

Rectilinear Period. A name given by some writers to the Perpendicular period of

mediaeval architecture in England, from the predominance of rectangular or straight lines.

Pehuct. a quirk or small piece taken out of a larger to make it more uniform and regular.

Reduction of a figure, design, or draught. The copying it on a smaller scale than the

original, preserving the same form and proportions. Fortius purpose a pair of propor-

tional compasses are generally used, by which the labour is much lessened.

Reed Moulding. A moulding formed by tliree or more beads worked side by side.

Re-entering ANGLE. An angle returned (A), in contradistinc- r—

i

„~
tion to a square or solid angle (B), by the former of which I

much space is often lost in small houses, it being sometimes
adopted from its picturesque qualities. See Quirk. I

Refectory. (Lat.) A room for taking refreshments. See Abbey.
Reflector. A polished surface so placed at an angle that it will reflect light tmvards

any required position. See Light, Reflected.
Reflex. The light reflected from a surface in light to one in shade.

Refuge. The name given to a building prepared for the reception of destitute people,

where they are boarded and clothed and have to work, or if youn.^ are taught some
trade, such as the "Boys' Refuge Farm School and Country Home," at Bisley, near Woking,
in Surrey.

Kbolet. (Fr.) A flat narrow moulding, used chiefly to separate the parts or membcrsof
compartments or panels fx'oni each other, or to form knots, frets, and other oruameuts.
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lEGRATtNO.
^
In masonry, the process of removing the outer surface of an old hewn Btone,

so as to give it a fresli appearance.
Ikgula. (Lat.) A band below the taenia in the Doric architrare.
Iegular. An epithet applied to a figure when it is equilateral and equiangular. A body
is said to be regular when it is bounded by regular and equal planes, and has all its
solid angles equal.

Iegulau Architecture. That which has its parts symmetrical or disposed in counterparts.
Iegvlar Curyks. The perimeters of conic sections, which are always cuived after tho
same geometrical manner.

^EiQNiEK Work. Ornamental figures or patterns inlaid in wood in the manner of buhl
work, with le ives &c. of different colours.

Ip.ins of a A^ault. Tho sides or walls that sustain the arch.

lEJoiNTixG. The filling up the joints of stones of old buildings when the mortar has been
dislodged by age and the action of the weather.

lKi.ation'. The direct conformity to each other, and to the whole, of the parts of a building.'
lELiEYO (It,) or Eei.ief,

. The projecture from its ground of any architectural ornament.
Among sculptors there are three degrees of relievo ; namely, alto relievo, when the figure
stmds quite out from its ground; mezzo relievo, vfh&n one half of the figure projects

;

and basso relievo, when the figures are raised from the ground in a small degree.
Relieving Arch. See Discharging Arch.
LENDER. To plaster on walls, slates or tiles, without the intervention of laths.

'kxaissance Architecture. The name given to the style Avhich studied to revive the
forms and ornaments of Roman art and partly of the Grecian. It Avas commenced under
the best efforts of the artists of the sixteenth and seventeenth centuries. The style is

called " Cinque Cento " in Italy ; and the " Revival " or " Elizabethan " in Great Britain.

'kndkring. The act of laying the first coat of plaster on brickwork.
Lbpliim. (Lat.)- In ancient architecture, the panel of a framed door. See Ijirages.

iKREDOS. A screen placed behind an altar in mediieval architecture, and decorated
with niches, statues, paintings, or other work, in accordance with the period of tho style

employed. See Altar Screen,
leservoir. (Fr.) An artificial pond, basin, or cistern for the collection and supply of water.

Resistance. That power which, acting in opposition to another, tends to destroy or

diminish its effect. There are several sorts of resistance, arising from the various natures

and properties of the resisting bodies, as the resistance of solids, fluids, air, &c.

The following is a synopsis of the most important results that have been draAvn by
different \vriters on the sul ject, both practical and theoretical

:

1. The resistance of a beam or bar to a fracture by a force acting laterally is as tho

solid made by a section of the beam in the place where the force is applied, into tlio

distance of its centre of gravity from the point or line where the breach will end.

2. In square beams the lateral strengths are as the cubes of iheir breadths and depths.

3. In cylindric beams, the resistances of strengths are as the cubes of the diameters.

4. In rectangular beams the lateral strengths are conjointly as the breadths and
equares of tlie depths.

5. The lateral resistances of any beams whose sections are similar figures and alike

placed are as the cubes of the like dimensions of those figures.

6. The lateral strength ofa beam, with its narrower face upwards, is to its strength with

the broader face upwards, as thebreadth of the broader face to the breadth of the narrower.

7. The lateral strengths of prismatic beams, of the same materials, are as tlie areas

of the sections and the distance of their centre of gravity directly, and as their lengths

and weights reciprocally.

8. When the beam is fixed at both ends, the same property has place, except that

in this case we must consider the beam as only half the length of the former.

9. Cylinders and square prisms have their lateral strengths proportional to the cubes

of their diameters or depths directly, and their lengths and weights inversely.

10. Similar prisms and cylinders have their strength inversely proportional to their

linear dimensions.

The relative resistance of wood and other bodies is shown in the following table:

—

ox, yew, plum-tree, oak -

11m, ash . . - -

i^alnut, thorn . . .

:ed fir, holly, elder, plane, crab-

tree, apple-tree - - -

:eech, cherry-tree, hazel -

Proportional Proportional
Resistance. Rasistanco.

11 Alder, ash, birch, white fir, w lluw G

8i Iron .... . 107

n Brass . . - . . 60
Bone - . . . . 22

7 Lead .... . H
c§ Fine freestone . - - - 1
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The following table shows the cohesive force of a square inch of different substance?

from the experiments of Professor Robinson :—

Gold when cast

Silver -

Cast iron

Wrought iron

Soft steel

lb;

- 20
- 40

40 to 60

60 to 90
- 12

lbs.

15 Fir

Cedar
Ivory

Bone
Rope

lbs.

8

5

16

5

20

They are

Razor steel - - -

Oak and beech in the

direction of their fibres

from- - - 8 to 17

Willow- - - - 12

Responds. Half-piers at the east or west end of the nave, transepts, or choir

sometimes formed in the shape of corbels.

Ressault. (Fr.) The recess or projection of a member from or before another, so as

to be out of the line or range with it.

Retable. a shelf, temporary or otherwise, between the altar and the east wall. A
series of receding shelves or rotables, behind and separate from the altar, is thought

convenient for placing thereou vases of flowers and candlesticks.

Retaining Wall, Such as is built to retain a bank of earth from sliding down. It is

is also called a revetment, or revetement, wall. The term is usually restricted to a

wall built to retain an artificial bank. One erected to sustain the force of solid ground

is called a breast wall.

Reticulated. Like the meshes of a net. The reticulatitm opus of the ancients is

described under the article Masonry.

Return. The continuation of a moulding, projection, &c., in an opposite direction. A
feiJe or part which falls away from the front of a straight work.

Return Bead. See Bead and Double Quirk.

Reveal. (Lat. Rovello.) The vertical side of an aperture between the front of the wall

and of the window, or door, frame.

Revolution. In geometry, the motion of a point or line about a centre. Thus, a right-

angled triangle, revolving round one of its legs as an axis, generates a cone in its

revolution.

Rhenish ARCHiTECTtrEE. The species of Romanesque practised in the Rhine countries,

differing only in subordinate fea-

tures from that of other parts of

Germany. Fig. 1436.

Rhomboid. (Gr.) A quadrilateral

figure whose opposite sides and

angles are equal.

Rhombus. (Gr.) A quadrilateral

figure, whose sides are all equal,

and whose opposite angles are

respectively equal, two being

obtuse and two acute.

Rib. (Sax.) An arch-formed piece

of timber for supporting the lath

and plaster work of a vault.

Ribbing. An assemblage of ribs

for a vault or coved ceiling.

Ridge. (Sax.) The highest part

of a roof. The term is more
particularly applied to the piece

of timber against which the

upper ends of the rafters pitch.

Ridge Tile. A convex tile made
for covering the ridge of a roof.

Slate ridging and terra cotta

ridging are often employed.

Right Angle. One containing

ninety degrees. A ready mode
of obtaining a right angle in set-

ting out buildings and for other

purposes, is: make the vertical

line equal to six divisions, the

baseline equalto eight similar di-

visions, then the distance between
each point should be equal to ten such divisions, to make the angle to be obtained a

right angle.

Fig. 1436. Church at Andemach.
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RiaiiT CiRCi.K. A circle drawn at right angles Mitli tlie plane of projection.
Right Line. A line perfectly straight.

Riser. Tlie upriglit face of a step, from tread to tread.
Rising Hinge. A hinge so formed as to raisn tlie door as it opens, that it may pass over a

carpet or mat; and thus having an inclination causing the door to close of itself. See
Saddle.

Rivet. Riveting. A small bolt of metal forged with a liead. AVhen required for use
in joining plates together, or a plate witli an angle iron as in a girder, the bolt is made
red hot, placed into the holes prepared for it, and maintained there by one person,
whilst another hammers at the opposite end until its superabund;int length has bei^n
driven flat against the plate. Such work is called riveted. See Angle Iron.

Road Rolling machine. Two steam locomotives, invented respectively by Lemoine and
Eallaison, the latter having been approved as the better of the two, have been lately
employed in Paris to crush and consolidate the broken granite laid on the roadways in
tliat city. This machine has two rollers, the engine being placed between, and the
boiler on one of them. With fuel and water, tlie weight of the Eallaison t^team roller

is 13^ tons with springs ; and an iron framework 15j tons. Its strength is 10 horse-
power, and its consumption of coal about 16 lb. per horse. It docs its work in half the
time and at half the cost th.^t would be required were the work done by rollers drawn
by horses, besides that it is performed more rapidly and completely. Over the Pont
Royal, the roadway was covered with granite at ten o'clock in the evening, the rolling con-
tinued all night, and the roadway opened for traffic in the morning.

Roadway. In relation to any road, passage, tr way, the word shall mean the whole
space open for traffic, whether carriage traffic an 1 foot traffic, or foot traffic only.
Metropolis Management and Building Acts Amendment Act, 1878. Street.

Rocking Stone, or Logan. A large rough stone so placed on a small part of its bed that
it can be moved to and fro with a slight force. It is classed in the Celtic period.

Rococo. A debased variety of the Louis XV. style of ornament. It is also applied to

anything bad or tasteless in decoration.

Rod. a measure of length equal to 16^ feet. A square rod is the usual measure of

brickwork, and is equal to 272^ square feet, and in London is calculated at 1^ bricks in

thickness.

Roe Stone or Oolite. A kind of limestone, found under chalk in various parts of England.
Roll. A piece of wood prepared for the plumber to turn the lead over it, where the sheets

join, so as to protect the flat roof or edge from the admission of water.

Roll Moulding. A moulding in the shape of a cylinder. It occurs chiefly in the

Early English and Decorated periods of Gothic architecture. When it has a slight

edge at one part, it is a scroll or edge moulding, or a ressant lorymer. When there is a
fillet, it is a roll and fillet moulding ; this is seen in the Decorated period. See Kkjx.

Rolls or Rolleus. Among workmen are plain cylinders of wood, seven or eight inches

diameter and three or four feet long, used for the purpose of moving large stones,

beams, and other heavy weights. They are placed successively under the fore part of

the masses to be removed, and at the s;tme time are pushed forward by levers applied

behind. When blocks of marble, or other very heavy weights, are to be moved, they

use what are called fwti'ess ro?/s. Those, to give them the greater force and prevent

their bursting, are made of wood joined together by cross-quarters, double the length

and tliickness of the common rollers, and girt with iron hoops at each end. At a foot

from tlie ends are two mortises pierced through and through, into whicli arc put th(!

ends of long levers, which the workmen draw by ropes fastened to tiie ends, still

changing the mortise as the roll has made a quarter of a turn.

Roman Architecture. The style adopted by the ancient Romans from that of the

Grefks. It was based upon the principle of the round arch.

Roman Cement. The common name for Parker's cement. It is now very often called

" brown cement," to distinguish it from Portland or " white cement."

Roman Order. The same as Composite Order.

Romanesque Architecture. The style which was based upon a Roman form, and wliicli

led on to the Pointed or mediaeval styles. There are many varieties of Romanesque, as

Lombard, Rhenish, French, and English Norman, &c., each having its own independent

developments.

Rood. (Sax. Robe.) A cross, crucifix, or figure of Christ on the cross placed in a church.

The holi/ mod was one, generally as large as life, elevated at the junc'ion of tiie nave

and choir, and facing to the western entrance of the church. The rood loft was tlio

gallery on which the rood and its appendages were placed. This loft, or gallery, was

commonly placed over the chancel screen in parish churches. In Protestant cathedrals

the oro-an used to occupy the original place of the rood loft, but is now almost always

phiced^'on the North side of the chancel. The rood totvcr or stiejjle was that which

Stood over the intersection of the nave with the transepts.
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EooD. A measure equal to 36 square yards, by which rubble masonry is valued in Scot-

land. Rubble walls at and below 18 inches thick are reduced to one foot; and above

18 inches thick, to 2 feet. It is also a measure of land. See Measure.

Roof. The covering to a building.

Roofing. The assemblage of timbers, and covering of a roof whose pitch in this climate,

for different coverings, is shown in the following table :—(See table 20406.)

Species of Covering. Inclination to the E(Drizon Height of Roof in Part of the Span.

Copper or lead - 3° 50 - one forty-eighth.

Large slates - 22 - one-fifth.

Common slates - 26 33 - one-quarter.

Stone slates - 29 41 - two-sevenths.

Plain tiles - 29 41 - two-sevenths.

Pan tiles - 24 - two-ninths.

Thatch - 45 - one-half.

Room. CSax. Rum.) An interior space or division of a house, separated from the

remainder of it by walls or partitions, and entered by a doorway. Habitable Room.
Rose or Rosette. An ornament of frequent use in architectural decorations. The

centre of the face of the abacus in the Corinthian capital is decorated with what is

called a rose.

Rose Window. A circular window with compartments of tracery not branching from a

centre. The illustration {fig. 1437) is an outline from Lincoln Cathedral. Other
examples may be seen at St. Ouen at

Rouen, and at Beauvais in the south

transept. See Book III., Chap. III.,

Sect. 14.

RosTRtrar. (Lat.) Literally, the beak of

a bird ; also the beak or fore-part of a
ship. The elevated platform in the

Forum of ancient Rome, whence the

orators addressed the people, so called

from its basement being decorated with

the prows of ships. The term is now
used generally to signify a platform or

elevated spot from which a speaker

addresses his audience.

Rot. See Dry Rot.
Rotunda or Rotondo, (Ital.) A building

circular on the interior and exterior,

such as the Pantheon at Rome. See
Circular Buildings,

Rough-cast. A species of plastering used
on external walls,consisting of a mixture
of lime, small shells or pebbles, occa-

sionally fragments of glass and similar ^'''^' ^*^^'

materials. This is usunlly applied to cottages.

Round Church or Building. See Circular Buildings.
Rubbing or Polishing. Erasing the tool marks (after boasting or scahhlhig) on the face

of a stone, by the agency of a piece of Yorkshire, or grit, stone, used as a rubber, first

with sand and water, and then with water only, by which a smooth surface is obtained,

rendering the stone less liable to be affected by the atmosphere.
Rubble Work. Walls built of rag or rubble stones, in coursed or uncoursed work. In

the former, the stones are roughly dressed, and laid in courses of equal height ; in the

latter they are used as they occur, small and large stones together as they may fit in.

This last is more applicable to Gothic than to Italian architecture. See Masonry.
EuDENTURE. (Lat. Eudis, a rope.) The same as Cabling.
Rudpjiation. (Lat. Ruderatio.) A method of laying pavements, mentioned by Vitru-

vius, and according to some, of building walls with rough pebbles and mortar. The
mortar called statumcn by Vitruvius was made of lime and sand.

Eule. An instrument for measuring short lengths. Of rules there are various sorts, each
adapted to the class of artificers for whose use they are made. Thus, tliere are stone-

cutters' rules, masons' rules, carpenters' rules, sliding rules, parallel rules, &c. The
eliding rule is, however, of more general use, as it solves by inspection a number of

questions from the change of the position of the slider, and therefore ofmuch importance
to the less educated artisan.

Rural Architecture. A style of architecture suited for country places, and not strictly

conforming to any rules but that, perhaps, of the picturesque.
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RtrssiAN Ahchitecture. The ancient buildings are designed after the Byzantine school
of art ; the modern ones after the German, French, and Italian masters.

EtJSSiAN Cross of the Greek Chnrch. See Cross.
Rustic Order. A species of work where the faces of the stones are hatched or picked

with the point of a hammer.
Rustic Quoins or Coins. The stones placed on the external angles of a building project-

ing beyond the naked of the wall. The edges are bevelled, or more or less moulded, or
the margins recessed in a plane parallel to the face or plane of the wall.

Rustic Work. A mode of building masonry wherein the faces of the stones are left

roiigh, the sides only being wrought smooth where the union of the stones takes place.

It was a method much practised at an early period, and re-introduced by Brunelleschi
at the revival of the arts. The most common sorts of rustic work are the frosted, which
has the margins of the stones reduced to a plane parallel to that of the wall, the
intermediate parts having an irregular surftice ; vermiciilated rustic work, wherein the
intermediate parts present the appearance of having been worm-eaten; chamfered
rustic work, in which the face of the stones being smoothed and made parallel to the
surface of the wall, and fhe angles bevelled to an angle of one hundred and thirty-five

degrees, with the face of the stone, where they are set iu the wall, the bevel of the two
adjacent stones forms an internal right angle.

Rybat. The Scottish term for a Heteal.

S

Sacellum. (Lat.) In ancient Roman architecture, a small inclosed space without a roof.

Small sacella, too, were used among the .Egyptians, attached frequently to the larger

temples. In old church architecture, the term signifies a monumental chapel within a
church, also a small chapel in a village.

Sacrarium. (Lat.) A small sacred apartment in a Roman house, devoted to a particular

deity ; also the cella, penctrale or adytum of a temple. The name is now given to the

place in a chancel enclosed by the altar rail^: also called "Sanctuary."

Sacristy. A vestry attached to a church, in which the vestments, plate, and other

furniture used in divine worship are kept. It was anciently called Diaconicum.

Saddle. A thin board of wood, placed on the floor iu the opening of a doorway, the

width of the jambs. The door being made to shut upon this piece of wood passes clear

over the carpet, and does not therefore require rising hinges, used for achieving the

same object.

Saddle-backed Coping. See Coping.

Saddle-back Roof. A tower having a top in the form of a common roof-gable. This

form appears on a few old English towers (as at Brookthorpe Church, Northampton-

shire, cir. 1260), and in many Continental churches.

Sag or Sagging. The bending of a body by its own weight when resting inclined or

horizontally on its ends.

Sagitta. (Lat. an arrow.) A name sometimes applied to the keyotone of an arch. In

geometry, it is often employed to signify the abscissa of a curve ; and in triffonometry

it is the versed sine of an arc, which, as it were, stands like a dart upon the chord.

Sail ovee. See Projecture.

Saint. See Symbols of Saints.

Sallant. (Fr.) A term used in respect of a projection of any part or member.

Sally. A projecture. The end of a piece of timber cut with an interior angle formed

by two planes across the fibres. Thus the feet of common rafters, and the inclined

pieces which support the flying steps of a wooden stair, are frequently cut; as are, like-

wise the lower ends of all inclined timbers which rest upon plates or beams.

Salon or Saloon. (Fr.) A lofty and spacious apartment, frequently vaulted at top,

and'usually comprehending the height of two floors with two tiers of windows. Its

place is commonly in the middle of a building, when it is sometimes lit from the top

;

or at the head of a gallery, etc. In palaces it is the state room.

Sanatary measures. Precautions taken for curing diseases.

Sancte-bell Cot. A small erection at the east end of the nave for the reception of tho

bell that gives notice of the Sanctiis being commenced, and also to warn tlio people of

the approaching elevation of the Host.

Sanctuary. The extreme eastern part of the chancel, containing the communion table,

seats for the clergy, &c. See Sacrarium.

Sanitory measures. Precautions taken for preserving the health.

Sand There are three sorts, river, sea, and pit sand. They are mixed with lime and

cement in varying proportions. When they can be only procured mixed with earthy and

clayey particles, they must be repeatedly washed until the sand becomes bright in

colour and feels gritty under the fingers. Sea sand must be very well washed iu fresh
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water, and it is doubted by some practitioners wliether it can ever be freed from particles

of salt, which would prevent the plaster or cement drying.

Sandstone. In mineralogy, a stone principally composed of grains, or particles of sand,

. either united with other mineral substances or adhering without any vis'ble cement.

The grains or particles of sandstone are generally quartz, sometimes intermixed with

feldspar or particles of slate. AVhen lime is the cementing matter the stone is called

calcareous sandstone. The cementing matter is not unfrequently oxide of iron inter-

mixed with alumine. The particles of sand in these stones are of various sizes, soma
being so small as to be scarcely visible.

Sap. The juice or pith of trees that rises from the earth and ascends into the arms,
branches, and leaves, to feed and notirish them. Also that part of the stem or wood of

the body of a tree that is soft, white, etc. The term is used also as a verb, to denote
the undermining a wall by digging a trench under it.

Saracenic Aechitecttjre. See Moresque Architecture.
Sarcophagus. (2a/)|, flesh, and cpayw, to eat.) A tomb or coffin made of one stone. From

Pliny it appears to have been originally applied as the name of a stone found in the

Troad, which, from its powerful caustic qualities, was selected for the construction of

tombs. From its frequent application to this purpose the name became at length used
for the tomb itself. Sarcophagi were made of stone, marble, alabaster, porphyry, etc.

The Greeks sometimes made them of hard wood, as oak, cedar, or cypress, which resisted

moisture ; sometimes of teri-a cotta, and oven of metal. The form was usually a long
square, the angle being rounded. The lid varied both in shape and ornament. Those
of the primitive Christians often enclosed several corpses, and were ornamented with
several sets of bassi relievi. Those of higher antiquity were frequently sculptured with
great taste and beauty of design, the figures being tlioso of the deceased, or parties con-

nected with them, allegorical or mytliological. Tiie Egj'ptian sarcophagi are sculp-

tured Avith hieroglyphics. Those of the Greeks and Romans sometimes represent Sleep
and Death with their legs crossed, one hand supporting the head and the other liolding

an inverted torch ; sometimes Mercury is represented conducting the Souls, and Charon
ferrying them over in his barque. Occasionally groups of bacchanals and bacchie scenes

are found upon them.

Sarking. Thin boards for lining, etc. Boarding for slating is so called in Scotland.

Sash. (Fr. Chassis, a frame ; more probably the Dutch Sas, a gate.) A frame for

holding the glass of windows, and so formed as to be raised and depressed by means of

pulleys. Sashes are single or double hung ; the casement is hung with hingis.

Sash Frame. The frame in which the sashes ai'c fitted for the convenience of sliding up
and down. See Casement.

Sash lines. The rope by which a sash is suspended in its frame. They are often madf
of common cord, which soon untwists and breaks ; the "imperial patent flax sash lines"

are made in four qualities. Tiie sash lines made of jute have neither strength nor
durability. The modern brass chains are liable to break with sudden jerks.

Saw. (Dutch, Sawe.) A tool made of a thin plato of steel, formed on the edge into

regular teeth for cutting wood, stone, etc. Saws are of various kinds.

Sa"w-pit. a pit excavated for sawing timber. The sawing is performed by two persons

called sawyers, one standing above and the other below. Much of the labour, however,
is saved by the use of a saw-mill, or machine moving a circular saw, wiiich by its

revolutions and keeping the timber close up, performs the work quicker and better than
can be done by the labour just described.

Saxon Architecturr. The term used to designate the early architecture used in England
before the introduction of the Romanesque or N.irman. The long and short work is

considered the mode of building of that period. Seefff 1412.

ScABELLUM. (Lat.) A specics of pedestal anciently used to support busts or statucs. It

was high in proportion to its breadth, ending in a kind of sheath, or in the manner of a

baluster.

Scaffold. (Fr. Echaufaud.) An assemblage of planks or boards sustained by pieces of

wood called ^j«^/o^s or putlocks placed on others called Ledgers, which are made fast

to vertical poles called standards, by means of which workmen carry up a building of

brick, or plasterers complete their work in the interior of houses. Stone-faeeil build-

ings have an inner and outer series of standards and ledgers, so that the work shall not

be injured. Framed scaffolding is much used in large works, which is formed of square

timbers, and on these a tram is placed for a moveable platform, or a steam crane.

Suspended scaffolds are useful in repairing or painting a front. They arc formed of a

sort of open trough for the workmen to stand in, who raise and lower it by means of

ropes attached to pulleys fixed at the end of beams secured out of upper windows or to

the roof.

ScAGLiOLA. (Ital.) A species of plaster or stucco invented at Carpi, in the .state of

Modena, by Guido Sassi, between IGOO and 1649. It is sometimes called v.ischia, from
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the mixture of colours introduced in it. It w.is not, however, till the middle of the

eighteenth century that the art of making scagliola was brought to perfection. It is

used to decorate the walls of a staircase, and for columns and pilasters to a room.
When well done it resembles marbles of great beauty, and to great perfection, and the

best can be obtained at a less cost than the real marble.

Scale. (Sax.) A line divided into a certain number of equal parts, usually on wood,
ivory, or meUd, for laying down dimensions in mathematical and architectural

drawing. There are various sorts of scales; as, the p'.cme scale, Gunters scale,

diagonal scale, &c.
Scalene Triangle. (S/caATjros, oblique.) In geometry, one whose sides are all unequal.

Scale Paper. Paper having woven in it divisions at certain distances ; or it is so pre-
pared by printing the divisions upon it. It can be used for writing, squaring dimen-
sions, or even for drawing in proportionate parts, or axial lines, a system of designing
used by Bramante and other early Italian artists.

Scallage or Scallenqe. A term used in Herefordshire and the west of England for a
lychgate.

ScALPTURATtTM, Opus. According to Pliny it resembled inlaid work, the pattern being
chiselled out of the solid ground, and filled up with thin leaves of coloured marble.
A beautiful example was found at Pompeii ; it was first introduced into Italy after the

beginning of the third Punic war, B.C. 14 7-103.

ScAMiLLi IMPARKS. A term used by Vitruvius, which has puzzled all the commentators
until the investigations of Mr. Penrose, when he found that the horizontal lines of the
Parthenon were inclined almost imperceptibly from the ends to the centre. These
slight risings are held to explain the term. See Hogging. The term was formerly
supposed to mean a small plinth below the bases of the Ionic and Corinthian
columns.

ScANDUL^. (Lat) In early buildings of the Romans, shingles or flat pieces of wood
used for covering instead of tiles. According to Cornelius Nepo?, this was the only

covering used in Rome till the war with Pyrrhus in the 470th year of the city.

ScAXTLE. A gauge for regulating the proper length of slates.

Scantling. (Pr.) The dimensions of a piece of timber in breadth and thickness. It is

also a term used to denote a piece of timber, as of quartering in a partition, when under
five inches square, or the rafter, purlin, or pole plate of a roof. In masonry, scantling

is the length,, breadth, and thickness of a stone.

Scape or Scapus. (Gr.) The shaft of a column
; also the little hollow, above or below,

which connects the shaft with the base, or with the fillet under the astragal.

ScAPLiNG or ScABBLiNG. A method of tooling the face of a stone.

Scarfing. The joining of two pieces of timber transversely together, so that the two
appear but one. Large timbers are likewise bolted together.

Scene. (Gr, Sfcrjj/Tj.) Strictly an alley or rural portico for thade or shelter, wherein,

according to Cassiodorus, theatrical pieces were first represented. When first applied to

a theatre, it signified the wall forming the back of the stage, but aftern-ards came to

mean the whole stage, and is now restricted to the representation of the place in which
the drama represents the action. According to Vitruvius, the Greek scene was occupied

in the middle by a great door, called the royal door, because decorated as the gate of a

palace. At the sides were smaller doors, called hosjjitalia, because representing the

entrances to habitations destined for strangers, Avhich the Greeks commonly placed on

the two sides of their houses.

Sceno3Baphy. (Gr.) The method of representing solids in perspec'ive.

ScHKDUi.E OF Prices. A document forming part of a contract, and intended to be used

for ascertaining (after execution) the sum to be paid for works performed, whether by
measurement or by daywork. Where a "bill of quantities " has not been prepared, or

where the extent of work cannot be exactly settled beforehand, a schedule is usually

a'lop'ed. For certain works a schedule is fully priced out, and tenders invited at a
percentage above or below such prices, either over the Avhole, or on or oflf each parti-

cular trade.

Scheme or Skene Arch. One which is a segment of a circle.

ScHENE. (Gr.) The representation of any design or geometrical figure by lines so as to

make it comprehensible.

Scholium. In mathematics, a remark after the demonstration of a proposition, showing

how it may be done some other way, or giving some advice or precaution to prevent

mistakes, or adding some particular use or application thereof.

School of Art. See College and Museum.
School. A building for elementary, practical, general, or special education, and preli-

minary to university institutions. In Germany, compulsory education is a fact, and
absentees are fined. The schools are so arranged that a ciiild can pursue a course of

training which will most fit him for his future career. There are Elementary schools;
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next tlio Burgher schools, at which children of the lovrcv middle cl.asses tiro educated ;

the Realschulen, consisting of three kinds of instruction ; the Practical school, in which
scientific subjects are taught; then the Gymnasium, which forms a stepping-stone to

the University or the Polytechnic school, to qualify for any business or profession.

Sciagraphy or Sciography. (Gr. Swia, a shadow, and Tpa<pai, I describe.) The doctrine

of projecting shadows as they fall in nature.

ScoNCMEON. (Fr. Ecoingon.) The portion of the side of an aperture, from the back of

the jamb or reveal, to the interior of the wall.

Scotia. (Gr. 'S.kotm, darkness.) The hollow moulding in the base of a column between
the fillets of the tori. It receives the name from being so much in shadow. The scotia

was, from its resemblance to a pulley, called also rpox^^os. It is most frequently
formed by the junction of arcs of different radii, but it ought rather to be profiled as a
portion of an ellipsis.

Scratch Work. (It. SgrafBata.) A coloured plaster being laid on the face of the build-

ing, it is covered wath a white one, which being scratched through to any design with an
iron bodkin, the coloured work appears through and makes the contrast. It is an Italian
method of decorating a plain surface, and is now being much carried out in England.

Screed. In plastering or cementing largo spaces, a ledge of about i inches and of the
proper thickness is carefully formed, every 4, 5, or 6 feet apart, to form a gauge for the
remainder of the work, which is then applied in the panel, a long float being worked
over it, forcing off the superfluous plaster, and a clear and even f.ice is obtained.

Screen. (Lat. Excerno.) An instrument used in making mortar, consisting of three
wooden ledges joined to a rectangular frame at the bottom, the upper part of which
frame is filled with wire-work for sifting the sand or lime. This term is uso.i in eccle-

siastical architecture to denote a partition of wood, stone, or metal, usually so placed
in a church as to chut out an aisle from the choir, a private chapel from a transept, tlie

nave from the choir, the high altar from the east end of the building, or an altar tomb
from a public passage of the church. In the form and ornamental detiiil of screens, the
ancient artists appear to have almost exhausted fancy, ingenuity, and taste.

Screw. (Dutch, Sjroeve.) One of the six mechanical powers, chiefly used in pressing or
squeezing bodies close, though sometimes also in raising weights, as a screw-jack.

Scribing. Fitting the edge of a board to a surface not accurately plane, as the skirting

of a room to a floor. In joinery, it is the fitting one piece to another, so that their fibres

may be perpendicular to each other, the two edges being cut to an angle to join.

Scroll. A convolved or spiral ornament variously introduced.

Also the volutes of the Ionic and Corinthian capital. The T'XaC^^ C^'V.C^^ci
subjoined woodcut is called a Vitnivian scroll.

Scullery. The apartment for washing up dishes and utensils

wherein the scullion w^orks.

Sculpture. (Lat. Sculpo, to carve.) The art of imitating forms by chiselling and work-
ing away solid substances. It is also used to denote the carved work itself. Properly,

the word includes works in clay, wax, wood, metal, and stone ; but it is generally re-

stricted to those of the last material, the terms 7nodellivg, casting, and carving being
.applied to the others. See Frieze, Pediment, and Metop^e.

Sealing. The fixing a piece of wood or iron on a wall with plaster, mortar, cement, lead

or other binding, for staples, hinges, joints, &c.
Seasoned Timber. Timber that has undergone a proper process of air or hot air drying

so as to render it fit to be used in building.

Secant. (Lat.) A line that cuts another. In trigonometry, the secant is a line drawn
to the centre from some point in the tangent, which consequently cuts the circle.

Secos. (Gr.) See Adytum.
Section of a Euilding. A geometrical representation of it as divided or separated into

two parts by a vertical plane, to show and explain the construction of the interior. The
section not only includes the parts that are separated, but also the elevation of the

receding parts, and ought to be so taken as to show the greatest number of parts, and
those of the most difficult construction. Of every building at least two sections should

be made at right angles to one another, and parallel to the sides. A section of the

flues should also be made, in order to avoid placing timbers near them.
Section of a Solid. The plane of separation dividing one part from the other. It is

understood to be always a plane surface.

Sector. An instrument for measuring or laying off angles, and dividing lines and circles

into equal parts.

Sector of a Circle. The space comprehended between two radii and the arc terminated
by them.

Bedilia. (Lat.) Seats recessed in the south wall of the sanctuary of a church, and
formerly provided for the clergy in the sacrifice of the mass, during that part of the

office in which the "Gloria" and "Credo "are sung. They are now also provided in



GLOSSAllY. 1357

Those whose arcs are fiemicirciilar, as

Fig. 1438.

Prot( stant churches for tlie officiating clergy, usually three—priest, deacon and sub-
deacon.

Segment of a Sphere. A portion cut off by a plane in any part except the centre, so that
the base of such segment must be always a circle, and its surfiice a part of the sphere.

Segment. (Lat.) A part cut off from anything. Thus, Jig. H38 shows a segmeatal
arch. The area contained by the arc of a circle and a chord.
In the segment of a circle the chord of the arc is called
ihe base of the segment, and the heiglit of the arc the
lieight of the segment.

Sell. See Cill and Aperture.
Semicircle. The half of a circle contained by the diameter

and circumference.

Seiiicirculak Arches.

\nfig. 1439.

Sepulchre. (Lat. Sepelirc, to bury.) A grave, tomb, or place
of interment. The cenotaph was an empty sepulchre
raised in honour of a person mIio had had no burial. See
Easter, or Holt Sepulchre ; and Mausoleum.

Seraglio. (Pers. Serai.) A large hall or house. The palace
of an Eastern prince, but more particularly that in which
the females are lodged.

Serpentine. See Porphyry.
Sesquialteral. In the proportion of one and a half
Sesspool. See Cesspool.

Sett. In piling, a piece placed temporarily on the
head ofa pile which cannot be reached by the monkey
or weiglit from some intervening matter.

Setting. The hardening of mortars and cements.

The term is also used in masonry for fixing stones

in wal's or vaults, in which the greatest care should ^^S- li'^n.

be taken that the stones rest firmly on their beds, and that their faces be ranged in the
proper surface of the work.

Setting-out Kod. One used by joiners for setting-out frames, as of windows, doors, &c.
Settlements. Those parts in which failures by sinking in a building have occurred.

Sett-off. The projecting part between the upper and lower portion of a wall where it

diminishes in thickness.

Severy. A compartment or division of scaffolding. It is also a separate portion or divi-

sion of a building corresponding with the modern term compartment, being as it were
severed or divided.

Sewer. A large drain or conduit for carrying off soil or water from any place.

Sexagesimal. The division of a line, first into sixty parts, tlien each of these again into

sixty, and so on, as long as division can be made. It is principally used in dividing the

circumference of a circle.

Sgraffito (Ttal.) See Scratch Work.
Shadows and Shadowing. In drawing, the art of correctly casting the shades of objects

and representing their degrees of shade.

Shaft. The cylindrical part, or rather body, of a column, between the base and the

capital. It is, properly, the frustum of a conoid, and is also called the fust, trunk, or

hody of the column. The term is also applied to tjie pier supporting arches in medieval
architecture, as in the nave of a church.

Shaft of a Chimney. See Chimney.

Shaft of a King Post. The part between the joggles.

Shake. A fissure or rent in timber by its being dried too suddenly, or exposed to too

great heat. Any timber, wlien naturally full of slits or clefts, is said to to be shakg.

Shamble. The old name for a place for slaughtering cattle, now called ahattoir.

Shank. (Sax.) The space between two channels of the Doric triglyph, sometimes called

the leg of the triglyph. The Konians called the ahnvik, femur.

Shearing. The action of cutting short off, as a pair of scissors acts upon pnpcr. It is

applied to a plate of metal acting upcm a bolt or rivet.

Sheet Glass. Glass blown into a " muff," wliich is slit on one side, and opened out fiat.

A superior sort of sheet glass is " flattened" by a rubbing whilst it is in the annealing

kiln, and hence its name.

Sheet Lead. Lead cast into a sheet, in contradistinction to lend rolled out by a mill.

Shelf. (Sax.) A board fixed against a wall, the upper side being horizont;il, for receiving

whatever may be placed upon it. A shelf is usually supported by brackets, or by pieces

at the end, called standards. See Sunk Shelf.

Shii-f. Slate broken into small pieces, as employed for mending roads in Cornwall.
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Shingles. (Germ. Schindel.) Loose st.ones sifted from gravel for making concrete. Also

the small slab of oak bark or split pieces of wood, used instead of tiles in former times,

and still usually so employed in the backwoods of America and other countries. They
are about eight to twelve inches long, and about four inches broad, thicker on one edge

than the other. The process of making a roof of this kind is called shingling.

Shoe. The inclined piece at the bottom of a rain -water pipe for turning the course of the

water, and discharging it from the wall of a building.

Shooting. Planing the edge of a board straight, and out of winding.

Shooting Boarus. Two boards joined together, with their sides lapped upon each other,

so as to form a rebate for making short joints.

Shore, or Shoar. (Sax.) A prop or oblique timber acting as a brace on the side of a

building, the upper end resting against that part of the wall upon which the floor is

supported, and both ends received by plates or beams. A dead shore is an upright

piece built up in a wall that has been cut or broken.through for the purpose of making
some alterations in the building. The terms " needle," " tossle," "joggle," and " stud

"

are used among workmen to denote the piece of wood inserted in a wall above the head
of a raking shore. A "waling" is a piece of timber placed horizontally against the

side of a trench and strutted across it ; a " setting" is a rectangular frame holding all

four sides of an excavation. " Cleadings " used with " settings " strve the same pur-

pose as " poling boards'' in connection with walings.

Shoulder of a Tenon. The plane transverse to the length of a piece of timber from which
the tenon projects. It should be at right angles to the length, though it djes not

always lie in the plane as here defined, but sometimes in different planes.

Shouldering. In slating, a fillet of haired lime laid upon the upper edge of the smaller

and thicker kinds of slates, to raise tlicm and prevent their being open at the l.ap ; it

also makes the joint weathertight. Sometimes the whole surface under the heads of

any sized slates is so done, to prevent the slates cracking when stepped on,

Sheead Head. The same as Jerkin Head.
Shreddings or Fuerings. In old bull lings, short slight pieces of timber fixed as bearers

below the roof, forming a straight line with the upper side of the rafters. Tilting fillet.

Shrine. (Sax. Scfiin.) A desk or cabinet ; a case or box, particularly one in which sacred

things are deposited : hence applied to a reliquary and to the tomb of a canonised per-

son. The altar is sometimes called a shrine.

Shrinking. The contraction of a piece of timber in its breadth by drjing. The length

does not change. Hence in unseasoned timber mitred together, such as the architraves

of doors and windows, the mitres are alwaj-s close on the outside and open to the door,

forming a wedge-like hollow on each side of the frame. Narrow boards called battens

are used in floors, as the shrinking, if any, is less.

Shutters. The framed boards which shut up the aperture of a window, or of a light.

Side Posts. Truss posts placed in pairs, disposed at the same distance from the middle

of the truss. Their use is not only to support the principal rafters, &c., but to suspend

the tie beam below In extt-nded roofs two or three pair of side posts are used.

Side Timbers or Side Wavers. The same as purlins, the first term being used in

Somersetshire and the last in Lincolnshire.

Silicate Cotton or Slag Wool. A pure mineral fibre made from blast furnace slag.

It is white and like spun glass. It is extremely light, a cube foot wiighs only from

16 to 18 lbs., and one ton covers about ISOO to 2,400 square feet one inch thick. It

is a good non-conductor of heat and sound.

Sill. See Cill and Aperture.
Silt. The muddy deposit of standing water.

SimA. See Cyma.
Similar Figures. Those whose several angles are respectively equal, and the sides about

the equal angles proportional.

Sine. A right line drawn from one end of an arch perpendicular upon the diameter, or it

is half the chord of twice the arch. The sine of the complement of an arch is the

sine of what the arch wants of ninety degrees. The versed sine is that part of the

diameter comprehended between the arc and the sine.

Single Feame, Single Joist, and Naked, Flooe. One with only one tier of joists.

Single Hung. An arrangement in a pair of window sashes, in which one only is movable.

Single Measuee. A term applied to a door that is square on both sides. Double

measure is when the door is moulded on both sides. When doors arc moulded on one

side, and are square on the other, they are accounted measure and a half.

Single Span Chuech. A church having a very wide nave. Such is the church of the

Dominicans at Ghent, 1240-75, with a nave of 53 feet between the piers slightly pro-

jecting from the wall, covered by a wooden vaulting on curves of 60 feet radius. (See

par. 557.) The reader is referred to the Z?«t7(/c)- journal, for 1867, pp. 661, 687, 700

716, for many notices of such structures.
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Site. (Lat. Situs.) The situation of ;i building
; the plot of ground on -whieh it stands.

Skew. The sloping top of a buttress where it slants off into a wall,or the coping of a gable
Skew Back. In a straight or curved arch, that part of it which recedes beyond the

springing from the vertical line of the opening.
Skew Corbei,. See Summer Stone.
Skiffling. See Knobbling.
Skirting or Skirting Board. The narrow board placed round the margin of a floor

which, where there is a dado, forms a plinth for its base ; otherwise, it is a plinth for
the room itself. Skirting is either scribed close to tlie floor or let into it by a groove

;

in the former case a fillet is put at the back of the skirting to keep it firm.
Skirts. Several superficies in a plane, which would cover a body when turned up or
down without overlapping.

Skirts of a Roof. The projection of the eaves.
Skueen. See Screen.
Skylight. A frame consisting of one or more inclined planes of glass, placed in a roof to

light passages or rooms below. See Lantern light ; Lighting.
Slab. An outside plank or board sawed from the sides of a timber tree, and frequently

of very unequal thickness. The word is also used to express a thin piece of marble,
consisting of right angles and plane surfaces.

Slab. The/row;; AraWA of a fireplace. The Metropolitan Buildings Act, 1855, requires
that " There shall be laid, level with the floor of every story, before the opening of
-every chimney, a slab of stone, slate, or other incombustible substance, at the least twelve
inches longer than the width of such opening, and at the least eighteen inches wide in
front of the breast thereof:—That on every floor, except the lowest flcor, such slab shall
be laid wholly upon stone or iron bearers, or upon brick trimmers ; but on the lowest
floor it may be bedded ou the solid ground :—and That the health or slab of every
chimney shall be bedded wholly on brick, stone, or other incombustible substmce, and
shall be solid for a thickness of seven inches at the least bene;ith the upper surface of

such hearth or slab." Such precautions are too frequently neglected in country houses,

to their ultimate destruction by fire. No timbers should be placed under the hearths
on any account. See Timbers.

Slate. A species of argillaceous stone, an abundant and very useful material. It can
be sawn to a very large sizeor split into thiu plates, of any required thickness ; being non-
absorbent it is used for roofing, and for water cisterns. There arc varieties of blue,

red, and green in colour.

Slatkus' Work. Laying slates on roofs ; forming water cisterns ; and a few other

matters connected therewith, constitute this artificer's work. See Shouldering.
Sleepers. Horizontal timbers disposed in a building next to the ground transvertely

under walls, ground joists, or the boarding of a floor. When iised ou piles they are

bud upon them, and planked over to support the superincumbent walls. Underground
joists either lie upon the snlid earth, or are supported at various parts by props of

iirickwork or stones. When in the former position, having no rows of timber below,

tlicse ground joists are themselves called sleepers. Old writers on practical archi-

tecture call those rafters lying in the valley of a roof, sleepers ; but in this sense the

word is now obsolete.

Sliding Rule. One constructed with logarithmic lines, so that by means of another

scale sliding on it, various arithuctieal operations are performed merely by inspection.

Slit Deal. ti<-e Board.

Slope of a Ruof. See Roofing ; and Pitch. Of a Road, see Gradient.

Sluice. A slop against water for the drainage or supply with water of a place. It is

hung with hinges from the top edge when used merely as a stop against the water of a

river : but when made for supply as well, it moves vertically in the groove of its frame

by means of a winch, and is then called a penstock.

Smithery. The art of uniting several lumps of iron into one lump or mass, and forming

them into any desired shape. The Foundry is a branch ot it.

Smoothing Plane. The plane last used by the joiner to give the utmost degree of smooth-

ness to the surface of the wood, and is chiefly for cleaning off finished work. It

is 7i inches long, 3 inches broad, and 2J inches in breadth.

SxACKKT. A provincial term for the hasp of a casement.

Snipe's Bill Plane. One with a sharp arris for getting out the quirks of monldings.

Socket Chisel. A strong tool used by carpenters for mortisiug, and worked with a mallet.

Socle or Zocle. (It.) A square member of less height than its horizontal dimension,

servin"- to raise pedestals, or to support vases, &c. The socle is sometimes continued

round a building, and is then called a continued socle. It has neither base nor cornice.

Soffita Soffit, or Sofite. (Ital.) A ceiling ; the lower surface of a vault or arch. A
term denoting the under horizontal face of the aivhitrave between columns ; the under

surface of the corona of a cornice.

Soil. The same as ground and earth : it is also used to denote the deposit in a ccssp ol

from a water-closet or privy.
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Soils. A provincial term, chiefly, however, used iu the north, signifying the principal

rafters of a roof.

Solar, or Sollar. A mediasval term for an upper chamber : a loft.

Solder. A soft metallic composition used in joining together or soldering mehxls. See

Brazing and Welding.
Solid. (Lat.) In geometry, a body wliich has length, Lreadth, and thickness : tliat is, it

is terminated or contained under one or more plane surfaces as a surface is under one or

more lines. Eegular solids are such as are terminated by equal and similar planes, so

that the apex of their solid angles may be inscribed in a sphere.

Solid Angles. An angle formed by three or more angles in a point, and of which the

sum of all the plane angles is less than three liundred and sixty degree** otherwise they

would constitute the plane of a circle and not of a solid.

Solid Shoot. See "Water-Shoot.

SoMMEEiNG. See Summering.
SoRTANT Angle. The same as Sauent Angle.

SoTjND-BOARD. The canopy or type fixed over a pulpit, to reverberate the voice of the speaker.

Sound-boarding. In floors, consists of sliort boards placed transversely between the joists,

and supported by fillets fixed to the sides of the latter for holding pugging, "which is any
substance that will prevent the transmission of sound from one story to anotlior, such

as a mixture of mortar and chopped straw, or sawdust. The narrower the sound-boards tha

better; the fillets on which tliey rest may be three-quarters of an incli tliick and about

an inch wide, nailed to the j-oists at intervals of a foot. It has been suggested to put

an india-rubber washer of about the same width as the joist, between the ceiling joist

and the joist, having a thickness of half an inch when properly screwed up, to effect the

same object. See Boarding foe Pugging.
Souse, (Fr.) or Source. A support or under prop.

Spalls. Stone broken up into sliapclcss lumps. "Spawled masonry" in Ireland, consists

of tliese lumps, about 6 to 14 inches, worked up in a wall, tiio joints of each stone

matcliing those of tlie others around it ; the faces of the stones are usually rough dressed

with the hammer. It is the "uncoursed rubble work" of England. See Spawled.
SrAN. An imaginary line across the opening of an arch or roof, by which its extent is

measured. The width of a vault or arch between the springing.

Span Church. See Single Span Church.
Span Roof. One consisting of two imlined sides, in contradi.stinc-lion to a shed or lenn-fo

roof. It may be with simple rafters, with or without a collar beam, or when of increased

span it may be trussed, the term only applying to the external part.

Spandrel. The irregular triangular space between the outer curve or extrados of an
arch, a horizontal lino from its apex, and a perpendicular line from its springing.

In mediaeval architecture they are often filled with figures, medallions, shields, as at

York cathedral, or diaper woi'k as at Westminster Abbey. In the Italian style, they

are often filled with figures, or compositions relating to the purposes for which the

building is erected.

Spandrel Bracketing. A cradling of brackets fixed between one or more curA-es, each
in a vertical plane, and in the circumference of a circle whose plane is horizontal.

Spanish Architecture. The styles adopted were those introduced by tlie ancient Romans,
the Moors, by French and German mediajval practitioners, and by tlio Italian masters

brought into the country by the monarclis and others.

Spar-piece. A name given in some places to the collar beam of a roof.

Spars. The common rafters of a roof for the support of tlie tiling or slating.

Spawled. A block of stone after the chips or spawis have been knocked off. See Spalls.

Specification. A description at length of the materials and workmanship to be used and
employed in the erection of any liuilding.

Specific Gravity. A gravity or weight, of every solid or fluid compared with the weight
of the same magnitude of rain water, which is chosen as the standard of comparison,

on account of its being subject to less variation in different circumstances of time,

place, &c., than any other solid or fluid. By a fortunate coincidence, at least to the

English philosopher, it happens that a cubic foot of rain water weij^dis 1,000 ounces
avoirdupois ; consequently, assuming this as the specific gravity of rain water, and
comparing all other bodies with this, the same numbers that express the specific

gravity of bodies will at the same time express the wciglit of a cuLic foot of each in

avoirdupois ounces, whicli affords great facility to numerical computations. Hence
are readily deduced the following laws of the specific gravity of bodies :

—

1. In bodies of equal magnitudes the specific gravities are directly as the weights or
as their densities. 2. In bodies of the same specific gravities the weights will be as the

magnitudes. 3. In bodies of equal weights the apecific gravities are inversely as the

magnitudes. 4. The weights of different bodies are to each other in the compound
ratio of their magnitudes aud specific gravities.
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Thus, it is obvious, that if of the magnitude, -vrcight, and specific gravity of a bodv
any two be given, the third may be found ; and wo may thus arrive at the magnitude oV
bodies which are too irregular to admit of the common rules of mensuration

; or, by
knowing the specific gravity and magnitude, we may find the weight of bodies which'are
too ponderous to be submitted to the action of the balance or steel yard ; or, lastly, the
magnitude and weight being given, we may ascertain their specific gravities.

SrECus. (Lat.) In ancient architecture, the canal in which the water flowed in aque-
ducts raised above the surface of tlie ground, and constructed of hewn stones or bricks.
It was covered with a vault to preserve the water from the sun, and from being mixed
with rain water. The specus was sometimes covered with flat stones, laid horizontally,
as in the Aqua Martia. part of the Aqua Claudia, and the aqueduct of Segovia. Some-
times the same arcade carried several of these canals one above the other.

Spekoni. See Anterides.
SpHiKRisTERroM. A building for the exercise of the ball; a tennis court. The anciei ts

generally placed sphasristeria among the apartments of their baths and gymnasia.
They were also placed in large villas, as in those of Pliny the younger.

Sphere. (Gr. ^(paipu.) A solid, whose surfiice is at every point equally distant from a
certain point within the solid, which point is called the centre of the sphvre. Every
sphere is equal to two-thirds of its circumscribing cylinder, that is, it is equal to a
cylinder whose ends are circles, equal to a great circle of the sphere, and whose height
is equal to the diameter of the same.

Si'MBiiicAT. Bracketing. That so formed that the surface of the plastering which it is

to receive forms a spherical surface.

Spheroid. See Conoid.
Spheroidal Bracketinq. That formed to receive the plastering of a spheroid.
Spina. See Circus.

Spiral. A curve which makes one or more revolutions round a fixed point, and does not
return to itself. See Volute.

Spire. (Gr. STraipa, a twisting.) In ancient architecture, the base of a column, and some-
times the astragal or torus. The termination of the tower of a church, generally dimi-
nishing, and either pyramidally or conically. See Steeple.

A spire which is octagonal, the sides facing the cardinal points being continued to

the eaves which project over the lower work, and the diagonal faces being intercepted

at the bottom by semipyramidal projections whose edges are carried from the angles

of t^.e towur upwards, terminating in points on the corresponding oblique faces of the

spire, is called a broach (Fr. Broche, a spit).

The following table gives the heights of many of the chief Towers and Spires, but it

is liable to correction, for it is very difficult to obtain accurate dimensions of any .struc-

ture or parts of one.
" feet.

- '274

- L'.52

- 217
- 2(58

- 202
- 229
- 22/,

- 22i
- 215

Splay. A slanting or bevelling in the sides of an opening to a wall for a window or door,

so that the outsiile profile of the window is hirger than that of the inside
; it is done for

the purpose of facilitating the admission of light. It is a term applied to whatever

has one side making an oblique angle with the other : thus, the heading joists of a

boarded floor are frequently splayed in their thickness. The word fluiug is sometimes

applied to an aperture, in the same sense as splayid.

Spring Bevel of a Eail. The angle made by the top of the plank, with a vertical piano

touching the ends of the rail piece, which terminates the concave side.

Springed or Spijung. In boarding a roof, the setting the boards together with bevel

joints, for the purpose of keeping out the rain. See Boardi.no for Slating.

Spuinge:i. The impost or place where the vertical support to an arch terminates, and the

curve of the arch begins ; tlie term is sometimes used for the rib of a groined roof.

Springing Course. The horizontal course of stones, from which an arch springs or rises
;

or that row of stones upon which the first arch stones are laid.

Spodds and Rings. A method adopted in Ireland of securing the posts of a door, in a

basement story, Ijy « '""'^ ^^ '^<^" ^"*''' ^'I'ich the post is placed, with a projection or

spud for insertion" into a corresponding bole in the sill or step.

4 S

feet.

Strasburg 468 Grantham
Sdisbury - 400 or 404 Lichfiebl -

St. Paul's, London 3 13, 365, 3o6 or 404 Wakefield

Milan - 400 Boston -

Amiens 422 Lincoln -

Coventry 320 Canterbury

Norwich - 309 or 313 Gloucester

Louth - 294 Westminster -

Chichester was - - - - 271 Ely and Durham
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Srrra. Carved timberwork at the doorway of old houses, to support a projecting upper

story; some fine examples of the fourteenth century exist in York and other old

towns.

Square. (Lat. Quadra.) A figure of four equal sides, and as many equal angles. An area

of such form surrounded by houses, and ornamented in the centre with a lawn, shrubs,

trees, &c. In joinery, a work is said to be square framed, ov framed square, when the

framing has all the angles of its styles, rails, and muntins square without being moulded.

The word is also applied to an instrument for setting out angles square. See Cab-

PENTEu's Sqtjahe. It is also a measure used in building, of 100 superficial feet.

Square Shoot. A wooden trough for discharging water from a building.

Square Staff. A piece of wood placed at the external angle of a projection in a room,

to secure the angle, which if of plaster would be liable to be broken, and at the same
time to allow a good finish for the papering.

Squaring a HA>a)EAii,. The method of cutting a plank to the form of a rail for a stair-

case, so that all tlie vertical sections may be right angles.

Squarixg a piece of stuff. The act of trying it by the square, to make the angles

right angles.

Squinch. a small arch, or set of arches, formed across an angle, as in a tower, to form a

base for an octagon construction above it.

Squint. See Hagioscopk.
Stable. Lat.) A building for the accommodation of horses.

Stack of Cuimneys. See Chimney.
Stadium. (Gr.) In ancient arcliitecture, an open space wherein the athletse or wrestlers

exercised running, and in which they contested the prizes. It signifies also tiie place

icself where the public games were celebrated, which often formed a part of the gymnasia.
The word also denotes a measure of length among the Grecians, of 125 paces.

Staff Bead. See Angle-Bead ; Square Staff.

Stage. A floor or story. In a theatre, the floor on -which the performers act. The
stage of a buttress is, in ecclesiastical architecture, the part between one splayed projec-

tion and the next.

Stained GLlass. Glass stained throughout its thickness during its manufacture is known
as "pot metal" glass. White glass is sometimes coloured on the surface only, whence it

is called " flashed " glass. Both sorts are used for decorating windows in patterns, as

in churches. See Painted Glass.
Staircase. That part or subdivi.>>ion in a building containing the stairs, which enable

persons to ascend or descend from one floor trt another.

Stairs. (Sax. ScseSfP, to step.) Stones, or otlier material forming stops, ranged one
above and beyond another, by which a person can ascend a height. A series of steps or

stiiirs for ascending from the lower to the upper part of a building, when encloseti, is

c.iUed a staircase.

Stalk. (Sax.) An ornament in the Corinthian capital, which is sometimes flute<l, and
resembles the stalk of a plant ; from it spring the volutes and helices.

Stall. (Sax.) A place or division in a stable wherein one horse is placed for feeding and
sleeping. According to their number in a stable it is called a one-stall, two-stiU. &c.,

stable. This word is also used to denote the elevated seats in the choir or chancel of a
church appropriated to ecclesiastics. The precentor's stall is the first return stall on
the left on entering the choir. The dean's stall is the first rpturn still on the right.

Stanchion. (Fr. Estan^on.) A prop or support. The upright iron bars of a window or

open screen. Also a Puncheon.
Standards. The upright pieces in a plate rack ; or above a dresser to support the

shelving. When the edges of standards are cut into mouldings, according to the

widths of the shelves, and across the fibres of the wood, they are called cut standards.

Staple. A small piece of iron pointed at each end. and bent round, so that the two ends
may be parallel to each other, and of equal lengths, to bo driven into wood or into a wall,

thus forming a loop for fastening a hasp or bolt.

Star Moulding. One of the usual decorations of a
surface in Norman architecture. Fig. 1440.

Starlings or Sterlings, sometimes called Stilts.

An assemblage of piles driven round the piers of a
bridge to give it support.

Statics. See Mechanics. Fig. 1440.

Statuary Marble. The pure white marble, such as

is obtained from Carrara, and used by sculptors and carvers for their best works.

Statumen. a mortar of lime and sand used by the Komans for pavements, as stited by
Vitruvius. vii. 1. See Rudkration.

Staves. Small upright cylinders, sometimes called roitndf, for forming a rack to contain

the hay in a stible for tlie supply of it to the horse.
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Stat. A piece performing the office of a brace, to prevent the swerving of the piece to
wliich it is applied. The term is general, and applies to all materials.

Steel. (Sax. Seal.) Iron which possessed the properties of hardening and tempering,
those properties depending essentially on the presence of carbon with the iron. Steel
now, however, generally includes many varieties of materials, which can be no more
tempered or hardened than many qualities of wrought iron. The only difference
between cast iron and steel was the proportion of carbon

;
pure iron contained no

carbon. The steel generally used for girder-work and plates contained perhaps
f,-^

per
cent, of carbon, and directly it got to 1 and H per cent, it became cast iron. It is also
cheaply made, for great masses, by abstracting carbon from cast iron. The process
for converting iron into steel was known to the ancients.

Steenino. The brickwork laid dry (that is, without mortar), for forming the cylin-
drical shaft of a well or cesspool, to prevent the irruption of the surrounding soil.

Steeple. (Sax. Stepel.) A lofty erection attached to a church, chiefly intended to con-

tain its bells. The word is a general term, and applies to every appendage of this

nature, wliether tower or spire, or a combination of the two.

SrEP. A block of any material, and of such a height as is within a moderate lift of a
person's foot, say, seven inches at most. A series of steps form stairs.

Stereobata. See Pedestal.
Sereooraphic Projection. That projection of the sphere wherein the eye is supposed

ta be placed on tlie surface.

Stereography. (Gr. ^repeos, solid, and Tpacpai, I describe.) That branch of solid geo-

metry which demonstrates the properties and shows the construction of all regularly

defined solids ; it explains the methods for constructing the surfaces on planes, so as to

form the entire body itself, or to cover its surface; or, when the solid is bounded by
plane surfaces, the inclination of the planes.

Stereotomy. The scic-nce of catting solids to suit the conditions required for their forms.

Sticking. The operation of forming mouldings by a plane, in contradistinction to form-

ing them by hand. When done they are said to be stuck.

Stile. (Sax.) The vertical part of a piece of framing into which, in joinery, the ends of

the rails are fixed by mortises and tenons.

Stilliciuicm. Dripping eaves to Doric buildings; but in the propylaeum at Eleusis, the

sima or upper moulding of the pediment cornice, is continued along tlie flanks, and a

channel hollowed in it to collect the rain falling on to the roof.

Still Room. A room in a large mansion, wherein the housekeeper and her assistant

prepare tea and coffee for the family and visitors, and make preserves, cakes, and

biscuits, and so on. It was formerly the work-room of the lady of the house wlien

engaged in making household cordials. In a smaller class of residence, this room

frequently relieves the kitchen of all the lesser cooking, and of pastry making. It

should adjoin the store and housekeeper's rooms.

Stilt. See Stabling.

Stilted Arch. One in which the spring of the arch begins not immediately from the

imposts, but from a vertical piece of masonry or brick- ..^

work resting on them, so as to give to the arch an
/^^^^^T~~^V^

appearance of being on stilts (/(/. 1441). In describing //y \ yA^
the cave temples at I^lephanta, Freeman, History of Ar- III \ / \\\

chitecture, p. 56, notes, "the stilt or cle above the capital

of the piers, and the manner in which it spreads into

the roof; this would seem to be the rudest and most

primitive form of the bracket capita,!, though it has less

projection, and extends only in two directions." And in

the Addenda, he says "fir this very expressive word stiJt

I am under an obligation to a paper by Professor

Orlebar. It expresses a portion of niasonry above the

regnlarcoluii-.n,whiehisconstructively part of the pier, but

in^'the direction assumes the form either of a portion of { \
'

f \.

thearchorof adistinctmember." The first confirmed use
^..^ j^^j

of the stilt occurs in the Arabian buildings at Cairo.
,

"

t' o-o i

where it may have been suggested by the de of the anterior Egyptian style. In p 1,1 !>e

further says, " stilted arches cannot be always avoided where openings of different breaUtli

are required to be of the same height."
. , , t ^- ,- i

Stoa. (Gr.) In Grecian architecture, a term corresponding with the Latin porticus, and

the Italian wrh'co. j ^
• * »u„

Stock. The part of a tool for boring wood with a crank whose end rests agn inst the

brea'it of the workman, wliilewith one hand he holds the boring end steady, and w.tli

the other turns the crank ; the steel borers arc called bits, and the whole instrument is

called a stock and hit.

4s2
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St.ine. (Sux.) a natural indurated substance found beneath and on the surface of the

earth in almost every part of the world, and which for its strength and durability has

been universally employed for building purposes.

iStonewake. a prepared clav, burnt and glazed to prevent water soaking through it;

and used for jars, bottles, drain pipes, &c.

Stool. The name given to the benen whereon the brick-moulder moulds his bricks.

StouTHing. a provincial term which signifies the battening of walls. See Tdothino
Stop-Ci>ck. a cock used in plumbery to turn off the supply to a reservoir or tank.

Stopping. Making good cracks or defects in plastering, wood, &c.

Story. (Lat. or Sax. Sco[i.) One of the vertcal divis'.ons of a building; a scriei. of

apartments on the same level.

Story Posts. Upright timbers disposed in the story of a building for supporting thtj

superincumbent part of the exterior wall through the medium of a beam over tlieni

;

they a -e chiefly used in sheds and workshops, and should have either a solid wall

below or stand upan a strong wooden sill upon inverted arches, or upon large stones

with their ends let into sockets. They also form the posts at the ends of a trussed

partition.

Story Rod One used in setting iip a staircase, equal in lengih to the height of tha

story, and divided into as many parts as there are intended to be steps in the staircase,

so that they may be measured and distributed with accuracy.

Stoup. See Piscina.

Stove. An enclosed' fire grate for the purpose of obtaining a large amount of heat. A
chamber prepared specially for drying articles by heated air is often called a Stove.

Stkaight Arch. A lintel formed of separate pieces or voussoirs on the principle of the

arch.

Straight Joint Floor. See Floor.
Strain. (Sax. SCpenj.) The force exerted on any material tending to disarrange or

destroy the cohesion of its component parts.

Straining Piece or Stuutting Piece. A beam placed between two opposite beams to pro-

vent their near approach, as rafters, braces, struts, &e. It such a piece serves also the

office of a sill, it is called a straming sill.

Strap. (Dutch, Stroppe.) An iron plate for the connection of two or more timbers, into

which it is screwed by bolts.

Street. A public way for general traffic. The Metropolitan Board of \Vork«, under
the " Metropolis Local Management Act, 1885," sect. 202, lias power to compel notice of

laying out new streets, and requires a width of 40 feet at least for carriage traffic, ami
20 feet for foot traffic, exclusive of gardens, areas, &c. A street shall have at the

least two entrances of the full width of such street, and sliall be open from the grouml
upward. A definition of the word "street" is given. The consent of the Board is

required by sect. 75 of the Metropolis Management Act Amendment Act, 1862, to

those erecting buildings or structures beyond the general line of buildings in any
street, place, or row ot houses within 50 feet. Rules are also given for measuring the

width, the curve of the carriage way, the height of the kerb to the foot-paths, and the

slope of the footpath. By the same Act, sects. 98 and 99, further legislation is

extended, and by sect. 112 any mews is included. The following are the widths of a

few of the new streets :— Cannon Street, by St. Paul's, between kerbs, is 30 feet

6 inches ; that of Cheapside, opposite Bow Church, is 31 feet ; that of Queen Victoria

Street, 1872-5, is 80 feet ; that of V'ictoria Street, Westminster, is 80 feet; and of

Northumberland Avenue, 1875-6, is 80 feet.

Stretched out. A term applied to a surface that will just cover a body so extended
that all its parts are in a plane, or may be made to coincide with a plane.

Stretcher. A brick or stone laid with its longer face in the surface of the wall.

Stretching Course. In walling, a course of stones or bricks laid with their longer

dimensions in a horizontal line parallel to the face of the wall; it is exactly the con-

trary of a headhig course, in which tlio breadths of the stones or bricks are laid in a

straight line parallel to the face of the wall.

Stride. (Lat.) The lists or fillets between the flutes of columns.
Striated, Chamfered or ciianneled.

Striges. The channels of a fluted column.
Striking. A term used to denote the draught of lines on the surface of a body; the term

is also used to denote the drawing of lines on the face of a piece of stuflP for mortises

and cutting the shoulders of tenons. Auother application of the word occurs in the

practice of joinery, to denote the act of running a moulding with a plane. The sirikivg

of a centre is the removal of the timber framing upon which an arch is built, after its

completion.

Stuing or String Piece. That part of a flight of f<tairs which fmnis its ceiling or soMte.

See Carriage.
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Stuino B)ARi).
_
In wooden stairs, the board npxt the well-hole which receives the ends

of the steps ; its face follows the direction of the well-hole, whatever the form ; when
curved, it is frequently formed in thicknesses glued together, though sometimes it is

got out of the solid, like a hana-rail. See Cut String.
Stun-q Cocrse. a projecting horizon' ill course of s'one, continued along the face of a

building, frequently under windows, to form a tie or bonding course. It is eillier

plane or moulded.
Stuix. (Lat.) A channel in a fluted column. Fi ute.
Stuuck. a term used to denote the removal of any temporary support.
Strut. See Brace,
Stuutting Beam or Piece, also Strut Beam. A term used by old writers in carpentry,

for what is now called a straiiiinQ piece or collar beam. See also Bridging and Key.
Stucco. (Fr. Stiic.) A term indefinitely applied to calcareous cements of various

descriptions. Bough stucco is that finifhtd with stucco floated and brushed. Bastard
stucco is three-coat work in plastering: 1, the render coat; 2, floating, as to trowelled
stucco; and, 3, finishing, lime with a little hair and a little sand. Tiiis last is

termed " setting" when used with fine stuff for papering, and is well finished.

Studio. An apartment especially adapted for a pertou to write or work in. It is

generally presumed to be for art purposes.

Studs. (Sax.) The quarters or posts in partitions. See Quarters.
Stuff. (Dutch.) A general term for the wood used by joiners.

Stujip TRACERy. The later or after Gothic of Germany has tracery in which the ribs are

made to pass through each other, and are then abruptly cut off. This may be called

stiiini) tracirij. according to Professor Willis.

Style. The diffirent varieties of architecture. See Stile.

Stylobata. See Pedestal.
Subnormal. The d. stance between the foot of the ordinate and a perpendicular to the

curve (or its tangent) upon the axis.

Sch-plinth. A second and lower plinth placed under the principal one in columns and
pedestals.

Sub-principals. The same as auxiliary rafters or principal braces.

Subway. An underground passage. It now more especially refers to the arched vaults

formed under a street for the purpose of containing the sewer, and gas, water and other

pipes, with a bench or footway for access to the former or tor making repairs to the

latter. The subway requires a trap with ladder for access, and ventilating shafts. The
Z?M«7f7e'' journal, xviii. 640, illustrates a subway formed in London.

SuDATio and SuDATORiiiM. (Lat.) The same as Cai.daru'm. See Concameuata Sudatio.

Summer. (Perhaps from Ital. S>ma.) The lintel of a door, window, etc. Abeam teuoiieti

into a girder to support the ends of joistson both sides of it. It is frequently used as a

synonyme for a girder. Also a large stone laid over columns and pilasters in the com-
mencement of a cross vault. It is, moreover, used in the same sense as Bressuji.mer.

Summer Stone. The lowest stone at the end of a gable, st pping the eaves of the tiling

or slating. The f^r^t piece of the tabling is worked in the solitl of the summer stone,

and so becomes an abutment and support for the rest. It is also called a skew corbel.

SuMjiER Tree. See Dormant Tree.

Summering. See Beds of a Stone.

Sun Light. A new method of lif<liting large rooms from the ceiling, by a number of

gas jets placed under a reflector, witli tubes through the ceiling and perhaps Dof for

carrying off the products of combustion antl for ventilation. A valve to prevent down
draughts is introduced near the top of the tube.

Sunk Shelves. Such as are formed with a groove in their upper surface, to prevent

plates, dishes, or other materials sliding off when p aeo>i upright on them, as in a

dresser.

Super-altar. A shelf or ledge let into the east wall just over the altar or communion

table, on which are placed the altar cross, altar lights, and flower vases not allowed by

law on the table itself.

SuPERCiLiUM. (Lat.) The lintel of a doi r. See Antepagmknta.

Superintendance. The architect's duty being to see that the quality of the materials

used, and of the workmanship are equal to those specified, and th.it the building is being

erected in accordance with the drawings and specifications, his visits to the building will

be regulated by his own judgment, tiie extent of his practice, the magnitude of the works,

the distance they may be away, whether a clerk of the works bo employed or not, and

the reputation of the builder, and lastly the expectations of his client. The young prac-

titioner will soon learn which are the best occasions for visiting the works, after having

seen to the setting out, to the drains, found; tinns. tiio footings commencKl, etc.

Superstructure. (Lat.) Work built on the foundation of a building. The upper jwrt.

Suppokt. See Points of Support.

Si-rhase. The series of mouldings forming a capping to the dailo of a room.

SuRBAsED. An arch, vault, or dome of less hight than half its span.
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S'JKMOUNTED. An arch, vault, or dome rising higher than a semicircle.

Swallow-tail, See Dove-tail.

Syenite. A stone which consists of feldspar and hornblende, of various colours, as

reddish, dull green, &c., as the feldspar or hornblende may predominate. It obtained

the name from its abundance of syene, and according to Pliny was at first named

pyropcecilos. It is, in fact, a species of granite, and is used in Pompey's Pillar at

Alexandria. It is not the Egyptian porphyry, though often mistaken for it.

Symbol. An attribute or sign accompanying a statue, or a picture of a personage, in

allusion to some passage in the life of tlie person represented, and hence often used as

a figurative representation of the figure itself. The symbols connected with the luetali

are delineated herein s. v. Metals. From the constant occurrence of symbols in tlio

edifices of the Middle Ages it may be useful to insert a list of them, as attiiched to the

Apostles and Saints, most commonly found. The Cross has been received as a symbol

of Christianity, and the crescent of Mahommedanism.

HOLY APOSTLES. ^'- £'"""<-'i"^--A dove lighting on his head.

St. Peter.—Beaie a key, or two keys -nith different

wards.
St. Anil/vw.—'Leans on a cross, so called from him ;

called by heralds the " saltire."

,S^ J"fin Evangelist.—With a chaUee, in which is a

winged serpent. When this symbol is used, the

eagle, another symbol of him, is never given.

St. JIar-tholomew.—'With a flaying knife.

St. James the Less.—A fuller's staff, bearing a small

square banner.

,S^ James the Greater.—A pilgiim's staff, hat, and
escalop shell.

St. Tlwmus.—An arrow, or with a long staff.

St. Simon.—A long saw.
St. Jade.—A club.

St. Matthias.—A hatchet.

,S(. Philip. —Leans on a spear ; or has a long cross

in the shape of a T.

St. Matthew.—A knife or dagger,

St. Mark.—A winged hon.
St. Luke.—A bull.

St. John.—An eagle.

St. Paul.—An elevated sword, or two swordj in

saltire.

,S^ Jdhn Bapti.':t.—An Agnus Dei.

St. Stephen.—With stones in his lap.

BAIXTS.

iS^ Agatha.—ScT breast torn by pincers.

St. A<jnes.—A lamb at her feet.

.S7. Aidan.—A stag crouching at bis feet.

St. Alfihege.—His chasuble full of stones.

S'. Amigradesma.—Covered with leprosy.

St. AiDie.—Teaching the Blessed Virgin to read.

Her finger usually pointing to the words Radix
Jesse Floruit.

St. Antony, Eremite.—Devil appears to him in the

shape of a goat.

St. Anthany o/i'iciua.— Accompanied by a pig.

St. Apollonia.—With a tooth.

St. Barbara.—With a tower in her hands.

St. Blaise.—With a woolcomb.
St. Boniface.—Hewing down an oak.

St. Britius.—With a child in his arms.

St. Canute.—Lying at the foot of the altar.

St. Cut/iarine.—With a wheel and eword.

St. Cecilia.—With an organ.

St. Christopher.—A giant carrying the infant Sa-

viour on his shoulder across a stream. A monk,
or female figure, with a lantern on the farther

side.

St. Clement.—^With an anchor.

.S;. David.—Preaching on a hill.

St. Denis.—With his head in his hands.

St. Dorot/ty.—Hears a nosegay in one hand and a
sword in the other.

St. Dunstan.—Bears a harp.
St. Edith.—Washing a beggar's feet.

St. Edmund.—Fastened to a tree and pierced with
arrows.

St. Edward.—'Beaxiag in bis hand the Gospel of

at. John.

St. EthelJreda, Abbess.—Asleep, a young tree blos-

soming over her liead.

St. Eujttuchius, or St. Hubert.—A stag appearing to
him, with a cross between its horns.

St. Eabum.—Kneeling at the block with a triple

crown at his side.

St. Faith.—With a bimdle of rods.

St. George.—With the Dragon.
<S/. Gertrude, Abbess.—With a loaf.

St. Giles, Abbot.—A hind with an arrow piercing
her neck, standing on her hind legs, and resting
her fift in his lap.

8t. Guduta.—With a lantern.

St. Nilai-y —With three books.
SI. IJip]>olylus.—Torn by wild horses.

St. Ifugh.—With a lantern.

,SV. Januarius.—Lighting a fire.

St. Joachim.—With a staff, and two doves In a
basket.

St. Lawrence.—With a gi'idiron.

^7. Magnus.—Restoring sight to a blind man.
St. Margaret.—Trampling on a dragon, a crosier

in her hands.
St. Martin.—Giving half his cloak to a beggar.

St. A'icholas.—With three naked children in a tub,

in the end whereof rests his pastoral staff.

aS<. Odilo, Abbot.—With two gobl >ts.

St. Panrras.— Trampling on a Saracen, a palm
branch in his right hand.

St. Richard.—A chalice at his feet.

St. Jiosaly.—With a rock in her arms.
St. Seb<istian. — As St. Edmund, but without a
crown.

St. Ursula.—Surrounded with virgins much less in

size than herself.

St. y'incent.—On the rack.

St. Walburga.—Oil distilling from her hand.
St. Waltheof. — Kneeling at the block, the 8un

rising'.

St. Winifred, Abbess.—With her head in her arms.
St. Wulfstan. — Striking his pastoral staff on a
tomb.

The Blesseid Virgin Is usually representel

—

1. At the Annunciation, "with an almond treo

flourishing in a flower-pot.

2. At her Purification with a pair of turtle

doves.
3. In her Agony, with a sword piercing bcr

heart.

4. In hiT " Repose " (death).

5. In her Assumption.
fi. With the blessed Saviour in her lap.

7. In her Ecstasy, kneeling at a faldstool, which
faces the Temple, the Holy Dove descending
on her.

Martyrs hold pahns ; Virgin.^, lamps, or. If also

Martyrs, hlies and roses ; Confessors, lilies ; Pa-
triarchs, wheels.

Glories round beads are circular, except when
living prelates eminent for holiness are repre-

sented, when they are square.

HusBNBETH, F. C. Emblems of Saints. 2nd edition, 12mj. London 1860. Twining, L
Symbols ani Emblems ofEarly and Medieval Chrislian Art. 93 plates, 4to. Lond. 1852.
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Symbolism:. Mr. Gwilt's remarks on this subjecf, "written for insertion in his Appendix,
are subjoined. " Invested with much of the character of chivalry and romance, the medi-
seval period has been often stated to have expressed in matter its spiritual impressions.
The aspiring vertical lines of its monuments ha.ve by some been considered types of
aspiration after the Divinity. This may or may not have been the case, but there am
not be other than an indisposition to believe in symbolism, when there are so many
forms in nature whose imitation, or the study thereof, would lead to the same results.

Holding symbolism in churches as an idle conceit, not much will be said on that subject

;

but a few specimens of the nonsense it induces may as well be set down. The venerable
Bede, for instance, says that the walls of a church are a symbol of the Christian wor-
shippers that frequent the edifice. 'Omnps parietes templi per circuitum omnes sanctse

ecclesise populi sunt, quibus super fundamentumChristi locatis, ambitum orbis replevit.'

The venerable scribe, be itobserved, is speaking of Solomon's temple. Again, in respect

of doors, we have ' Ostium autem templi Dominus est, quia nemo venit ad Patrem nisi

per ilium,' &c. As to the windows, they are symbols of the saints and spiritual wor-
shippers; ' Fenestrse templi sunt sancti et spirituals.' To come, however, to recent
symbolisms, we find that the moderns have discovered that tlie principal entrance of a
church is a symbol of our entrance into physical and moral life ; that the tympanum, or
gable-like form, over the great western porch (whose origin is the Greek pediment, but
raised to conform with the character of the style), is a symbol of the Holy Trinity ; the

great rose window at the western end of a church is, from its circular form, accounted
a- symbol of Divine Providence! At Amiens, the four rose windows have been con-

sidered symbolical of the four elements! In respect of the towers, that on the left is said

to represent the ecclesiastical and spiritual hierarchy, and that to the right, order, that

is, the civil or temporal power ! and generally, where four horizontal divisions occur,

the lower one is symbolical of the cure, the next upwards of the dean or archdeacon, the

third of the bishop, and the fourth of the archbishop. Should a fifth horizontal divi-

sion occur, the primate is the type. So in the right hand tower, the lowest compart-

ment represents the mayor, and in succession upwards appear a count, a duke, a king

;

and if the tower be covered with a spire, no less than an emperor appears. One is

almost surprised that there is no symbol to represent the Suisse of the continental, nor

the beadle of our churches in this country. The interior of a church, according to the

symbolists, affords some further curious features of mysticism. The principal entrance

is at t\\efoot of the Cross, because, by the use of the feet (i.e. travelling) the Gospel

was preached ! What is called canting heraldry surely does not equal this. The nave

is said to represent the body of the faithful ! The ceiling over the altar is accounted a

symbol of heaven, and the chapels round the altar are said to represent the aureola round

the head of Christ ! But it is scarcely worth while to waste more time on the conside

ration of such absurdity, where the things have been ingeniously fitted to the types,

instead of the converse. There is, however, one other point connected with the subject,

which has been recently revived, and a few words must be expended in notice of it."

This is the vesica piscis.

Symmetry. (Gr. "Xw, with, and Merpw, I measure.) A system of proportion in a build-

ing, from which results from one part the measurement of all the rest. It also conveys

the meaning of uniformity as regards the answering of one part to another.

SysTYLE. (Gr.) A colonnade or portico, in which tho iuter-columuiatioa is equal to

two diameters of the column.

Taberk. A provincial term for a cellar.

Tabernacle. (Lat.) In Catholic churches, the name given to a small representation of

an edifice placed on the altar for containing consecrated vessels, &c.

Table. In perspective, the same as the plane of the picture, being the paper or canvas on

which a perspective drawing is made, and usually perpendicular to the horizon. In tho

theory of perspective, it is supposed to be transparent for simplifying the theory.
_
In

glass works and among glaziers, it is a circular plate of" crown " glass, being its original

form before it is cut or divided into squares. Twenty-four tables make a case.

Table or Tablet. (Lat. Tabula.) A flat surface generally charged with some ornamental

fio-ure. The outline is generally rectangular, and when raised from the naked of tho

wall, is called & projecting or raised table. "When not perpendicular to the horizon, it is

called a raking table. When the surface is rougli, frosted, or vermiculated, from being

broken with the hammer, it is called a rusticated table.

Tablet. The same as Table; but is applied usually to a wall slab or nianumentil

tablet.

Tabling. A term used by tho Scotch builders to denote the coping of tho walls of very

common houses.
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Tahunum. (I.at.) In Roman ur.-liitcctiire, an apartment situated in the narrow part of

tlie atrium, as is supposed, fronting the entrance. Its exact position is not now known,

and indeed the situation of it may, under circumstances, have varied; its true place

therefore must be a matter of douht.

Tabulatum. (Lat.) A term used by tlie Romans not only in respect to the floors, wains-

cottings, ceilings, &c., wliich were construct(d of wood, but also to balconies and other

projecting parts, which latter Vitruvius calls frojediones.

Tace. The name in Scotland for a Saixy.

Tacks. Small nails used for various purposes, but principally for stretching cloth upon a

board.

TiENiA. (Gr.) The fillet which separates the Doric frieze from the architrave.

Tail. (Verb.) A term denoting the hold of any bearing piece on that which supports it,

as where the end of a timber lies or tails upon the walls. The expression is similar to

what in joinery is called housing, with this difl'erence, tliat housing expresses the complete

surrounding of the cavity of the piece Mhich is let in.

Tail Bay. See Case 15ay.

Tail 'J'uimmee. One next the wall, into which tlie ends of joists are fastened in order to

avoid flues.

Tailing. That part of a projecting stone or brick not inserted in a wall.

Tailloik. (Fr.) The name which the French give to the abacus.

Talon. (Fr.) The name given by the French to the ogee.

Tambouk. (Fr. a drum.) A term denoting the naked ground on wliich the leaves of tlie

Corinthian and Composite capitals are placed. It signifies also th? wall of a circular

temple surrounded with columns ; and further the circular vertical part below a cupola

as well as aljove it.

Tangent. (I^at. Tango.) A line drawn perpondicularto the extremity of the diameter of

a circle, and therefore touchingit only atone point. In trigonometr}', it is a line drawn
perpendicularly from the extremity of the diameter, at one end of the arc, and bounded
by a straight line drawn from the centre througli the other.

Tank. A recepfcicle, generally formed under ground, for liquids, as a water tank, liquid

manure tank, &c.
Tapeeing. A term expressive of the gradual approach, as they rise, of tho sides of a body

to each other, so that if continued they would terminate in a point.

Tar. a product of the valualde family of the coniferous trees, and chiefly from the species

of pine known as the Scotch fir. It is stored up in the roots, from which it is extracted

by heat. When tar is subjectetl to heat a volatile spirit is distilled from it, leaving a

black solid mass which is termed pitch. Both have the property of resisting moisture.

Tarras. a strong cement, usetid formerly in water-works.

Tassal, Tassel, Torsi'IL, or Tossel. Tho plate of timber for the end of a beam or of a

joist to rest on, as formerly in a chimney, where the mantel tree rested on it at each

en 1.

Tavern. A house open to the public where wine is sold.

Taxis. (Gr.) A term used by Vitruvius to signify that disposition which assigns to

every part of a building its just dimensions. Modern architects have called it ordon-

na7ice.

Teaze Tenon. A tenon on the top of a post, with a double shoulder and tenon from each

for supporting two level pieces of timber at right angles to each otiier.

Tectorium Opus. (Lat.) A name in ancient architecture given to a species of plastering

used on tlie walls of their apartments.

Telamones. (Gr. TAocd, to support.) Figures of men used in the same manner as Cary-

atides. They are sometimes called atlantis.

Tembnos. (Gr.) The same as the Latin Temphun. See Temple.
Tempered. An epithet applied to bricks which may bo cut and reduced with case to a

required form. The term is also applied to morfeir and cement, wliich has been well

beaten and mixed together.

Templa. (Lat.) Timbers in tlie roof of the Roman temples, which rested on the ca?i(JiCrii,

or principal rafters, similar to the purlins in a modern roof.

TpjtfPLATB. An improper orthography for Templet.
Temple. (Lat.) Generally an edifice erected for the public exercise of religious worship.

Herein is described the different species of temples mentioned by Vitruvius, in Book 3 of

his work.—A temple is said to be in antis when it has aiitte or pilasters in front of tin!

walls, which enclose the cells, with two columns between tho ant^e. See Fig. 1442. It

was crowned with a pediment, and was not dissimilar to the pirostylos temple, to whirli

we shall presently come. In the figure, A is the cell, a a the anta-. and if in front of

them the columns bhbh were placed, it would bo a -prostjile temph^ ; C is the door of tl e

cell, and B the pronaos. The appearance in front of tliis species is the same as the

anifhiprostylc temple, which is given inj!//. 1 113, and wherein columns are also placed
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in front of the ant^. Of the prostyle temple, an example, that of the temple of Jupiter
and Faunus, existed on the island of the Tiber
at Rome. In Jig. 1443, the amphiprostylo
temple, A is the cell, B the pronaos, C the
posticus, D the door of the cell, and a a are

Fig. 1442. Fig. 144H.

the antse. It will be immediately srcn that the same elevation will apply (/y. 144 1]

Fig. 1444.

to })oth the plans just given. The amphiprostyle temple, be it observed {fig. 1443), !.h.-

Fig. 1445.

columns in the rear as well as in the front, and is distinguished by that fn-ni the pro-
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etylos {fig. 1442), •wherein the cohimns b bh b -vrould mate that prostyles which,

but for them, would be merely a temple in antis. The arnphiprostylos then only

differs from the prostylos by having columns in the rear, repeated similarly to those in

tlie front. The fig. 1444 applies on double the scale of the plans to hoth figs. 1442 and

1443, and is a diastyle tetrastyle temple, that is, one whose intercolumiiiations (see

Colonnade) are of three diameters, and the number of whose columns is four.

A peripteral temple had six columns in front and rear, and eleven on the flanks, count-

ing the two columns on the angles (see fig. 1445), and these were so placed that their

^a

distance from the wall was equal to an intercolumniation or space between the columns
all round, and thus it formed a walk around the cell. In fig. 1446 is the elcvalion of
the species, which is hexastyle and eustyle, that is, with six columns in front, whose

^ \0 A

• • 1

A c A e

e «

e •
o o

! ! .: ]

Fig. 1447. Fig. U4S.

intercolumniation is eustyle, or of two diamofors and a quarter. (See Colonnadb.)
lu this figure, which is to a double scale of the plan, aaa are acruteria.
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The pscudo-di^tcral temple was coiistructod with eight columns in front and

Fig. 1449.

and with fifteen on the sides, including those at the angles, see^_^. 1447. The walls of

Fig. 1450.

the cell are opposite to the four middle columns ot the front and of the rear. Ilonce,

Fig. 1451.

from the walls to the front of the lower part of the columns, there will bo an interval
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c<j nil to two iiitereolumnlations and tlie thickness of a column all roiiiTi. No example

existed of such a temple at Eonie ; but there was one to Diana, built by Hermogenes
of Alabimda, in Magnesia, and that of Apollo by Menesthes. The dipteral temple

{.f>g. 1448) is ocfcistylos lilce the former, and with a prunaos and posticum, but alJ

round the cell are two ranks of columns : such was the temple of l)iana at Ephcsus,

built by Ctesiphiin. Tlie elevation {fig. 1449) is the same in tlie dipteral and pseudo-

dipteral temple, and in the figure is with the systyle intercolumniation.

The hi/pcethral temple, or that uncovered in the centre, is decastylos in tlie prunaos

and posticum ; it is in other respects (see fig. 1450) similar to the dipteral, except

Fig. Uol.

that in the inside it has two stories of columns all round, at some distance from tlie

walls, after the manner of the peristylia of porticoes as drawn in fig. 1451, in wjiicli

one half is the elevation and the other half the presumed section of such a temple.

The peripteral temple hus been deseriljed. but tlieio is still anoihor connected with
that species, though distinct, and that is the pscmh-piripleral, or filse peripteral, in

which there is no passage round the walls of tlie cell, but an appearance of surrounding
Columns {see fig. 1452).

By this arrangement more room was given to the sp.ice of the cell. The elevation of

tliis is given in fig. 1453.

Vife'. 1153.

Vitruvius thus describes, as follows, the proportions of the Tuscan temple:

—

The length of the site of the temple intended (see fig. 1454.) must be divided into si.x

j^arts, whence, by subtracting one part, the wi 1th thereof is obbiinod. The length is 'lien

divided into two parts, of whicii the furthest is assigned to the cell, that next the fro it to

the reception of the columns.
The above width is to be divided into ten parts, of which thrc* to the right and throe to

(lie left arc for the smaller cells, or for the ahe, if such are required; the remaining fo'ir

arc to be given to the central part. The space before the cells in the proiuios is to hive
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its columns so arranged that those at iho angles are to correspond with tho antre of tho
external walls : the two central ones opposite the walls between the antne and tho middla

of the temple are to be so disposeil, that between the
antpe and the above columns, and in that direction,

others may be placed.

Their thickness below is to be one-seventh of their

height, their height one-third of the width of the
temple, and their thickness at top is to be one-fourth
less than their thickness at bottom. Their bases are
to be half a diameter in height. The plinths, which
are to be circular, are half the height of the base,
with a torus and fillet on them as high as the plinth.
The height of the capital is to be half a diameter,
and the width of the abacus equal to the lower dia-
meter of the column. The height of the capital

must be divided into three parts, whereof one is

assigned to the plinth or abacus, anntlier to the
echinu.K, the third to the hypotrachelium, with its

apophyge.
Over the columns coupled beams are laid of such

height as the magnitude of the work may require.

Their -width must be equal to that of the hypo-
trachelium at the top of the column, and they are

to be so coupled together with dovetailed dowels as
to leave a space of two inches between them. Above
the beams and walls the mutuli project one-fourth
of the height of the columns. In front of these mem-
bers are fixed, and over them, the tympanum of the
pediment, either of masonry or timber.

Of «>«/?«)• temples there are two species ; the monopteral {fg. 145o) iiaving columns
without a cell, and tho peripteral with a cell {Jig. Ho6). In this last the clear dia-

meter of the cell within the walls 's to be equal to tho height of the columns above the

Fig. 1455.

Pidestal. Of this species was the celebrated temple at Tivoli, in tho admiration of wliich

in f?ipeentiont from its allowed beauty has hitherto been recorded. With it situation haa

doubtkss much to do.
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Having thus related the description of Eom.m temples as known to Vitruvius, vre giro

an elevation of two Grecian temples as restored, to contrast with the above descriptions

of similar works. Fig. 1457 is the temple of Pallas, or of Jupiter Panhellenius at

iEgina, in the gulf of Athens. The ruins were explored in 1811 by Messrs. Cockerell,

Foster, Haller and Lj'uck, with very remarkable success, in elucidation of every

desired architectural detail, and of tlie then unascertained style of the iEginetan school of

innri^inirTfO^

Fig. 1457. Temple at iEgina.

Bculpturo, constantly mentioned by ancient writers as of the first merit and of universal

estimation. The temple is hexastyle peripteral, but has twelve columns, only in the

flanks. The top step measures 44 feet 10 inches by 93 feet I inch ; the height to the

point of the pediment is 35 feet. The pediments and acroteria were adorned with not less

tlian thirty-four Parian stiitucs representing the two Trojan M-ars, in whieli the AiandiB

were engaged more especially. These sculptures are now at Berlin, but casts of tliem,

placed in models of the pediments, are erected in the British Museum. Fiff. 1430 shows

the centre group of one of the pediments to a larger scale. The date of this work is sup-

posed to be not later than the sixtli centur\ B.C.

i'ig. 14.58. The Parthenon ut Athens.

Fig. 1458 is a representation of the west front of the temple of Minerva, commonly
called the Parthenon, at Athens. It is an example of the rare arrangement of the

octartyle peripteral, the sides have seventeen columns. Tiie top stop mea.sures 10r336
English feet by 228-15 feet; tlie height to tlie apex of the pediment is 59-27 feet. A
capital of one of the columns and many of tlie sculptures of tlie pediments, metopae, and
frieze around the cella, formed a series of vlie gems of Lord Elgin's collection, and .ire

now in the British Museum. Ictinus and Callicrates were the architects, and PJiidiaa
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the director of the sculpture, intrustpd by Pericles with its erection. It is stipposed
that ten or fifteen years were so occupied, and that the temple was completed B.C. 438.

Tkmplet. a mould used iu masonry and brickwork for the purpose of cutting or setting
cut the work. When particular accuracy is required, two templets should be used, one
for moulding the end of the work, and its reverse for trying the face. When many
stones or bricks are required to be wrought with the same mould, the templets ought to
be made of some metal.

The term is also used to denote a short piece of timber sometimes laid under a girder,
particularly in brick buildings.

Tkxia. The fillet or band at the top of the frieze in the Doric order.

Tenant. The occupier of a house and holding a lease or agreement from the landlord or
other person. "Tenants in common " are such as hold by se\-eral and distinct titles,

but by unity of possession. " Joint tenants " are sucli as have equal rights in lands or
tenements by virtue of one title.

Tenon. (Fr. Tenir.) A projecting rectangular prism formed on the end of a piece of
timber to be inserted into a mortise of the same form.

Tknon Saw. One with a brass or steel back for cutting tenons.

Tknsion. The stretching or degree of stretching to which a piece of timber or other
material is strained by drawing it in the direction of its length.

Teocaixa. The house of God or temple of ancient Mexico. It is a pyramid formed in

terraces with flat tops, and always surmounted by a chamber or cell, which is the temple
itself, where the ceremonies were exhibited to the people. One at Chohdu is 1-140

feet square, and 177 feet high, having four stories. The teocalla of Yucatan rises at an
angle of about 45 degrees to the level of the platform on which the temple stood ; an
unbroken flight of steps leads from the base to the summit. That at Palenque is the

flnest yet discovered.

Tepidarium. (Lat.) A name given to one of the apartments of a Eoman bath.

Teuam. The scroll at the end of a step.

Tkucento. The style of art prevailing in Italy during what is usually called the

fourteenth century.

Term or Terminal. A sort of trunk, pillar, or pedestal, often in the form of the frustum

of an inverted obelisk with the bust of a man, woman, or satyr on the top. See

Vagina.
Terminus. The popular word for the station at each end of a railway.

Terea-Cotta. (It.) Baked earth. In the time of Pausanias there were in many temples

statues of the deities made of this material. Bassi-rilievi of terracotta were fre-

quently employed to ornament the friezes of temples. In modern times it has also

been much used for architectural decoration, being modelled, or cast, or made up of

pipe or potter's clay with fine sand and flint, and afterwards fired to a stony hardness,

hardly to be scratched with a steel point. The manufacture is greatly used in a

variety of ways for ornamental and useful purposes. " Many early producti' ns, even

of less durability than those now made, are found in ruins of stone, in which the latter

material has been steadily disintegrating for thousands of years, but leaving the terra

cotta as perfect, in many cases, as if recently produced. In faithfully made and vitrified

terra-cotta we have the great and lasting triumph of man over nutural productions
;

for timber will rot ; stone, even granite, will disintegrate ; iron will oxidise; all oth.r

metals will succumb to the action of fire, and to other destroying influences of the

elements. Properly made and thoroughly burned terra-cotta will pass through cen-

turies, and be the last to yield to those influences to which all natural productions must

give way. In all architectural employments it is pracfcally time-proof and indestruct-

ible Very many important transactions recorded in this material have been found in

(Davis, in Builder, xlvii. 479.)a good state of preservation in the ruins of Babylon." (Davis, in Buildc.

Terrace. An area raised before a building above the level of the ground to servo as a

walk. The word is sombtimes, but improperly, used to denote a balcony or gallery.

Tesselated Pavement. A rich pavement of mosaic work made of small squares of

marbles, bricks, tiles, or pebbles, and called UssdcB or te&scrm.

Tessera. (Gr.) A cube or die. This name was applied to a composition used some

years a"o fur covering flat roofs, but now abandoned.

TESTUDO.''(Lat.) A name given by the ancients to a light surbased vault with which

they ceiled the grand halls in baths and mansions. Generally, any arched roof.

Tetradokon. (Gr ) A spec-es of brick four palms in length. See Buick.

Tetragon. (Gr.) A figure which has four sides and as many angles.

Teieaspastos. (Gr. Terpa, four, and ^.Traffffu, to draw.) A machine working with four

pulleys.

Tetrastyle. (Gr. Terpa, and 2tu\os, a column.) bee Colonnade.

Thatch. The covering of straw or reeds used on the roofs of cottages, barns, and such

buildings ; and sometimes the c<>il(ii/c orne is so finished for a picturesque ettect,
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TiiKATRE. (Qr. Qeaofiai, to see.) A place appropriated to the representation of dramatic

spei'tMcles.

Theodolite. An instrument used in surveying for taking angles in vertical or horizontal

planes.

Theorem. A proposition which is the sul ject of demonstration.

Thekm^. See Bath.

Thorough Framing. The framing of doors and -windows, a term almost obsolete.

Thorough Lighted Room. A room having windows on opposite sides.

Threshold of a Door. The sill of the door frame.

Throat. See Gorge and Chimney.

Through or Thorough Stone. A bond stone ; a heading stone going through tlie wall.

Thrust. The force exerted by any body or system of bodies against another. Thus the

thrust of an arch is the power of the arch stones consideretl as a combination of wedges

to overturn the abutments or walls from which the arch springs.

Tie. (Sax. Tian, to liind.) A timber-string, chain, or iron red connecting two bodies

together, which have a tendency to diverge from each other, such as tie-beams, diagonal

ties, truss-posts, etc. Braces may act either as ties or straining pieces. Straining

pieces are preferable to ties, for these cannot be so well secured at the joints uu

straining pieces. See Angle Brace.

Tie Beam. The beam wliich connects the bottom of a pair of principal rafters, and

prevents them from thrusting out the v/all. Fiff. 1459 is an illustration of a lale

medifeval example of a species of such a roof.

Fig. 14.39. St. Mary's Church, Leicester.

Tie Rod. Tlio iron rod securing the feet of the principal rafters in the manner, and in

lieu, of the tie-beam.
Tierce Point. The vortex of an equilateral triangle. Arches or vaults of the third

point, wliich are called by the Italians di terzo acuto, are such as consist of two arcs of

a circle intersecting at the top. See Pointed Arch.
TiGNA. The tie beam of an ancient timber roof.

Tile. (Sax. Tij,-el.) A thin piece or plate of baked clay or other muterial used for the

exttrnal covering of a roof. A thicker sort serves for paving. The flat tiles are called

2)fain tiles, the curved ones ,\.vb pan-tiles ; these latrer, if made with a double curvature,

are called Bridgewater tiles.



GLOSSAEY. 137/

In ancient buildings two forms of tiles were used. The imbrex, placed in regular
rows to receive the shower, and the tegula, which covered and prevented the rain from
penetratmg the joints. The latter were fixed at the eaves with upright ornamental
pieces called antejix<e, which were also repeated along the ridge at the junction of the
tiles. The present common tiles of Italy are on this principle, and are t-hown by fig.
1460. Similar tiles have of late years been manufactured in England, but the joints
require to be set in mortar to prevent wet and snow drifting into the roof.

TiLK Creasing. See Chhasing.
Tiling. The act of putting tiles on to roofs of buildings. The work itself is also so

called.

Tiling Fillet. A chamfered fillet laid under slating or tiling, to raise it where it joins
the wall, and prevent water from entering the joint. See Shkeading, Fueuing.

TiMBEK. (Sax, Timbpan, to build.) Properly denotes all such wood, either growing or
cut down, as is suited to the purposes of building. A single piece of wood similarly
employed is so called, as one of the timbers of a floor, roof, etc.

TninERs. It is advisable, as directed by the Metropolitan Buildings Act 1855, that no
timber or woodwork be placed in any wall or chimney breast, nearer than 12 inches to
the inside of any flue or chimney opening:—Under any chimney opening within 18
inches from the upper surface of the hearth of such chimney opening:—Within two
inches from the face of the brickwork or stonework about any chimney or flue, whero
the' substance of such brickwork or stonework is less than SJ- inches thick, unless the
lace of such brickwork or stonework is rendered :—and that no wooden plugs be driven
nearer than 6 inches (not enough) to the inside of any chimney opening.

Tip (verb.) To discharge a barrow or waggon load of anything by turning it on end or
on one side.

ToT.MEN, or Holed Stone. One of the many stones attributed to the Celtic inhabitants.
Tomb. (Gr. Tvfx^os.) A grave or place for the interment of a human body, including also
any commemorative monument raised over such a pbice. The word embraces every
variety of sepulchral memorial, from the meanest grave to the most sumptuous
mausoleum.

ToNCiTjE. See Groove.
Tools. (Sax.) Instruments used by artificers for the reduction of any material to its

intended form, and with which they are assisted in fixing and ornamenting it.

Tooth. The iron or steel point in a gauge which marks the stuff in its passage, or draws
a line parallel to the arris of the piece of wood.

Toothing. A projecting piece of material which is to be received into an adjoining piece.

A tongue or series of tongues. See Stuothing.
Top Beam. The same as Collar Beam.
Top Kail. The uppermost rail of a piece of framing or wainscoting, as its name

imports.

Tope. A Buddhist monument in a temple for preser^'ing relics. Also the large mound
enclosed and having gateways, as the celebrated Sanchi tope, dating about COO n.c.

Torsel. The same as Tassaz,.

Torsion. The twisting strain on any material.

loRus. (Lat.) A large moulding whose section is semicircular, used in the bases of

columns. The only difference between it and the astragal is in the size, the astragal

being much smaller.

Touch Stone. A smooth black stone like marble. It was much used for tombs in tlio

Kith and 17th centuries, as in that of Henry VII.

rowEi:. (Sax.) A lofty building of several stories, round or polygonal. See Rtekpi.k.

FowN Hall. (Fr. Hotel de ville. Ger. Stodthaus and Rathhaua.) A building in which

the affairs of a town are transacted. It will necessarily vary with its extent and opu-

lence. In towns of small extent it should stand in the market-place; in many of liio

towns of this country the ground floor has usually columns or piers, and forms the

corn market, the upper floor being generally sufficiently spacious for transacting muni-

cipal business. Where the sessions and assizes, as in cities, are held at the town hall,

it is necessary to provide two courts, one for the civil and the other for the criminal

trials. In cities where much municipal business occurs, the number of apartments

must of course be increased to meet the exigencies of the particular case; and, if pos-

sible, a large hall should be provided for the meetings of the corporation. On the

ground floor of the first class of town halls, courts, porticoes, or arcades, or spacious

staircases, should prepare for and lead to the large apartments and courts of law.

Every means should be employed in providing ample egress and ingress to the persons

assembling. Fire-proof muniment rooms should be provided for the records and

accounts. Court of Law.
For the disposition of these buildings the student may turn with profit to tha

examples abroad in which, generally, apartments are provided for every branch of the

•1 T
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government of the city.

Diirand, in his Paralleh des

Edifices, has given several

examples. We have chosen

the Belgian examples, as

most splendid, to remark

upon j but it is not to be

understood that fine speci-

mens are only to be found in

that country. France and

Germany (see Builder for

1866") abound with such

edifices, and a very volumi-

nous work, might be pro-

duced on the subject.

On the four princi-

pal hotels de ville, that of

Bruges is the earliest. Its

date is lf?77, and it is chiefly

remarkable for the oiiginal

wooden roof to the great hall.

The Hotel de Ville of Brussels

is, as an edihce, tlie first of the

class, whether considered by it-

self, or as the dominant feature

of a place surrounded by build-

ings of the most unique and
varied appearance, the most in-

teresting that we recollect any-

where to have contemplated.

It appears to have been com-
))leted in 1445. Fig. 1460fl. is

a view of the east facade. An
ancient building which occupied

this site, has not been entirely

removed ; for in the northern

Fig. UGOa. HOTEL DK VILLK; BlilSSELS.

side from the tower, the piers of the loggia, which on the basement extends along the

front, consist, at least three of them, of columns whose date is evidently a century earlier,

and which it is probable were left when the main front of the building was carried up.

Indeed, it seems highly probable that when the architect Jean van Huyshroeck undertook
the tower, his part of the work, the hotel was in existence as high as tlie one-pair floor.

The whole of the tower seems ratlier later than the date above given, which accords well

enough with the northern wing. The authorities we have looked into scarcely, however,
admit us to doubt its correctness. As tlie building stands executed, taking one of the

bays on the northern side as a measuring imit, there are three measuring the central .space

for the tower, ten for the north wing, and eleven for the south wing; the luight, to the

top of the parapet, nine ; to the ridge of tlie roof, thirteen ; to the top of the spire, thirty-

three. The tracery (m the spire is very elegant, and is pierced throughout. It is ;564 leet

high, and crowned with a copper gilt colossal statue of St. IMichail, the patron of the

city, 18 feet higii, which is so well balanced upon the pivot on which it st.inds that it is

susceptible of motion with a very gentle wind. ']"he interior of the edifice has a (luadrangujar

court, with t.i'o nxodern fountains, statues of river gods with reeds and vases, as usual iu
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such cases. Besides the Grande

hotel

of buildins

de ville of

in Europe.

-I- n .

'^"'^^' *'^*'''*^ ^''^ '"'"^y interesting npartmonts, some wherenfpossecs ce.lmgs of great beauty. This fine monument is pe^rhlps the mosTTdmirabreexan.p e of the adaptation of the style to secular architecture that c'^n bequo edSmaller m plan, but more beautiful and symmetrical, is theLouvam. It is the most perfect, in every respect, of this class
JNotlang can surpnss
the richness and deli-

cacy of tlie tracery

upon it. Like that at

Brussels, it consists of
three stories, but has
no tower. Commenced
in 1448, it was not

completed till 1463 by
De Layens. It stands

on a site of about 85
feet by 42 feet ; so tiiat

it derives little advan-

tage from its absolute

magnitude, and per-

ha])s appears less than

it really is, from the

great heiglit of the

roof, which is pierced

by four tiers of dor-

mers or lucarnes. The
angles are flanked bj

turrets, of which some
notion may be formed
by reference to Jig

1460b. and the ridge

6f the roof is received

at each end by another
turret corbilled over !

from the gables. The
faqnde towards the

P/nre extends rather

more than the height

and is pierced with
twenty-eiglit windows
and two doorways, be-

ing ten openings in

each story, the spaces

l)etween the windows
being decorated with

canopies, and groups
of small figures from
the Old Testament,
Sf>me whereof are

rather licentious. This
charming edifice, which
in its delicate rich

tracery had suffered

much from time and
the elements, has, at

the joint expense of the

town and government,
undergone a complete renovation. This has, stone by stone, been efficted with great care

and artistic skill by i\I. Goyers. The new work l)eing executed in very soft stone, which,
however, hardens with exposure to the air, it has been saturated with oil.

Tn form, though not in features, totally different from the hotels de ville we have
just left, is (hat at Ghent, never comple'ed, but exhibiting, in what was executed of

the design, a choice example of the last days of the flamboyant period. It was begun iu

1481 ; in it are all those indications of change in the sotites and curves, as well as in the

linesof the foliage and tracery, ihateventually proved its downfall; and the style isnowoutc f

character with the habits of the age, from which alone a real st\ lo of architecture can ever

spring. The subdivision of the building as to height is into two stories as to effect, thougli in

4 T 2
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reality there are more ; and the transoms, which abound in the apertures, seem to roign

in accordance with the horizontal arrangement of lines which was so soon to supercede

the flaming curves that had prevailed fur nearly half a century. The elegant turret or

tribune at the corner, with the part adjoining, in the richest flamboyant Goihic, is by

Eustace PoUe^t, 1527-60; the other fa9ade, 1600-20, has columns of three diflferent

Orders superposed.

The most celebrated of town halls in Europe was that of Amsterdam, erected during

the first half of the 17th century by Van Campen. The design is given in Durand's

Tarullele, and it also forms the subject of a volume, in folio, published in Holland, in

1661-64. The town halls at Antwerp and at Maestricht may be also referred to, but

these have now been surpassed by modern structures ; amongst them may be mentioned

the town hall at Berlin, 1881. The Hotel de Yille at Paris was commenced 1533, and

continued from 1649 or 1559 on the designs of Domenico Boecadoro, called by the

I'rench Dominique de Coitone, in what is now termed the style of the Kenaissance.

The additions which became necessary in consequence of the extended business of

the city were executed in the same style, and the building presented one of the finest

and most picturesque features of the city, until 1870-71, when it was destroyed by

fire ; its reconstruction was carried out by Theodore Ballu.

St. George's Hall, at Liverpool, with the town halls at Leeds, Halifax, Man-
chester, and other towns, hirgo and small, are modern examples. Such a building,

for a moderate-sized market town (as referred to previously), might require, on the

ground floor, a wide entrance vestibule, out of which would be a room for the police,

with four or five cells for prisoners; an office for tlie board of health, witnesses'

room, magistrates' room, with a staircase to the first floor, to consist of a common
hall, at one end of which, or in the middle of one side, would be arranged the courts

for any local purposes, as a county court perhaps, with a retiring room for its chief.

This hall would require a staircase for the public, entering at once from the main
thoroughfare. Apartments for the resident policeman, and the usual conveulcuces,

will also be necessary,

Thabkation. Another term for Entablature.
Thaijs. The Latin term for a wall-plate.

Tracery. In Gotliic architecture, the intersection, in various ways, of the mullions

in the head of a window, the subdivisions of groined vaults, &c. See Window
Tracery.

Trachelum. (Lat.) The neck or space immediately below the capital in the Eomau
orders.

Tracing Cloth. A fine white cloth, prepared in a similar way to paper for render-

ing it transparent. Having a very greasy surface it is not so easy to work upon it;

and as it shrinks much if wetted, no large washes of colour can be put on it ; even
many small tints are detrimental to accuracy. Lines n)ade in error can be erased

by gchtly using a brush damped with some soapy w.iter. The cloth renders this

pHpur much stronger thaa tracing paper, and it is now constantly used for working
drawings.

Tracing Paper. A tissue piper made transparent by a preparation of turpentine and
wax, slightly washed over it and then allowed to dry. Formerly resin and oil were
used, as may be seen in the old sketch books, where the paper has turned a dark brown
colour, and fometimes sticks to the leaves. In England it is made in sizes of 00 in. by
40in. ; 40 in. by 30 in. ; and 30 in. by 20 in. The last-named size is also made of a

tiiieker paper. Tlio following are the sizes of modern French-made tracing paper. It

is also made 40 in. wide, and 21^ yds. in length:

—

ins. ins. ins. ins.

Eomain . - - 16 by 12 Carre - - - - 2i by 17
Telliere - - - 17 „ 13i (irand raisin - - - 24 „ 18
Couronne - - - 18 „ 14" .lesus - - - - 30 „ 22
Serpente - - - 22 „ 14 Colombier - - - 30 „ 23
Ecu - - - - 20 „ IG Grand aigle - - - 45 ,, 27

Besides this, J. Poore and Co. make a ferro-prussiate paper, which gives white lines

on a blue ground, and supplied in rolls thirty and forty ineh.'s wide, of thin, thick, and
extra thick paper. Tliis not having been considered a very satisfactory process, a
" blaek-line process," by Bemrose and Sons, of Derby, lias lately been brougiit out

(1888), by which copies of the original drawings can be ])roduced ; they can also be
coloured and treated as ordinary drawings. It is called "Perfection Brand Sensitized
Paper" (black-line process).

Tracings. An aniline process of photographic printing was patented a few years
Bince by Mr, AVillis, whereby fac-simile copies of tracings arc obtained, of the same
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size as the originrils, howerer large their dimensions, and copies can be supplied in a
few lioiirs. Delicjite tinting as well us the black outlines hre faithfully reproduced.
B}' this process no cost is incurred for drawing, engraving, or lithographing. Drawings
on thin drawing paper and on parchment can also be copied by this process.

TuAMjiEL. An instrument for describing an ellipsis by continued motion.
Transept (quasi Transseptum). The transverse portion of a cruciform church ; that part

which is placed between and extends beyond those divisions of the building containin:.;

the nave and choir. It is one of the arms projecting each way on the side of the stem
of the cross.

TuAxsiTioN. A term used to denote the passing from one period of a style to another,
exhibiting features peculiar to both, some of which have not quite been given up,
and some of which were beginning to be introduced.

Tkansom. A beam or beams across a window to divide it into two or more lights ia

iieight. A window having no transom was formerly called a clear-story window.
Transtra. (Lat.) The horizoutjil timbers in the roofs of ancient Roman buildings.

Transverse. Lying in a cross direction. The tranaverse strain of a piece of timber is

that sidewise, by which it is more easily bent or broken than when compressed or drawn
as a tie in the direction of its length.

Trap. In drainage and water escape, an article formed in any material to prevent the

escape of foul air ; such as a bell trap, syphon trap, D trap, &c.

Trapezium. (Gr.) In geometry, a quadrilateral figure, whose opposite sides are not parallel.

Trapezoid. (Gr.) A quadrilateral figure having one pair of opposite sides parallel.

Traverse. A gallery or loft of communication in a church or other large building

TR^Li.D. The horizontal part of the step of a stair. It can be greatly protected where
there is much traffic, by squares of hard wood inserted grain upwards into a light cast-

iron frame, which is then secured to the original tread.

Trefoil. In Gothic architecture, an ornament consisting of three cusps in a circle.

Treixice. a reticulated framing made of thin bars of wood ; it is used as a screen to

windows where air is required for the apartment, &c.

Trenail. A large cylindrical wooden pin, used in roof work and framing.

Tressel or Trtjssel. Props for the support of anything the under surface of which is

horizontal. Each tressel consists of three or four legs attached to a horizontal part.

When the tressels are high the legs are sometimes braced. Tressels are much used in

building for the support of scaflFolding ; and by carpentersand joiners while ripping and

cross-cutting timber, and for many other purposes.

Triangle. (Lat.) A plane rectilineal figure of three sides, and consequently of three

angles. In measuring, all rectilineal figures must be reduced to triangles, and in con-

structions for carpentry all frames of more than three sides must be reduced to triangles

to prevent a revolution round the angles.

Triangular Compasses. Such as have three legs or feet by which any triangle or any

three points may be taken off at once.

Tribune. See Apsis.

Triclinium. (Lat.") The room in the Roman house wherein the company was received,

and seats placed for their accommodation. It was raised two steps from the peristyle,

and had therein a large window, which looked upon the garden. The aspect of winter

triclinia was to the west, and of summer triclinia to the east.

Triforium. (Lat.) The gallery or open space between the vaulting and the roof of the

aisles of a church, generally lighted by windows in the external wall of the building, and

opening to the nave, choir, or transept over the main arches. It occurs only in large

churches, and is varied in the arrangement and decoration of its openings in each suc-

ceeding period of architecture. See figs. 1417 to 1422. There ia no triforium in Bath

abbey church, nor to the choir at Bristol cathedral.

Triglyph. (Gr. Tpeis, and TKv<p% a channel.) The vertical tablets in the Doric frieze

chamfered on the two vertical edges, and having

two channels in the middle, which are double

channels to those at the angles. In the Grecian

Doric, the triglyph is placed upon the angle; but

in the Roman, the triglyph nearest the angle is

placed centrally over the column. The space be-

tween the channels was called a,femura.uc\mcros.

Fig. 1461 is an example of a triglyph with the

metope decoratedwith a bull's skull and garlands,

as used in Italian architecture, by Sir William

Chambers and others. See Shank. w •

i
• »i,„ <•,;,,

^

Bdriglyph is the arrangement by which two tnglyphs are obtained in the frieze

between those which stand over the columns.

Tritriglyphs is where there are three so placed.

"EncnS" IXECCII
Fig. HGl.
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TiuaoNOMETRY. (Gr. tpets, three, Tuna, au angle, and Vierpu, I measure.) The science

of detarmiuing the unknown parts of a triangle from certain parts that are given. It

is either p/a«e or spherical ; the first relates to triangles composed of three right lines,

and the second to triangles formed upon the surface of a sphere by three circular arcs.

This latter is of less importance to the architect than the former.

TuiLATERAL. (Lat.) Having three sides.

Trilituon. Two upright stones linked together by a third on the top like a lintel ; many
such are seen at Stonehenge.

Trim. (Verb.) To fit to anything ; thus, to trim nj), is to fit up.

Trimmed. A piece of workmanship fiited between others previously executed, which is

then said to be trimmed in between them. Thus, a partition wall is said to be trimmed
up between the floor and the ceiling ; a post between two beams ; a trimmer between

two joists.

Trimmed out. A term applied to the trimmers of stairs when brought forward to

receive the rough strings.

Trimmer. A small beam, into which are framed the ends of several joists. The two
joists, into which each end of the trimmer is framed, ax"e called trimming joists. This

arrangement takes place where a well-hole is to bo left for stairs, or to avoid bringing

joists near chimneys, etc.

Trine Dimensions. Those of a solid, including length, breadth, and thickness; the same
as threefold dimensions.

Tripod. (Gr. Tptis, and Uovs, a foot.) A table or seat with three legs. In architectural

ornament its forms are extremely varied, many of those of the ancients are remarkable

for their elegance and beauty of form.

Triptych. A picture with folding doors, the inside of which is either also painted, or

else decorated with diapers, etc. When the picture has only one door, it is called a

diptych.

Trisection. The division of anything into three equal parts.

Triumpual Arch. A building of one arch erected first by the

Eomau people in memory of the victor, his trophies being placed

on the top. Subsequently they became enriched and loaded with

ornaments, and later were penetrated by three apertures, a cen-

tral and two smaller ones. The arch of Trajan at Ancona, and
that of Titus at Rome, have one arch ; an arch at Verona has

two openings; while those of Constantino, Septimius Severus

{fig. 1462 as restored) and others, have three. There are

numerous modern examples, such as the arc de I'etoile at Paris ] ... » c * •

the arco dalle pace at Milan ; the marble arch at London, etc. &vcrus 'as'rcst"r"(j?

Trochilus. (Gr. Tpox'Aoj, a pulley.) An annular moulding whose
section is concave, like the edge of a pulley. It is more commonly called a scotia, and

its phice is between the two tori of the base of a column.

Trochoid. (Gr. Tpoxos, a wheel, and Ei5os, shape.) A figure described by rolling a circle

upon a straight lino, such circle having a pin or fixed point in its circumference upon a

fixed plane, in or parallel to the plane of the moving circle. It is also CiiUed a cycloid.

Trophy. (Gr. Tpoirawv.) An ornament representing the trunk of a tree charged with

various spoils of war.

Trough. (Sax. Tpoh.) A vessel in the form of a rectangular prism, open on the top for

holding water.

Trough Gutter. A gutter in the form of a trough, placed below the dripping eaves of

a house, in order to convey the water from the roof to the vertical trunk or pipe by

which it is to be discharged. It is only used in common buildings and outhouses.

Truncated. (Lat. Trunco, I cut short.) A term employed to signify that the upper por-

tion of some solid, as a cone, pyramid, sphere, etc. has been cut off. The part which

remains is called &frustum.
Trunk. That part of a pilaster which is contained between the base and the capital.

Also a vessel open at each end for the discharge of water, rain, etc.

Truss. (Fr. Trousse.) A combination of timber framing, so arranged that if suspended

at two given points, and charged w^ith one or more weights in certain others, no

timber would press transverboly upon another except by strains exerting equal and

opposite forces.

Truss Partition. One containing a truss within it, generally consisting of a quadrangu-

lar frame, two braces, and two queen posts, with a straining post between them, opposite

to the top of the braces.

Teuss Roof. A roof formed of a tiebeara, principal rafters, king post or queen post, and

other necessary timbers to carry the purlins and common rafters, etc.

Trussed Bium. One in which the combination of a truss is inserted between and let

into the two pieces whereof it is composed.



GLOSSARY. 1381]

TuussiKQ Pieces. Those timbers in a roof that are in a state of compression.
Try. (Verb.) To plane a piece of stuff by the rule and square only.
TunE. (Lat.) A substance perforated longitudinally

;
generally quite through its longtli.

Tuck Pointing. In old brickwork, after it has been well washed and the mortar raked'
out, the joints are filled with new mortar ; the face of the work is then coloured yellow
or red, as desired. Lines to mark the joints are made by putting on a ridge of lime
putty with the point of the trowel over the new mortar, and cutting it straight and to
the required width by means of a straight edge and knife.

Ttjuor Style, A name given to the late portion of the Perpendicular Gothic, from
the line of sovereigns in England who reigned during its prevalence. The arch is of
a four-pointed obtuse shape.

Tufa. A mass of volcanic earth, consolidated. Tiifo is a mass of agglomerated sand
without volcanic character. Tiifaceous, mixed with tufo.

Tumbled in. The same as trimmed in. See Trimmed.
Tumulus. A barrow or artificial earth mound. Among the Celtic works the former was

sepulchral, and the latter perhaps erected for beacons or for a memorial purpose.
Tunnel. (Fr.) A subterranean channel for carrying a stream of water under a road,

hill, etc., or through which a road or railway is run.

Tun of Water. See Water, Weight of.

Turning Piece. A board with a circular face for turning a thin brick arch \ipon.

Turpentine. Turpentine is obtained by exudation and hardening of the juice flowing
from incisions into pine trees. To obtain the oil of turpentine, the juice is distilled iu
an apparatus like the common still, and water is introduced with the turpentine.

Turret. (Lat. Turris.) A small tower often crowning the angle of a wall, etc.

Tuscan Ordkk. The first of the five orders used in Roman and Italian architecture. See
Jig. 1454.

Tusk. A bevel shoulder made above a tenon, and let into a girder to give strength to the
tenon.

Tyaipanum. (Gr.) The naked face of a pediment (see Pediment) included between the
level and raking mouldings. See .iExiAioi and JEtoma. The word also signifies the

'

die of a pedestal, and the panel of a door.

Type. (Gr. Twttos.) A word expressing by general acceptation, and consequently appli-

cable to, many of the varieties involved in the terms model, matrix, impression, &c.

It is, in architecture, that primitive model, whatever it may have been, that has been
the foundation of every style, and which has guided, or is supposed to have guided, tlie

forms and details of each. What it was in each style is still only conjecture.

Type. The canopy over a pulpit, also called a sound board,

U
Undercroft. A vault under a church or chapel. See Cbypt, Croft, and Shrowds.

Underpinning. Bringing a wall iip to the ground sill. The term is also used to denote

the temporary support of a wall, whose lower part or foundations are defective, and

the bringing up new solid work whereon it is in future to rest. See Goufino.

Underpitch Groin. See Welch Groin.

Ungula. The portion of a cylinder or cone comprised by part of the curved surface, the

segment of a circle, which is part of the base, and another plane.

University. An assemblage of colleges under the supervision of a senate, etc.

Uphers. Fir poles, from four to seven inches in diameter, and from twenty to forty feet

in length. They are often hewn on the sides, but not entirely, to reduce them square.

They are chiefly used for scaffolding and ladders, and are also employed in slight and

common roofs, for which they are split.

Upright. The elevation of a building ; a term rarely used.

Ueilla. See Helix.

Urn. (Lat.) A vase of a circular form, destined among the ancients to receive and pre-

serve the ashes of the dead. With the vase, it often forms a decoration to the pedestal

of a balustrade on a terrace, top of a wall, etc.

V

Vagina. (Lat.) The lower part of a terminal in which a statue is apparently inserted.

Valiey (Lat) The internal meeting of the two inclined sides of a roof. The rafter

which supports the valley is called the valley rafter or valley piece, and the board fixed

upon it for the leaden gutter to rest upon is called the valley board. The old writers

called the valley rafters sleepers.
^

Valve. (Lat.) Anything which opens on hinges or pivots as a door.

Vane. A plate of metal shaped like a banner fixed on the summit of a tower or steeple,

to show the direction of the wind.
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Vanishing Line. In perspective, the intersection of the parallel of any original plane

and the picture is ciUed the vanishing line of such plane. The vanishing point is tliat

to whicli all parallel lines in the same plane tend in the representation.

Vaporaeittm. (Lat.) The same as Calhauitjm.

Variation of Curvat-dke. The change in a curve by -wliich it becomes quicker or flatter

in its different parts. Thus, the curvature of tlie quarter of an ellipsis terminated by

the two axes is continually quicker from the extremity of the greater axis to that of

the lesser. There is no variation of curvature in the circle.

Varnish. A glossy coat on painting or the surface of any matter. It consists of dif-

ferent resins in a sbxte of solution, whereof tlie most common are mastic, sandarac, lac,

benzoin, copal, amber, and asphaltum. The menstrua are either expressed, or essential

oils, or alcohol.

Vase. (Lat. Vas.) A term applied to a vessel of various forms, and chiefly used as au

ornament. It is also used to denote the bell, or naked form, to which the foliage and

volutes of the Corinthian and Composite capitils are applied. The vasa^ of a theatre

in ancient architecture were bell-shaped vessels placed under the seats to produce re-

verberation of the sound. See Echea.

Vault. (It. Volto.) An arched roof over an axiartment, concave towards the void, whose

section may be that of any curve in the same direction. Thus a ci/lindric vault has its

surface part of a cylinder. A ftdl-ccntrcd vault is formed by a semi-cylinder. When a

vault is greater in height than half its span, it is said to be surmounted ; when less, sur-

bascd. A r(impa?it vault springs from planes not parallel to tlie horizon. The doiih'e

vault occurs in the case of one being above another. A conic vault is formed of part of

the surface of a cone, as a spherical vault consists of part of the surf ice of a spliere.

Tlie plane of an annular vault is contained between two concenlric circles. A vault is

said to be simple wlien formed by the surface of some regular solid round one axis, and

compound when formed of more than one surface of the same solid or of two different

Kiilids. A cylindru-cylindric vault is formed of the surfaces of two unequal cylinders;

and a groined vattlt is a compound one rising to tlie same height in its surfaces as tiiat

of two equal cylinders, or a cylinder with a cylindr<jid. The rei?is of a vault are the

sides or walls tliat sustain the arch. See Fan Vaulting.

The following Uible gives the clear breadtiis and heights in English feet, of the

most remarkable vaulted avenues, as given by Mr. Garbett in his " Principles of Design

in Vrchitecture" :

—

Date.

Tarquin I.

1st cent.

2nd or 3rd

nth
13th

14th

15th

16th
17th

Cloaca Maxima ....
Temple of Peace, Eome ...
Second Temple at Baalbec
Cathedral at Spejer - - • -

Salislniry ...
Amiens...
Cologne ...

Westminster Abbey . . - -

Cathedral at York (not vaulted)

Milan ....
Clioir at Beauvais Cathedral
Cliapel of King's College, Cambridge
Cathedral at Florence ...

of St. Peter's, Rome -

St. Paul's, London -

Brcadtli. Height. Proi>)rti(jn.

Ifi 26 1 : 102.-)

83 121 1 : i'4(i

C3 93 1 : 1-47

45 107 1 : 2-35

35 84 1 : 2-3

42 147 1 : 3u
4U 145 1 :

3-5

33 99 1 : 3

46 92 1 : 2

55 165 1 : 3

48 167 1 ;
3-5

40 80 1 ; 2

55 140 1 :
'2:', I

84 147 1 : 1-74

41 82 1 • 2

Thus St. Peter's has the same external height as Amiens but gives twice the breadth
;

yet both are considered well proportioned avenues in their respective styles.

Vaulted Ceiling. A ceiling built of stone, bricks, or blocks of wood, supporting itself

on the principle of the arch.

Vaulting Shaft. A pillar, sometimes rising from the floor, or only from the capital of a

pier, or even only from a corbel, from the top of which spring the vaulting ribs of the

^
groining.

Velarium. (Lat.) The groat awning, which by means of tackle was hoisted over the

Roman theatre and amphitheatre to protect the spectators from the rain or the sun's rays.

Vellar Cupola. A term used by Alberti to denote a dome or spherical surface termi-

nated by four or more walls, frequently used over largo stuirciises and salons, and
other lofty apartments.
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^T m\-nf
^''^'

*^''r ^'w "J
''"''? Ofa superior quality, for covering furniture, etc , madeof an inferior wood Wafers of wood tli.rty-two inelies wide were made about 1824Venetian Door. A door having side lights on each side of its frame

Venetian Style. That style of modern Itah-an architecture formed by the architects ofthe ^ enetian states in the fifteenth to the early part of tlie seventeenth centuries
Venetian Window. One formed with three apertures separated by slender piers from
^
each otlier, whereof the centre one is much larger than those on tlie sides

Vent. The flue or funnel of a chimney ; also any conduit for carrying off' that which is
nitensive.

Ventiduct. A passage or pipe for the introduction of fresh air to an apartment
Vf^tilation. The continual change of air to an apartment, or portion of an edifice &cThe architect has to provide means for letting off or taking away tiie fjul air, goncrallv
by apertures at the upper part of the room, etc., to which the hot air will ascend as
well as to provide for the admission of fresh air in sufficient quantities to take its place
or to force it out witiiout any appreciable current.

Verandah. An open gallery having a roof supported by light pillars, and placed over
the windows of tlie principal rooms of a house to shelter them from the rays of tlie sun
and under which persons can promenade for fresh air. It is sometimes enclosed with
glass screens to form a conservatory.

Verge Boards. See Barge Boards.
Vermiculated Work. (Lat.) A term applied to rustic-work which is so wrouo-ht as to

. have the appearance of having been eaten into by worms.
"

Vertex. (Lat. the top.) A term generally applied to the termination of anything
finisliing in a point, as the vertex of a cone, etc.

Vertical Angles. The opposite ones made by two straight lines cutting each other.
Vertical Plane. One whose surface is perpendicular to the horizon.
Vesica Piscis.

_

(Lat. a fish's bladder.) A ibrm which may be produced in the endeavour
to gain two lines at right angles with each other. Arcs of circles inclosing two equi-
lateral triangles drawn on the same base line will also produce it. It was a monogram,
which has been supjjosed to be connected with the plan and form of churches
erected during the mediaeval period. Many mediaeval seals of ecclesiastical and other
communities were designed on the same form, and have been imitated of late for those
of some archaeological societies. See Symbolism.

Vestibule. (Lat. Vestibulum.) An apartment which serves as the medium of communi-
cation to another room or series of rooms. In the Roman houses it appears to have
been the place before the entrance where the clients of the master of the house, or those
wisliing to pay their court to him, waited before introduction. It was not considered
as forming a part of the house. The entrance from the vestibulum led immediately
into the atrium, or into the cavadium.

Vestry. (Lat. Vestiarium.) An apartment in, or attached to, a church for the preserva-
tion of the sacred vestments and utensils. A sacristy ; see Diaconicum.

Vibration. A motion or combination of motions. The theory of the vibrations of the

particles of an elastic fluid is the key to what is known of the phenomena of sound and
light: and it is supposed that the causes of the sensible phenomena of heat, electricity,

jind magnetism will be found in the vibrations of matter of some kind. It is stated

that iron kept constantly in a state of vibration oxidates less rapidly than that which
is at rest, as exemplified in railway rails. It is recorded that tlie greatest vibration on

the timber temporary bridge over the river Thames at Blackfriars was produced by
empty four-wheel c;ibs. The vibration on the top platform, though it appeared con-

siderable, was in fact only a quarter of an inch.

Vice or Vis. (Fr.) An old term applied to a spiral or winding staircase. In mechanics, a

machine serving to hold fast anything worked upon, whether the purpose bo filing, bend-

ing, riveting, etc.

Villa. A country-house for the residence of an opulent person. Among tlio Romans
there were three descriptions of villa, each having its particular destination, namely,

the Villa urhana, which was the residence of the proprietor, and contained all the

conveniences of a mansion in the city. The Villa rustica, which contained not only

all that was essential to rural economy, such as barns, stables, etc., but comprised

lo:lging apartments for all those who ministered in the operations of the farming esta-

blishment. The Villa fruciuaria was appropriated to the preservation of the diflJbrent

productions of the estate, and contained the granaries, magazines for the oil, cellars for

the wine, etc.

Village Hospital. A class of building lately recommended to be formed in small locali-

ties for the purpose of preventing the spread of fevers, &c., by at once placing the sick

under proper treatment.

ViMANA. The name for the temple of the Hindoos, in front of which is the mantapa or

porch, and again the gopura or pyramidal entrance gateway.

VuvJiKY. A house for the cultivation of vines. See Conservatoei.
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VisoRiuM. (Lat.) See Amphitheateb. ,..,.,,.,
VisTJAL Point. In perspective a point in the horizontal line lu which the visual rays umte.

Visual Rat.
' A line of light supposed to come from a point of the object to the eye.

ViTRUviAN ScEOix. See Sceoll.

Vitrification. The hardening of argillaceous stones by heat. See Brick ; Ierea Cotta.

Vivo. (Ital.) The shaft of a column.

VoiUTE. A spiral scroll which forms the principal feature of the capital of the Ionic

order in Greek and Eoman architecture. The capital of the Corinthian order has one

smaller in size (^
Helix), which is enlarged in that of the Composite order. Several metliods

Jiave been put forward of describing the spiral lines of the Ionic volute. The returns or

sides are called pulvinata or pillows. Baltms is the outer fillet on the side of tlie volute.

VoMiTORiuM. (Lat.) See Amphitheatre.

VoussoiE. (Fr.) A wedge-like stone or other matter forming one of the pieces of an

arch. See Arch. The centre voussoir is called a kei/stonC

Vulcanised India Rubber. A material perhaps only brought into requisition by the

architect for the purpose of excluding draughts from doors and the entry of dust into

closets or cases. As a tube, with or without a spiral wiro iu it, it is greatly used lor

movable gas-lights.

W
Waggon-headed Ceiling. The same as cylindrical ceiling. See Vault.

Wainscot. (Dutch, Wayschot.) A term usually applied to the oak ordeal lining of

walls in panels. The wood originally used for this purpose was a foreign oak,

and called wainscot, hence the name of the material became atUiched to the work

itself.

Wall. A body of material for the enclosure of a building and the support of its various

parts. " External wall " shall apply to every outer wall or vertical enclosure of any

building, not being a party wall (Metropolitan Building Act, 1855.) " Cross wall
"

shall apply to every wall used or built in order to be used as a separation of one part

of any building from another part of the same building, such building being wholly in

one occupation. {Idem.) See Pabty wall.
Walinos. See Shoring.
Walls of the Ancients. See Masonry.
Walls, Cased. Those faced up anew round a building, in order to cover an inferior

material, or old work gone to decay.

Walnut. A forest tree useil iu cabinet work.
Washer. A flat piece of iron, or otlier metal, pierced with a hole for the passage of

a screw, between whose nut and the timber it is placed, to prevent compression

on a small surface of the timber. Also the perforated metal plate of a sink or

drain, which can bo removed for letting off the waste water, and thus more easily

cleansing it.

Wasting. Splitting off the surplus stone from a block, with a poiut or a pick, reducing

it to nearly a plane soi'face. In Scotland it is called cluuring.

Water. See Weight.
Water Joint. A joint between two stones in the paving of a terrace, where each side

of the joint for about an inch is made level and then rounded off into a sinking of

the stones, to prevent water lodging in the joint, especially if occasionally covered

with it, as a river landing-place.

Water Joint Hinge. A hinge made into a sort of loop at the turning part, whereby it

is less likely to stiffen by rusting, as it is generally used iu out-door work.
Water Shoot. See Square Shoot.
VVatee Supply. See Plumbery. See Aquedfct.
Water Table. An inclined plane where a wall sets off to a larger projection, for the

purpose of throwing off any water that may fall upon that plane, and is principally

used to buttresses and other similar parts of mediaival buildings : but in all styles it

is an efficient way of attaining the above desirable object. Where a stone entablature
occurs, the top is often covered with lead to prevent water soaking through.

Waves. In many engineering works, the weight of the stone to be employed is of the

utmost importance, especially for low buildings occisionally under water, where tiiere

is a rapid current, or where they are subject to the influence of powerful waves. Such
circumstances will require a heavier stone to be used than may at first have been con-

sidered necessary, because all bodies immersed are reduced in weight by so much as

is equal to that of the bulk of water which they displace. The force of the waves at

Skerryvore lighthouse was found to be 4,336 lbs. per square foot; that at Boll Reck
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lighthouse was 3,013 lbs. Tho highest force observed was 6,000 lbs. For weight of
w.ater, see Weight.

Weather Boaeding. Boards nailed with a lap on eacli other, to prevent the penetration
of the rain and snow. The boards for this purpose are generally made thinner on one
edge than on the other, especially in good pei-manent work. The feather edged board
is, therefore, used in such cases, the thick edge of the upper board being laid on the
thin edge of that below, lapping about an inch or an inch and a half, and the nails

being driven through the lap.

"Weather Moulding. A moulded string course. The projecting moulding of an arch,

having a weathered or sloped surface at top, serving to throw olF the rain, and to pro-

tect the other mouldings. See Hood Mould.
Weather Tiling and Slating. The covering an upright wall with tiles, or with .slates.

Wedge. (Dan. Wegge.) An instrument used for splitting wood or other substances ; it is

usually classed among the mechanical powers.

Weight. (Sax. Wiht.) In mechanics, a quantity determined by the balance ; a mass by
which other bodies are examined. It denotes anything to be raised, sustained, or

moved by a machine as distinguished from the power, or that by which the machine
is put in motion.

Weight, in commerce. A body of given dimensions, used as a standard of comparison

for all others. By an act of parliament passed in June, 1824, all weights were

to remain as they then were, that act only declaring that the imperial standard

pound troy shall be the unit or only standard measure of weight from which all other

weights shall be derived and computed ; that this troy pound is equal to the weight of

22"815 cubic inches of distilled water weighed in air at the temperature of 62° of

Fahrenheit's thermometer, the barometer being at 30 inches, and that there being

5700 such grains in a troy pound, there will be 7,000 grains in a pound avoirdupois.

Teoy Weight.

24 grains = 1 pennyweight.
= 20 = 1 ounce.

= 240 =12 . . . =1 pound. .

Avoirdupois Weight.

ounce.

. . . = 1 pound.

. . . = 28 . . . = 1 quarter.

... = 112 . . . = 4 . . . . = 1 cwt.

... =2240 ... =80 ... . =20 . . =1 ton.

The avoirdupois pound: pound troy : : 175 : 144, or : : 11 : 9 nearly ;
and an avoirdu-

pois pound is equal to 1 lb. 2 oz. 11 dwts. 16 grains troy. A troy ounce = 1 oz. 1-55 dr.

avoirdupois.

The following is a table of weights according to the French system.

^^^es. French value. English value.

Millier, 1000 kilogrammes = 1 French ton -= 19-7 cwts.

Quintal, 100 kilogrammes - - - - = 1-97 cwt.

/Weight ofone cubic decimetre of water of^ C 2-6803 lbs. troy.

Kilogramme, < the temperature of 39^ 12' Fahrenheit. \ 2-20o51bs. avoirdupois.

_ J 3-2 ounces trov.

Hectogramme, ^ of kilogramme - - - - -
^^ 3.^52 ozs. avoirdupois.

.Decagramme, -jio of kilogramme - - - -= G-43 dwts. troy.
" ^

r 1 0-438 grains troy,

eramme, .^i^ of kilogramme - - - -=
^

0-643 pennyweight.
' *"""

(_
0'032 ounce troy.

Decigramme. ^^^ of kilogramme - - - -= 1-5438 grain troy.

The following table exhibits the proportion of weights in the principal places of

Europe to 100 lbs. English avoirdupois.
t. • /,,s o

100 lbs English = 91 lbs. 8 ozs. for the pound of Amsterdam Pans old), &c.
iuu lUB^ ^ _ 95 8 — Antwerp or Brabant.

Eouen (the Viscounty weight).

Lyons (the city weight).

Bochelle.

Toulouse and Upper Languedoc.

Marseilles or Provence.

Geneva.
Hamburgh,

_ Frankfort, &c.

480 ...
5760

16 drams = 1

256 . . = 16

7168 . . = 448

28672 . . . = 1792

5'^UiO . . = 3584)

= 88
= 106
= 90 9

= 107 11

= 113
= 81 7

= 93 6

= 89 7
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= 96lb£ . 1 ozs for the pound of Leipsic, &c.

= 137 4 — Genoa.
= 132 1 — Lighorn.

= 153 11 — Milan.

= 152 — Venice.

= 154 10 — Naples.

= 97 — Seville, Cadiz, &c
= 104: 13 — Portugal.

= 96 5 — Liege.

= 112 04 — Eussia.

= 107 o^r — Sw^den.
= 89 Oi — Denmark.

The Paris pound (poids do marc of Charlemagne) contained 9216 Paris grains; it

was divided into 16 ounces, each ounce into 8 gros, and each gros into 72 grains. It

is equal to 7561 English troy grains.

The English troy pound of 12 ounces contains 5760 troy grains = 7021 Paris grains.

The English avoirdupois pound of 16 ounces contains 7000 English troy grains, and is

equal to 8538 Paris grains.

To reduce Paris grains to English troy grains, divide by "^ i-oiso
Or, to reduce English troy grains to Pari? grains, multiply by J "

To reduce Paris ounces to English troy, divide by ~( . „. ^-o
To reduce English troy ounces to Paris, multiply by J

Weight of Man. As guidance iu providing sufficient strength in a floor loaded with

human beings, the following weights are subjoined :

—

Mean weight of a Belgian - - 140-49 lbs. Mean height,

„ Frenchman - 130 89 „ „
„ Englishman - 150-98 „ „

The weight in travelling carriages usually taken is 165 lbs.

Supposing, therefore, each individual in standing to occupy 25 superficial feet, wliich

would be close to one another, and indeed closer than pleasant, on a square of flooring

there would be ^£.^ = iO persons, and 40 x 150-98 lbs. = 2-96 tons. The average surtaco

of a man's body is usually considered about 15 superficial feet, which would give a
cubic content of 395 feet, and a consequent specific gravity of 612.

Weight of Matkkials. As, in the construction of warehouses, it is essential for the

architect to know the probable weight of merchandiso which his client may probably
put upon the respective floors, the following tables may be found useful. The second

one is taken from the Papers of the Corps of liuyal Engineers, 1832, iii. 192, contri-

buted by Major Harry D. Jones.

6 feet 6^ inches.

5 ,, 4 „
6 .. 9i „

Ankle*.
\Viii;ht of
acnliicft. Cubic feet Arllclc*.

Weiu'lil <.r

a . ul.ic It. Cubic feet .

lbs. = one ton. lbs. = one ton.

Ashes- ... 37 CO-5 Hay, well pressed 8
— 52 feet = 1 chnWron Indigo 46-6

Brimstone - 19-8 Iron, cast - 450 6
Chalk, from MO 1-.-5 — -ivrought 4S7 43— to - im; i;i-75 Lime, stono 53

4-.'i

Clay, from - 120 18-GC — chalk - 44 51
— to - 135 17 Marl .... 120 18
Coal, Cannel 54 2(;-G0 Mortar, from (old) - 88 25i— Welch . 58 3!) — to (new) IIU 10
— Newcastle £0 45 Nightsoil - 18
— Navy allowance 48 Sand, from - nn 2;U to 25
Coals, average . 45-3 — river lis 'ID
— solid 80 .Shingle 80 25 i

Coke .... 47 48 Slate .... 180 12i,

Cork . . . - 14!)-:U Straw. 3Jl Truss=36 lbs.

Concrete - 120 ]8-(!6 — well pressed - H
Earth, from !)5 23-5 Sugar - COO— to . 126 18 — hogshead 3-11 in
Fir - - - . 66-16 middle = ISJ cwt.
Flint.... 164 13-66 TaUow 88-0

Gla-ss, crown 157 14-25 Thames ballast - 200— FUnt - 187 12 Tiles, average - 112 20— riate . 184 12-ifia Oil of Turpentine 64J 41
Gravel ... 112 12-75 — Linseed - 68j 88— Coarse - 120 18-66 — Whale - 572 888
Gum .... 24-60 Warehouse, mean for 400
Hay .... 5 rrus<= 56 lofiO lbs. Shipping, ditto - 35-0
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Ashes - - .

Bleaching powders
Bacon - . .

Barley...
Barm . . -

Beans - . .

Beer or Ale -

Beef -'

Books - » .

Bran ...
Bread ...
Butter -

Candles
Cattle, 1st class -

„ 2nd class -

„ 3rd class -

„ 4th class -

Coal -

Coffee -

Cotton, manfctrd.

Drugs - - .

Earthenware
Eggs -

Flax -

Flax seed
Feathers •

Fish -

Glass -

Glue -

Haberdashery
Hair -

Hams -

Hardwares -

Hides, untannod

Honey -

Horses -

Horn tops -

Iron, wrought
LeatHer
Linen -

DesLTiption,

Barrel
Cask
Barrel
Bale -

Sack
Quarter
Cask
Hogshead -

Quarter
Barrel
Hogshead -

Barrel
Case -

Sack
Bag .

Cask
Firkin
Box.

Ton
Barrel
I'ackase
YardsV by
Package -

Box - - -

Number-;- by
Crate or Kish
Bale -

Bushel
Cask
Bag -

Barrel
Cask
Hogshead -

Package
Bale
Barrel
Cask
Pai kage
Number
Bundle
Cask
Number
Hogshead -

Package
Package -

Box -

Yard -H by

Nun

6 = 1 ton

2J to 7 cwt.
6«:1 ton
2i cwt.
20 stone
4= 1 ton
8 cwt.
51 cwt.
4=1 ton

3J cwt.

5i cwt.
3 cwt. 7 lbs.

1 to 5 cwt.
1 cwt.
1 cwt.
90 lbs.

J cwt.
20 to 40 lbs.

li = l ton
2 = 1 ton
3^1 ton
4=1 ton

n cwt.
3i cwt.
0,000 for tons
2 cwt.
3i cwt.
10= 1 ton
28,000 for tons
6 cwt.
10 cwt. average
48 lbs. 1 qr.

3i cwt.
2 cwt.
3i cwt.
1 cwt.
10 cwt.
3i cwt.
3 cwt.
3i cwt.
12 cwt.
3i cwt.
4(1= 1 ton
7i) lbs.

i cwt.
10 cwt.
S cwt.

3^ cwt.
5 cwt.
3 J cwt.
0,1)00 for tons

Linen, cloth

« yarn
Linsocd meal
Machinery -

lluriatic acid
Oatmeal
Oats -

Oil" .
'.

Oxon -

Paper -

Peas -

Pork -

Pigs -

„ 1st class

„ 2iid class

„ 3rd class

4th class

I'escript

Poultry
Quills

Kags
Hum

Runnet
Salt .

Silk -

„ manufactured

Sheep - - -

Sugar - . -

Tallow, Irish

„ Foreign -

Tanners' waste -

Timber

Tinned plates
Tongues
Tow -

Vetchos
Vine.'ar

Vitriol

Wi]ie -

Wheat

Whiskey

Wool -

Woollen goods

Box-
Bale -

Cask
Package -

Carboy
Bag-
Sack
Quarter -i-

Cask
Number
Number -r-

Bale -

Bag-
Tierce, Cask

Crate
Bale-
Bag -

Hogshead •

Gallon -f

Cask
Cask
Bushel
Bale.
Yard -~

( Number -

1 „ -
Hogshead -

Cask
Cask
I'ackage -

J
Log, 40 to'

1 120 feet

;

nox -

Firkin
Bale -

Sack
Cask
Carboy
Cask
Ban-el
Quarter
I'uiicheon -

Bale

Package -

Bag -

Yard by

6=1 ton
10 cwt.
10 cwt.
3i cwt.
CO lbs.

2 cwt.
24 stone
by 6 for tons
8 cwt.

^ cn-t.

by 3 for ton
20 lbs.

2 cwt.

4J to 5 cwt.

J cwt. or SO Ibp

5 = 1 ton
7= 1 ton

15= 1 ton
23= 1 ton
2 cwt.
2 cwt.
2 cwt.
66 to 58 gals,

by 224 for tons
8 to 32 gals.

1 cwt.
56 lbs.

li cwt.
6,00J for tons
GO lbs.

by 33 for tons
10 cwt.
10 cwt.
8 to 13 cwt.
3 cwt.

I to 3 tons

3J cwt.
1 cwt.
1 cwt.
2 cwt.
8 cwt.
6:1 lbs.

12 cwt.
20 stone
4 cwt.
lOi to 12 cwt.
* 3'to 10 cwt.
) aver. G cwt.
3 cwt.
2i to cwt.
C'OOO for tons

Tea, Bohca -

„ Congo -

„ Hyson -

„ Souclmng
„ Twankay

2- 9

1-lOJ
1. u
1- 7f
1-lU

MO
1- 8i
1- 6
1- 7i
1- U

1-81

1-4
1 9
1-7

1-8

lb«. ppr Cuhe ft.

Cuhe. ^Vcitfhf. ft. lule ))it Inn.

8-609 = 224 lbs. = 2(i-02 = 8009
4-403 = 111 lbs. = 20-21 = 88-87

4048 = 80 lbs. = 19-76 = 113-34

4-180 = 108 lbs. = 25 84 = 86-70
5-140 = 104 lbs. = 20 23 = 110-70
5-276 23-41 = 97-14

A ditto of Barlcy=47A heaped Bushel of Whpat= 60 lbs. per foot cube, and 48'13 culie feet in a ton.

to 50 lbs. A ditto of Oats=38 to 40 lbs. A ditto of Coal=88 to 94 lbs.

Weight of Watkr :—
1 quart of water = 69-31S.i cubic inches = 2i lbs. weight.

4 quarts = 1 gallon = 277-274 cubic inches = 10 lbs.,weight.

2 gallons = 1 peck = 554-548 cubic inches = 20 lbs. weight.

4 ditto = 1 bushel = 2218192 cubic inches = 80 lbs. -weight.

Sea water, 1 cubic foot = 64 lbs. ; 35 cubic feet = 1 ton.

A cubic metre of water is equal in volume to 35-3174 feet English or to 220-0967 imp. gallons. As it is

nearly equivalent to the old English tun of four hogsheads holding 35-248 cubic feet, and jis it has bo-n

for some time in use on the Continent for measuring sewage and water supply, it is now employed for the

eame purpose in England,

Weights of a Sash. Two -weiglit-s, one on each side of a sash, by which the saslv is sus-

pends'd and kept in the situation to which it is raised by means of cords passing

over pulleys. The vertical sides of the sash frames are generally made liollow in

order to receive the weights, which, by this means, are entirely concealed. Tlius. to

keep the sash in suspension, each weight must be half the weight of the sash. The

cords should be of the bestquality, or they soon fret to pieces. Wire sa.'-Ii line, loatlier

Bash line, and copper sash chains, are late inventions to supersede the hempen cords.
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"Welch Groin. A groin formed by the intersection of two cylindrical Viuilts, one of which
is of less height than the other. Also called an imdcrpitch groin.

Welding. The union of two pieces of iron by heating and hammering them. It requires

great care that the joint shall be of the same strength as the remainder of the metal.
Malleable cast iron does not weld. In all but the very thinnest castings, although the
surface has been converted into a malleable form, there remains an inner core which
at the temperature required for welding falls to pieces immediately the object is struck
with the hammer. Good specimens may be bent double when cold, although they will

probably break if bent back again. The metal can also be forged to a limited extent
at a moderate red heat, although if heated above this point it falls to pieces under the
hammer. It may be burnt together at a temperature approaching fusion, or may be
brazed with hard solder to either ircn or steel. See Soldeking and Brazing.
The cheapening of oxygen by lirin's process of manufacture caused Mr. Thos.

rietcher, of Warrington, to make .some experiments with the compressed oxygen and
coil gas, whereby with a half-inch gas supply a joint could be brazed in a 2-ineh

wrought iron pipe in about one minute, the heat being very short, the redness not
extending over one inch on each side of the joints. Welding is not possible with
ordinary coal gas and air, owing to magnetic oxide on the surfaces. As a good weld
was obtained on an iron wire \ inch diameter, with an air jet about i i,jch diameter,
the matter should be taken up and tried further (January 1888).

Well. A deep circular pit, or sort of shaft, sunk by digging down through the different

strata or beds of earthy or other materials of the soil, so as to form an excavation fur

the purpose of containing the water of some spring or internal reservoir, by which ib

may be supplied.

Well-hole. In a flight of stairs, the space left in the middle beyond the ends of the
steps.

Wheel. (Sax.) In mechanics, an engine consisting of a circular body turning on an axis,

for enabling a given power to move or overcome a given weight or resistance. This
machine may be referred to the lever.

Wheelbarrow. An implement for carrying bricks, soil, &c. from one place to another,

which has a wheel attached in front of a box-like carriage, to which two ham lies

are affixed behind; by these the man raises the box, pushing it forward on the

wheel.

Wheel Window. Sco Catherine Wheel Window.
Whktstone. a stone of fine quality by which tools for cutting wood arc br.ju^ht

to a fine edge, after being ground upon a gritstone, or grinding-stone, to a mu^h
edge.

Whinstone. The name by which the marl of the lower greensand is distinguished in

Western Sussex
;
probably of Saxon origin, remarks Dr. Mantell.

White Lead. A material forming the basis of most colours in house-painting. The
common method of making it is by rolling up thin leaden plates spirally, so as to leave

the space of about an inch between each coil These are placed vertically in earthen

pots, at the bottom of which is some good vinegar. The pots are covered, and ex-

posed for a length of time to a gentle heat in a sandbath, or by bedding them in

dung. The vapour of the vinegar, assisted by the tendency of lead to combine with

the oxygen which is present, cori'odes the lead, and converts the external portion into

a white substance which comes off in flakes. These are washed and dried in stoves ia

lumps, and form the white lead of the painters. It is much improved in q^uality by
keeping.

Wicket. A small door made in a gate.

Wind-beam. An obsolete name for a Collah-Beam. The term is now applied to a piece

of wood laid diagonally under the rafters of a long roof, from the foot of one truss to

the head of another to strut them, so as to prevent the roof racking with the

wind.

AViNDERS. The steps in a stircase which radiate from a centre, and are therefore nar-

rower at one end than another.

Wind-Gi'ahd. One of the many names given to inventions professing to cure a down
draught or a smoky chimney. Amongst these are reckoned Boyle's patent chimney
cowl, " a most effectual cure " for either a sluggish chimney or a blow-duwn. Milburns
patent noiseless chimney cowl has all the fittings made of copper and brass, and will

last for a long time, is easily swept, and the oil box only requires refilling every six

years. Banner advertises a " Wessex chimney cowl " as most efiRcient. " Day's

Windguard," and the "Prince" chimney pot for preventing down-blow, are manulac-
tured by Ewart and Son. Hammond's patent glazed stoneware chimney terminal ia

reasonable, and stated to ensure " a perfect cure."

Winding. The same as casting or warping.
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Windlass or Windlace. A machine for raising weights, in which a rope or chain is

wound about a cylindrical body moved by levers; also a handle by which anything is

turned.

Window. An aperture in a wall for the transmission of light. See Bull's-eye; Sky-
light; Lantern light; Venetian Window.

Window Teacery. The ornamental stonework in the heads of windows in mediaeval
architecture. The earlier windows during the early English or First Pointed period of
mediaeval architecture, were as a rule very narrow {fig. 1463) and without a dripstone.
Later on, however, a dripstone, or perhaps more correctly, a hood mould, was used,
which was often continued on from window to window {fig. 1465).

A

Fig. 1463. Hg. 1464. Fig. 1465. •t'lg. 14G6.

As the style advanced, these narrow pointed openings were placed in couplets or triplets,

the centre one being highest {fig. 1460) ; and the first approach to window tracery was
developed by the piercing of tlie wall above the couplets with a circular or lozenge
shaped opening {fig. 1467).

Fig. 1467, Fig. 1471.

The next step in the development of the traceried window was the grouping together of

two or three of these lancet windows and enclosing them imder a label or arch {fig. 1468).

The triplet window, however, contributed much less to the development of Gotliio

tracery than the couplet, as there was no necessity for the circular opening to fill up
the spaces between the tops of the windows and the enclosing arch, as that space was
already occupied by the central light (./?5'. 1469), which was much taller than the otiiers.

The combination of couplets with a circular opening between the tops is therefore the

fundamental principle of a Gothic window, and the result produced thereby was the

earliest form of Plate tracery {fig. 1470). The east window of Lincoln Cathedral

(shown in the illustration ^V;'. 1472), which is perhaps the largest one in existence belong-

ing to this style, consists of two large pointed compartments, eacli of which is divided

into four smaller compartnifnts or lights, called bays or daj's, placed in couplets with

foliated circles between tlicir heads. These couplets have also larger foliated circles

between thrir lieads, and in the spandril between the heads of the two large compartments

is a large circle enclosing seven smaller foliated circles, one being in the centre and six sur-

rounding it. The mullions or divisions between t'lo

lights are fronted by slender shafts with floriated

capitixls. This window exhibits the transitional

progress of tracery from the Early English to the

Geometrical Decorated period.

Fig. 1472. Outline of East Wlnclow, Lincoln. Fig. 1474.

In the perfect form of tracery which was developed during the Decorated period, the

slips of wall between the narrow windows became reduced into mullions or U| rigr.t bars

of stone dividing the lights, while the tracery of the upper part of the wuidow, of the

same thickness as the mullions, consists of perfect geometrical forms rc.-ting upon tht^

arches of the lights, the spandrils between which are pierced, and all combined or tuclobud
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under one arch. A common form in earlier examples consists of threa lights of pqiial

heiglit (fig. 1473), the head of the window containing three circles placed pyramidally, tlie

insi.les of^which are trefoiled. But as already seen, the form which served most to devdope
the traceried window was the

couplet with a circle above,

combinations of which are

shown in the accompanying
diagrams (figs. 1474, 1475).

The windows of the nave of

Kxeter Cathedral are for the

most part pure specimens of

this style ; although tliey are

all perfectly uniform with

each other, no two are alike

ou the same side.

Kg. U76. 1%. U7 Fig. 1178.

The ogival forms introduced into the tracery, in the next period, instead of circles,

trefoils, etc., caused the muUions instead of terminating with the arch of the liglits,

to be continued iipwards in intermingling, wa\'y, or flowing lines to the top of the

window (figs. 1476, 1477), melting as it were finally into tiie mouldings of the window
arch, and forming by their intersections elongated and pear-shaped apertures, which

are usually foliat^'d or cuspod.

Tiie introduction of the ogee arch (fig. 1477) formed ancwprinciplo identical with the

Fhimboyant period in France, of which there are many examples in England. The
Perpendicular or Rectilinear period succeeded, as it was found tliat the extension up-

wards could be effected by vertical lines as well as by flowing or curved ones, and with

mucli greater ease (fig. 1478). Tlii^ mullions are continued upwards to tlio head of

the windows so as to form perpendicular divisions, which are again divided into com-

partments by horizontil transoms, and are trefoiled or cinquefoiled at top. Tlu'so

transoms were necessary to prevent the tall mullions from being pressed out of theiv

verticality by the weight of the ma.sonry above. They at last presented the appearance

of beinga huge screen of open panelled stonework. (Sco figs. s. v. navk.) The Pointed

arch became flatter, and at last, in the case of small windows, became quite straight, the

tracery finishing against the head.

Wine Celiak. Tlie apartment, generally placed on the basement story, between front

and back rooms, or else formed underground, for stowing wine. The most import.int

point in its construction is its being kept at a cool equal temperature at all times of the

year. See Bixx.
"WiXGS OF A Building. The side portions of a facjade which are subordinate to the prin-

cipal and central divisions. A small building attichcd to the centre or main portion

liy an arcatle or passage, is also called a wing.

WiUK. A small flexible bar of any sort of met,il, elongated by means of a machine calh'.l

a draw-bench. Wove iron wire is used for the floor of malt kilns ; and the size of four

meshes to the inch is useful to place before openings in a building to prevent the access

of flames from a fire opposite.

Wire Gauges, Birmingham. These are a scale of numbers extensively employed, both

in this country and abroad, to designate a set of arbitrary sizes of wire, varying from

about half an inch down to the smallest size usually drawn. There is no authorised

standard in existence, and a great number of gauges have come into practical use,

differing materially from each other. It is a mode of measuring to a great nicety very

small thicknesses of metal. The usual marks ore 00000 for half an inch, 1 standi

for /j., 3-4 for j, 11 for ^, 16 for i, 31 for j'^, and so up to 36,

Wiue Clotk. a very fine lattice work of wire used for Idinds.

Withe. (Sax. ) The partition between two chimney flues in the same stack.

Woon. (Sax.) A fibrous material much used in building, and formed into shape by
edge tools. It is timber cut up for use by the different trades. See Timbeu.
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Wood Brick. A block of wood cut to tlie form and size of a brick, and inserted in a wall
to whicli to fasten the works in joinery.

Working Drawings. Drawings of a design showing the details, and serving as instruc-
tions to the several artificers.

Wreathed Coltjmx. That wliich is twisted in the form of a screw, also very appropri-
ately called a contorted column.

AVreatiied String. The circular portion of a string to a stair where there is a h(;llow
newel.

Wrought or Malleable Iron. Iron in its perfect condition, a simply pure iron. Its
strength is in general greater or less according to the greater or less purity of tiie ore
or fuel employed in its manufacture. It is distinguished by the property of welding.
The proof strength of wrought iron is almost exactly one third of the breaking load.

Wyatt's patent Slating, A mode of slating with thin squared slates, laid on rafters of
less elevation than usual and with the breadth of the laps much less ; Imperial slates
were used by the architect, James Wyatt, and having their lower edges sawn smooth,
the roofing so done has consequently a much ne.iter appearance than common roofing.

Wyatt Window. The form so designated in Ireland, is the square-headed Venetian window,
or a wide opening divided into three lights.

X
Xenodochium. (Gr. Eewy, a guest, and Aexo/^a', to receive.) A name given by the

ancients to a building for the reception of strangers.

Xi'STXJS. (Gr.) In ancient architecture, a spacious portico wherein the athletre exercised

themselves during winter. The Romans called, on tlie contrary, ihciiy: hypcethral walks
xysti, which walks were by the Greeks called irepi5po/ii5cs.

Yard. A well-known measure of three feet. The term is also applied to a paved area,

generally placed at the back of a house. It is also used for the ground belonging to

a workshop, as a " builder's yard," etc. A long piece of timber was formerly so

called. See Muasurb.
Yellow Pine or Deal. The produce of tlie Finns sylvestris, or Scotch fir. This is a

better and more lasting wood than white deal, which is the produce of the Abies exctlsa,

or communis, or Norway spruce,

Z

Zax. a slater's axe, corrupted into zax. An instrument for cutting slates.

Zigzag Mocldino. An ornament used in medifeval architecture of the Norman period.

It is the same as chevro7i and dancette. .See Jig. 1381. It is also to be seen in the

architecture of Diocletian's palace at Spalato.

Zinc. A metal now muuh used in building.

Zinc'aVhite. a paint preferred by some as keeping its colour longer, and being less detri-

mental to the workmen's health. But there is difficulty in working it, and a coat or two

more than is usual with white lead paint are required to produce a good surface,

Zoxo, ZoccoLO, and Zocle, (Ital.) The same as Socle.

ZopnoKus. (Gr. Zcoo(popos.) The same as Frieze.

Zotheca. A small room or alcove, which miglit be added to, or separated from, the room

which it adjoined.

4 U
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The. buildings generally me placed undei- the toivns in ivhich they are .oituated •

hut the cdijiccs m London are placed under their ?ia7nes. Thefgures refer to the
several jtaragraphs, except tvhere the letter p. occurs, tvhen they refer to the
page. It will be noticed that occasionally the numbers to the paraqraphs are
interrupted.

ABA

ABACUS stone in vaulting 2002g
Abbeville ; St. Wulfran Church, 547

Abbreviation, method of; in architectural
composition, 2857

Aberdeen, lord ; On the pointed arch, 300
Aberdeen ; spires, p. 1002, p; 1003
Aberthaw lime, 18436
Abervstwith, Cardiganshire ; castle, 402
Abicil, Guillermo ; architect, 693
Abousimbel, or Ipsambool ; temple, 71, 92,

166
Abrantes ; church of San Francisco, G03
Absorption, \()i}\lw

Abiiry ; circles of stones, 16, 17, 40
Abyssinian well, 2218/t

Acme ventilation, 2278m
Acoustics. See " Isacoustic curve," and

' Theatre "

Acts of Parliament for Building, &c., 2280z

Adam, Robert ; architect, 517, 518
Adamant cement, 2250c
Adamantine clinker, 1839a, 1905c
Adams, Bernard ; architect, 442
Adams, Robert ; architect, 441
Adare ; friary ; tower, p. 1003

Adel, Yorkshire
;
proportion of church, p. 1014

Adelard, monk, of Bath, 3096, p. 1037

Adelphi, in the Strand, 517
Adhesive power of mortar, &c. 1494 et seq.

Adi, temple of ; at Ellora, 56

Admiralty, London, 507
Adrian I.^ pope ; arts under, 281

Adze ; carpenter's, 2003
.(Eolus water spra}' ventilator, 2278^

^rariuni, the ; at Rome, 213
Aerschot ; church, 658, 560
.^Esthetics in architecture, 2493

Afflighem ; abbey church, 554

Africano marble, 200266

Agnelli, Gulielmo ; architect, 613
Ayopai, or Fora, of the Greeks, 173

Agram ; cathedral, 570
Agricola ; architecture under ; in Britain, 381

Agrigentum ; founded, p. 943. Temples of

Peace and Concord, 148, p. 946; of Hercules,

ib. Columns worked,1925a. ;See" Girgt.nti"

Aguero, De Campo ; architect, 367

Air brick, 1886e ; in spec, 2286a

drain, 1750, 1886, 1886a. Paving to, in

spec, 2284c

4 1

AMA
Air, foul state of, 2278e, 2287y. Velocity of,

or wind, 1692a
grating, in spec, 2286a
required for each person, 2278z
See " V^entilation "

syphon ; Chowne's, 2278/
trap to drains ; in spec, 2286a
vessel in pumps, 2218/"

Aisle or lean-to roofs, 2052m, 2052p, 2052u
Aisles

; width of, p. 1007. Of equal height,
558

Aix-la-Chapelle; cathedral and palace, 283,
572. Round church, p. 1006

Alabaster ; use, 2002ee. In windows, 615
Alse of a Roman house, 249, 253
Alan de Walsingham ; architect, 319
Alatrium ; cyclopean remains, 32
Alava, Juan de ; architect, 596, 598
Alba ; amphitheatre, 228
Alberti. Leone Battista, 324. His book, De
Me ^dificatoria, 325

Albissima paint, 2273^
Albo-carbon gas light, 2264e
Alby ; cathedral, 532
Alcala ; church and college of the Jesuits,

367, 371, 598. Palace, 368
Alcantara ; bridge, 193, 222. Church, 607
Alcazars of Segovia and Seville, 128
Alcinous, house of; illustrative of Greek

architecture, 138
Alcoba5a ; monastery and church, 601, C02,

607
Aldenham, Hertfordsliire ; church, p. 986
Alder, 1719
Aldrich, dean; architect, 490
Aleotti, G. B. ; arcliitect, 2948
Alexaridrinuni opus, 2002cc
Alfred, king ; his care of buildings, 386
Algarotti, count ; On the opera, 2964
Alhambra ; ornamental detail, 125. When

founded, and description, 127, Court of
the Lions, 127

Aljubarrota; battle of, 604
Allemagne ; st ne quarries, 1666/

Almeida ; castle, 603
Almeirini ; royal chateau, 607
Alonso, Juan ; architect, 594
Altenburg ; abbey, 567
Altitude, internal, p. 964
Anialti; caiui>anile, 625
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AMA ARC

Amaranfe ; Dominican monastery, 607

Aniati, Carlo ; architect, 620

Amberlcy, Sussex ; castle, 413

Anibresbury, Wikshire ; house, 4C5

American cookint; stoves, 2279e. S^'stem of

wainiinff, '227dg

Amicable Life Assurance OfBce, 166Gd

Amiens; cathefiral, 310, 314, 315, 641, 542.

Apse, p. 1007. Doorway, £39. Piers, p.

1023. Plan copied at Colo<:ne, ^67. Pro-

portion of, p. 1058 ef seq. Window, p. 990,

p. 993. Kose windows, p. 1035, p. 1037

Animanato, Bartdlommeo ; architect, £31.

His work La Citta, ib.

Amoros, N. ; architect, 594
Amiihitheatres described, 228 et seq. First

used by the Etruscans, 232
Ampthill. Bedfonl shire, 423, 426. Drawings

of Old house, 440
Analysis of sixteen stones, 1666

Anastasius II., emperor ; architecture under,

271
Ancaster stone. ]666n ; analysis, specific

gravit}-, and cohesive power, 1G66
Ancona ; arch of Trajan, p. 959. Church of

San Ag-ostino, 624
Anderlicht, upper church, 559
Andria ; castle, 625
Anjiers; vaulting of hospital, lA^'igg

Ang-le irons. 16296. Stren-th of, lOSOr.

Weight, 2254
of vision, in perspective, how to select,

2444 et seq.

ribs for square domes, 2064. Tic, 2009
Anglesea marble, 1681
Anglo-Saxon architecture, 383—397. IMoulJ-

ings, p. 981
Angoulcme ; church, 535
Ani, Armenia ; cathedral, 305
Anjou ; vaulting at, 14'.)'Ji/g

Annaberg ; church of St. Anne, 583
Annex, Giovanni, of Freiburg ; architect, 365.

See " Fernach '

Annuities. See " Comjiound Interest
"

on lives ; tables relating thereto, p. 1104
et seq.

Anuulet moulding, 2532
Anson, lord ; house in St. James's Square,

516
Anspach, church, 583
Anston stone, 16G6<i, 1666A, lG67w
Anta?, 2671
Antefixa}, in a Roman house, 247
Anthracite coal, 2279(7

Anticorrosion paint, 227.3a

Antoine column, 486, 2603
Antoine, Jacques Denis ; architect, 360
Antoninus and Faustina ; Corinthian temple

at Rome, 211
Antwerp, 5G4. St. Jacques, 557, 550, Church

of the Dominicans, ib. Notre Dame, 559.
Its tower, p. 1003

Aosta ; arch of Augustus, p. 959
Apodyterium of the Roman baths, 235
Apollo Didyma-us ; temple near Miletus, 153

Epicurius ; temple in Arcadia, 150
Apotheca of a Roman house, 253
Appelmans, Jan ; architect, 559
Apron

;
jiiece iu stairs, 20.6 ; of Lead, in

spec, 2288
Apsis ; polvgonal and square, p. 1006 ; double,

p. 1007
'

Aqueducts, earliest ; of Rome, 223 et seq.

Cubic feet of water supplied to Rome, ib.

Injured, 238. Of the Greeks, 174. At Con-
stantiniiple, 306. At Solmone, 625

Aqueous, &c., Rock Boring Co., 2218t
Arabian architecture, 118, 128. Domestic

architecture at Algiers, 130
An-Eostvle intercolumniation, 2605, 2608

2609,' 2613
Arandia, Juan de ; architect, 598
Aranjuez ; royal jileasure house, 371, 372
Arc ; complement of, 1037. Supplement of,

1038. Sine of, 1039. Versed sine of, 1040.
Tangent of, 1041. Co-sine ef, 1042. Co-
tangent of, 1043. Co-secant of, 1044

Arc doubleau. 1199y
Arcades, 2618, 2619, 2626. Tuscan, 2621,

2622, 2628. Doric, 2618, 2623, 2629. Ionic,

2618,2624,2630. Corinthian, 2618, 2625,
2G31. Imposts and archivolts of, 2632.
Columns used in, 2635. Their internal
decorations, ib.

Arcades and arches, 2617 et seq.

above arcades, i653 et seq. Best mode
of disposing, according to Chambers, 2654
et seq. According to Scan.ozzi, 2655.
Balustrades of, 2657. Doric above Tuscan,
2658, 26-^9. Ionic above Doric, 2660,
2661. Corinthian above Ionic, 2662. Con-
fined by the ancients to theatres and amphi-
theatres, 2664

Arcadius, tniperor; architecture under, 271
Arch, its introduction effected great change

in the art, 266. In pointed architecture, p.

1054. No trace of, in the ruins ot'Babylon,
45. In Egypt, at Saccara, 75. Unknown
in Grecian architecture, 134. Arabian,
species most emiiloved, 129. At Bussorah,
131

of Augustus at Rimini, p. 960 ; at

Aosta, ib. p. 962. Of Claudius Drusus,
niches, 2776. Of Constantine, 262, 2547,

p. 959, p. 962. Of the Goldsmiths at

Rome, 195. Of Janus, niches, 2775. Of
Sergius at Pola, ]>. 961. From Poliphilus,

p. 948. Proportions of, p. 958 et seq. Of
Si-verus at Rome, 264, 2547, p. 962. Of
Titus, 264, 2547, p. 961. Of Trajan at

Ancona. p. 959 ; at Susa, p. 962 ; at Bcne-
ventum, p. 963

ellipticil ; to draw and find the joints,

1934-1937. Flat ; in nusoiiry, to draw
the joints, without the centre. 1932. Pro-
per lorm for one, 1583/". Of various points,

19436 et seq. Rampant, pointed ; to draw
a:;d find the joints, 1^4,3

1 lanes in Gothic, p. 971, p. 992 et seq.

Archer, Thomas ; architect, 498
Arclie-, equilibrium of ; History, 1353— 1."63.

Observjitions on friction, &c., 1364—1389.

The way in which arch stones support each
other, 1390—1397. Geometrical application

of foregoing, 1398, 1399. Surmounted
arches, 1400. A]>]ilication of the jirin-

ci]4is to the Pointed arch, 1401. The
same to a surmounted Catenarcin arch,

1402—1406. Ai)p!ic!i(ion of the principle."

to i-iirbased arches, 1 107. Thrusts of arches

;

cassinoid, cycloid, and ellipsis, 1408— I4I2.

Raking arches, 1413—1416. Level extrados,

1417— 1121. Different ajiplication of jjrin-

ciples in the last case, 1422, 1431. Vous-

soirs increase towards the springing, l')32

—

1441. Mode in which an aich fails, 1442.

Compound vaulting, 1413. Groined vault-

ing. Mil— 1458. Application of principles
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AKC AVI
of groined vaulting-, 1459—14(33. To a
Coved vault, 14(> 1—1477. To S-pherical
vaulting. 1478—1493

Ai-clics ; Working drawings for, and n.ouldsof
voussnirs, 1959—1906. Ellipiical, cutting
tlirouih a wall ohjiquely to bevels and
moulds of, 1907-1970. In sloping walls,
1971, 1972. An abridged method of doing
tbe last, 1973, 1974. Oblique wliere the
front slopes and rear are perpeudicuLir to
the axis, 1976—1979. Semicircular-Iieaded,
in a mass of masonrv battering on an
oblique plane, 1980— 1983. On the quoin
of a sloinng wall to find themoul Is, 1984

—

1987. In round toM-ers or circular walls,
1988—1990. Oblique in a round sloping
tower intersecting a semicircu'ar arch
within it, 1991—1994. French terms for,

546
Arches; inverted; in foundation", 1885

relieving ; in spec, 2282a, 22936
(Vrchitect, 312, 319, 326. Of France ; attached

to Venetian in preference to Roman School,
3.58

Architects ; ancient and modern, list of, p. 1 1 29
et seq.

X^rchitectural design ; maxims in, 2502.
Bounding lines of buildings not sources of
beaut}-, considered geometrically, 2503

Architecture ; not a tine art until founded on
rules of proportion, 1. Not confined to a
single type, ih. As a fine art, dependent on
expression, 2492. Its end, ib. Genius in,

ib. Taste in, ib. Esthetics in, 2493. Con-
sidered in respect of rules "f art, 2494.
Fitness is the basis of proportion, 2496,
2502. Bounding lines of buildings, 2503.
Interiors of buildings, beauty of, 2504.
Types in, 2507. Styles in ; all dependent
on fitness, 2508. Unity and harmony in,

2609. Symmetry in, ib. Colour in, 2511.

Polvchromatic, 2512. Decoration of, 2513

—

2522
Irchiiecture in 11th century not a liberal art,

309a
Architrave, to form ; in joinery, 2190. Method
of supporting,1925A. Moulded, in spec.,2285</

Vrchivolts of arcades, 2632
Irdbraccan, near Navan ; house, 627
Irden lime, 1843c

Area of Buildings, 1583 et seq.

given ; method of enclosing in any re-

gular polygon, 1518—152i
gratings, 2255 ; in spec, 2286a

Irena; of an amphitheatre, 228, 230, 231.

Of the Roman circus, 240
Irezzo ; cathedral, G13. San Domenico, ib.

San Francesco, ib.

Irgos
;
gate and chief tower, 29

Argyle, duke of; house for, 525
Arleri, Pietro ; architect, 581

Lrles ; amphitheatre, 228. St. Trophime, 547

Armarium of a Roman house, 253

Arnott ventilator. 2278/, 2278/). Smoke
consuming grate, 2279d. Stove, 2279e

Arpino
;
gateway, 304

Arrayolos ; castle, 603

Arriaga, Luis; architect, 368

Arris of a piece of stuff, 2124. Gutter, in

spec, 2285A
Arroj'o, Giuseppe ; architect, 368

Artiticial hydraulic limes, 1857

stone, 1667o et seq., 1903e, 1903n et seq.

Arts in England have never thoroughly taken

root, 437. Flourished while in tlie hand3
of the clergy, i6.

Arundel, Sussex ; castle, 394, 398. Church
porch, p. 999

Aruns; tomb of, 255
Asbestos board, 2247. Paint, 2273/, 2971e

Curtain, 2971c
Asgill, Sir Charles ; villa at Richmond, 615
Ash, 1723
Ashes mortar, 18596, l8oM
Ashlar; walls, 1918. Facing, 1918 et seq.

Rafter, 9052/
Ashlaring ; in spec, 2284, 22816
Ashridge, Buckinghamshire; house, 528
Asinelli tower, at Bologna, 2500
Asphaleia Theatre Company', 297U
Asphalte, 1867rf. In damp course, 1886c.

Paving, 19056, 2251o. Roofing felt, 2210(i
Assimilating work, p. 968, p. 969
Assisi ; church of S m Francesco, 318, 612.

Sta Chiara, 612. Temple at, p. 912
Assos

; gateway, 304
Assouan, 39
Assyrian architecture, 50 et seq.

A.-ti ; cathedral, 616. San Secondo, ib.

Astorga ; cathedral, 596
Astragal ; bead, or baguette, 2532
Ath ; houses at, 564
Athelwold's work at Winchester, p. 1021, p.

1023
Athenaium Club house ; scagliola floors, 22506
Athenians ; early superiority in the arts, 130
Athens ; earl}' buildings of earth and clav,

136. Temples, p. 913 et seq., p. 948. Par-
thenon, or temple of Minerva, 141, 150, 258,

2570, p. 943, p. 948. Columns worked,
1925a. Proportion of, p. 1057. Temple on
the Ilissus, p. 951. Of Erechtheus, p. 952.

Of Theseus, 150, p. 944. Portico of Au-
gustu-, 151. PropyliBum, 150

Atkinson's cement, 1864. Use of, 2251a. lu
blocks, IdOSdd

Atlantes, 2682
Atmosphere ; weight of, 1592a
Atreus, treasury of; at Mj-cenre, 35
Atrium ; of a Roman house, 181, 210. Dif-

ferent species of, &c., 247. In a house at

Pompeii, 253
Attic base ; Gothic, p. 979
Attics and basements, 2665 et seq. Examples

of, 2668
Attleborough, Norfolk ; church, 408. 421
Attributes ; in decoration, 2519, 2520
Aubigiiy stone, 106666, l(J67iv

Audenaerde ; church of S:;e. Pamele, 663,555.
Ste. Walburge, 559

Audlev End, Essex ; designs for, 440, 442,

44 5,' 451, 452
Audrieu ; church spire, p. 1000
A ugsburg, 580. St. U 1 ric and St. Afra, 579, 683
Augustins, royal convent of; at Madrid, 371

Augustus ; arch at Rimini, p. 1010 ; at Aosta,

p. 900 ; at Susa, p. 962 ; Portico at Athens,

154
Au-tin's artificial stone, lG67p. Artificial

cement paving, 1903e

Autuii ; amphitheatre, 228. Doorway, 539

Auxerre ; cathedral, 640. Iron spire, p. 1005.

Roof of prefecture, 20526
Avallon ; doorway, 639. St. Pierre, 640

Averlino, Antonio, called Filarete; architect,

2974
Avignon ; cathedral, 307. Bridge of St. Es-

prit, 313. Church of the Celestins, 527.
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St. Pierre .547. St. Martin, ib. Church of

the Dominicans, 545. St. Didier, ib.

Palace, ib.

Avila ; catliedral, 587. S. Vicente, ib., £91

Avington, Berkshire ; church, 389

Axe ; carp nt( r's, 2003
Axed face in masonry, 1915a
Axial lines in drawinjjs, p. 1008

Aylsham, church, Xnrfolk ; Avindow, p. 990

AyotSt. Lnwrence, Hertfordshire ; church, 5!6

Aztec architecture, 110— 116

BAALBEC; structures at, 196. First de-

scribed by Maundrel, ib. Niches, 2775
B:ibylon, ruins of, described by liich, 38—41.

Citadel. 42. Tunnel under the Euphrates,
43. Dimension, its character, rather than
art, 44

Bacchus; temple at Rome, 2547. At Teos,

. lr.3, p. 951
Back flajis of shutters, 2147
• linings of sash-frame, 2147. In spec,

2285c
of a slate, 2210

Badajoz ; catliedral, 589, 598
, Giovanni di ; architect, 367

Baeza ; S. Andres, now Ea Colegiata, 598
Ba^rdad ; foundations laid by Almanser, 119.

Is walls, 131

Bagnall, Sir John ; house for, 440
Baguette, 2532
Baker, Henry A. ; architect, 526
Balagucr, Pedro ; architect, 594
Balcony ; traceried at Venice, 6:0. In spec.

22846
Ballast ; burnt clav, 1833d e< seq., 1861. lu

spec, 2281
Ballcock to a cistern, 22236. Valves, 2223s
Balleso, Giovanni ; architect, 367
Ballium of a castle, 394
Balusters, 2695 et seq. Not used by ancients,

2696. Their measures, 2697. For Tuscan
order and table of proportions, 2699, 2702.
For Doric and Ionic orders, 2700. For
Corinthian and Composite orders, 2701.
Double-bellied, 2703. For Doric order, 2704.
For Ionic order, 2705. For Corinthian
order, 2706. Intervals between, 2708. Bulbs
or bellies of, 2711. Of glass, 2231a. Iron,
in spec, 22813. And Newels, in spec,
2285</

Balustrades, 2695 et seq. Rules for setting
out, 2697. Height ot, 2698. Scroll and
Guiloche, 2707. Intervals in, 2708. Pedes-

. tals of, 2708, 2709. Applied to staircases,

2710. Statues used on, 2712. Vases used
, on, 2713. Of arcades, 2657. In spec, 2284a
Bamberg; cathedral, two apsides, p. 1007. St.

Alary, 567
Bamborough, Northumberland ; castle, 394,
398

Band saw blades, 21246
Bangor slates, 1802
Itank of England; Rotunda dome, 1903i
Hanker ; bricklayer's, 1890
lianqueting house. See " Whitehall "

Baptistery; under choir at Siena, 613. At
Pistoia, 616. At Pisa, p. 1037. Doors at
Florence, 2735

Bar ; use of the word, 1628c. Running loads
on. 1628k

iron, 1764«, 1761/: Wright of a foot of
.sf|uare, round, and Hat. 2254. Of fiat, 2254r7.

Of flat close hammered, ib.

Bar tracery, p. 989
Barbacan of a castle, 394
Barcello ; bridge, COO
Barcelona ; Casa consistorial, 594. Casa, de

la Diput.acion, ,''.95. Pointed arch, 306.

Cathedral, 588, 595. S. Justo and S. Pastor,

592. Sta Maria de los Reves, or Sta jNLaria

del Pino, 593. Sta Mai-la del Mar, ib.

Collegiate church of Sta Anna, ib. Crypt
of Sta Eulalia, ib.

Barff's patent stone, 1667 jr. Coating of iron

work, 17806
Barl'reston, Kent ; church, 389. Window,
p 993

Barhani's rendering plaster, 22506
Barnack, Northamptonshire; church porch,

p. 928. Stone, its analysis, specific gravity,

and cohesive power, 1066
Barozzi da Vignola, Giacomo ; architect, 371.

Door bv, at Farnese palace, 2741. Profiles

of orders, 358
Barracks and hospitals, ventilation, 2278w
Barrel bolt, 2259
Barrington cement. 1864^
Bars, i-„lkd iron, 1629;-. Strength of. 1630r

with latchcts, 22ti3

Bartholomew's hosiiital, London, 503
Base; Course or plinths; Gothic, p. 982 it

stq. Of columns, 135. ilode of gluing uj)

in wood, 22(;2. Gothic, p. 978, p. 979 et neq.

Basements and attics, 2665 et seq. Generally
decorated with rustics, 2G66. Courses of,

how disposed, 2667. Rock work in, 2670
Basemouldings ; in spec, 228 la

Basilica of Antoninus. 2547. Of Constantino,

217, 2547. Of San Paolo fuori le jMurii, 275.

Ancient ; of Itome, 273—275
Basing house, Hampshire, 449
Basly church ; spire, p. lOOO
Bastard stucco, 2236—2242
Ba.stille, at Paris, 311
Bat, of a brick, 1896
Bat.ilha ; Dominican monasferv and church,

601, 604. Spire, p. 1004, p. 1005
Bath, Somer.set-liire, 513. Abbey church, p.

1047, p. 1052 et seq. Founders and dimen-
sions, p. 196. Proportion of, p. 1016.

Base course, p. 983. Pier, p. 977. Vault-
ing, 2002a-. Design for baths at, 525

Bath stone; in lintels, 1052/j. Analysis,

specific gravity, and cohesive power. 1666.

(iuarries, &c., 1666/, 1667», 1667tt'. In
spec, 2284

Baths ; supply to, 2223^ Materi.al f r,2223«.
Of co)iper, in spec, 2288a. Of sl;ite, 221 1</.

Marble, in spec, 2284c. Wood framing, in

ditto, 2285^. Fittings, &c.. complete, in

spec, 228.-^a. For industrial dwellings,

3025. Heating, 2223<
^-^

; number of, at Rome ; those of Cara-

calla, 234, 235. Of Titus, Diocletian,

Agrippa, Nero, and Domitian, ib. Highly
decorated with painting and scul[)ture, 237.

Those of Agri(ipa, ib. None erected after,

the removal of the enij)ire, 238. Of Titus,

paintings in, 239. Of Car.acalla, 241, 282.

Of Diocletian, 264, 2547. Of Nero, 240
Battening of walls ; in spec, 2285a. How.

measured, 2338
Battens in .slating, 22106
Battista, Giovanni ; architect, 370
Battlemcnls, p. 983, p. 984
Bauer, .Johann ; arcliitect, 579, 580
Bay window, 427
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Baveux ; cathedral, o40, 545. Set out with

the pcrcli, p. 1057. New works at cathedral,
\Gi]i}/i. Torch, 534. Spires p. 1000

Beacons to towers, p. 1002
Bead and l)utt, 2131. And double quirk,

2127. And flush, 2131. In cement, 2287
Beaded brick for garden walls, 1831c
Bead or baguette, 2532
Beam, use of the word, 1628c. Best propor-

tion of, 1628«. Supporting two weights,
16292. To obtain bread' h and depth, 1630«,
16306. Cut in to various depths, strength
of, 1030d

filling to roofs, 2211m. In spec, 2282a
Beams and pillars, 1593—1682a. Woods used

for, 1593—1595. Weights of wooil in the

same tree, 1597. Timber, experiments on,

1598 et seq. Cohesive force of timber iu

directii'n of its I'-ugth, 1598. Strength of

wood in an upright position, 1600—1002.

Horizeutal pieces of timber, 1603—1608.

Strength of timbers in an inclined position,

1628. For classes of buildings, ]6'28rf.

Strains, 1628e. Transverse strain, 1628(7.

Shapes, 1628/». Various laws, 1628«.

Transverse sections, 1628x. Condition of

Breaking weight, 1629^. Tension, 1630c.

Neutral axis, ib. Deflection, 1630e. Modu-
lus of elasticity, 163Cz. Impact or Col-

lision, IGoOo. Tensile Strength, 1630y7.

Cohesive power, 1630r. Compression, 1630w.

Pillars, 1630w. Stancheons and Struts,

163h'. Detrusion or Shearing, 1631«.

Torsion, 1031.r. Working strength of

materials, 1632. Table of strength of

various timbers, 1682a.

Bearers ; in spec., 22856

Beart's pierced bricks, 1831/
Beaulieu palace, Hampshire, 426

Beaumarif, Isle of Anglesey ; castle, 402

Beaumont's heatiiag system, 2279e

Beauprfe, Gloucestershire ; castle, 452

Beauty in architecture
;
partly from suitable

forms, 2495. Source of, 2492 et seq. In

mediiBval architecture, p. 964 et seq.

Beauvais ; cathedral, 541, 549. Apse, p. 1007.

Kose window of south transept, p. 1034.

Church of St. Etienne, lintel to north door,

1925/(

Bee, Normandy ; abbey, 810

Beikfurd, William ; house for, 528

Bed ; of a slate, 2210. Of a .stone, 1 922

Bedding; stones in brickwork, 1890. Of stones,

1667a. Slates in mortar, 2210. Timbers,

in spec, 2282a
Beddington, Surrev ; hall roof, 2052<

Bedford, Bedfordshire ; castle, 394

, duke of ; house for, 440, 524

Bedroom for a poor man, 3014

Beech, 1701
Beejapore, 1499o, Uddp
Beer stone, 1666

Beeston, Cheshire ; castle, 391, 398

Beflfroi; of Belgium, 561. At Tournai, if).

Ghent, ib. Ypres, ih. Bruges, ib. Lierre,

ib. Nieuport, ib. Alost, ib.

Beja ; castle, 601

Belem ; fort of San Vicente, and monastic

buildings, 607

Belfry at Zaragoza, 598

Belgi'an sheet glass, 1874

Belgium ; Pointed architecture in, 5J3 et seq.

Beffroi of 561. Marbles of, 1679

Bell ; introduced, 390. Common and electric*
2262a. Metal, 1791

Rock lighthouse, 1671e
towers, p. 1001 et seq,

trap, 2220_gr et seq.

of a cap ; Gothic, p. 978
Bellhanger's work; in spec, 2292. Electric
and pneumatic, in spec, 2292

Belmont, viscount ; house tor, 528
Belus ; tower of, 38, 41
Belvedere Garden, Rome ; arcade, 2638

, Kent ; house, 516
Bench, joiner's, and parts of, 2102. Planes, ;*.

Benches ; in churches, 2192a. Wood mould-
ings to, p. 986. Sizes of, 21926. In spec,
2285/1.

Benedictine monastery at Le^a do Balio, 603
Benet, the freemason, p. 970
Benevento ; church, 587. Arch of Trajan.

p. 903
Beni-hassan ; tomb, 188
Bennett's improved granitic stone, 1905c
Bent timber in roofs, 20526
Berchere stone, p. 1004
Bergamo, San Agostino, 624. Colleone

chapel, ib. Sta Maria Maggiore, ib.

Bergen, in Prussia ; church of papier-mache,
2251

Berkelev, Gloucestershire ; castle, 394, 398

1

414
Berlin ; Brandenburg gate, 366. Theatre,

2972
Bernburg ; church of St. Mary, 567
Berneval, Alexandre de ; architect, p. 1009,

p. 1036
Bernieres ; church spire, p. 1000
Bernini, Lorenzo ; architect, 347, 349. Stair-

case by, 2801
Berruguette, Alonzo ; architect, 368
Berwig quarries, 1666aa
Bessemer's process ; in iron, 1774. Strength

of, 1630
Bethel and Bothel mentioned, 13. That set

up by Jacob, ih. Object of idolatrous wor-
ship where the Canaanites appeared, ib.

Bethell's patent for preparing timber, 1667/n,

1752a
Bethersden marble, 1681

A

Bethlehem hospital, London ; designs for, 526
Be'ton, 1861, 1862e. Agglome're', 1862^,

190Md
Beudeghem, Lovs van ; architect, 563
Bevel ; bricklayer's, 1890
Beverley, Yorkshire ; conventual church, 407,

421. West front restored to perpendicu-

larity 449. West front and towers, p. 1002.

See Frontispiece. Plinths, p. 982. Porch,

p. 999. Assimilating work, p. 969
Bevignate, Fra ; architect, 616

Bib cock, 2223s

l$iban el Melook ; subterranean chambers, 63
Bibiena, Antonio Galli ; architect, 2950
Bibliotheca of a Roman house, 252
Bickerstaffe, Norfolk ; church roof, 2052»<

Bidborough, Kent; church door, 2i45a
Hideford and mineral paint, 2273c

Bilian, or iron wood of Borneo, 1728d
Billet ornament. 397
Billiard table ; of slate, 22II7
Billings, W. K. ; aixhitect, on proi)ortion,

p. 1011
Binclio, A. de ; architect, 555
Binding joists, 2019—2022
Hirch timber, 1725
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JBiikenhead ; arched brick floors at, 1903c

Biiniingliam : clnirch of St. Philip, 428

Birs Xeniroiul, near Babvlon ; as described

by Kich. 40. The ruins, 40. 41

Bisivp. Benedict ; bishop, louudcr of the abbey
of Wearniouth, 385, o8G

Biscuit, 18o!)<;

Bismuth, strength of, l<>30r

Bituminous cements, 18G7 et seq., '22olo ct seq.

Black bricks, issiti

Blackburn Intirmary. '207G6

Blackfri.'ivs brid^re, Loudon, o'2"2. Mode of

repairing defective stones in arches, 19.'o/'

Blackman air propeller, '2'2~8i

Blaine's fireproof paint, 227;!/, 297 le.

Blank arcade, 554
Blankenbyl, H. ; master mason, 577
Blast irons ; tiii;Uities of, 226bc
Blenheim, Oxfordshire ; house, 4i.'3

Bletchiugden marble, "lOSl/i

Blickling park. Norfolk ; mausoleum, 525
Blister steel. 1771
Blocking course ; in spec, 228 bj

Blois, cli.ateau do, 548
Blondel and Ser, MM. ; report on Loudon

hospitals, 22787, 2278z
Blondel, Fran<,'ois and Jacques ; architects,

366
Blue bricks. 1831A
Blue lias lime, 1843(j et seq., IS.Y.ih. Mortar,

185i>-<. Warwick stouc, lOGGe
Board ; slater's, 2209
Boarding; to Slating, 2210. In spec, 2285<i.

Of roofs, how measured, 2342. To under
side of open roofs, 221 bi. For flixirs, 2023(j

W 5fy.. 2173(1. How measured, 2352, 23G2.
For ceilings, 2023f, 2023</

Boards ; cutting of, for covering domes, groins,

&c., 20G8—2078
Boaster; mason's, 1910
Boccadoro, Domenico ; architect, 2892
Bodmer's compressed stone bricks, 1903cc
Boeblingor, Johann and Matthaeus ; archi-

tects, 581, 583
Bofliy, lluillermo ; architect, 595
Boll'rand, Germain de ; arehilect, 366
Bo ler plates

;
quality, U>30«, 17G4e. In sheets,

plates, and slabs, 22556
Boilers for hot-water heating, 2279A
Bois-le-Duc ; church of St. Jean, 558, 5G0
Boisserie or panel work, 418, 428
Bolection mouldings, 2129, 2145
Bologna ; church of San Petronio, its propor-

tion, p. 1013. Foro de' Mercanti, G13.

Theatre, 2950. Garisendi tower, 2500
B Isover. Derbyshire ; house, 452. Addi-

tional buildings, 461)

stone, 1GGG(/, IGGGe. Analysis, specific

gravitv and adhesive power, IGGG
Bolt, lG31r. In carpentry, 2012, 2254rt.

Various sorts, 2259. And nuts ; weiylit of,

2254
Boltel, or Bowtel, moulding, p. 970 et seq.

Bolton, Lancashire ; conventual church, 398.
Doorway, p. 973

Bombay granite, lG72a
Bonaventure, Nicolas ; architect, 610
Bond ; in bricklaying, i891. See " English

bond," " Flemisli bond." In spec, 2282a.
Of a slate, 2210—- stones. 1920 et seq. Timber, 1899. In
sp'c, 2285

Bonding bricks, 1902e
Bonneveil, Etienne de ; architect, oO:>«

Bonomi, Joseph. .\.K.A. ; architect, 525
Book boards to bonclies. 2192<j

Boorde or Bordc, .Andrew ; hi-! /)»?toriV quoteil

and directions for building a mausion. 427,

438
Bordeaux ; catheJril, 540. Porte do Cailhau,

548. Theatre 2951. 2958. Hospital, 2975
Boring Company, 2218»

Borneo wood, 1728</

Borroniino, Fr^iucesco ; architect, 336, 3«9,
34.'. His stylo. ;!47

Boss stone in vaulting, 2002s et seq., 2278a
Bosse ; tiler's, 1908
Bossing ; in plumbi r's work, 2215a
Biiston furnace, 2279(7

Boston, Lincolnshire; church, 4tl8, 421. Pro-
portions, ]\ 1015. Groined ceiling, 2023(7

Botoncr, William ; writer of the l.")tli centurv,

p. 970
Bolt. Johann von ; architect, oG5
Bottom panels of a door, 2130. Rails of a

door, U>.

Boucheiie; at Diest, 5G1. At Vprcs, ih. At
Antwerp, d>.

BvUighton quarries, IGGGf
Bougy church ; spire, p. 1000
Boumann, George F. ; archiu^ct, 366
Bouri^es j cathedral, 510. Proportion of, p.

1016
Bousfield's patent stone, lG67j
Bowden hou<e. Wiltshire, 528
Bower ; mv ladv"s, or parlour, 4^5
Bow latch." 2.'62

Bowtel, or Boltel, moidding, p. 970 et seq.

Boxbeam, 1G29(/, lG29;i

Boxings for shutters, 2146, 2117. Of a
window, 2148(J. In spec, 2285(i

Bovd, Sir John ; house for, at Shooter's Hill,

515
Boyd's patent flue jdatos, 2278/
Boyle system of ventilation, 2278A
Boyntou .\nierican f\irnace, 2279(7

Bracciano palace, at Kome ; window, 2768
, houses at, 614. Castle, 621

Braced roofs, 2052w, 2052r
Braces i-n carpentry, 2010
Bracketing and cradling, in spec, 2285i
Brackets and bracketing, 2079 et seq. For

cornices, to make similar to one given, 2( 80.

Angle to supi^ort plastering, 2081, 2082.

For coves, 2(i83. Angle br;ickets for coves,

2084, 2085, 2086. In' external and internal

angles, 2087. For nioulded cornices, 2088.
For a shelf, 2263

Bracket staircase ; mode of forming, 2183
Bradawl

;
joiner's, 2110

Bradding hammer ; glazier's, 2227
Brads, 2257a, 2257^

for floors ; weight of, 2257
Bradshaw, Lawrence ; architect, 442
Bragerio, Hertolino ; architect, 613
Braine, near SoisMUis ; church, 524, 566
Bramante or Lazzari, Donato ; architect, 335,

371, 2917
Bramshill house, Hants, 452
Brandenburg ; church of Ste. Catherine, 579
Brandenburg, I'aul von ; architect, 581
Brandon, Sullolk, flint quarries, 16G6r
Brandon, Baphael ; architect, writer on archi-*

tecture, p. 968. His Ana/t/sis, &c., p. 971
Brannon, Philip ; fireproof construction,

1903m'

Bras-s 1790, 2221m, Weight of n plate,

2.'21m, Strength of, 1630;-. lirnzing, 22636
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Brnns points ; (s;]^'/.^;^!^, 2'2"Jf>

IJravljrooke, lord ; house I'or, 410
IJrjizji ; catlu!fiial, 007
Lrcalunf? wei-Iit ; limits of, 1(;28/'. In IIk;

niiddlo of a beam, 1621V/ ct scq. Of metals
and timbers IG.'iOr, lG.')Us. Oi timbfr, 1022

Break Joints, lOlGa
IJrt'ant's process for repairing limber, 1752
Jirccze, coke ; 18i3.Te

lircsciu ; broietto, <Ji;5

Breslau ; eliurch of Ste. Elizabeth, ,070

Hretteville ; eliurch spire, p. 1000
Brewery at Viilers abbey, f).')')

Brick, 1811— IBiJ.'J. Description of, and anti-

(|uity, 1811. Species used, accordinj^ to

A'itruvius, 1812. Improper bricks used bv
tiie moderns, 1813. Earth for, 18H. Manu-
facture, 1815. Clamps, ]81(;. Kiln«forburn-
in^', 18K». Species of bricks, 1820 South
Stalfoidshire, 18.'?0. Stocks, 1820—1822.
Place, 182;j. Hurrs and clinkers, 182 J.

lied, 1825. Fire, 1827. Windsor, il,.

Welsh lumps, ifj. Pavinjr, 182«. Dutch
clinkers, 18;j;3«, and Flemish, 1829. Com-
jiass, 1825. Concave or liollow, IH^O.

Blue bri(rks, 18.'i0. Wood, for (ixinf^, in

spec, 2285. Ked, 1831c. Suffolk and other

bricks, 1831a. Pierced, 1831c. Black,
lK)ld. (ilazed white and other colours,

1831c. Sizes of, 1832. Btart's patent,

1831/>. Strength of, 1833. Weight of,

183.36. Should bo w?ll saturated in sum-
mer, l''32a. Number for a given quantity
wf work, 2317

employed in Egyptian architecture, 72.

"Varieties of; in spec, 2282. Much used

in England, 410. Crushing weight of,

1500, 1502/<

paving, 19087;, 2300; in spec, 22826.

Axe, 18!K). Cornices, cut and moulded,
1004. Moulded, in spec, 2282

Brickdust mortar, 1859c

Bricklayer, 1001

Bricklayer's work, in spe<3., 2282. Estimating,

2300. Tools, 1800

Bricklaying and tiling, 1880—1008
Brickmaking, 1814 et seq. Machines, 1832

Bricknogged partitions, 1002. 2024. In spec,

22826. How measured, 2313

Brickwork ; crushing weight of a cubic foot,

1833. FvXpansion of, l><33c. Measuring
and estimating, 2300, 2300 et seq. Table

of number of bricks in a wall, 2317. Table

cf number of reduced feet in quantities of

different thicknesses, 2318 et st-q. Medi;c-

val ; in Belgium, 554. In Spanish churches,

585. In Italy, 616. Gothic, p. 001.

Moulded, ih. Strength of, 1502/, 1502/n.

Weigiit, 1001. In spec, 2282. Coloured,

3008. Table of rod of brickwork, 2320

Bridewell, or lilackfriars' Palace, London, 520

Bridge; Croyland, Lincolnshire, 410. Delia

Santissim.a" Trinila, Florence, .331. Earliest

in Pome, 222. At Narni, ih. Of Trajan

over tlie Danube, ih. At Alcantara, ih.

At Avignon, 313. Of St. Esprit, ih.

At Barcello, 600. Of Coimbra, 607. Du
Broel at Court rai, 564. Des Trous at

Tournai, ib. Del Obispo at Baeza, 508.

At Orense, 580. Architecture of, 410. Of

Whinstone, 1022/i. Building of; con-

pidcred an a> t of piety, 310. Of China,

108. Those of timber, 2005 et seq. Over

the Brenta by I'alladio, 2006 ;
and over

the Cisuione, 2006; and another, 2007.
Method of, by Price, 2008, 2000

IJri'lgenorth church, SoiiicrsetMhire ; bench
end, p. 086

Bridgewater double roll tile, 1838
, earl of; hou-e for, 528

liriduing joists, 2010, 2022
i5ridlingtf)n, Yorkbhire

;
priory church, rnul-

lions, p. 001
Brighton, Sussex ; the pavilion, 524
Priiikbourn, Northumberland; conventual

church, 308, 407
P.rioude, church of St. .lulien, 5.34

Bristol, Somersetshire; cathedr. 1, 308, 421,
Founders and dimensions, 4.'{4. I'roportion,

p. 1017. West windo^v, p. 1031. Parochiil
church of St. Mary liedcliffe, 421, p. 070.
Proportion, p. 1010. Church of St. Stephen,
421, p. 070. Tower, p. 1002

Britain ; architecture of, 370 et »eq. Under
Claudius, 381. Under Agricola, ib. In
time of Coastantius abounded with gorxl

ai-titicers,381. Koman works in, ruins of, 382
British isles; marbles of, 1681. (iranite, 1671a

nlu^eum, London, formerly Montague
house, 466. Granite columns, 1671e

Britons ; ignorant of architecture Ijefore final

departure of liomans, 381, 382. Early
bouses and architecture of, 370, 380. How
lodged under the Normans, 303

Brizi, — ; architect, 612
Broach ; of a tower, p. 1001
Broaching ; in masonry, 1014
Broad tool ; mason's, 1010
Broietto ; at Como, Oil. At Monza, 613.

At Brescia, ih.

Brongniart, Alexandre ; architect, 2013
Brontajum of the Gr:-ek theatre, 172
Bronze, 1701. Monuments, &c., 22556. Cast-

ings, 2266
Brosse, Jacques de ; architect, 358
Brou ; church, 540
Brown", J. ; writer on pro;;oriion. p. 1014
Bruges; chapelle du Saint Sang, 554. Notre
Dame, 557, 560. St. Sauveur, 554

Brunellesco, Filippo ; architect, 323, 327, 436,

620
Brunet Debaines, M. L. F., architect. 2919
Brunsbergh, Ileinrich ; architect, 579, 581

Bruxelles; Notre Dame des Victoires, 557.

Notre Dame du Sablon, 550, 564. Ste.

Gudule, 553, 555, 557, 558, 500. Maisfin du
roi, 563. Iron spire, p. 10"5. Notre Dame
de la Chapelle, 553, 555, 557

Buckhurst house, Sussex, 440, 446

Buckingham house, London, 465. Palace,

] 66600
Buckingham, duke of; house for, 440, 465

John ; second earl of, 525

Buckwell's granitic Breccia stone, lOOScc

Hucozzo ; architect, 323
Builder's fire ; the, 2270(/

Building stones of England, 1C3C et feq. Of
N()rmandy, 1666A et seq.

Buildings, covering of; as to comparative

weiglits. See " Covering of Buildings "

])uljlieaud private; general observations

on, 2083 et seq.

BuUant, Jean ; architect, 357, 358, 549

Bunnett's lirejiroof floor, 1003r

Buonarroti, Michel Angelo ; architect, 33,5,

330, 345. Dwir by. 2740
Buontalenti, Bernardo ; architect, -windowB

by, 2759
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Burgh. Suffolk ; cnstle, .391

Burglileigh, or Burghley, ne.ir Stamford,

Liiicolns.liire, 44f>, 440

Burgos ; cathedral. 588, .591, 595, 596. Domi-
nican church of S. Pablo, 595. Nunnery de

las Huelgas, ne.ir, 587

Biirguet, J. ; architect, 2975

Buriey-on-the-Hill, Northaniptonshire, 440

Burlington, earl of; amateur architect, 464,

509, 510. His liberality to \V. Kent, 511

Burlington house, London, 2995. Colonnade,

509. Pilasters, or half-columns, condemned,
2615. Gateway, view and of house, 2670

Burner for gas, 2293
Burnett's patent for preparing timber, 1752

Burnt clay ballast, lS33c/, 1833e

Burrcugh, Sir James; amateur architect, 490

Burrs and clinkers, 1824
Burv Saint Edmunds, Suffolk ; Conventual

church, 398. Church of St. Mary, 408, 421

Buschetto of Dulichio, architect, 286

Bustamente, Bartolomeo di; architect, 370
Butt hinges, 2258
Butting ; in carpentry, 2000
Buttress ; strength of, p. 1047 et seq.

Byland, Yorkshire ; conventual church. 398
Byzantine architecture, 270 et se(j. Continued

till introduction of I'ointed style, 283. The
style adapted to die wants of the present

day, p. 1049

CAABA of Mecca, spared in 1803, by the

Wahabccs, IIH

Cable, ornament, 397
Cablings, 2588
Cadmians ; Bryant's thouglits on the, 27, 136
Caen ; fine examples of Norman work, p. 1023.

Buildings set out with the perch, p. 1057.

Cluirch of St. Stephen, 290. Spires, p. 1000.

St. Peter's spire, ib. Holy Tiinity, 290.

St. Saviour's, spire, p. 1000. St. Jean, 47.

Ciia'eau (le la (jendarmerie, 548. Abbaye
aux Hommes, choir, p. 1006 ; buttresses,

p. 1048
• Stone, 16G6/)Ae< seq., 1667i', ^GG7w

Wood, Middlesex ; house for Lord
Mansfield, 517

Caernarvon, Caernarvonshire ; castle, 402, 403
Caerphilly, Glamorganshire ; castle, 398, 404,

419
Cahors ; cathedral, 535
Cairn, or Cam, 24
Cairo, founded by Akbali, 120. Mosque of
Amrou, 306

Caissons ; in cylindrical vaulting, how to

regulate, 2002«. In hemispherical vaulting,
2002c.

Calcarium, 2274a
Caldarium of the Koman bnths, 235
Caldogno villa ; cornice, 2725
Calniar ; cathedral, 567
Calorifere stove, 2279e
Calverley stone, IG67m
Canialodunum ; first Roman colony in Britain,

381
Camber ; of a beam, 1629o
Camber slip ; bricklaj'er's, 1890
Cambio da Colle, Arnolfndi ; architect, 323
Cambridge, church of Holy Sepulchre

;
pro-

portion of,
J). 1016, King's College, 2907.

Chapel, 1499/1, 1490cr, p. 1045, p. 1046
Vaulting, 2002j;. Porcii, \>. 999. Buttresses.

p. 1049. Stalls, 2192«. Window, p VMK
p. 093. Doorway, p. 998. Turrets, p. 074

Came ; in glazing, 2228
Caminha ; church, 637
Campbell, Colin ; architect, 504. Window bv,

2771
Campbell's tomb at Geezeh, 304
Campden, Gloucestershire ; church, 421.

House, 445, 451
Cnmpello, Filippo da ; architect, 612
Camperio, Giacomo de ; architect, 613
Campcro, Jean de ; architect, 593
Campione, Matteo da ; architect, 618

Marco and Jacopo da ; architects, 619
Campo Aguero, Francisco de ; architect, S67

Vaccino, Rome ; columns of, 2547. See
•' Forum " at Rome

Canarah, in Isand of Salsette, near Bombay
;

excavations, 57
Caneelleria, palazzo della. at Rome, 335rf.

Doorway, 2739
C^mons, Middlesex; house for Duke of Chan-

dos, 440, 505
Canopy ; to sot out moulding', p. 1019
Canterbury ; castle. o94, 398. Cathedral,

307a, 312, 396, 398. 421. Founders and
dimensions, 434. Pier, p. 977. Central
tower, 2002j:. Vaulting, 1499.r. Pillars

of nave, p. 1040. South-Avest porch, p. 998.

Trinity chapel window, p. 988. Deans'
chapel, vaulting, 2002x

Canvas; prepared for roofs, 1908rt

Capel St. Mary's, SutlMk ; church roof, 2352*.
Roof mouldings, p. 987

Cai)illary attraction, 1886/<

Cajiitals of CO umns ; origin of, 135. Mode of
gluing up. 2203, 2204. Gothic, p. 977 et

seq. Of ))ihisters, 267/ et seq. Tu-can and
Doric, ill. Ionic, 2678. Corinthian and
Composite, 2679. And Ba.ses,in spec, 22846

Caprarola ; arcade, 2637. Doorway, 2737
Capri, villa ; near V'icenza, 353, 2843
Ca|)ua ; ain|)hitheatre, 193, 228
Carbolineum Avenarius, 1752(Z

Carbon i)aint ; for iron. 2273/>

Carcass ; seasoninL', 1751. Measuring, 2341
Carcjissonne ; St, Nazaire, 534, 540. Church,

.307

Carccres of the Roman Circus, 240
(Jarditf, (Jiamorgatishire ; castle, .3<18

Carisbrook, Isle of Wight ; castle, .!98

Cariti, La ; convent of Venice, 354
Carlisle, Cumberland ; catliedral, 406. Foun-

ders and dimensions, 434. Proportion of,

p. 1012. Window, 1502c
Carlow, in Ireland ; Brucn Testimonial church,

p. 966
Carlton house, London, 524
Carnac, Brittany ; remains of Druidical

monumeiil, 14, 40
Carnak, Egypt ; temple, 73, 77, 81

Carpenter's boast, 2041. Tools of the car

penter, 2003
Carpenter's work ; in spec, 2285. Wages,

315. Measurement of, 2.3.30—2365

Carpentry, 2003 et seq. System in use

among the Chinese, 102
Carpintcro, Macias ; architect, 597
(Jarr, John ; architect, 514
Carrara marble, 1666j, 1677— 1677r, 2002/*A

C'arrcno, Fernando de ; architect, 596
("arriage of stairs, 2026
Carron grate, 2279*/

Carrying up work, 1223, 1925a
Carson's anti-corrosion paint, 2273a
Cart, Pictcr ; architect, 365
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Carter, Edwar.l ; architect, 319, 464
Carthusian nunnery at Miraflores, 59G
Cartiuell, Lancashire ; choir, 398
(^arton pierre ; enriclunents, 22ol
Carving ; in Italy, (;09, Wood carving,

2124c
Caryatides, 85. Account of tlieir origin, IGo.

Used in other than the classic styles of
architecture, 1G6. Probable origin, 1G3

Caryatides and Persians, 2G82 et seq. By
Jean Gougeon, 2G83, 2693. Those designed
for Whitehall, 2685. By Michel Angelo,
2687, 2688, 2691 By Biffi, at Milan, 2689.
By Qiiellinus, at Anu-terdam, 26S0. At the
Louvre, 2693. From the arch of the Gold-
smiths at Rome, 2694

Case hardening, 1771
Casement; moulding, 2532, p. 970

frames ; in spec, 2285(i

in leadwork, 2227. Wrought iron,

2255d. Hopper, in spec , 2286a
Casing, to protect stone dressings ; in spec,

2285. For pipes, in spec, 2285/t

Ca«t iron, 1764, 17G5 ct seq. Strength, IGSOr.

Experiments on, 1628/«. Breaking weight
in the middle, 1629j. To fracture it, 222ow.
Columns, 2255.

Cast lead, 1783 et seq. Steel, 1773

Castel San Angelo, Home, 256
Castella, of aqueducts, 225
Castellamare castle, 625

Castings ; in iron, 2265e, 2265^. Testing,

22G5A
Castle Coote, in Ireland, 528

liushen, Isle of Man, 1681

Abbey, Northamptonshire, 425
Howai-d, Yorkshire, 494

Kisiiig, Norfolk ; church, 398. Castle, ib.

Castles encouraged by William I., 393. By
William II. A. Description and list, 394.

Gateway, 416. Of Benevento, Pcnafiel,and

Tordesiilas, 128. At Beja, GOI. At Frcixo,

ib. At Almeida, 603. At Ourem, ib.

Obidos, ib. At Bracciano, 624. At Andria,

Castellamare and Teano, 625. At Arrayolos,

603. At Estremos, ib.

Castletown, Derbyshire ; castle, 391

Castor, Norfolk ; castle, 391

Castor and Pollux ; temple at Agrigcntum,

p. 946 ; at Rome, 208, 262

Catalonian forge, 1762

Catenarian curve, contained in walls of Gothic

buildmgs, 1583/, p. 1047

Cathedrals, English ; Publications on, 434.

Having parts of Norman erection, 396.

Devoid of svmmetry, p. 1006. Proportion,

p. 1013—p. 1015

Catledge, Cambridgeshire ; house, 446

Caudebec, Normandy ; houses, 539. Sacristy

of church, 546. Lady chapel, 1499ti,

2002i«, 2002«', p. 1053

Caumont, M. de ; his division of French

stvles. 537
Cavffiftium of a Roman house, 246

Caves ; of Ellora, 56. Of Indra Subba, ib.

Cavetto Mouth, or Hollow ; ornament, 2532.

In Norman architecture, 397

Cavil or stone axe, 1913

Cawston, Norfolk ; church window, 990

Cecil, William, Lord Burleigh ; house for,

440
. Sir Thomas ; house at Wimbledon, 440

Cedar, 1705 ; or deal doors, 2145c. From
Florida, 1727c/

Ceiling joists, 2019—2022
Ceilings ; 2815 et seq. Timber framing the

type for fi rming panels in, 2816. Coves to,

ib. Examples of ornaments for, ii. Exam-
l)Ies of subdivisions, 2817, 2818. Cornices
to, proportions of, 2819. Of wood in medi-
a?val period, 2023a. And decorated, ib.

Finishings to ; in spec, 2287, 2290. la
plasterimr, how set, 2246. Ribbed ; how
ii;easured, 2339. Divided in wood, in spec,
2-285e

Cellfe domesticoB et familiaricre of a Roman
house, 253

Cellar, areli ; in spec, 2282a. Doors ; in
spec , 2284c/

Celorico; church of San Pedro, 601
Cement, 1863 et seq. Concrete, 1864^. Foi

Mosaic work, 2231/. For plasterer s work,
2251a et seq. In spec, 2287. Quantity to

cover surface, 2248
Cementation of iron, 1771
Cementing; to brickwork, 1813. To glass in

leadwork, 2229
Cendre.s de Touriiai, 1859
Centering : how measured, 2332. In spec,

2285
Centre-bits; plumber's, 2212
Centre of motion, 1241. Of gravity, 1242,

1266—r292. See " Mechanics and Statics
"

Cesarianus, Cassar ; architect, p. 1008, p. 1013.

Work by, p. 1037, 435
Cesspools ; bad substitutes for sewers, 1887.

In spec, 22826
Chain plates ; in footings, 1882. Rivetingj

163 ley

Chains and ties, 1495. Metal or timber, p. ICOl
Chaldffia ; architecture of, 9

Chalk lime, 1849, 1859A
Chalons sur-Saone ; cathedral, 540
Chamalifercs, in France

;
gates, 2145c

Chambers, Sir Willi.im ; architect, 518.

Treatise on Architecture, 521
Ciiamfer ; moulding, p. 973. Plane in arches,

ib. In spec, 2285a
Ciiancfl ; at west end, 569
Chantlates ; at eaves, 22 1 1 r/i

Chai'trell, Robert D. ; architect, on propor-

tion, p. 1014 ct seq.

Chapter house; at Batalha, 60.5. At Wells

p. 1025, p. 1026. In England, vaulting of,

149966. Proportion of, p. 1016
Chare roff, p. 1046
Charente stone ; 1666/»/>

Charing Cross hotel, 1681c

Charite sur Loire, la ; church, 289

Charlemagne, emperor ; ai'chitectural era of,

283, 289
Charles V., king of Spain

;
patron of archi-

tecture, 368
V. and VI., kings of France ; archi-

tecture under, 311

VI H., king of France; acquainted with

the arts of Italy, 358

Charlton, Kent ; house, 452
Charlton, Wilts ; house, 445, 451, 452

white, 2273(7

Charola, or apse, 602

Chartres; Notre Dame, 289, 534, ;A\, 547.

Proportion of, p. lO.'iS. Roofed with copper,

2224. Steeple, p. 1004. Apse, p. 1007. But-

tresses, p. 1048. Screen, p. 974

Chased mortises, 2019

Chateau de Madrid; near Paris, 440. At
Sichem, 564. At Terheydcn, ib.
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Chateauneuf ; church, p. ICOl

Chateaux; of France, 548. TaLle of classin-

catioD for dates, 537

Chaucer, Geoffrev ;
poet, clerk of the works,

319
Cheeks to domiers, in spec, 228."a

Chel-Minar, or Persepolis ; ruins of,_4G—49

Chelsea, near London ; hospital, 29 /oa

Chemical analysis of stones, 1666

Chenie?, John ; house for, 440

Chepstow, Monmouthshire ; castle, 402

Cherence stone, I6660

Cherson: church of St. Basil, 875

Chester ; cathedral, 398 ; Founders and di-

mensions, 434. Conventual Church of St.

John, 398
Cliester-le Street, Durham ; church tower,

p. 1002
Chesterfield house, May Fair, 525

Chesterford, Essex ; castle, 391

Chestnut; 169G
Chevet, 553
Chevron ornament, 397
Chez-lui paint, 22'4og

Chichester, Sussex; cathedral, 398, 421.

Founders and dimensions, 434. Spire to

steady, p. 1004. St. Mary's hospital, p. 98.3

Chillambaram, on the Coromandel coast

;

pagoda, 58
Chilling iron, 17G5i, 1779
Chilmark stone, p. 1023 Analysis, &c., IGGG,

IGGGy
Chimney bars, 2255. In spec, 228G

openings, how proportioned; by iMorris,

2792. Bv Chambers, ib. Angular funnels

of, 2793
'

• pieces, 2788 et scq. Method of propor-

tioning dressings of, 2789. Materials em-
ployed in, 2794. Of slate, 2211/-. lu spec.

2284c/

pots ; in spec, 2287
• shaft, 2795. As a ventilator, 2278/". One

for all fireplaces of a house, 2279c. Of bricks,

in spec, 2282a. Of stone, in spec, 22846
Cliina ; architecture of, 9. Tent, the type of,

93. Does not seem to have improved, 94.

Principles of, 95. Quality of, 9G. Its orna-

r.ients, 97. Timber, chief material used in,

98. Brick also employed, ib. Kegulations
in building, ib. Granite, lG72a,

houses; described generally, 101. Pa-
laces, 103. That at Pekin, 103

wall ; description of, 108
Chisel ; a carpenter's tool, 2003. A mason's

tool, 1909. The firmer, the paring, 2111
;

the mortise, 2112
Chiswick ; villa for Lord Burlington, 509
Choir ; termination of, p. 1006. In fixed stalls

in nave of Spanish cathedrals, i"88

Cholula; great pj-ramid, 112
Chopping block ; bricklayer's, 1890
Choultry, 61
Chowne's patent air syphon, 2278/
Chrisnias, Gerard ; arcliitect or sculptor, 442
Christchurch, Hampshire; church, 398

Oxford; college, 426. Quadrangle, 490
Cliristian architecture, p. 9G4
Christiania deals, etc., 1729rf
Church ; with fourteen sides, 535. Round, p.

1006. Ancient rules for the planning of,

p. 1009 et .icq. Plan of early Christian,

p. lOOG. With single naves, 5*57

fittings, in spec, 2285w. Floors, in

spec, 22856

and later,

Of Greek

church,

Church, glazing, in spec, 2289
Plaster to inside walls, in spec, 2287
Smiths worlv for, in spec. 2286a
Tiinbers for, in spec, 22S5/i

Tower and spire, in .'pec, 22846. Steps

t3 chancel, in spec, 2284o. Passage, ib.

Churches, new ; commissioners for buildiug,

521
From 9th to 12th ceutury,

general forins of sections, 290.

religion, distribution of, 375
Warming of, 2279(/

Chiirton IMendip, Somersetshire;

421
Cicero's Formian and Tuscidan villas, 243

Cigoli or Cardi, Lodovico ; architect, door by,

2742
Cima recta, 2129. Reversa, ib., 2532
Ciuders in mortar, 1859<i

Cintra ; Ilieronvmite monastery of La Pena,

607
Circle ; in geometry, 903—928. Segments of;

table of areas when the diameter is unity,

1225. To desci-ibe independent of a centre,

2074
Circles of Stone, 16. Used by the Israelites,

15. One set up by Joshua. !7>. Remains
of, in counties of Derby, Devon, Dorset,

Somerset, and Westmoreland, 16

Circidar; ribs of tindjcr, 2052 et seq. Saw,

2124a. Win(k)ws, p. 993 et seq.

Circus of the Greeks and Romans, 240. Maxi-
mus, at Rome, 240

Cistern for water. 1785r/, 2223rt—2223e. Of
lead, zinc, and ^latc 2223a. Of slate, 221

1
7.

Of deal, in spec. 228.i<7. Of lead, in spec,

2288. Of zinc, in spec, 2294
in a gutter, 2214

Cistercian ; abbey, 587. Monastery at Ta-

rouca, 6(0. Alcobaija, 602. Kear Vi!la-

viciosa, 589. Nunnery, 003

Citta del Castello ; church of Sla Maria
IMaggioro, 624

Cittii del Pievc, 624
Civil and Ecclesiastical dilapidations, p. 1098

Civrav ; church, 534
riamond ^'as light, 2204e
(lamps (if bricks, 181G, 1817
Chipboard, 1G89

Clapliam, Beds.; tower, 389

Clare ball chapel, Cambridge, 490
Claremont house, near Esher, 524
(Tarke, Dr. ; amateur architect, 490
Claudius ; architecture under, in Britain, 381.

remi)le of, at Camalodunum, 381. At
Rome, p. 1065

Clav for bricks, 1814 et seq., 1831/. For terra

cotta, 1839i

Cleaning paint and varnish, 2276c. Down
Bath stone, 1667n

Clear coleing, 2273
Clerestory, 602. At Amiens cathedral, p.

lOGI. At Winchester cathedral, p. 1042.

At ^Vells, p. 1024. At Winchester, p. 1032.

Windows, p. 990. p. 991

Clerk of the Works, 312, 319. And his office,

in spec, 2280A
Clermont ; fountain, 548
Clermont-Ferrand ; cathedral, 545
Cliefden house, Buckinghamshire, 4G5
Cliflf Wood quarry, IGGliy

( lifton. Sir .1. ; house for, 440
Climates of Europe, 1030

Clinkers, 1824. Dutch, 1830
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Clips

; glazier's, 2229
Clive, lord ; house for, 524
Cloisonne work, 2277i
Cloister, 560. Great, at Batalha, 605
Close boarding ; in spec., 2"285a

Close picked ; to granite, 1915c
Closet knobs, 2263. Pan; stoneware, 2218.

Valve to cistern, 222%. Earth, 2218a.
Arm jiiint. 222o/t

Closets, dwarf; in spec, 228,^^'. iSee " Cup-
board "

Clunv; abbey of, 289. Hotel de, at Paris,

548
Coach-house door and gate; in spec, 2i'85e

Coal Exchange ; timber dried, 1749a, 294-.'a

plates, 2255 ; in spec, 228t;«. Tar,
1867(Z

Coap, Sir Walter ; house fur. 440, 452
Coarse stuff; plasterer's, 2235
Coated glass, 22316
Coating composition for iron, 22736
Cobarrubias, Alonso ; architect, 367, 368
Coblchtz ; St. Mary, 579. St. George, 583
Coccaglio ; village, 622
Cockerell, Charles Robert, R.A. ; architect,

on proportion, p. 1013
Cockermouth, Cumberland ; castle, 398
Coffermaker, Thierri de ; architect, 559
Cohesive power of stone, 1502r. Of metals,

1630r. Of timber, 1630s. Of materials,

1628e
Coignet's be'ton agglonierc, 1867/*, l^OSdd
Coimbra; Santa Cruz, 607. University, ib.

Bridge, ib. Chapel of Santa Cateriua and
the palace, ib. Ckurch, ib.

Coke, Sir Anthony ; house for, 440
Coke breeze, 1833e

Cokels, 2279/
Colchester, Essex ; All Saints' church, p. 1005.

Castle, 31'4. Monastery, 389
Cold blast, 1757, 1758. 'iron; strength of,

1628/ et seq, ]630r. Short iron, 1764

Coleshill hou^e, Berkshire, 462

Coliseum, or Flavian am|ihithcatre, at Pome,
192, 228, 229, 2547. Drainage, 231. Pro-

portion of, p. 1021. Height of, p. 1060

Collar beam, 2031, 2034. Gothic, p. 987

roof, 2041, 20527
Collegia Fabrorum, 310

Collinge's hinges, 2258c

Collision or impact, 1628e, 1630o

Cologne ; cathedral, 567, 573. Proportion,

1011. Vaulting, 20025r. Apse, p. 1007.

Masons' marks, 3226. Manner of glazing,

2229rf. Church of the Apostles, 555.

Church of the Minorites, 566. House in

Altmarktplatz, 582

Cohinia, Juan and Simon de ; architects. 595,

696
Colonna, Francesco ; writer, author of the

PuHphili IJypnerotomachia, 326, p. 9,8

Colonnettes, J922o, p. 976. Strength of,

1502/'

Coloured bricks; in spec, 2282a. Glass,

22316. Coursed stone work, i666e

Colour in architecUire, 2511

Colouring in drawing, 23836. Cement work,

2277. In spec, 2287

Column ; in Place Vendomc at Paris, 363,

2603. Duke of York, ]671e. 1672. Of

Antonine, 486, 2603. Of Trajan, 193,

2603
Columns; Chinese mode of forming, 10.

Origin of, 135. Heights and diameters of

ancient Roman, 2547. Diminution of, ac-
cording to height, 2548. Height and
diminution of, 2543 et seq. Vignola's
method of diminishing, 2545. Bfondel's
method, 2546. Diminution in ancient
examples, 2547. Grouping of, 2614. In
apartments, how arranged, 2849—2851

Columns ; stone, mode d' working, 1924. Of
brick, in spec, 22826. Of st' ne, in spec,
2281a, 22936. Gluing up, in joiner}', 2j01.
Should not penetrate each other, 2681.
And i)ilasterf, deal, in spec, 2285p. Of
materials, in testing, 1502d

Cast iron, 2255. Strength of, p. 1065.
Compression of, 1630y et seq.

Gothic, p. 975 et seq. At Amiens
cathedral, p. 1061.

Combe abbey, Warwickshire, 465
Combination of parts of a building, 2825 et

seq. Horizontal and vertical, '2838. Of
])arts in leading forms, 2855. Examp'es
of, 2856. Method of abbreviation in com-
position, 2857. Design proceeded with,
2858. Examples, 2859, 2860

Combination water closet, 2220/.

Combing or graining, 2276
Combustion of gas, 2264c.

Common joists and their scantlings, 2014,

2015
Common rafters, in a roof, 2035a. Scantling,

2040 : to calculate for strength, 2040u
Como; cathedral, 623. Brolotto, 611

Comornes church ; spire, 958
Companies' halls; at Ghent, £63
Compass bricks, 1829
Compasses ; bricklayer's, 1800

Compifegne ; church of St. Antoine, 517. St.

Jiicques, 545
Complement of an arc, 1037
Compluvium of a Roman house, 247, 253

Composite order, table of ex.imples, 264.

General proportion, 265, 2591 et seq,

Vignola's profile of, 2592. Table of parts

of, lb. Parts to a larger scale, 2593. Mode
of profiling capital, 2594. Profile bv Vitru-

vius, 2595. By Palladio, 2596. By Sei-lio,

2597. l>y Sca'mozzi, 2598. Arrangements
of modillions, 2614

Composition enrichments, 2251, 2252

Composition
;
general principles of, 2485 et

stq. Ornament a non-essential, 2486.

Facades should depend on internal dis-

tribution, 2487. What compositions please,

2488. Method of the Gothic architects as

to windnws, 2189. Talent of an architect,

how to be judged of, ib. Drawings neces-

sarv in, 249ba. Method of abbreviation in,

286"7

Compound interest and annuity, p. 1101 et

seq. Tables, ]>. 1105 et seq.

Compression, 1628e, 1628«, 1630w. Of stone,

etc, 1500 et seq. Of a cast iron bar as

pillar, 1030(/

Comptroller of the works, 319

Concamerata suiatio of the Roman baths,

236
Concave or hollow bricks, 1829

surfaces, in joinery, to form, 2199

Conchv ; Notre Uame, and church, 534

Concord ; temi)lo (now of Saturn) at Rome,

213, 260, 2647. At Agrigentum, p. 947.

Concrete, 1667o, 1861 et seq. In found.ition3,

1881. When to use, 1882. L.iyer of, in

basement, 1886/. In spec, 2282. Floors,
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1903;- et seq. And cement blocks, 1903««

et seq. In -walls, in spec, 229o&
Concrete building and building appliances,

18G4/t, lOOSu ct seq.

; stress on cubes of concrete, IdOSff.

Conduction of heat, 2279
Cone; sections of 1056—1109. Of brick-

work, 1499/. Construction of, 1499m
Confraternite' des Pcuts ; founded by St.

Benezet, 310, 313
Conic sections, 1056—1109. Definitions, 1057.

Ellipsis, 1058—1082. Hviterbola, 1083—
1094. Parabola, 1095—li09

Conic surfaces ; to form in joii.erv, 2206,

2207
Conisburgh, Yorkshire ; castle, 394
Conisteriuni of the Greek gymnasium, 175.

Of the Koman baths, 235
Constance cathedral ; spire, p. 1005
Constant supply of water ; system, 2223 et

seq.

Constantine, emperor ; unsuccessful in re-

storing the art, 199. His attempt towards
it, 200. His tiiumphal arch, 201. His
basilica at Itome. formerly called the Teiii-

jile of Peace, 217, 2547. A tyjie of tiie

basilica of the early Christians, 217.

Kiches at, 2775
Constantinople; works at, hy Tlicodosius,

Anastasius, and Justinian, 271. Aqueducts,
306. Church of ^ta 8(ii)liia, 271. Served
as a model after the con(iuest of the citv,

300. Church of the Holy Ajmsiles, 271
'

Constantius, emperor ; exhibited little desire

to restore the art, 202
Contractor, in spec, 228(7e

Convalescent hospital, 2975/
Conventual architecture, 434
Conversion of timltr, 2125a et seq.

Conway, Caernarvonshire ; castle, 402—105
Cooley, Thomas ; aicliitect, 52G
Cope, Sir Walter ; house for, 440, 452
Coping stone ; in spec, 228ia

, cast iron ; in spec, 2286a
Copper, 1787 et seq., 2224 ct seq. A metal

early employed, 1787. Weight, 1787. Ore
in England, where found, how smelted,
1788. Sheet copper, 1789. Alloyed witJi

zinc, for furniture, 1790. With zinc, for bell

metal, 1791. In j-pec, 2286a. Sulphate of,

1752 ct seq. Thickness of sheet, 2224 o.

Kound and square ditto, 2224/a Weight,
2224c. Strength, IGSOr

Copper cords, 2260. Cramps, in spec, 2284(/

;

2286. Nails, in slating, in spec, 2283
Copper, for water, in spec, 22826, 228Cu
Coppin, Sir George ; design for, 440
Copt hall, Essex ; for Sir Thos. Hcneage, 440
Copying works, 502
Copyism in German churches, 567. See "As-

similating work "

Cora, near Vellctri ; walls of, 179. Cyclopean
remains at, 32

Corbel ; Gothic, p. 980. Stone for girders,

and of brick, in spec, 2284c. Table

;

ornament, 397
Cord for sashes, 2260
Cordova, mosque of; commenced by Abderha-

nian, 126
Core, 1843A, 1848, 1859/i, 1862/

of a lead ; in gl.'zing, 2229a
Corfe castle, Dorsetshire, 391, 391. Quarrien,

1681.;

Coria j eathedral, 586

Cerinthian order, 2582 et seq
, p. 953 et seq.

Vi^'uola's ]irotile, 2583. Table ot parts, iO.

I'arts to a larger scale, 2584. ]\Iude of

drawing capital, 2585. Volutes, 258H. Parts
of the capital, ib. Profile; bv Vitruviu^,

2687. By Palladio, 2588. By'Serlio, 25^9.

By Scaniozzi, 2590. Expedients rebitive

to modillions, 2614. Best manner of i)ro-

ceeding, ib. In Greece, 161 et seq. Of the

Romans, 262. Table of «xamples, i7^. Ge-
neral proportions of, 2'^3

arcade, 2625. With pedestal, 2631.

Capital, origin of, according to Vilruvius,

140
Corinthians ; colonies of, p. 943
Cormont, Thomas and Kegni.ult de; archi-

tects, 542
Corncockle quarry, 1666i'

Corneto ; houses, 614. Palazzo Yitclleschi,624
Cornice ; crowning l>uildings, 2724 et seq.

Proportion it should bear to total height of

building, 2725. That of Farnese pubicc,

ib. Of the Spanocchi jialace, at Siena, ib.

Of the Piccolomini palace, at Siena, ib. Of
the Pojana ])alace, by Palladio, j7;. Of the

Sirozzi palace, at 'Florence, ib. Of the

Pandolfini palace, at Florence, ib. Of the
\'illa Monteccio, by J'alladio, j7>. Of the

ViUa Caldogno, by Palladio, ib. Of another

villa for same family, ib. Of the Farnese
pnlace, ib. Of the (Jondi family, at Flor-

ence, ib. Entablature by Viguola, 2726.

Of the Florentine palaces, 327, 329
of rooms

;
proportions, 2819. Br'ck,

1904. Block, 2727, 2728. Deal ; in spec,

22.''5a. Gotliic wood, p. 987. l'l;i.->ter,

2250. In spec, 2287. To form in cement

;

in spec, 2282a
Cornwall granite, 1669
CoiTOsion ; of copper, 1789. Of iron, 1779 et

seq. Of galvanized iron, 17'Mb. Of lead,

1785. Of metal, 2224, 2224/.

Corrosive sublimate, 1752

Corrugated iron ; utc of, 2255c. Shutters,

2148a
Curs, in Gothic architecture, p. 970
Corsehill stone, 1666z
Cor.-i collection of marbles, 1678rt

Cor.-torphii'.e church ; spire, p. 1003

Cortona ; walls of, 179

Co-iecantof an arc, 1044

Co-sine of an arc, 1042

Cosy grate, 2279(/

Co-iangent of an arc, 1043
Cottage, ornde, 3001
Cottages. 3005 et seq. Loudon's objcrvations

on, 3007. Approved designs for, 3009
Cottc, liobcrt dc ; architect, o()6

Cottingham, Lewis Noikalls ; architect,

author of Henry VII. Chapel, Sec, p. 939
Coucy, chateau de, 322
Coucy le Cha eau ; church, 534
Counterforts, 1592
Countersinks, 2108
Cou|iled columns, 267
Course of brickwork, 1891

Courtrai, 562. Church of St. Martin, 559
Coutances ; cathedral, 540

Coved vaulting, 1464— 1477

Covcnt Garden ; square of, 462. Old theatre,

1865, 2958, 2967.

Coventry
;
parochial church of St. Michael,

408, 421. Spire, p. 1001
Covered glass, 22316
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Covering boards of domes, groins, &c., 20G8
—2078

of buildings ; comparative -weights
of different materials, 20i0b. Temporarv,
1907c

Covert, Sir Walter ; house in Sus?ex for, 440
Coves of ceilings ; lieight of, 281G
Cowdrav, Sussex ; mansion, 42G. Porch,

p. 999
Cowl for chimneys ; in spec, 2494
Cowley bricks, 1831
Cradle roof-, 2052^ et seq.

Cradles of iron ; in spec, 2286
Cradling and bracketing ; in spec, 228.3a,

22856, 228ie. To chimneys, 2255
Craigleith stone ; analj'sis, &c., 16()G

Crail church, Fifeshire, p. 1003.

Cramps and dowels, 1495, 1857, 2224, 2255.

In spec, 2281d, 2286. For hollow walb,
1902c. To ashlar work, 1925/. In a spire,

p. 1004
Crate of glass, 1871a
Creasete, or oil of tar, 1752«, 1752c
Creesing ; in spec, 228L'a

Cremona ; cathedral, G 1

3

Crennels ; of a castle, 394
Cresting; to thatched roofs, 2211s

Cresv, Edward ; architect, on proportion, p.

10"l5

Creuilly stone, IGGGm, IGGGo. In spires, p. 1005
Crewe hall, Cheshire ; scaglicla floors, 2250/i

Crocc, Francesco ; architect, G21
Croisee d'Ogive, 1499y
Cromlechs, 23. On the ISIalabar coast, il>.

Cross ; church designed on that form, 287G,

p. 1006. See '• Church "

Cross garnet hinge, 2258a
Crossettes or joggles, lG25e et seq.

Crow, iron ; bricklayer's, 1890

Crown Assurance Company's office, 1666e

Crown glass, 18G8a, 1870a, 1871. Steeples,

p. 1002. Or plain tiles, 1835
Croxton ; church roof, 2052/

Croydon, Surrey
;

palace hall roof, 2052/.

Railway station roof, 2043

Croyland, Lincolnshire ; monastery, 312,319.

Expenses for building ; how raised, 392.

Conventual church, 421. Bridge, 419

Cruciform plan ; for a church, p. 1006

Crusades of the twelfth century, 310

Crushing weight of several materials, 1500,

1502. Of tnnber pillars, IQSOiv et seq. Of
iron pillars, lG30y

Crystal Palace, 1851, at London ;
proportion

of, p. 10G2 et seq. At Svdenham ;
proportion

of, 1671/>, lT28d, p. 10o7, p. 10G5

Crystal white sheet glass, 1874

Ctesiphon
;
palace, 305

Cube ; in proportion, p. lOOG, p. 1057

Cubes, &c. ; Tables of, 2297sr, 2297A. Of
materials ; in testing, 1502d, 1502m

Cubic feet of air in wards, 2975c. In rooms,

3032. See Glossary
Cubiculum of a Roman house, 253

Cubing dimensions, 2297e, 2297/. Tables of,

p. 780—787
Cuen9a ; cathedral, 368. Dominican church

of S. Pablo, 698

Cues ;
hospital church, 579

Cuise ; church of St. Martin, 534

Cul de Four, 1995

Cundy's ventilating stoves, 2279d

Cunei of the Roman theatre, 22G

Cuci or Cuaeo ; church of San Francesco, 6 1

3

Cupboard fronts ; in spec, 2285/7. Lock, 2261
Cupola; in Belgium, 655. See " Dome "

Curb for circular windows , to form, 2065.
For story posts, in spec, 2281c. For sky-
light, in spec, 2285e

or IMansard roof, 2035
Current ; in plumber^', 2213
Currev, Henrv ; architect, 2975e
Curta'il step, 2186, 2190—2192
Curtain ; at theatres, 2971/<

Curved ribs ; in spec, 2.'85a

Cushion capital, p. 977
Cusp ; broken-backed, p. 996
Cusped ogee arch ; to draw, 1943i
Cutters ; species of bricks, 1821
Cutting knives

;
plumber's, 2212

Cyanite paint, 2273y
Cyclopean buildings ; four eras of, according

to Mr. Hamilton, 32
Cyclopes, the seven ; Bryant's opinion on 31
Cylinders; deflection of, 16.!0/i. Strength of,

1630^. In foundations, 1885a
Cylindrical tubes for beams, lG29a

surfaces ; to form in joinery, 2198, 2205
Cyma, Cyma recta, or Cymatium, 2129, 2532

DADO ; in spec, 22856. IIow measured,
2356

Daines's process, lG67m
Dairy and fittings ; in spec, 2284c
Dais, 394
Dallaway, Rev. James; writer on architec-

ture, p. 1055
Damascus; houses, how built, 131. Mosque,
30G

Damp ; cause of decay in timber, 1746, ]7."0

Walls, 2251^. Paint for, 2273^. Dr\ing,
2250/

Damp-proof courses, 18866 et seq. In spec,

2282, 2284
Dance, George, sen. ; architect, 313, 521

George, R A., jun. ; architect, 523

Danckers de Ry, Cornells ; architect, i'940

Dantzic timber, 1129/
Danvers, Sir John ; "h^use for, 440
Darbishire, H. A. ; architect ; model dwell-

ings by, 302G
Darby, lady ; a London house for, 440
Darlc}' Dale stone ; analysis, &c., 1666

Darmstadt ; theatre, 2972
Dartington, Derbyshire ; Manor house, porch,

p. 999
David I., king of Scotland ; his zeal in erect-

ing religious buildings, 392

Davison and S^'mington's process of drying

timber, 1749a. Furnace, 2279/
Dawnay's fireproof floor, 1903«

Day, length of; iongest in difl'erent countries

o"f Europe, 1030

Day work ; materials and labour, how charged

in, 2322—231:9. Bricklayer's, 1901

Deadlock, 2261

Deal, 1710. Sizes of, 2125c. Standard of,

1 729. How to reduce, 2363. Table of values

of, 2364—2365. Battens, 2362. Left plaiu,

in spec, 2290
Decagon ; to form, 1021

Decay of stone, 1640, 1666/^, 1667 et seq. Of
tin'iber, 1745 ei se^.

Decomposition of granite, 1670a

Decorated Gothic ; or ornamented English

architecture, 410, p. 967. Characteristics

of, 420. Proportion in, p. 1017. Mouldiuga^
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p. 973. Piers, p. 976 Capitals, p. 978. Base,

p. 979. Ribs, p. 980. Hoodmoiilds, p. 982.

Plinths, p. 982. Parapet, p. 983. Wood
uiouldin'zs, p. 985. Windows, p. 989. Win-
dow jambs, p. 982. Doorways, p. 997.

Porches, p. 998. Towers, p. luOl

Decoration. 2513. Arises fruni desire of va-

riety, 2515. Analogy in, 2517, 2518. Alle-

gory- in, 2520. l';xaiiiple--, 2521, 2522.

Gothic, p. 994. Or sculp.ure at Amiens
cathedral, p. 1062

Decorative worlc in tints, 2251/

appliances, 2277i

Deflection ; of a beam, 1628e, 1630e. Of iiil-

lars, 1628e, 1630w. Correction of formula,

1630ra

Dellii ; mosque of Kootub, 306

Delorme, Piiilibcrt ; architect, 357, 358. Ilis

work translated into English, 438. His
mode of framing domes, 2052

Delphi; temple of, 136

Delta metal, 1791a
Denbigh castle, Denbighshire, 398
Dendcrah, 71

Denliam, Sir John; architect, 319
Denmark ; buildings erected by Inigo Jones,

456
Denmtt arch, 1903f£

Dentils, centres of, 2012
Derby; All Saints' church, p. 1002. Lunatic

asylum, 2278(/

lady ; liouse for, 440
plasterer's, described, 2242

Derbysliire marbles, 10«la et seq.

DericU, John ; architect, p. 066
Desachy's fibrous plaster, 2251
Descriptive geometrv, 1110— 1211

Design ; see "Architectural Dosi-;n." Method
in proceeding to make one, 24906

Detrusion, jG28e, 1631n. Of stone, lG02o
Devisor. 312, 319
Devonshire granite, 1669. Marbles, 1502£r,

1681c
hou.?e, Piccadilly, 299

1

Diaganiiatha ; temple at Kllora, 56

Diagonal braced roof, 2052f/, 2052_(;

of a.squarc ; f;y^tcm of proportion, p. 1017
Diamond

;
glazier's, 2226

Diaper work ; in plaster, 585. To walls, 302
Diaphragm ventilator, 2278r
Diarbekr

; palace of Tiirranes, 305
Diastyle intercolumniation, 2605, 2609, 2611
Dicken.son, Barnard ; house for, 528
Die of a pedestal, 2603
Dieppe ; church of St. Jacques, 547
Die^t; church of the Bc'guinage, 558. Of St.

Sul|)ice, 558
Dig out ; in spec., 2281
Dijon; cathedral, 510. Church of St. Bcnignc,

289. Palace, 548
Dilapidations, p. 1098
Dimensions ; squaring and cubing, 2297
Diminution of columns. 2513 et seq. Vignola's
method, 2545. Blun<lers method, 2516. In
ancient examples, 2517. According to their

height, 2548
Dinant; church of Notre Dame, ^67
Dinkelsbuehl ; church of St. George, 580
Diocletian, emperor ; desirous of reviving the

art, 198. His palace at Spalatro or Spalato,iY<.

Dionysiaca of the Greeks, 172
Dioscuri ; temple of, at Home, 208, 262
Director, 312, 319
Discharge of air through a tube, 2278c, 2278/j

Disconnector to drains, 2220i

Dishing out the beds, 1925a
Dispersion of mankind from a central spot

11—14, 21

Distemper, 2274 et seq. Painting, 2274f/. In

spec, 2290
Distribution of plan, 2489
Ditriglyph, 2611
Djenonasia, temple of; at Ellora, 56

Dockyards
;
graving docks, 16716

Dodecagrn ; to form, 1022
Dog-legged staircase, and mode of forming,

2182
Dome

;
pointed, 533. Constructirn of, 1499^.

Not an arch, 1499/j. Stability of, 14997.
Mode of framing, by Dclonue, 2052. Cir-

cular and polygonal, to determine ribs of,

2064. To cover with boards, 2070—2073.
Construction of, in timber, 2089. How to

regulate caissons in, 2837. Lead to ; in spec,

2288. Vauliing, in masonry, 1956 et seq.

of Pantheon, p. 958. 'of St, Pauls,
Lf.ndon, 2049

Domestic architecture, 539, 545. Of the Ro-

mans, 242—255. Gothic, 2489. Of the

Tuilor period, 423— 125. In lielgium, 564.

In Geriuanv, 582. In Spain, 585. In Italy,

613. In Sicily, 626. At San Gimignan'o,

622. At Venice, ib. At Aquila, I'opoli,

and Solmone, 625. Porch in, p. 999
Domical covering, 535
Domingues, Alonso ; architect, 601
Dominican cliurch, 545. At Burgos, 595.

At Valladolid, 596. At Salamanca, 598.

At Cuen9.a, 598. At Monza, 624. At
Itatisbon, 569. At P.alma, 586. At Ghent,
557. At Louvain, ih. At Antwerp, ib., 560

monastery at Guimaracns. 603. At
Batalha, 601. At Amarante. 607

Domma, temple of; at ICllora, 56

Doucastcr, York^hire
;
parochial church, 421

Door cases, etc. ; in si)ec., 2285c. Lining.s, in

spec, 2285c
ch.iins and barrels, 2263

Doors ; described as variously moulded, 2130
—2141. In spec, 2285e, 22'xbf et seq., 2293c.

Of the medieval jicriod. 2145a.

and frames of wrought iron ; sizes of,

225.'e. In spec, 2286. Fireproof, 2970a,

29716
Doorways

;
profiles of, 2729 et seq. Con-

sidered in respect of mnsses and voids, 2730.

Dimensions, 2731. Places and numbers,
2732. Decjrations, 2733. Gate.-! and piers,

2734. Of St. Peter's Baptistery at Florence,

and San Giovanni Laterano, 2735. JLanu-

facturc of, 2736. Examples of do rwavi',

27.>7—2739. At the Cancellaria, 2739. IJy

Michael Angclo, 2740. By A'ignola, 274L
By Cigoli, 2742. By Inigo Jones, 2743.

By Serlio, 2744. Gothic, p. 997 et seq.

Divided by a poit, 553
Dorbay, Francois ; architect, 357

Dorian architecture, p. 012

Doric arcade, 2623. With pedestal, 2629

order, Grecian. liclative antiquity of

examples determined from intervalsbetwecn

the columns, &c., 140. Dorus, imagined
inventor of, 140— 142. Table of examples
of. 142. First used in Paris by Anfcoine,

360. Used in Germany by Lan.i:hans, 3CG.

In the Parthenon, 2570. Table of its parts,

ih. Pi incipal buildings of, 2572. Propor-

tions, p. 918 et seq.
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Doric order ; Roman, 258. Of the theatre of

Marcellus, ib. At baths of Dioclesian, ib.
•

; order; of the Italian architects, 258.
Vignola's commended by Daviler, 2651.
Mutular Doric on larger scale, 2562. Tal.le
of heights and projections, ib. Difficulties
in arranging entablature, 2563. How em-
I'loyed by the ancients, 2564. Denticular
Doric, and parts of, on larger scale, 25G5.
Table of heights and projections, ib. Vi-
truvius's profile, 2566. Falladio's profile,

2567. Serlio's profile, 2568. Scaniozzi's
profile, 2569. Intercolumniations, 2605

temples ; general proportions of plan ex-
amined. 152. At Corinth, early specimens,
146. At Selinuntum, p. 943 tt siq.

Dorking lime, 1843
Dormers ; in spec, 2285a. Lead to ; in spec.
2288

Dormitory ; of an infirmary, 29766
Dorrell, Sir Thomas ; house for, 440
Dorsett and Blythe'a patent for preparing

tiaiber, 17526
Dortmund ; church of St. Reinold, 579
Dotzinger, lodoque ; master of the works at

Strassburg, 322a
Double bead, 2128

floor, 2019. Framed flooring, 2013,
2020, 2021

glazing to partitions, 2231. Windows,
3037

Doulton's smoke and air flue, 2278/. Joint
for pipe drain, 1888a. Fireproof floor, 1903y

Douvres ; church spire, p. 1000
Dover castle, Kent, 391, 393, 394
Dovetailed backing to grounds, 2166
Dowel, 1495, p. 990. Of wood in columns,

1925a. In spec, 2284rf

Dowelled floors, 2171—2173
Dowelling in a spire, p. 1004
Dozen of paper, 2277e
Drag ; mason's tool, 1915a
Dragon beam, 2009
Drainage; of foundalions, 1887. Of land,

1888e. Of dwellings, 3022, 3026. In spec,
2282a

Drains, 1887, 1888a et seq. Combined and
separate sj'stems, 1888/". Special recom-
mendations, 1888r, 1888s

Drake & Co.'s concrete construction, 1903a:

Drammen deals, &c., 1729c?

Drawback lock, 2261
Drawer handles, 2263
Drawing ; in general, 2381. As anplied to

landscapes, 2404. Methods of teaching,

2383 et seq. Method of Dupuis, 2385. An-
cient method, 2387 et seq.

knife; joiner's, 2114
Drawings, 2491. Necessary in composition,

2490a et seq. In making a design, how to

proceed, 14906. Ought not to be coloured

nor highly finished in shadow, 2490c. Of
caissons in vaulting, 2002a. Of horizontal

and vertical combinations, 2839 et seq. By
interaxal divisions, 2842. Prevention of

false bearings, 2843. Working, 2491, p.

1008
Dresden ; theatre, 2972

Dresser ; in spec, 22855-. Top, in spec, 22855^

Dressing and flatting tool
;
plumber's, 22 12

Dressings to doors and windows, in spec,

22846
Driers, and drying oil, 2275

Drilling holes'for rivets, 1631t

4X

1409

ECO
Drips ; in flats and gutters, 2214
Drovi ng ; in m ason ry , 1914
Druidicjil and Celtic building; introduced

into Britain by the Canaanites of T\re and
Sidon, 14

Druids of the British Isles ; a colonv of the
first race of people, 11

Drums of columns ; to work, 1925a
Drury Lane theatre, London, 524, 2958.

Wyatt's principles in constructinir, 2957.^
" " Old roof.

In spec, 22«2a

Damp

Drury Lane in olden times, 2967
2048

Dry area or drain, 1886a,
Dryburgh ; abbe)', 43

1

Drying oil, 2274. Timber, 1749a
walls, 2250i

Drv rot ; cure of, 1 753—— soil closet, 2218a
Dublin

; custom house, &e., 526. Houses of
Parliament, ib. Four courts, ib. Carlisle
Bridge, ib. Inns of Court, ib. Roval Ex-
change, ib.

Du Cerceau, Jacques Androuet ; architect,
357

Ducy ; church spire, p. 1000
Dumfries stone, 1666z
Dung pit ; in spec, 2282c. Iron coping to, ia

spec, 2286a
Dungeon of a castle, 394
Duodecimals

; to use, 2297a et seq.

Durand's Paralle'.e des Edifices, noticed in
several pages

Duresco, 2274c
Durham ; ca.-tle, 394, 398, 414. Cathedral,

406. Founders and dimensions of, 434.
Vaulting, 1499j-. Kitchen, 149966. Pro-
portion of churches in countv, p. 1012

Dust bin, VMld. In spec, 2282c
destructor, 1907e

Duster
; glazier's, 2226

Dutch clinker, 1828, 1905c. Terras, 1859«
Dwarf closets ; in spec, 2285(/

Dwellings for industrial classes, 3012

I?ARL'S Barton, Northamptonshire; tower
-i at, 398

Early English architecture, 399 et seq., p. 967,
Characteristics of, in arches, trefoil and
cinquefoil heads, columns, windows, roofs,

walls, ornaments, and plans, 405. Exam-
ples, 406. Proportion in, p. 1017, p. 1023.
Mouldings, p. 972. Piers, p. 976. Capitals,

p. 977. Base, p. 979. Ribs, p. 980. Hood
moulds, p. 981. Plinths, p. 9«2. Parapet,

p. 983. Wood mouldings, p. 985. Windows,
p. 988. Window jambs, p. 992. Doorways,
p. 997. Porches, p. 998. Towers, p. 1001

Earth closet, 2222
slope of, 1585
table, p. 980

Earthenware; glazed, ISSO^r. Pipes 1888a
East Barsham hall, Norfolk

;
porch, p. 999

end ; forms of, p. 1006
India house, Leadenhall street, 524

Eastbury house, Essex ; porch, 1908a, p. 999
house, Dorsetshire, 495

Eastwell house, Kent, 525
Eaves gutter; of wood, in spec, 228Ga. Of

lead, in spec, 2287. Of zinc, in spec, 2294
Ecclesiastical dilapidations, p 1098

Echinus, or quarter round, 2532

Ecole de Me'de'cine, Paris, 363. Des Beaux
Arts, at Bruges, 563
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Economiser grate, 2'279d

Ecouen ; chateau, 357. Church, 549

Edfoo, near Thebes ; temple at, 77

Edtiar the Peaceable, king ; his care of the

Anglo-Saxon buildings, 386

Edge roll moulding, 14995-^^, p. 972

Edinburgh ; St. Giles's church spire, p. 1002,

High church, 485
Edlingham, Northumberland ; castle, joggled

works at, 1925e

Edmundsbury. See " Bury St. Edmund's "

Eei:ken, Jan Ver der ; architect, 559

Efflorescence, 1667c, 1667m
Egas, Henrique de ; architect, 698

Egina ; temple, p. 943, p. 9_45

Egl, Andreas ; architect, 576

Egypt: architecture of, 9. Earlier than Greek
architecture, 10. Its analysis and develop-

ment, 70 et seq. Considered in respect of

style, taste, and character, 76 et seq., 84 et

seq. Temples and tombs ; t e principal

works in it, 67. Form and disposition of

temple, 76. Monotonous, 88. Physical

causes which afTect it. 63 et seq. No cir-

cular temple in it, C9. Principal edifices

and map of the Nile, 91

Elaeotherrnm ; of the Greek gymnasii'm, 175.

Of the Roman bntli.s, 235

Elasticity ; modulus of, 1628e, 1630i. Of
timber, 1610

Elbeuf
J
tower of St. Jean, 547

Eleanor crosses, p. 1037

Electric appliances, 2264/ et seq. Danger of,

22(;4m. Systems, 2264n, 2264o. liells,

2264^ et seq.

Electro process to iron, 222-lg

Elephanta, near Bombav ; excavated temple,

57
Eleusis ; temple, p. 944, p. 945
Elevation, 2490a
l':ievator. See " Lift

"

Elgin ;
parochial cliurch of, 2043

Elizabelh, queen ; did not patronise architec-

ture, 438
Elizabethan architecture, 4^5, 43G et seq.

Practised till the days of Inigo Jones, 445.

List of palatial houses, 416. Character of,

449. Sepulchral monuments, ib.

Ellipsis, 1058—1082
Elliptical arch ; to draw, in masonrv, and find

the joints, 1934—1937. At Modain, 305

Ellora ; temples at, 26, 55, 56
Elm, 1720
Elsden, W.; architect, 602
El ten ; church, 56V
Eltham

;
palace, hall roof, 2052<

Ely, Caiubridgethire ; monastery, 319. Ca-
thedral, 406. Founders and dimensions,

434. Proportion of, p. 1016. Galilee porch,

p. .979. Prior's entrance, 397, 398, p. 997.

Chapel of St. Mary, 421. Lantern, p. 1001,

Window, p. 989." East windows, p. 988.

Capitals, 390. Arch, ib.

Ely house, Dover Street, 615
Embossed glass, 2i'31c

Enicre, Garcia d' ; architect, 370
ICmerson's patent for preparing timber, 1752
Emery cloth, 2276f/

Emmerich ; church of St. Algund, 567
Em3''8 system of roofing, 20526
Enamelled glass ; varieties, 2231c. Iron,

1780/>. Slate 221 Ir. Water pipes, 2223^
Enamels; coloured, 2231/. Gokl and silver,

223 1 <7

Encaustic tiles. 1839<», 1908c

Endon stone, 106Cm
Engaged columns or pilasters, at Burlington-

house, 2615
Engelberger, Burkhard ; architect, 581
England ; architecture of, from James I. to

Anne, 451 et seq. Under George I., 499 et

seq. Under George II., 506 et seq. Under
George III., 514 et seq. Saxon churches of.

290. I'eriods of Gothic architecture in. p. 9G7
English architecture, see "Druidical and Celtic

building ;
" " Norman ; " " Early English ;

"

" Decorated ;
" " Perpendicular ;

" " Eliza-

bethan ;
" &c.

bond, 1892 et seq. In spec, 2282
builders in France, p. 1057
granites, 1671 et seq.

Enrichments ; in plastering, 2250
En'ablature ; height of, 2523 et seq., 2542,

2544. Subdivision of, 2549. Deal ; in spec,

2285<7

Entasis, or swelling of columns, 2545. First

verified bv T. Allason, 144. To a spire, p.

10(15

Eon ventilators. Sir.., 2278«
Eosander, Johann Fnedrich ; architect, 365

Elihebeum ; of the Greek gymnasium, 175.

Of the Knman baths, 235

Ephcsus ; church of St. John, 271. Temple
of Diana, 141, 2581a

Episcenium ; of the Greek theatre, 172

Equilateral triangle applied to buildings,

p. 1008 et seq.

Equilibrated dome, 1499A

Equilibrium ; system of, in Gothic buildings,

not known, 1583c

curve of, 1107. Nccessarv for fitness,

2500
Erechtheus ; Ionic temple at Athens, 155,

p. 952
¥a"w in von Sleinbach ; architect, 305, 322a

Esccbado, Giovanni, Alonso, and Fra Gio-

vanni d' ; architects, 367

Escurial, near Madrid, 370, 371

Eseller. Is'icholaus and Son ; architects, 680

Esher, Surrey
;
palace, 426

Esneh ; ruins at, 91

EspagnolMtte bolt, 2lC,hd. 2259

Esslingen ; church of St. Katherine, 583 ; of

St. Mary, ib., 597
Estates, purchase of, p. 1096

Estimating, 22;'5 et seq,

Estremos ; castle, 603

Eton, Buckinghamshire ; college ch.ipel, 421.

Weeks and Co.'s ventilation, Ike, 2278m

Etruscnn archit-cture, 178. Marked by great

solidity of construction, 179

Etruscans first used amphitheatres. 232

Euclid's Elements ; early used, 309i. Work
translated, p. 1037

Eureka Concrete Company, 1903t
Eustyle intercolumniation, 2605—2611

Evesham, Worcestershire ; detached cam-

p.anile, p. 1002

Evora ; church of Sin Francisco, 607

Fernando d' ; architect, GU5

Kvreiix ; cathedral. 547

Ewerhv, Lincolnshne ; church, proportion of,

p. 1018
Excavations, 1884
Excavator's work; in spec, 2281. Estimating,

2298
Exeter, Devonshire ; c.-ithedral founders and

dimensions of, 434. West window, p. 1031..
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CastleTowers, groined ceiliug, 2023(;.

gateway, 391
Exhaustion; system of ventilation, 2278.r
Exhedra ; of tlie Greek gyninasium, 175. Of

the Roman baths, 2^5. Of a Roman liouse,

252, 253
Exhibition of the Industrv of All Nations,

1851, p. 1062 et seq. Building of, 1862, 2052
Expansion ; of brickwork, l833e. Of con-

crete, 1862a. Of hot-water pipes, 3059
Exterior cements, 2251a et seq.

FABRE, Jaymc ; architect, 592
Fiibri.?. E. de; architect, 3iS

Face work ; in media;val masonry, 1915a
Facing block of stone, 1902e.

of stone, in spec, 2282a. Briek.^, in

spec, 2282
Faggoted iron, 1764a
Faijfl's concrete, 1903x
Fair Oak house. Isle of Wight ; warming,

&c., 2279c
Fairbairn's beftuis and girders, 1629a, 1629«
Falaise

;
quarries near, 166GA

Fall for a drain, 1888(/

Falling mould of stairs, 2188
False gable at Tarragona, 587
Fan system ; for extracting foul air, 22785f

For driving in air, 2278A
Fan tracerv, p. 1027. In cloisters at Glou-

cester, p." 1037. Vaulting, 1499ee, 2002iiJ,

2002.r

Fancelli, Luca, architect, 323
Fancy colours, in painting, 2272<f

Fanlight frames ; in spec, 2285d
Fano; forum, 218
Faraday's ventilation to gas lights, 2278«
P"arm'houses, 3002 et seq. Distribution of,

3003. On large scale, 3001

Fascia, brick, in spec, 2282, 2282a
Fastenings ; iron to joints, 1631/)

Fauces ; of a Roman house, 250, 253

Faustina, temple at Rome, 2547

Feather or rib ; on a cast-iron beam, to be

avoided, I62dd
Fees, to pay ; in spec, 2280A

Felber, Johann ; architect. 580

Felkirk, Yorkshire ; church pojch, p. 998.

Sacristy, p. 999
Felspar ; in granite, 1G69

Felt; under slating, 2210d, 2210e, 2211n.

For roofing, 2210/. For temporary roofa,

1907c, 2210e

Felt grain ; in wainscot, 21256

Fence walls ; in spec, 22826, 2282c

Fencing, oak ; in spec, 228bh

Fernach, Johannes Tetrus ; architect, p. 1008

Fernandez, Matheos and Son ; architects, 605

Ferrey's stamped plastering, 2245a

Fez, ancient Arabian city ; described gene-

rally, 132

Fibres ; of iron, 17646 et seq.

Fibrous plaster, 22466, 2251. Slab, ib., 2971(f.

Asphalte or felt, 2210d

Ficsole ; waHs of, 179

Figiieras, near Gerona; parochial church,

589 ^ .,

Figures ; in decoration, 2519, 2521. Similar,

958—968
Filarete. See " Averlino, Ant."

Filippo, Maestro ; architect, 367

Fillet ; listel or annulet, 2129, 2532, p. 970.

Moulded to roofs, 2173a

4

Filleting; to a roof, 2211 A. To slates, in
spec, 2283a

Filter; beds for purifying water, 2222c, 2222^.'
Of porous sandstone, 2222j. Oi" siliceous
stone, ib. Household, ib.

Fine stuff; plasterer's, 2236
-— axed, to granite, 1915c
Finger-plates, 2261
Finishings; interior, timber for, 1729/"
Fir, 1706 et seq. Wellingtonia, 1726. S'trength

of, ib.

Fire clay lumps, 1826. Lump grates 2279rf
Places, in spec. 2284rf. See " Chimnev."

Stone, 1666aa. Brick, 1823, 1826. Terra-
cotta, 1908s

extincteurs, 2971i
Fireproof; doors, 2255e, 2971a. Plaster, 22466.
Wire lathing, 2246c. Iron columns, 2255.
Paints, 2273j, 2971rf'. At theatres, 2971a
et seq. Curtain, 29716. Lathing, 2y7!c.
To protect gauzes, &c., 2971/*. Theatre,
2971/. Rooms, 2889, 2971a. Floors, 1903
et seq.

Fires ; causes of, in buildings, 2279;?. Pre-
cautions agftinst, ib., 2971a. From gas
lights, 22796. Open, in heating, 22796.
Close, 22796

First pointed work ; proportion in, p. 1017
Fischers, Carl ; architect, 365
Fishmongers' hall ; columns, 1671e
Fish's bladder. See " V^esica Piscis "

Fitness ; the basis of proportion, 2496, 2497.
Dependent on equilibrium, 2500. Maxims
relating to, 2502

Fitwilliams, Mr. W. ; house for, 440
Five-aisled church, 557, 658, 569, 5G0. At
Kuttenburg, 567

Fixing blocks, 2166, 1903r, 2173c. In spec,
2285, 2285a

Flachat, E. ; architect, 1666/6

Flambard, bishop ; as builder, 821
Flamboyant period in France, 546, p. 990.

At Ghent, 2896c. Tracery, in Spain, 594.
Mouldings, p. 974.

Flanders ; proportion of churches, p. 1006
Flange ; for box in slate cistern, 2223y. To

plate girder, 1629p
Flanged beams, 1628g
Flashed glass, 22316
Flashings ; in plumbery, 2213. In spec, 2288.

To slate, 221U, 2214
Flat ; arch, proportion for, 1925A. Floors

arched, 19036 et seq. Tile roofs in India,

1903^. Of concrete, VJQSu et seq. Tile, in

spec, 2282a. Of zinc, in spec, 2294. Iron,

rolled for flitches, 1629«. In spec, 2285a.

Of lead, in spec. 2288. Wetterstedt metal
for, 2224e

in houses, 2995a, 3012 et seq.

Flattened sheet glass, 1872
Flatting ; in spec, 2290
Flemish bond, 1892 et seq. In spec, 2282,

Bricks, 1828. Tiles, 1838

Fletcher's warming and cooking, 2279^
Fliers ; in stairs, 2186

Flint work 16G(|^, 1922A et ae^.p. 983. In

spec, 2284rf

Flitch ; of wrought iron, 2255a. Beams, lC29u

Fiitcroft, Henry ; architect, 512

Float stone ; bricklayer's, 1890

Floated work
;

plasterer's, 2242. Quantity,

2248
Floor ; under oven or stove, 2279;)

Floor or floor boards, 2168 et seq. IIoW
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measured, 2352, 2361. Laying, 2168. Nail-

ing, 21736. Varieties, in spec, 228.56

Floorcloth ; injurious to a floor, 1747

Flooring; 2013 6^869. How measured, 2334.

Single, 2014 et seq. Double, 2019. Double-

framed, 2020. Framed, 2022. Constructed

with short pieces of timber, 2023. Timber

for, 172!)/'. In spec, 22856. Loads and

weights placed on, 1628d. ''See Boarding "

Floors"; arched, in brickwork, 19U36 et seq.

Fireproof, 1903^ et seq. Of cement, 190."je.

Of concrete, 1093 r et seq. Plain tiles, in

cement, 1903e. Of scagliola, 22.i0A. Of
Parian cement, 225U. Other cements,

2251m et seq. Wood blocks, 2173c. In

mediajval period, 2023a. Their ornamen-

tation, ib. et seq. Of churches, in spec.,

92856. For industrial dwellings, 3016.

Florence ; church of Sta Maria del Fiore. 323.

327, 477, 616 ; dome, 1499/) ; apse, p. 1007.

Proportion of campanile, p. 1057. Church

of Sta Maria Novella, 616. Of Sta Croce,

ih. Choir of church of the Annunziata, ."25.

Pal. Gondi, cornice, 2725. Pal. Pitti, 325,

329, 331. Pal. Kiccardi, 327. Palaces, 358.

Pal. Pandolfini, 329, 2725, 2767. Pal.

Strozzi, 327, 3i!9 ; cornice, 272.5. Brilge.

313. Walls ; at church of Sta Spirito,

1535, 1551, 1554 ; at San Lorenzo, 1535,

1550, 1554
Florentine scliool of architecture, 329. Prin-

ciples of, 3;i0. I'rinciple cluirches of, ib.

Bj'zantine arcliitecture traced in works of,

332. Period and prim:ii.al masters of 3;)3

Florid English or Tudor style ; its a-ra, &c.,

422 et seq. Examples in Scotland, 431. lu

England, 432
Flowers ; used in decoration, p. 994, p. 995

Flue ; 1905a, 19056, 2793. In spec, 2282a.

See " Chinmey "

Fluo-silicic acid, 1667y
Flush rings, 2263. IJnlt, 2259
Flushing; 18876, 1888A. Tank, 2220/). See

"Water waste preventer"
Fluted sheet glass, 1872rf

Flutes of columns ; their nature and probable

origin, 145, p. 948
Flying buttresses, p. 1024, p. 1047, p. 1048

Foix, Luigi de ; architect, i571

Folded floor, 2168
Folding door-s, 2130. In spec, 2285/
Foliation ; in windows, p. 9.S9

Fontaine le Henri, near Caen ; chateau, 548.

Stone, 1666A/6

Fontana, Carlo ; architect, 365
• Domenico ; architect, 336. 344
Fonthill, Wiltshire ; abbey, 528
Footings ; of a wall, 1S82 et seq., 1916a.

Stone, in spec, 22846
Foots Cray, Kent ; villa, 3000
Force of the wind, 1592a et seq., 1667/
Forest of Dean ; stone, 1666c
Fork ; thatcher's, 2211s
Formation of bodies by glue in joinery, 2193
—2208

Formeret, ]499t)

Fortified houses ; in Spain, 586
Fortuna Virilis, at Rome; temple, 212, 261,

p. 953, p. 1057
Forum; of the Romans, described, 218. Civilia

and Vcnalin, ih. ()( I'ompci, 212
Fotheringay, Northamptonshire ; church, as-

similating work, p. 968. Spire, p. 1002
Foul air in rooms, 3032

Foundations, 1881 et seq., 19166, 3032. Vi-
truvius's advice on, 1881. Best soils for,

1882, 1883. Their depth, 1884. Spread of,

1581. Use of inverted arches in, 1885.

Cylinders in, 1885a. Walls above, should

be kept drj-, 1886. Drain.age of, 1887. In-

sufficient, 1502c. In spec, 2281, 2293a.

For iron columns, p. 1065
Foundery, 2265 et seq. Work ; in spec, 2286.

Estimating, 2374
Fountain at Batalha, 605. At Rouen, 548.

At Clermont, ib. At Viterbo, 614
Fountains, Yorkshire ; conventual church,

398, 407, p. 971 et seq.

Fractures ; in an arch, 1496, 1497

Framed flooring; weight of, 2022
roofs ; single, 2052»j, 20525^. Double,

2052s
Frames ; for windows, in spec. 2285/"

Framing; of joinery, 2174—217.5a. Timber
for, 1729/, 2125c. Angles in joinery, 2174

et seq.

Franc, Juan ; architect, 594
France; oldest buildings in, 289. Marbles of,

1679. Pointed architecture in, 530 et

seq.

Francis I., of France ;
patron of arts, 358

Frankenberg ; church of St. Mary, 567
Franking sash b;irs, 2165
Franklin's calorifere stove, 2279e
Frascati ; houses, 614
Fratres poutis, 310, 313
Freeholds ; valuation of, p. 1094
Freeman, Edward A.; writer on architecture,

p. 965
Freemasons ; Company of, 308 et seq., 401,

p. 1055, p. 1057
Freemasons' hull, London, 1681c
Freemasonry; histories of, 316, 2629
Free seats ; in sp c, 2285A
Freiberg ; cathedral, 567, 579. Spire, p. 1005

Freiburg an der Unstrut ; church, 579
Freiburg-im-Hreisgau ; milnster, 570, 579.

Apse, p. 1007
Freideberg ; church, 572
Freixo d'Espada a Cinta ; walls, towers,

castle and churcli, 601

French architects; attached to Venetian in

preference to Roman schools, 358. The first

in ICurope, 360
French ; building stones, 1066/iA et seq. Case-

ment, 21656 et seq., 2278»i; in spec, 2285rf.

Mouldings and details, ]>. 1035. Polishing ;

in spec, 22&0a. S.ashes, 2164, 21656. School

of architecture, 357 et seq., p. 1035. Slates,

221 1/»

Fresco painting ; not treated, 2273A
Frotte-embattled ornament, 397
Krette-triangular ornament, 397
Fretwork ; in glazier's work, 2229a
Freuilonstadt ; church, 583
Fribourg ; mason's mark at, 322
Friction, 1331—1341. Observations on, 1364

—1389
Frieze ; tn cf)rnice, in spec, 2285e. Panels of

a door, 2130. Rails of a door. ib.

Frigidarium ; of the (Jrcok gymnasium, 175.

Of the Roman batlis, 235
Frisone, Marco da; architect, 619
Frit; in glass-making, 1868

Frobcl, F. ;
" zimmorman,"' 579

Frog, or hollow of a lirick, \b02k

Frogmore ; mausoleum, 1671a, 16716, 1671/",

16716, 1680
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Frnst ; effect of, on blate, 1808, On a build-

ing, 2i50A
Frver's refuse destructor, 1907e
Fuller, bisiiop ; his aphorisms relating to

private buildings, 2985—2989
Funnels ; of chimneys, 2793
Fumes, Belgium ; church of Ste. Walburge,

557
Furnesa, Lancashire; conventual church, 398.

Masons' marks, 3226. Doorway, p. 973
Furniture; inlaying, 2173c. Forlocks, 2261.
For doors, in spec, 2285/"

Furring joints of floors, 2109

GABRIEL, Jacques Ange ; architect, 3G0
Gaddi, Taddco ; architect, 323

liaiters ; thatcher's, 2211s
Galatino ; monastery of Sta Catherina, 625
Galera ; houses, 614
Gallego, Juan ; architect, 596
Gallery; height of, 2822. In Elizabethan

houses, 440. In nave of church, tiOl

Galli-Bibiena, Antonio ; architect, 2950
Gallo, Tommaso ; abbot, 611

G allot, gallet, or garret ; stone chipping,

1861, 1.922«

Galtoii ventilating stove, 2279(Z

Galvanic action ; in metal roofs, 2224, 2224^"

Galvanizing iron, 1780c, 1796 et seq.

GalwHV marble, 16S3c

Gamondia, Enrico di ; architect, p. 1008

Gandon, James ; architect, 504, 526
Gankoffen, Joerg; architect, 579
Garcia, Pedro ; architect, 595
Gargoyle, 553
Garigiiano ; amphiiheatre on banks of, 228

Garret or gallet; see " Gallot

"

Gas ;
governors, 2264. Lighting buildings,

2264/. Leakage, 2264^, Fires, 22796.

Burners, 2264c. Danger of, 2264A. Venti-

lation of, 2264j
fitter, 2264 et seq. In spec, 2293.

pipe, 2223^, 2264a, 2264A. Flexible,

2264. Delivery i)cr hour through pipes,

2264a. Mode of fixing, 22646
~ stoves, 2264/. 2279e

G^ses, noxious ; diffusion of, 3032

Gates ; and coachhouse doors in spec, 2285c.

And piers, 2734

Gateway at Arpino, &c 304. At Bruxelles

and Louvain, 564. At Mycenas, 34

Gauge ;
joiner's tool, 2120. Bare or margin

of a slate, 2210. Of tilting, 1835. For zinc,

2224A. Stuff, 2237, 2246. For filleting,

221U
Gauged arches, 1925e. How measured, 2311.

In spec, 2282
Gaultclav,1831/
Gauthier, M. P.; architect, 2975

Gayfere, Thomas ; mason, 528

Geber ; architect, 368

Geezeh ;
pyramids, 74, 304

General joiner ; machine, 21246

Genfeve, Simon de ;
priest and architect, 561

Genius in architecture, 2492

Genoa ; church of San Lorenzo, 319

Genoese Gothic, 608

Geometric forms ; in tracery, p. 995, p. 1028

piers, 976

Geometrical drawings, 2490c
. principles of proportion, p. 1006

tracery in England, p. 968. In Spain,

594

Geometric.Tl staircase, 1927c/ie2. In joinery,
mode of forming, 2184

Geometry, 874 et seq. Definitions, 875. Right
lines and rectilineal figures, 876—907. Cir-
cles, 908—928. Surfaces, 929—934. Pro-
portion, 93)— 957. Similar figures, 958

—

9(18. Planes, 969—978. Solids, 979—995.
I'ractical, 996—1032. Descriptive, 1110—
1211. Use of in proportion, p. 1008 et seq.

S udied in England, p. 1037
Gerbert; monk and pope Sylvester II.,

309
Gerbier, Sir Balthazar ; architect, 465
German architecture, 365 et seq. Details and
mouldings of Gothic architecture, p. 975.

Gothic in Italy, 608. Spires, p. 1001
German sheet glass, 1874
Germanic symmetry, p. 1008
Germany ; early architects of, 865. Em-

ployed in other countries, ib. Italian archi-

tects employed in, ib. Two different styles

in its ancient churches, 283. Pointed ar-

chitecture in, 565 et seq., p. 975
Gerona; cathedral, 586, 692, 595. Baths, 306
Gerwin of We-~el ; architect, 577

Ghent; church of St. Nicolas, 554, 559. St.

Jacques, ib. St. Bavon, 655. 557, 559, 560.

Of the Dominicans, 557. Of St. Michel, 26.,

659. Hospital of La Byloque, 557.

Giallo Antico marble, 200266

Gibbs, James ; architect, 501—503
Giddea hall, Essex, 440

_
•

Gil de Hontanon, Juan and Rodrigo ; archi-

tects, 367, 597, 598, .599

Gilding, 2277a, 2379

Gilt mouldings; in spec, 2291

Gimlet, 2110
Giotto or Bondone ; architect, 323, 616, p.

1057
Giralda ; belHower at Seville, 320, 368

Girder ; use of the word, 1628c

of cast iron ; sha|)es of, 1628x. In

spec, 2286
of timber, 2020. Scantlings for, 2021.

Method of trussing, 2021a. Timber for,

1729/. How measured, 2335

Girgenti, 148. Houses at, 626. 5ce"Agri-

gentum "

Gisborne priory, Yorkshire ; conventual

church, 421
Gisborough castle, Yorkshire, 398

Gizeh ; see " Geezeh "

Glaetzel, Conrad ; architect, 579

(Jlasgow ; works at, 1671(7

Glass, 1868 et seq. Pliny's account of disco-

very of, 1869. Crown glass, 1870a. Knob-

glass, 16., 1871a. Sheet, 1872. Patent plate,

18726. German sheet, 1874. Plate, 187.5,

Rough plate 1877. Quarries, 1879. Broken,

in dilapidations, p. 1('95. To remove from

sashes, 2226a. For ornamental purposes,

2231a. Compressive strength, 2231d. In

spec, 2289. See " Glazing
"

used in Anglo-Saxon buildings, 385,386

paper, 2276rf

Glastonbury, Somersetshire ; monastery of,

389, 435. St. John's church tower, p. 1002.

Chapel of St. Joseph, 393

Glazed bricks ; white and other colours,

1831e. Earthenware, 1839^. Tiles; white,

1839a _ . ^

Glazier, 318. Work, in spec, 2289. Estimat-

ing, 2378
Glaz'ier's vice, 2228, Knife, 2226
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Glazing, 2225 et seq. Large roofs and areas,

'2226c

Globe ; in glass making, 1870a. Lights, 3042

Gloucester cathedral, 3'J6, 397, 421. Founders
and dimensions of, 434. Proportion of nave,

p. 1012. Shafts, p. 1023. Tower, p. 1002.

. South porch, p. 998. Cloisters, p. 1037

Groined ceiling of ditto, 2023^. Masons'

marks at, 3226
Glover, Moses; architect, 442
Gloves; to workmen, 317. Thf.tcher's

221 1«

Gl e, 2125<f

Glued work, 2175
Glueing-up work in joinery, 2193—2208
'^niunden. Heinrich von j i-rchitect, 620
Gneiss, 1609
Godstone, Surrey ; house corridor, 440
Going of stairs, 2179
Gold leaf, 2277«. Paint, 22776
Gomhao, Gabriel ; architect, .598

Gondouin, Jean Jacques ; architect, 363
Gl ntard, Karl von ; architect, 366
Gores of boards for covering domes, groins,

&c., 2008—2078
Gorges, Sir Thomas ; house for, 440
Gorhamburj' house, Hertfordshire, 446
Gosfield halJ, Essex, 426
Gothic arch ; history of, 294 et seq. In
masonry, to draw and find the joints, 1938
et seq.

architecture, 294, 3076, 530—027,
p. 964 et seq. See " Pointed Architecture."
Details more than principles have occupied
attention, 1583c. Style for houses, 627—— dome, 1499o

vaulting, 2002(f et seq.

Gouge, 2:13. Bit, 2107
Gougeon, Jean ; sculptor, 358
Gowns or robes to workmen, 317
Goyers, M. ; architect, 28906
Gradus; of the Koman theatre, 226. 227
Grafton, duke of; house for, in Piccadilly,

615
Graining, 2276
(iranada ; church, 868. Palace, i6.

Granby church, Notts., 1908a
Granite, 1668 et seq. Constituent parts of,

1669. Not decomposed by acids, 1070.
Varieties ; English, 1671. Scottish, 1671<f.

Irish, 167 \j. For paving, 1672. Weights
of, 1072c. Crushing weight of, 1500, 1502,
1502A. Workingof, 19156

in Spanish churches, 585. In Normnndv,
l666o

paper; to manufacture, 2278
Granitic Breccia stone, 1903o, 1905c. Paint,

2273(7

Granolithic stone, 1905c
Grantham, Lincolnshire; church, 408, 421
Granulated steel, 1776
Grass table, p. 980
Grate, form of ; for heating, 2279d et seq.

Grating, cast iron ; in spec, 2286a. To stable
yards, in spec, 2286a

Griitz, Johann von ; architect, 620
Grauwacke, 1672c
Gravity; centre of, 1242. See "Centre of

gravity."
Grease traps, 2220n
Grecian architecture ; strict meaning, as dis-

'tinguislied from Koman, IM. No arches
used in, i6. Identical with columnar ar-

chitecture, 133. In its decline, 177. His-

tory and proportion of, p. 942. Orders, 2570
et seq. Style for houses, 525

Grecian temple ; origin of, 139
Grecians, early buildings of ; were palaces of

princes, 137. Described, i6.

Greco-Roman stj-le, 524
Greek churches ; distribution of, described,

375—377. Cross, for a plan for, p. 1006
marbles, 1676
mouldings, 268, 2532

Green ; arsenical, 2278
Greenheart timber, 1728c
Green marble or serpentine, 1683c
Greenwich, Kent ; church, 505. Hospital,

2973a ; interior of chapel, by Stuart, 516 ;

roof of chapel, 2047. Palace, 423. Queen's
house, 462

Gr^goire, Mons. ; architect, 550
Gregory III., pope ; arts under, 281
Greville, Sir Fulke ; house for 440
Gre\' cast iron, 17656. Stone limes, 1843
Griffith, W. P. ; architect, on proportion,

p. 1016
Grimsthorpe, Lincolnshire ; palace, 426
Grinding stone ; bricklayer's, 1890
Gritstone; thatcher's, 2211s
Groined arches in brickwork, 1903

ceilings of timber, 2023^ et seq.

vaulting, 1444— 1446. Ready method of

equilibrating, 1457, 1458. Ai)plied to

churches with naves and aisles, 1459

—

1463. In pointed architecture, 1499c
Groins, in masonry ; various, 1945 et seq.

To describe parts where the arches are of

unequal and of equal heights, 2059, 2060.

Kibs for, 2058—2077
Groove, 2023, 2104, 2171
Ground; glas.*, 2\i51c, Rents; valuation

of, p. 1095, p. 1096, p. 1097. Table, p. 980
Grounds; in joinery, 21GC, 216/. In spec,

2285c
Group ; of mouldings, p. 971
Grout ; or liquid mortJir, 1860

Grouting; a cause of decay in timber, 1746.

In spec, 2282
Grozing irons ; plumber's, 2212
Gruenberg ; church, 567
Grundy's warm air grate, 2279(f. Warming

apparatus, 2279e
Guadalajara ; palace of Mendoza, 597
Guadalupe ; Ilieronymite monastery, now a

bairack and parish church, 594
Guards to windows, in spec, 2286a
Guarini, Camillo; architect, 365
Guebwiller church ; octagon steeple, p. 1004

Guildford, Surrev ; castle, 394, 398
Guildhall, London, 414, 523
Guild of masons, 313 et seq.

Guiloches, 2817
Guimaraens ; Dominican cloisters, 603. Nossa

Senhora da Olireira, ib.

Guisborough priory, Yorkshire ; mullions, p.

991
Gully traps, 2220/4

Gumiel, Pedro ; architect, 367, 598
Gundulph, bishop, 321. Introduced ornament

into Norman architecture, 395
Gun metal ; strength of, 1630r
Gutta-percha, 2223r. Experiments on pipes,

t-6.

Gutter ; tiles, 1837. In filleting, 2211/

boards, in spec, 2285a
Gutters, 2255. In spec, 2285n. 2286a, 229.'?/

Of zinc, in spec, 2294. Arris of deal, in
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spec, 2285A. Lead, in spec, 2288. Of
copper, 2224, 2224a

Guy's hospital ; ventilation, 2278y
G3dd3'e hall, Essex, 440
Gymnasia of the Greeks

; parts of them and
plan, 17G

Gypsum, 18G6c. Used for walls in Paris,
224t)a et seq.

Hand HL hinges, 2258a
Hack, in briekmaking, 1815

Hacket or Ouguet, David ; architect, 604,605
Hacking knife ; glazier's, 2226
Haddon hall, Derbyshire, 426
Hadeu and Co.'s system of ventilation and
wnrming, 2278/.

Iladleigh, E-^sex ; church beacon, p. 1002
Hadrian's villa ; walls at, 1535
Hal, or Halle ; church of Notre Dame, 559.

Of St. Maurice, 567
Halberstadt; cathedral, 569
Half paces, in stone stairs, 1929
Halkin mountain lime, 1843c
Hall : at Westminster ; Guildhall, London

;

Goodrich ; Chester ; Bristol ; ^\^oodstock ;

Eltham ; Kenilworth ; Darlington ; Crosby,

in London ; Durham ; Conway ; Kaby
;

Swansea (2) ; Castle hall, in Leicester

;

Spofforth ; Caerpliilly ; Warwick ; May-
field ; ]5erkeley, 414

Halle, or hall of companies ; at Ypres, 561.

Bruges, ib. Louvain, ib. Diest, ib. Ghent,
ib. JIala at Barcelona, 595

Halle an der Saale ; church of St. Mary, 583

Halle aux bleds, at Paris ; roof, 2051
Hallmann, Anton ; architect, 377
Halnaere, Sufi'olk, 428
Ham Hill stone ; its analysis, &c., 1666

Hamelin's cement, 1865
Hamilton palace, Scotland, 1683

Hammer; bricklayer's, 1890. Plumber's, 2212.

Slater's, 2209
. beam roofs ; Gothic, p. 987, 2052/, 2052/,

2052m, 2052s. In spec, 2285a
blocked, to granite, 1915c

Hampton Court, Herefordshire, 423

Hampton Court, Middlesex; palace, 426, 1683,

1908a. Koof, 2052i. Gateway, 427

Handlinch house, Wiltshire; portico, 516

Handpick ; slater's, 2209

Handrail, 2176, 2187 et seq. In spec, 2285d.

Of glass, 2231a
Hanging sashes, 2165a. Tiles, 19076

Hanwell, District schools infirmary, 2976c

Hardening steel, 1776

Hardwick, Philip, R.A. ; architect, 1666d

Hardwick hall, Derbyshire, 446

Hare, A. ; architect, 561

Hare-hill stone, 1667!i>

Harewood, lord ; house for, 514

Harlaxton hall, Lincolnshire, 426

Harlech castle, Merionethshire, 402

Harmony in architecture, 2509

Hart, Sir Percival ; house for, 440

Hart's ventilator, 2278o

Harwich cement, 1863

Haselwode stone, p. 1045

Haseridge, Sir William ; house for, 440

Hassock ; in ragstone, 1666f, 1922c

Hatched ornament, 397

Hatchet ;
joiner's, 2117

Hatfield, Hertfordshire ; house, 445, 451,452

Hatfield lodge
;
plan for, 440

Hatton, Lord Chancellor ; house fur, 440
Haunch of an arch ; to fill up, 1497
Hawarden castle, Flintshire, 398
H.iwk

; plasterer's, 2234
Hawkhurst eh irch, Ketit ; east window, p.
1015

Hawkins, John S. ; amateur writer, p. 1012
Ilawksley's patent treads, 2180
Hawksmoor, Nicholas ; architect, 499
Hay and moss for setting tiles, 1906
Hayrack ; in spec, 2285A
Head of iron; in casting, 226 5A
Header ; bricks, 1894. Slates, 2211c
Health: cubic feet allowed; for hospitals,

2975a et seq. For infirmaries, 2976a et

seq. Generally, p. 1226. Conditions of a
house, 3027 et seq.

Heart wood ; densest and strongei-t, 1628a;
Hearths; in spec, 2282a, Back, la spec,
2284d

Heating, 2279 etseq. Insecurity of apparatusj

2279p. In spec, 22826
Hecke, 'V^an ; ventilation, 2278A, 2278z
Heckington, Lincolnshire ; church, 421.

Tower and spire, p. 1001. Mouldings of

doorway, 1020
Heckler, Johann Georg ; architect, 570
Heddon stone ; its analj'sis, 1666
Hedgerley bricks, 1826
Hedingham castle, Essex, 394, 398
Hegge marble, 2002/t

Height of columns, 2543 et seq. Of buildings,

use of square and triangles, p. 1015, p. 1016
Ileilbronn ; chur^'h of St. Kilian, 583
Heinzelinann, Conrad ; architect, 579, 580
Hempstead Marshall, Berkshire ; house at,

465
Heneage, Sir Thomas ; house for, 440
Hengrave hall, Sufi'olk, 426
Henry III. ; many religious buildings founded

in his reign, 401
Heuszlmann, Dr. E. ; architect, on proportion,

p. 1017
Heraclidae ; colonies of, p. 943

Herbert, Henry, earl of Pembroke ; amateur
architect, 508

Hercules ; temple at Agrigentum, p. 946

Hereford; cathedral, 398, 421. Founders

and dimensions of, 431
Hermogenes ; architect, p. 951

Herodes Atticus ; his munificence in archi-

tectural expenditure, 193

Herrera, Giovanni de ; architect, 371

Hever castle, Kent, 425
Hexastyle ; temples, 2528 et seq. Porticoes,

p. 944 et seq.

Hexham, Northumberland ; cathedral, 385

Hexpartite vaulting, 1499/f
Hieroglyphics ; in Egyptian architecture, 86

Hieronvmite monastery ; at Lupiana, 592.

At Guadalupe, 594. Segovia, 696. Of La
Pena at Cintra, 607

Iligham Ferrars Northamptonshire ; church,

408, 421. Roof, 2052o. Porch, p. 998

Highgate, Middlesex; house at, 440

High-pitched roof; adopted from vaulting,

2052/
High-pressure water supply, 221 8A et seq.

Hill hall, Essex, 426

Hingeing. 2149 e« seq.

Hinges, diff'erent sorts, 2258 et seq. In spec,

2285/ and J?,
2286a

Hiorne, Francis ; architect, 514

Hip rafter, 2009, 2035a. Tiles, 1836
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Hips, to find back of, 2054. Lead, in spec,

2288
Hitchin's fibrotia slab, 224G6

Hoarding; in spec, 228-16

Hod and Board ; slater's, 2209. Bricklayer's,

1890
Hodgkinson's form of girder, 1628^, 1629A

Hoeflich, Claus ; architect, 580

Hoffmann, Jsikolaus ; architect, 583
Hoff:<tadt, F. ; architect, on proportion, p.

1020
Holbeach, Lincolnshire ; church, 2145i

Holbein, Hans
;
painter and architect, 427

Holdenby, Northamptonshire ; banqueting
house, 440

Holkham, Norfolk ; house, 511, 2822, 2997
Holland, Henry ; architect, 524
Holland house, Kensington ; for Sfr Walter
Coap or Cope, 440, 452

HoUingtou stone, I6660
Hollow bricks, 1830, 1831c. In mortar,

19006. In partitions and arches, 19026,

1903t
• cement blocks, 1902(i

moulding, 2532, p. 970, p. 973
walls, 1902c et seq., 3029. In spec, 2282c

Holt, Sir Thomas ;
ground-plan for, 440

Thomas ; architect, 443
Holyrood chapel, Kdinburgh, 431

Homan and Rodgers' fireproof floor, 1903o

Homan's quartz, &c paving, 19(i5c

Homogeneous metal, 1773. Strength of,

lG30r
Hone, Kent; church windows, p. 1030

Honecort, Wilars de ; architect of 13th cen-

tury, p. 969. 1008
Honcyman's diaphragm ventilator, 2278r
Honfleur ; (Jhurch of Ste. Catherine, 547
Hontanon. See " Gil de Hontanou "

Hood mouldings, p. 981 et seq.

Hoogstraeten ; brick church, 5G0
Hoop-iron ; weight of, 2254. Bond, 1899a.

Cramps for hollow walls, 1902e

Hope, II. T. ; house of, in Piccadilly, IfifiGr

Hopper casements ; in spec, 2286fl. Water-
closets, 2220c. Ventilator, 2278n

Ilopton Wood stone, IGCOi, 1G776
Horizontal courses to vaults, 1925d, 2C02/,

2838
Hornblende; granite, 1669, 167^;
Hoi-se Guards, London, 511
Ilorseheath house, Cambridgeshire, 465
Ilorsemonden, Kent ; church porch, p. 985
Horsepower, 1346.

Horticultural Society, London ; roofs, 2052
Hospital church at Cues, 579

of La Byloque at Ghent, 557. At San-
tiago, 598. Of San Giovanni Battiata,

near Toledo, 370. At Vercelli, 611. At
Angers, vaulting, 1499p<;

Hospitals, 2973 et seq. Examples at Milan,
2974. Of Greenwich and Chelsea, 2973a.

La Koquette at Paris, 2974. At Bordeaux,
2975. Lariboisifere at Paris, j6., 2278z. At
Netlev, 2975a. Hotel Dieu at Paris, and
others, 29756.

size of wards, 2975c. Ventilation of,

if). New French hospitals, 2278A. London,
22787. Separation of wards, 2Q7bd. St.

Thomas's hospital, London, 2975e ; its

warming and ventilating arrangements,
29755r. St. George's hospital, 2278A. Cir-
cular, 2975*. For villages, 2975/i. Con-
valescent, 2975/. Imbecile, 297Jm

Ilospitium of a Roman house, 251

Hot-air flues or channels, 2279e. In America,

2279p. In spec, 22826.

Hot blast, 1758. Iron, strength of, 1628/ et

seq., 1630r
Hot water ; low-pressure svstem, 22796,

2279A. High pressure, 22"79i. Cistern,

2-223q

Hotel ; des Ambassadeurs at Dijon, 648. De
Bourgtheroulde, at Rouen, 550, 551, 552.

De Clunv, Paris, 548. Du Franc, Bruges,

563. Des Invalides, Paris, 359
Hotel de Ville ; St. Quentin, 548, 550. Com-

pifegne, 549. Orleans, 548. St. Onier,

645. Alost, 562. Bruges, ib. Bruxelles,

ib, Ix)uvain, ib. Mons, ib. Ghent, 16.

Audenaerde, ib. Courtrai, ib. Lean, ib.

Casa de Avuntamiento at Palencia, 596.

Valladolid, i'b.

Hon, of the Chinese, 106
Houghton, Durham ; church, proportion of,

p. 1012
hall, Norfolk ; water-house, 508

House ; of the Forest of Leb.anon, 53
House of Commons ; Keid's system of venti-

lation, 2278^
Houses, first ; according to Vifruvius, 5.

First, of the Egyptians, Peruvians, ib.

Present, of the Abyssinians, ib. In the

Flast, consisting of more than a single

story, 140. Terrace on the tops of them,

16. Designed by John Thorpe, 440.

Private, 2994. Supply of water to, 2223i.

Sanitiiiy aspect of construction, 3027 et seq.

of Parliament; London, 527. River
wall, 16716. Hoofs, 1796. Stones used in

building, 1066. In Dublin, 526
Household of the King, 319
Housing ; of principal rafters, 2033. Of

steps, in spec, 2285c

Howard : Henry, earl ofNorthampton ; house

built for, 442
Howarth's screw ventilator, 2278p
Uowden, Yorkshire ; conventual church, 407,

421, p. 971 et seq.

Hubbuck's zinc white, 2272c
Huddlestone atone, 1081c, p. 1045. Analvsis,

1666
Huerta, Juan de ; sculptor, 548
Huesca ; cathedral, 598. Doors, 2145c.

Church, 591
Hugo de Giddclif ; master mason, 312

Hull, Yorkshire ; bricks used early at. 416

Hliltz or Hiltz, John, senior and junior
;

architects, 305, 570
Human figure

;
proportions of, 2;)94. Ac-

tions of, 2396 et seq. Centre of gravity* <'f,

ib. Motion of, 2397. In running, 2398.

In preparing to strike, 2399. In bearing a

weight, 2400. In leaping, 2401. In lean-

ing, 2402. In flying and falling, 2403.

Drawing, 2383<f

Hundredof lime, 2303
Hunsdon house, Hertfordshire, 426, 446

Huppeau; church spire, ]>. 1000
Hurlers, the ; circle of stones in Cornwall, 16

Hurstmonceaux, Sussex ; house, 423
Hurwood's window, 2278o
Hutchinson's process for preserving stone,

1667»M

Huy ; church of Notre Dame, 558
Hyatt's patent sheets for floors, 1903r

Hydraulic; conrrete, 1862f/. Lift, 2223r.

'Limes, 1843rf. Mortar, 1869i. Bam, 2219
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Hygeian rock composition, 188G
Hypffithral temple, at Passtum, 149
Hyperbola, 1083—1094
Ilj'pnerotomachia ; or Snnge de PoUphile, a
work so called, by F. Colonna, 326

Hypo-nitro kali, 2276c
Hythe church, Kent ; columns, 1681A.

TBARRA, Pedro de ; architect, 597
J- Ichnographia, of Vitruvius, p. 971
Ictinus ; architect, p. 901
Jflley, Oxfordsliire

; parochial church, 398
Ilissus ; Ionic temple on the, 153, p. 951
lllescas ; church and monastery of San Do-

minico dl Silos, 3tJ9. Palace of Sau llde-
fonso, 372

Imbecile asylum, 2975ra
Imitation in German churches, 568
Imitations in paintinp:, 2276
Imitative Gothic, p. 965
lni])act or collision, 1628e, 1630o. To beams,

1628e, 1630o. To stone, 1502p
Irapluvium of a Roman house, 247
Impost level, 2002d
Imposts and archivolts of arcade^ 2632
Iminilse of the wind, 1592a et seq., 1667/
Inch tool ; mason's, 1910
Incised plaster work, 2245a
Inclination of roofs in variuus climates, 2027
—2030

Inclined; tower, 598. Plane, 1293—1306.
Timbers. 1622. Beam, 1628<, 1629y.

Indestructible paint, 227Si

Indi.-m arcliitecture ; similarit}' of, to Perse-
politan, 55. Sir W. Jones's opinion on, ib.

Induction ; system of ventilation, 2278w
Induration ; of stone, 1667«, 1667r
Industrial classes ; town dwellings for, 3012

et seq.

Infirmaries ; definition, 2976. Workhouse,
2976a. Requirements of Local Board,

29766. Of the schools, at Hanwell, 2976c.

At Blackburn, 2976d
Ingegneri ; in Italy, 619, 620
Ingelramme ; architect, 616
Ingeniator, 312, 319
Ingoldstadt ; church of St. Mary, 579

Ingot copper, 1788a
Inlaying of furniture, 2173c

Inlet brackets for ventilation, 2278s

Insecurity of heating apparatuses, 2279/>

Inside bead of sash frames, 2147. Linings of

sash frames, 2147
Inspection chamber to drains, 1888/.

Insula ; in Roman architecture, 253

Interaxal divisions ; in a design, 2852. Pre-

vent false bearings, 2843. Applied to the

Villa Capra. ib. Great use in. 2844. Used

by Gothic architects, 2845. Obligations to

liurand for introduction of, 2846. Number
of, in different apartments, 2848. Columns
of, how arranged in apartments, 2849.

A]ipliod in designing churches, 2875

Interceptor to drain, 1888Z, 2220t

Intercolumniation ; different species of,

2605. Of the Doric order, ib. Of the

Tuscan order, 2606. Of the Ionic order,

2007. Of the Corinthian order, 2608.

Vignola's practice, 2610. Cases of wide,

2613. To be of equal width, 2614—2616

Interest ; calculation of, p. 1101 et seq. So-

lution of problems in, p. 1102

Interior cements, 22bldet seq.

ISA

Interiors of buildings, beautv of, 2504, 2505
Interpenetration, 578. Of mouldings, p. 974
Intertie of a partition, 2025
Intrados ; of a Gothic arch, 1925«i
Inverted arch ; in foundations, 1885. In spec.

2282c ^ '

lona marbles, 1682
Ionia ; colonies in, p. 950
Ionic order ; origin of, according to Vitru-

vius, 140. Of the Greeks ; heii,'ht of its

columns, 154. Entablature, 26. Bases, 156.
Volute, 157. Proportions, p. 950 et seq.
Principal examples, 258 L In the temple
on the Ilissus, ib. ; Table of its parts, ib.

order of the Romans, 260. Table of ex-
amples, ib. General proportion, 261. Pro-
portions, p. 950 et seq.

of the Italians, 2573 et seq. Vignola's
profile of, 2574. Table of parts of, ib.

Parts of, to a larger scale, 2575. Volutes
of, described, 2576. Profile of, bv Vitruvius,
2577. By Palladio, 2578. "By Serlio.
2579. Bv Scamozzi, 2580. Intereolumnia-
tions of, 2607. Arcade, 2624. With pedes-
tal, 2630

Ipsambool, 92, 166. Temple, 71
Ipswich, Suffolk ; college, 426
Irish ; a colony of the first race of people, 11

granites, 167 IJ et seq. Marbles, 1683
ct seq. Slates, 1806. Towers, p. 1003

Iron, 1754 et seq. Species of ore, 1755.
Mode of smelting, 1756—1759. Bar iron.

1700, 1701. Malleable iron, 172:5 et seq.

Observations on iron, 1764—1766. Fibrous
and crystalline irons, 17646. Plate iron,

1764/. Cast iron, 1764 et seq. Security
for supporting weight, 1768. Soft grey,
best sort, 1765. Test of goodness of cast,

1767. Corrosion, 1779. Galvanizing, 17806
Wei.:;ht of 1 foot cube of bar iron,

2254; of wrought ii-on, ib. ; of cast iron,

ib. ; of 1 foot in length of square iron, ib.;

of round iron, ib. ; of close hammcred/(j<
bar iron, ib. ; and of flit cast iron, ib. In
stonework ; decaj' of, ji. 1004

bark wood, 17'28d

cast and wrought ; strains on beams,
girders, and pillars, 1628 et seq. Crushing
wtjght, 1630. Qualities of, for castings,

2205a. Weights of varieties, 2254a, 2265fi

construction in rear of warehouse for

light, 225od
drains, 1888n
joists and girders, 1628a- et seq. Special

lengths, &c., 1629/f
, sulphate of, 1752. Oxide of, ib. Pyro-

lignite, 1752a. Paints for, 22736 et seq.

Minium paint, 2273rZ

Iron spire, p. 1005 ; and roof, at Cologne, 574
stairs, 2255. Doors, 225," e. Columns,

2255. Shop fronts, 2255/". Wine bin^, 2255^
. ties in Italian Gotliic, 009

wire, 1779rf. Cords, 2260
Ironmonger, 2255r; in spec, 2286. To joiner's

work, in spec, 2285/
Irons ; use of the word, 1628e
Ironwork ; how preserved from action of

moisture, 1779, 2263a, 22736 fi .se^. Treated

decoratively, 2255A, 2264. Fixing, in spec,

2293/
Irthlingborough, Warwickshire ; church win-

dow, p. 988
Isacoustie curve ; for a lecture room, 2598—

2962
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Isle of Man marbles. 1G81

Issoire ; doorway, 539

Italian ; architecture, 323 et seq. Gothic, 61G.

Tiles, 1835
Italy, pointed architecture of, COS, p. 1049

Itclienor, Sussex
;

proportion of church, p.

1018
Iturriza, Pascual ; architect, p. ?019

Ivan IV., of Kussia, emperor
;
patron of the

arts, 375
Ivan Veliki ; clock tower in Moscow, 375

Ivara, Filippo. See " Juvara "

TACK plane ; plumber'.s 2212
J Jack rafters, 2035a

Jacobus; architect, C12
Jacopo da Campione ; architect, G19
Jacopo or Lapo ; architect. G13
James, John ; ar. hitect, 505
Jammet, Mons. ; design for house at Paris, 440
Jansen, Bernard; architect, 412
Jarmin's house, St., near Paris, 440
Jedburgh abbey, Roxburghshire, 431
Jedding axe, 1913
Jennings ; at bt. Paul's cnthedr»l, 4G9
Jerusalem ; temple of, constructed by Solo-

mon ; notion of, by Villalpanda, 52. Ciiurch

of Holy Sepulchre, 305. Mosque of Calif

Walid, 306
Jib door, 2130
Jimon, at Seville ; architect, 595
Jobbing work ; in ^pec, 2284f. By carpenter

and joiner, in sjiec, 2285i

Joffred, abbot ; of Croyland, 392
Joggles ; in carpentry, 2009. In stone stairs,

1927 et seq.

Joggling, iy25e et seq.

Johann ; architect, 681
John, king of Portugal ; chapel at Batalha, 604
John VI

,
pope ; arts under, 2Ml

John of Gaunt's gateway at Lancaster castle,

416
John of Padm and his followers, 425 et seq.

John's stucco wash, cement, and paint,

1866a
Joiner's work and mode of measuring, 2351

etseq. In spec, 2285 ; 2293c. Ofmeda-.-al
period, 2125 et seq. Tools used in, 2Ui2

—

2124. Mouldings, 2126—2129. Wood used
for, 2124. Machinery in, 2124a. Formaiion
of bodies by joining with glue, 2193—2208.

Joinery, 210(3 et seq.

Jointer ; bricklayer's, 1890, 1900c
Jointing rule ; bricklayer's, 1890
Joints, embossed or hollowed, 1499. Fasten-

ings to iron, 1G31;>. In drain pipes, 1888«.
To lead pipes, 2223t>. Of mortar, 1900. In
brickwork, 1900e. In stonework, in spec,
2284d. In carpentry, see " Sctrfing." See
"Glue"

Joists, 2014 et seq. Spacing of, in spec,
2285. See " Ceiling," " Binding," " Bridg-
ing," " Trimminir," " Conmion," &c.

Jones, Inigo; architect, 319, 335, 440, 454
—464, 425. Door by, 2743. Window hy,
2770

Jordan's wood and stone carving machine,
2124d

Julian, pope
; patronised architecture, and

extent of his patronage, 203
Juno ; temple at Samos, 153. At Agrigentum,

p. 946
Jupiter; temple atOlympia, 141

Jupiter PanhcUenius ; temple at Egina, 146,
p. 943

Stator (now the temple of the Dios-
cmi) ; temple at Rome, 208, 2(52

Ti nans (now the temple of Vespasian)
;

tfniple at Rome, 209, 262
Justin, emperor ; architecture under, 272
Ju-tinian, emperor ; architecture under, 272.

His architects, Anthemius and Lidorus, ib.

Restored B\zantine palace, ib. Fortifica-
tions in Europe and Asia, ib.

Juvara, or Ivara, Filippo ; architect, 372, 623

I'"AILAC\ ; temple of, at F.llora, 56
1- Kaolin or China clav, 1670a, lG71a

Kallkdlith stain, 227()/'

Kas<liau ; church of St. Elizabeth, .'>72

Kedlostoneliouse, Derbyshire, 517, 2996
Keene's cement, 1866. Use of, 2251e. In

spec, 2287
Keep ; of a castle, 394
Keeper; of the Fabric, 312, 319. Of the

work.i, ib.

Keldcrmp.ns. See "Mnnsdnle"
Kelso abbey, Roxburghshire, 431
Kflston house, Somersctsliire. 446
Keiiilworih castle, Warwickshire, 398. 414,

423, 438, 446
Keijninghali, Norfolk ; mansion. 426
Kennington, Surrey

;
palare. 423

Kenon disconnecting trap, 225.'>

Kensington. Middlesex
; p lace, 1683

Kent, William ; architect, 511, 1727/^. Win-
dow by, 2772

Kentish rag stone, 1663s et seq., 1922c et seq.

In spec, 2284
Kenton stone, ;nfllysis, 1666
Kerb ; see '"Curb "

Kerby, Northamjitonshire ; houfe, 440
Kerr, Robert, architect ; his work, The

Englinh Geiitlemati's House, 3001
Kerrich, Mr. ; on pro|)ortion, p. 1013, p. 1014
Ketton stone, 1666s. Analysis, 16o6
Kew, Middlesex

;
palace, 527

Keyhain dock yard, granite ustd at, 1671a
Ke\ 8 and wedges, ItiSlit—'- to bib-corks, 2223s
Keystone ; diminution of arch, 1498. In

vaulting, 2002s
Kiddiiigton, Oxfordshire ; church, roof of

south chapel, 2052o
Kii'f ; church built at, in the time of Vladimir,

375. Convent of Petchoraky, ib. Of St.

George and St. Irene, ib.

Kilketiny ; eathedra', windows, p. 988. Black
abbev, tower, p. 1003. Franciscan church,

ib Round tower, 1499w
Killing knots; in painting, 2268. In spec,

2290
Kiln-burnt bricks, 1817
Kilns; in brick-burning, 1817, 1819. In lime-

burning, 184'i

Kimbolton, Huntingdonshire ; palace, 426
Kmg, bishop ; at Bath, p. 1052
King closer ; in brickwork, 1896

post, 2031. Roof, 2035a, 2052</

King's College, chapel. See ''Cambridge"
King's College, Lotidon, 520
King's Langley, Herts

; palace, 426
Kirby or Kerby, house, 440
Kirchheim-iin-Rics ; church, W71
Kirkaldy testing machinery, 2266A
Kirkhain, Yorkshire ; conventual church, 421
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Kirkstall, Yorkshira ; cot.ventual church,
421

Kitchen ; at Alcobacja, 602. Vaulting, 140964
-;^7— gas in; 2261i
Kitchener, in spec, 2286a
Kit's Coty house, near Rochester, 2.3

Knapton, Norfolk ; church, 2052f. Roof
mouldings, p. 987

Knife ; thatcher's, 2211s
Knob glass, 1871
Knobbled ; in mason's work, 1922d
Knocker, in spec, 2286
Knots ; in painting, to kill, 2268. In spec,
2290

Kuowle house, Kent, 446
KoiAoc, or cavea ; of the Greek theatre, 172
Kowrie wood, 1728d
Kreglinger, W. ; architect, 580
Kuenielke, Johann and Matthias ; architects,

579
Kuhlmann's process for preserving stone,

1667A
Kuttt-nberg ; church, 507
Kyan's process for preparing timber, 1742,

1752
Kylas or Kailaca, at EUora, 56

1 AACri ; abbey church, two apsides, p.

Labour and materia's, 2343
Labourers' dwellings, 3012
Labra ; of the Roman baths, 2."5

Lacing courses ; in flint work, 1922)1

Laconicum ; of the Koman baths, 235, 236
Ladles; plumber's, 2212
Lake Albano ; niches in buildings at, 2775

Lady ; hoDja for, 440
La Maladrerie quarries, 1666^
Lambton hall, Durham, 52o
Lamego ; cathedral, 603
Laminated ribs ; in roof, 20526
Lancaster; castle, 398. John of Gaunt's gate-

way at, 416. Stalls, p. 985
Lancet-headed windows, p. 988
Lancet style ; origin of the term, 405. Pro-

portion of, p. 1023
Landau ; church, 580
Landings ; in stone stairs, 1929. Of slate,

22II5. In wood stairs, in spec, 2285cZ

Lanereost, Cumberland ; conventual church,

407
Langeberg, Johann von ; architect, 577
Langhans, Carl Gotthard ; architect, 366
Langrune ; church spire, p. 1000, p. 1004
Lansdowne house, Berkeley square, 617
Lantern ; at Ely, p. 1001

Laon ; cathedral, 540. Church of St. Martin,

534, 545
Lap ; of a slate, 2210
Lapo or Jacopo ; architect, 303a, 365

Lapo, Arnolfo di ; architect, 323
Lararium ; of a Roman house, 253

La-ch, 1717

LarJer fittings ; in spec, 2285A

Larke, T. ; surveyor, p. 1035

Lascelles' concrete construction, 1903j

L«'Assant ; church of St. Pierre, 534

Lastringham, Yorkshire ; capital, 390

Latches ; different sorts, 2262

Lath ; for tiling, 2301, 2302. Plasterer's
;

diflr.rent sorts, 2238. In spsc, 2287. In

slating, 22106. Quantity per square, 2248,

2301

Lie

Lathing, 2238. To inside of roof, in spec, 2287.
Wire lathing, 2d7ld.

hammer; tiler's 1908 Staff; tiler's, it.

Lath laved or plastered and set, 2241
Latin cro s ; for a plan, p. 1006
Latomus ; a ma?on, 312
Latterkin

;
glazier's, 2228

Laughton-™-le-Morthea, Yorkshire ; church
towpr, p. 1002

Launceston, Cornwall ; castl", 398
Laundry

; in industrial dwellings, 3019, 3025.
Fittings, in spec, 2285A

Lavatio, frigida etcalida ; of the Greek gym-
nasium, 175

Lavatories, 2223<. In industrial dwellings,
3018, 3025

Lavenham, Suffolk; parochial church, 421.
Screen, p. 986. Roof mouldings, p. 987

Laves's girder, 1630c, 2021<i
Lavoute-Chilhac, in France

; gates. 2145c
Layens, Matthew de ; architect, 562
Layer Marnej', Essex ; hall, 426, 1908a
Layers in timber ; as regards strength, 1628u)
La\ ing ; in plasterer's work, 2239
Lazzari, Donato. See "Bramante"
Lead, 1781 et seq. Specific gravity, &c., 1781,
N"t altered by exp sure to air and water,
1782. Cast and milled, 1783, 1781. Danger
of using wafer with it, 1785. Marine metal,
1786. See " Plumbery." Strength, 1630r.
Sheet ; thickness of, 2215a. In spec, 2288.
Weight of, 2215a, 22156. For cramps, in
spec, 2284rf. Old or waste, 2216. Pipes,^
2223<?. Traps in pipes, 221l!6

colours, 227'2d

covering, 2216
Leads uted in glazing, 2228, 2229a
Leadwork ; in glazing, 2227

to roof; in spec, 2288. Ornamental,
2217

Leaf of a lead, 2229a
Lean-to roofs, 2052?n, 2052;j, 2052y, 614
Lear board*, 2285a
Leaseholds ; valuation of, p. 1097
Leases held on lives ; valuation of, p. 1097
Leau ; church of St. Leonard, 557
Lebrun, M. ; his analysis of loads and weights

of an order, 2524. Theory as respects ar-

cades, 2618, 2019
Le^a do Balio ; fortified tower and church,

603
Ledgement tables, p. 980
Lee prior}', Kent, 528
Leicester ; Roman wall, 382. Church of St.

Martin ; roof, 2052re

Le Mercier, Jacques ; architect, 359

Leo the Isaurian ; destrovs statues, 272
Leon ; cathedral, 588, 589, 2002A

Leou ; in Chinese architecture, described, 100

Lerida ; cathedral, 588

Le Roulet ; church, 535

Lescot, Pierre ; architect, 357, 358
Lethicium, 2276c

Letters
;
glass, 2231a. On parapets, 442

Le Veau, Louis ; architect, 357, 359

Level ; bricklayer's, 1890

Levtr
;
properties of, 1265—1209

Ltverington, Cambridgeshire ; church porch,

p. 999
Lias, blue, 1843
Lichfield, Staftbrdshire; cathedral, 421. Foun-

ders and dimensions, 434. Choir, p. 1006.

Door to chapter house, p. 998. Base course,

p. 983
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Liege ; cathedral of St. Taul, 557, 5C0. St.

Croix, 558. St. Jacques, 560. St. Mai tin's,

ib. St. Barthe'lemi, *. St. Jean-en-l.-le,

ib. Episcopal palace, 5G3

Licrae ribs in vaulting, 200'2w

]-ierre ; clnirch of St. Gommaire, 559

Life ; annuity tables, p. 1126 et siq. Exj ecta-

tion of, ih.

Lift ; worked by hydraulic, gas, i-team, and
hand power, 222ov

Lifting shutters, 2148a
Light; cui-\e for reflection, 1107. Quantity

of, 2747. In hosi)itals, id,'be

diminution o', through glass, 2226e

Lighting; by gas, 2264 et seq. Comparison of

materials,"2264</. In spec, 229oi. By elec-

tricity 22641

Lightning conductor; 22G4/j. Cords for, 2260.

In spec, 2286i

Lights ; leadwork for, 2227

LijAorio, Pirro ; architect, 345
Lily ; in decoration, 87

Lime; 1840. Varieties of limestone, 1841

—

1842. Dorking and Mersi ham, 184o. Lias
formation, 184iia. Hj-draiilie, 184i)d. Hrown
most esteemeu, 1844. Mea^ures of, 2.'i()o.

Effect on iron, 1780a. Best, that which
heats most in slaking, 1848. Use of fresii,

1849. Forming mortar, 1854 et seq. Ex-
amined bv Smeaton, 1850.

putty joints, 19U0a. Water, 183
Limehouse, London ; cliurch of St. Anno. 499
Limestone, 1841, 1842. How to analvse 1845.

Kilns for burning, 1846, 1847
Limewliiting, 2273</. In spec, 2287
Limoges; cathedral, 547
Lincoln ; earthenware tile pipes found at,

2223/j. Cathedral, 396, 406, 421. Founders
and dimensions of, 434. I'joportioii of nave,

p. 1016. Window, p. 988. E.ist window,

p. 991. Purbeck columns, 1(;8IA. Cloister,

groined ceiling, 2023_9. Chapter-hou.e,

1499W. Castle, 394, 398
Lincoln's Inn ; new hall and library, 1666(/ •

Lincrusta Walton, 2277/t

Lindisfarne, Durham ; church, 388
Lindsay & Co.'s fireproof floor, 1903yj

Line pins ; bricklayer's 1890

Linings ; to doors, in spec, 2285c. To damp
Trails, of slate, 22II7

Linlithgow ; church spire, p. 1002

Lintel, or beam of stone, &c., 15020. Strength

of, 1864 i. Of concrete, 1903x. ISIcthodsof

joggling, 192,'/i. To relieve weight over,

1925/. Of wood, in spec, 2285; of stone,

1925A
Lisbon ; capture from the Moor.-, GOO. Cathe-

dral, G03
Lisieux ; cathedral, 540. Church of St.

Pierre, ib.

Lisseweghe ; church, 555
Listel, or Annulet, 2532
Little Casterton stone, ICCG/)

Little Maplestead, E.sscx ; round church, p.

976. Proportion, p. 1016
Liverpool, Lancashire ; cathedral church, p.

197. Acme system of veiitilation at iml lie

buildings 2278m. St. George's Hall, 227'_(7.

Vault, 1903i. Iteid's system of ventilation,

22~i'!^g. Concert room, lighting, 2264/1

Docks, 1671 A, 167 It

Lives ; tables of annuity on, p. 1127
Living room ; for a yioor man, 3014
Llanphey court, Pembrokeshire; palace, 413

Llanfhony, Monmouth-hirc ; church 098
Lloyd's list ottim'oers, 1728/
Load of fir timber, 2344
Loads and supports in an order ; equality of,

2524. Principles of priipv)rtion for tlie

orders, 2525 et scq. In tetrastylc. he.xa-tyle,

and octastyle temples, 2528. Concordance
with the laws given liy Vitruviu:=, 2529.

Ancient examples of, 2531. Principles

applied to points of supjtort, ib.

Loam; at ends of timber, 1746. For mould-
ing, 22G5c

Lobes, in Belgium ; destroyed church, 558

Lobes of cirtuUr windows, to form, p. 995
Lolimar. (i. vi^n ; master mason, 577
Loohcr, Lorenz ; architect, ]>. lUOO
Leches ; castle chapel, 307. Church, 53.')

Lock ; different sorts, 2261. Furniture,

22Gla
Lock rails of a door, 2130
Lodge or workshop, 317, 322a
Logan or rocking stones, 25

Aoyc coi- ; of the (iriek theatre, 172

Lomazzo, G. P.
;
painter, translation of his

work. 438
Lombard ; Gothic, 608. Style, 623
Lomb.rdi, the ; architict.s, p. 1013

Lombard- ; overrun Italy, their civili.ation

and works, 280
London ; commission temp. James I. to prevent

building on m w foundations, 457. Build-

ing stones used in, 1666c. Bridge, 1671e.

Universiiy college library, 2192a
; Sr. i'aurs old catl-.edral, 396 ; founders

and dimensions, 434 ; roi)aircd, 457 ; spire,

p. 1001. New cathedral, 339, 1499/, 2828
;

designs for, 467 ; ruins removed, 468 ; (ir.-t

and last stones laid, 469; description of,

470—474 ; cost. 475 ; dimensions conipand
with St. Peter's, ih. ; size compared with
three other principal churches of Eumpc,
476; defect in section in comparison, 477

;

poin'8 of .'Upport and merhanical skill,

478; its defects and abuses,479 ; failiiresin,

il).; fineviw of, 2503; points of support
of, 1581 ; timbering of dome, 2049; pio|)or-

tiun of, p. 10G5 ; steps, 1681; mosaic work,
2231

A

churches ; Christ church, Spitalfields,

499. St. Dunstan's-in-the-Kast, 4S5; spire,

p. 1002. St. George's, Bioomsbury, 499. St.

George's, Hanover Square, 499. St.Giles'-

in-the-Fields,512. St. Jumes',Westminster,
875, 2t<75. St. John's, Westminster,498. St.

Martiii's-in-the-Fiel(ls, 502; roof of do.,

2046 ; spire, p. 1004. St. Luke's, Old Street,

523. St. Leonard's, Shorcditch, ib. St.

Mnry-!c-Bow, 484. St. Marv-le Strand,
508. St.MarvWooln()th,499. St. Stephen
Wall.rook, 483. St. Olavc, 512. Temple
church, p. 1006; proportion of, 1012. See
" Southwark "

See under names herein.

Londonderry ; docks, 1 671

A

Longford ca'stle, Wiltshire; 440,452
Longford hall, Shropshire ; 525
Longleat house, Wiltshire; 446
Long ]\Ieg and her daughters ; circle of, io

Cumberland, 16

Looker's ventilator, 2278f)

Loriot's cement, 1859^-, 18G5
Lorme, De ; See " Dt lorine

"

Lorsch ; convent, 283
Louis, V. ; architect, 2951



INDEX.

LOU MAS
Louis XII., kinff of France; acquainted with

tlte arts of Italy, 358
XIV., king ; extravafcanoes of stvle

under his reign reprobated, 2601. Works
of architects under, 359

Louth, Lincolnshire
; parochial churc'i, 421.

Tower, p. 1002
Louvain

; church of the Dominicans. 557. Of
the Grand Be'guinage. 558. Of St. Pierre,
559. Hotel (le Ville, 562

Louvre or Lutfer ventilators, 2231a. Board-
ing, in spec, 22856

Louvres ; Hotel Dieu, 540
Lovelace marble, 1681

A

Lozenge
; oruament, 397. And pattern slat in"-,

2->iOg

Lubeck ; cathedral, north porch, p. 999
Lucarne windows, 550
Lucca; cathedral, 6! 6. Houses, 614
Luccliino da Milano; arcliitcct, 623
Ludlow, Shropshire; castle, 394, 398. Paro-

chial church, 408, 421
Luedingiiausen ; church, 583
LufFer. See " Louvre boarding"
Lugo ; catliedral, 587
Lullingstone, Kent ; design for, 440
Luna, Francisco de ; architect, 598
Lunettes, 1955
Lunglii, Onurio ; architect, 312
Lupiana ; Hieronymite monastery of San

liartolome', 592, 596
Luxor; temple at, 81
I-i:zarche, Robert; de ; master mason at

Amiens, 303a, 542, p. 1059
Lynn, Norfolk ; church of St. Nicholas ; door-

way, p. 998
Lyon ; cathedral, 540 ; Bourbon chapel therein,

547. Church of St. Nizier, 545
Lysicrates; choragic monument of, 163
Lyveden, Northamptonshire ; design for

house, 440

MACADAM ; for paving, 1672
Machinery; in joiners' trade, 2121a

Machuca, I'edro ; architect, 368
McKinnel ventilator, 2278^
Macleods metallic concrete, 1905c

Maderno, Carlo ; architect, 336, 338, 341
Madrid ;

palace, 368, 371
Madurah ; choultry or inn, and temple, 61

Maess, Heinrich ; architect, 577
Maestricht ; church of St. Servais, 560
Magdeburg ; cathedral apse, p. 1007

Magister Operura, 319
Maglione, Fenante ; architect, 613
Magnetic oxide of iron paint, '227og

Mahadeo ; temple at Ellora, 56

Mahogany, 1727 et seq. Spani-h, ib. Hon-
duras, 17270, 1749a. Afi-ican,1727d. Doors,

in spec, 228.3/

Maidstone, Kent ;
parish church, 408, 421

Mainz, J. von ; architect, 577

Maitaui, L. ; architect, 615

Malines, 564. Cathedral, 557. Church of

Notre Dame, ib., 559
Malleable iron, 1762, 1764 et seq. Cast iron,

2235i

Mallet ; mason's, 1909. Plumbei's, 2212

Mallett's buckled iron plates. 19u3/

Malm or marl stock, 1820, 1821

Malmesbury, Wiltshire; abbey church, porch,

p. 998. Masons" n arks, 3226

Man's power, 1342
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Ca-Manchester, Lancashire ; college, 421
thedral, dates, and founders, 434

Manchester grate. 2279d
Manders's distemper, 22746. Stains, 227,')/'

Manger ; in spec, 2285A
Manorial houses ; of timber, 439
Manresa ; collegiate church of St i Maria do

la Seo, 586, .^94 Sta Maria del Carmen, ib.

Mans ; church of St. Julien, 540
Mansard, Jules Hardouin ; architect, 359
Mansard roof; described, 2U35
Mansdaele, A. D. and K. van ; architects,
563

Mansfield Woodhouse stone. 1666^/, 1666e.
Red Mansfield, analysis, 1666, 1666z

Mansion house, London, 523
Mansions ; of the Tudor age, 429
Mantua ; church of Sta Maria della Grazie,

near, 624
Marble, 1 673 et seq. External characters and

constituent parrs, 1674. Burnt into quick-
lime, 16/5. Different varieties, modern,
1676 et seq. For Ancient marble-, see

Glossary. Weights, 1683(7. Crushing
weight, 1500, 15025f. White Marble at
]\Iilan, 621. Hopton Wood stone, 1666/.

Use of, 2002aa et seq. Mouldings for marble
work, 2002//

chimney-piece ; in sper>., 2284(i

mantles and beams, 1502^
paper ; in spe:"., 2J91
tar pavement, 1908(i

arch, London, 16776
hill, Twickenham, Middlesex, 508

Marbling, 2276a
Marburg, church of St. Elizabeth, 566, 567 ;

apse of, p. 1007. Church, 567
Marcellus ; theatre at Rome, 226, 258
Marcliione of Arezzo ; architect, 613
Marco da Campione ; architect, 619

da Frisone ; architect, 619
JIarezzo imitation marble, 2250/rt

Margam abbey, Glamorganshire ; bands to

shafts, p. 989
Margaritone, of Arezzo ; architect, 613
Margary's patent for preparing timber, 1752
Margins of the xj'stus, 175
Marigold window, p. 993
Marl stocks, 1820, 1821
Marlborough grate, 2279d
Marlborough house, London, 1683
Marniorarius, 312
Marquetry, 2173^
Mars Ultor; temple at Rome, 210
Marseilles ; church of St. Victor, 540, 545
Marsh, — ; architect, 466
Martinelli, Domenico ; architect, 365
Martinez, Alfonso; architect, 595

Diego ; architect, 692
Martins cement, 1866. Use of, 22516, T2b\d.

In spec, 2287
Mason, 312 el seq. In spec, 2281
Masonry, 1909 et seq. Tools used in, 1909,

1910. Scientific operations of stone-cutting,

1930 et seq. Dome vaulting, 1956 et seq.

at Amiens, after Roman models, p. 1060
M.itons' marks on stone, 316, 322
]\lasou's work ; in spec, 2284. How mea-

sured, 2371
Masques ; by Inigo Jones, 46J
Mass and void ; measurement of, p. 1013
ilisses; proportioning of, p. 912
Master mason, 312, 317 rt srq . p. 1045

of the works, 31 2. .'J 19
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Mastic aspbalte, 1867, lS67a
Material ; economy of, 1049
Mathematical proportions, p. 1017

tiles, lSo9a
Mausoleum of King: John, at Batalha, 605
Mavenee ; cathedral, -287, 288. Two apsides,

p'. 1007. Theatre, 2972
ISIaytield hall, Essex, 414
Meare, Somersetshire; lish house, 2211s
Measure ; use of a, in proportion, p. 1008 et

seq.. p. 1057. Of the choir and justice, p.

10(.»8

Measure's patent floor, 1903r
Measuring and estimating, 2295 et seq.

Measuring rule; plumber's, 2212. Rods,
2296

Meath, bishop of ; house for, 527
Mecca; houses, how built, 131

Mechanical arts ; not absolutely necessary to

progress of architecture, 9

Median ics and statics
;
general observations

and definition, 1240—1243, Parallelogram
of forces, 1244—1259. Of the lever, 1260—
1265. Centre ofgravity, 1266—1268. Cen-
tre of gravity of lines, 1269—1274. Centre
of gravity of surfaces. 1275—1280. Centre
of gravity of solids, 1281—1290. Centre of

gravity of irregular solids, 1291, 1292. Of
the inclined plane, 1293—1306. Of the

wheel and axle, 1307—1314. Of the pullev.

1315—1320. Of the wcd^^e, 1321—1323.
Ot the screw, 1324—l^oO. Of friction,

1331—1341. Values of moving powers,
1342—1352

Medallions, 493
Mediaeval architecture, p. 961 et seq. See

" Pointed Architecture." Proportion, p.

100.3 et stq.

artificers, 808
Medina del Canipo ; Castillo de la niota, 596
Meillant, chateau de, 548
Meifsen ; church of St. Afra, 566. Choir. 567,

569, 572
Melbourne, now Dover, house, Whitehall,
624

Mells church, Somersetshire ; lead of glass,

222l)a

Melrose, Roxburghshire; abbey, 431
Melton, Surtiilk

;
parochial chuivh, 398

Melton ^lowbray, Leicestei-shirc ; parochial

church, 421
Members, of mouldings, 2129
Memcl ; deals, &c.. 1729i/. Timber, 1729(7

Mcmnoiiium ; statues described, 85
Mende ; bell tower, 532
Mcnilmontant ; abattoir at Paris, 2935
Mennie — ; architect, 297,'ia

Mensuration, 1212— 1237, 2295 et seq.

Merab, in Arabia ; reservoir of, 118
Mercurv ; bichloride of, 1752
Mereworth, Kent ; villa, 504, 3000

Merinville ; round church, p. 1006

MeroS ; pyramids, 304
Merseburg ; cathedral, 583
Merton cullege chai^el, Oxford, 421. Ceiling

of library, 2023a. Window, p. 989
Messina ; cathedral, boarding to roof, 2173ti.

Houses, 626
Meta of the Koman circus, 240
ISIetal work ; wrought, 2z55/i et seq.

iletallic c;invas, 1786. Sand, ls52c. Con-
crete, 1905c

Metals ; traiisvei-se strength of, 1628/

Metopic ; origin of, 135

MON"

Met2 ; cathedral. 545. Proportion of, p. 1016^
Aqueduct, 223

Mews, Charing Cross ; arcade at, 2635
Mexico: architecture of, 109 et seq. Citv of,

described. 117. Pyramids of. 11 1, 112
"

Miao, or idol temples in Pekin, lu4
Mica ; in granite, 1669
Miclielozzi, Michelozzo ; .irchitect, 323
Middle class houses in Paris and London

299:a
p-auels, rails, and stiles ; of a door

2130
pointed work ; proportion in. p. 975

Middleburg, Yorkshire ; castle, 423
Middleh.am, Yorkshire ; castle, 398
Middlesex hospit.al, Loudon ; Parian cement
used in, 22oU. Veutilatioa of, 2.'78m,
•i278<j

Middleton Cheney.Northaniptonshire ; church
porch, p. 998

Middleton, lord ; house for. 440
Mi Idleton-on-the-Wolds, Yorkshire; propor-

tion of church, p. 1015
Mignot, or Mignotto, J. ; architect, p. 1008
Milan; cathedral, 365. 586, 619; proportion

of, p. 1008, p. 1013, p. 1016," p. I>i37
;

apse, p. 1007 ; marble used in building,
lt>77(i. Church of Sta Maria della tirazie,

024. Hospital. 2974. Theatre, 2958
Militarv architecture in England, 382, 391,
394,402,413

Mill bar iron, 1760
Milled load, 1783 et seq. In spec., 2288«
Milncr, John ; writer on pointed architecture,

p. 1050
Milton abbey, Dorset ; church, 407
Minaret; introduced by Alwalid IL, 119
Minora lirestone, ItiOOua

MiiuMva ; temple at Athens, or Parthenon,
150. p. 943, p. 949. At SuniuHi, 150

Metlica ; temple, at Kome, 214
Polias ; tcmide, at Athens, 153. At

Priene, 153

iling Tombs ; the, 108
^linisters ; English, care little about the ai'ts,

364
Minorites ; church of the, at Cologne, ;6G
Mint ; at Paris, 360. At Venice, 35

1

Minyas, king of Orchomenos ; treasury, 37
Miratiores ; Carthusian nunnery, 596
Miramichi deals, &c., 1729c
^Miranda do Douro ; cathedral, 607
Miserere seat. Henry VII. 's clia|>ol, p. 985
Missoloughi ; gateway near. 304
Mitla, Mexico ; palace ot, 115
Mitre; box in joinery, 2121a. Joint, 21756.

Squnre. 2124
Modain ; palace, 305
Model dwellings, 19026. Commercial Street,

3012 et seq.

Modillions ; centres of, 2612—2614
Module. 25."i0

Modulus of elasticity, 1628f, 1630/
MaMiianum; of an amphithe.itre, 228
Moer, Theodorich ; master m.-ison or archila-

picida, 577
Moissac ; church, 307
]^lona marble, lt;81

Mondragone, near Frascati ; arcade, 2640
Monial or mnllinn, ]\ 990
Mons ; church of Sic. \\'andru, 559
Mont St. Alichel ; salle des chevaliers, 547
Montague liouse, lUoomsbury.iiow the Hritish

Museum, 446
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NEW OED
Newcastle-upon-Tyne, Northumberland; pa-

rochial cliui'ch of St. Nicholas, 485 ; tower,

p. 1002. Cathedral church, p. 197. Castle,

394, 398
Newei of stone stairs ; open and solid, 192G.

Of wood, in spec, 2285rf

Newgate prison, London, 523
Newman system of iron drains, 1888«
Newton's process for preserving stone, ICGTw
Nice ; amphitheatre, 228
Niche ; in brickwork, 1905. In joinery, 2197.

In carpentry, 2066, 2067
Niches, 2773 et seq. Not found in early Greek

works, 2774. At the Maison Carree, and
other places, 2775. Their decorations, 2776.

Kules for proportioning, 2777. 1 iers of, in

stories, 2778. Clianibers's rules for, 2779.

Depth of, 2780. Examples of, 2781-2787
Nidging ; in masonry, 1915
Nienburg an der Saale ; clurch, 567
Niesenberger, Johann ; architect, 579
Nilometer ; in Egypt, 91
Nimroud ; drains, 804
Nineveh, 44, 5Ia
Nismes ; ampiiitheatre, 228, 233. Maison

Carr(?e, 211, p. 953. Niches in, 2775
Nitrification, 16G7c, 1667/n
Noerdlingen ; church of St, George, 580
Noirlac ; church, 534
Nomenclature ; of Gi thic mouldings, p. 970.
Of classic moulding?, 2532

of Gothic arcliitecture ; English, p. 967.
French, 536. lielgian, 553. German, 565

in vaulting, 1499«
Non-compressibility of water, 22'low
Non-conducting felt, 2210(/
Nonsuch, Surrey

;
palace, 426

Norba ; Cv<'lopean remains, 32
Norfolk latch, 2262
Norman, Juan ; architect, 595
Norman and Saxon styles ; difference between

them, 397
• architecture, 383, 392 et seq. Character-

istics of, 397. In lingland, p. 967. Exam-
ples of, 398. Cathedrals, 396. Churches,
290. Columns, 397. Arches, ih. Arches of

entrance, ib. Windows, ib., p. 988. Ceil-

ings, 397. Walls, ii. Ornaments, li. Plans,
ib. ]\Iouldings, 397, p. 971, p. 972. Tiers,

p. 976. Capitals, p. 977. Base, p. ! 79.

Ribs, p. 980. Hoodmoulds, p. 981. Plinths,

p. 982. Parapet, p. 983. Doorwavs, p. 997.

Porches, p. 998. Towers, p. 1000

'

bishops, and their works, 396
work, systm of proportion, p. 1017.

Manner of building, p. 1023
Normandy ; spires of, p. 1005
Norrey church ; i-pirc, p. 995
Northampton

;
jjarochial church of St. Peter,

398. Koun.l church, p. 1006
North An.ston stone, 166Gc/, 16G7w
North Petherton, Somersetshire ; church

tower, p. 101)2

North Walsham church, Norfolk ; roof, 2052/)
Nortlifiect church, Kent ; roof, 205.'o. Screen,

p. 985
Northumberland house, Strand, 442
Norwegian timber, 1729/. Used in houses at
Antwerp and Ypres, 564

Norwich, Norfolk; cathedral, 398, 421.
Founders and dimensions, 434. Spire, p.
1001. Churchof St. Margaret, 421. Of St.

Peter Mancroft, 408, 421. Tower, p. 10O2.

Castle, 393, 394

Norwich stove, 2279d
Nosing of stairs, 2180. In dilapidations, p.

1096
Notation, 2297a
Notices ; to give, in spec, 2280A
Notre Dame de I'Epine; church, 547
Notre Dame le Puy ; cViurclies of St. Martin
and St. Giles ; doors, 2145*^

Nottingham ; castle, 423. County hall and
prison, 516

Novon ; cathedral, 534, 515. Hotel de Ville,

5o0
Nubia ; temples and remains of, 92
Numbers ; use of, in proportion, p. 1005 (<seg.,

p. 1015. At Cologne, p. 1011
Nuremberg ; church in castle, p. 1013. Church

of St. Lawrence, 579, 580. St. Mary, 572.

St. Sebald, two apsides, p. 1007
Nympha;a Lotus, or water lily ; source of

Egyptian ornament, 87
NympliKum, 214, 2775

OAK timber, 1685; cutting, 2125a. Fenc-
ing, in spec, 2285/i

Oarc, Joiio ; architect, 603
Obelisk ; of grey granite, lG7h'. See Gi.os-

SAUY
Obidos ; castle, 608
Obscured sheet glass, 1872d
Obscurity of Statues, 558
Observatory at Paris, 359. See Glossaky
Octagon ; to form, 1016
Octastvle temples, 252,"i et seq., p. 947, p. 954
Odilo, abbot ; catiiedral at Chartres, 289
Odivellas; Cistercian nuiuiery, 603
Odoaccr ; annihilation of the arts on invasion

of, 276—278
(Ecus ; of a Roman house, 252. Several

species of, ib. That called Cyzicene, ib.

ffiillet lioles ; at Caernarvon castle, 402
Ogee; moulding, p. 973, 2129. Arches, to

draw, X'jiWd et seq. Arch in Venice, 610
Ogive ; its derivation. 538
Oils; ill painting, 227lu et seq. Deterioration

of, 2271c
Olite ; church of S. Pedro, 589
Oliva ; nave and refectory, 583
Olotzaga, Juan de ; architect, St", 591
Olympia ; temple of Jupitf-r, 141

Oiiiodeo, Giovanni Antonio ; architect, 305,

620
Onyx marble, 2002gg
Open fires, 22796

Mcdiajval roofs, 2052</, 221 1»
• work spires, p. 1005
Opera house, at Buda-Pcsth, 2971 A. See

'• Theatre"
Opere Francigono, 569
Oporto ; cathedral, 600. San Francisco, 601

Oppenhcim; church of St. Catherine, 322,

567, 569. Choir, p. 1006

0i)us Grecanicum, 2231e
Orcagna, Andrea ; architect, 323
Orchestra ; of a Roman theatre, 226. Of a

Greek theatre, 172
Orclionienos ; treasury at, 37
Order. See "Tuscan," " Doric," &c.

of an arch and mouldings, 1922o, p. 971,

p. 974, p. 990
Orders ; cliaracter of the different, 2538 et

siq. Doric, Ionic, and Corinthian, 2539.

Sir Henry Wotton's description of them,

2540. Invention of new ones, 2541. En-
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ORD PAN
tablatures, heiglit of, in, 2542. Motle of
measuring them, 2550. Application of,

2552
Orders of architecture, 2523 et seq. Consist of

essential and subservient parts, 2523. Are
five in number, ib. Mode of profiling an
order, ib. Lebrun's analysis of loads and
supports in an order, 252-1:. Principles of
proportion as to loads and supports, 2525
et seq. Systyle intercolumniation produced
by such principles, 2527. Principles of load
and supports carried into tetrastyle, hexa-
styJe, and octastyle temples, 2528 et seq.

Concordance tiiereof with the laws given by
Vitruvius, 2529. Ancient examples of dif-

ferent orders in verification of the theory,
2531. Principles applied to points of sup
port, ib. Tuscan, 2553. Doric, 25G0. Ionic,

2573. Corinthian, 2582. Composite, 2591
Orders above orders, 2642 et seq. Vitru-

vius thereon, 2643. Scamozzi's rule, 2644.
I^aws of solidity respecting, 2645. Axes
of upper and lower columns, how placed,

2646. Disposition of, according to Cham-
bers, 2647 et srq. Doric above Tuscan, 2648.

Ionic above Doric, 2649. Corinthian above
Ionic, 2650. Composite above Corinthian,

2651. Eligible intercolumniations, 2652
Orford castle, Suffolk, 398
Orgagna, Andrea ; architect, 327
Oriel window, 415
Orleans; cathedral, 549. Church of Notre
Dame de bonnes nouvelles, 289

Orme, Philibert de L' ; architect. See " De-
lorme "

Ornament; a non-essential in architecture,

2486. Gothic, p. 995. Drawing of, 2383c

Oi-namental wrought iron work, 2255A et seq.

Ornamented English architecture, 409 et seq.

Characteristics of, in arches, columns, win-

dows, roofs, or ceilings, and ornaments, 420

Ornaments of mouldings ; how to arrange,

2535. How to be cut, 2536. Degree of relief

they should have, 2537. Of the Grecian

edifices suitable to their destination, 164.

In stone, in spec, 22846

Orsenigo, Simone da ; architect, 619

Orthographia ; of Vitruvius, p. 1013

Orvieto ; cathedral, 615

Osmaston manor, Derby ; warming and venti-

lating, 2279c

Osterley house, Middlesex, 446, 447

Ostiarius ; of a Roman house, 246

O.^ymandyas ; toinb of, 85

Otricoli ; "amphitheatre, 228

Ouguet, David ; architect, 604, 605

Oundle, Northamptonshire ; church window,

p. 988
Ourem ; castle, 603

Ourscamp ; church, 540

Out of winding, 2123

Outline ; the fundamental principle of draw-

ing, 2382
Outside linings ; of a sash frame, 2147. Stiles

of a door, 2130

Oven; how measured, 2314. Of brick or

iron, in spec, 22826

Overseer, 312, 319

Ovoln, 2129. Echinus or quarter round,

2532
Oxford ; Christ Church cath. Chapter-house,

460. Founders and dimenions, 434. Win-

dow, p. 989. Church of St. Alrlate, p. 1004.

Of St. Marv, 421. Of St. Peter, 398. New

College Chapel, 1377. Worcester College
Library, 490. St. John's College, 456,
1681/i Peckwater quadrangle, at Christ-
church, 490. Magdalen College Chapel,
421, p. 1014. All Souls' College. 499, p.
1014. Castle, 394, 398. Palace, 423.
Public schools. 444

Oxidation of metal. See " Corrosion "

Oxide of iron paint, 22736

PACE, convent della ; at Rome, 335
Packing; in mnsorry, 1921

Packington, Warwickshire ; church, 525
Padua ; church of San Antonio, 285, 61.'!. Sta
Marii dell' Arena, 616

Padua, John of; architect, 319 ; and his fol-

lowers, 425
PiBs'um ; hypaathral temple, 149

Pasre, Sir Gregory; house at Blackheath,
.505

Pagodas, or Chinese towers; that of N,ankiri,

105. That of llonanij, at Canton, 104
Paine, James ; architect, 514
Paint ; varieties of, 2273 et seq Effect of, on
wood, 1747. To remove old, 2270. Fire-

proof, 2273/
Painted glass, 22316
Painter's; tools, 2268. Work, in spec, 2^90.

Estimating, 2379
Painting, 2267 ct seq. Iron work, 1780a.

StoncAork 1667/. On cement, 2273A
and sculpture; intimately oimected

with architecture, 68. Much used in Ornn-
mented English architecture, 412. Tii

Egyptian architecture, 86. Ou walls, as

decorations, 2519, 2522
Palace ; at Westminster, 423. At Oxfor 1,

ib. At Woodstock, ib. At Kennyngtoii, ib.

Palaestra ; of the Greek gymnasium, 175

Palamlino marble, 20i)2cc

Palatial houses ; list^if Elizabethan, 446
Paleing or soldering, 222'.\f

Palencia ; casa del Ayuntaniiento, 596

Palermo ; cathedral,' 319. W;i!ls at San
Giuseppe, 1535. At San Dominico, ib.

Houses at, 626. Sta Maria della Catena, ib.

Palazzo Reale, door, 2145c

Paley, F. A. ; writer on mouldings, p. 969

Paling, park ; in spec, 22.-<56

Palladtan school of architecture, 464

Palladio, Andrea ; architpct,352—351. Win-
dows by, 2761, 2765, 2766. Theatre, 2948.

Palm-tree, leaf; in Egyptian ornamerit. 87

Palma ; church of the Dominicans, 586

Palmyra ; extraordinary structims, 196, 197.

Nichet!, 2775
Pamplona ; cathedral. 59

1

Pandoo Koolies; of Hindostan, 12

Panel; of a door, 2130, 21456. Of slate, 22r/7

Paneling; timtier for, 1729/; 2125c

Pantheou ; at Rome, 215, 216,262,2517, 1499/(.

1499/3, p. 954. Lighted from a very sm 11

aper:ure, 2747. Nichc'^, 2775, 2779, 27.sr,

Capitals, p. 956, p. 9.»7. Proportion, p. HrJI.

p. 1005
of the Esruri il ; the sepulchres of the

kin'^s of Spain. 371. See " Piins
'

the: tre ; in Ox for 1 Street, 527. 2089

Pantiles, 1838. Gauge, 1906, 1907, I'MlT/i,

Table of the number required for a giv>n

quaiititv of work, 2321

Pantiling; 2.S02

Pantoii, Mr. ; a house designed for, 440

4Y
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Pnpantla; pyramic' of, 113

Paperhanger's paste, 22775?. Work, in tpec,

2291. Estimating, 2380

Paperbane;ing, 2277c

Papier-mache, 2251 ; in spec, 2287

Papworth, J. \V. ; on domes, 1499o. On Milan

cathedral, p. 1008

Parabola. 109o—1109. Curve, many uses of,

in architecture, 1107

Parapets ; in spec, 2282a. Gothic, p. 983

et teq

Parascenium of the Greek theatre, 172

Parastata?, 2671
Parget, 19056. To face work, 2245a. To

chimney, in spec, 2282a
Parian ; cement, 18C6. Use of, 225if et seq.

In spec, 2287a. Polished, 225 1 j. Marble,

1676
Parigi, Alfonso and Giulio ; architects, 331
Pariquadrato proportion, p. 1013

Paris ; cathedral, 530, 541, 570 ; doorway, 539;

apse, p. 1007. 8te. Chaper.e,540. Decoration

copied at Cologne, 567. Church of St.

Eustache, 549. St. Etienne du Mont, 549.

2002.r. St. Sulpice, 362. St. Genevieve,
or tlie Pantheon. 2^9,361,476,477, p. UMX ;

dome, 14!»9;h ; points of support, 1581. St.

Gcrni.iin des Vrhz, 289 ; shafts, p. 1023. St.

Germain I'Auxerrois, 547
; abbey of St. Antoiiuj; near, 310
; street architecture, 364. Houses in Rue

de la V^ictoire, casement in, 216.'>/'. Fau-
bourg St. Germain, 440

.
; Xapiileon column, 2603. Hospitals,

2278z, 2974. Invali.ics, 1.581. The Louvre,
fumade of, 359. 2613; windows, 2760. Ob-
servatory, 359. (iarde-nieuble and mint 360.

Theatre du Chatelet, mode of lighting,

2264/. Tht^atres Italien and Kran^ais, 2958.

New Opera liouse, 2972. Halle aux bleds,

205

1

Parii X(X)k stone ; analysis, 1666
T'ark Spring stone, I667uj

Parker's cement. Ste " Koman cement"
Parliament hinges, 2258a
Parma ; theatre, 2948, 2958
Parocona ; temjile at Ellora, 56
Parquetry, 2173e. In spec, 228.56

Partiienon. See •' Minerva, tem|'le to
"

Parting bead of a sash frame, 2147. Strip in

a sash frame, 2165
Partitions; in car])entrv, 2024, 2025. How

measured, 2336. Weiicht of, 16286. Brick-
nog, 1902 ; in spec, 22826. Half brick,

1902a. Stone slab, if,. Tiles, Uj. Hollow
brick, 19026. Glazed, 2231. (Jiiartered,

in sjiec, 228.')a. Timber for, 1729/". Of
de.il, in spec, 22f'56. Gaspipes should nut
be enclosed in, 22646

I'arts of an order, 2523
I'arvise over porch, ]). 998 et seq.

Pasley, Col. ; on domes, 1499/
Paste lor paperliangers, 2'27Xg

I'ateley Bridge stone, 16()6.r

I'atentaxe ; mason's tool, 191.56, 1915c
plate glass, 18726, 1873. Kougli i.l.'itc

glass, 1878. Slating, 2210/»

Patlis, in hpec, 2281
l'atiixl)ourne, Kent ; circular window in

church, p. 993
Pattern-making, 226.5/'

P.-ivements. 166(;i', 19030. Ornamental, 18396,
1908c. In spec, 2284c

lights, 2256

Pavia ; church of the Certos.n, 619 ; terra-

cotta, 1908J. Church of St. Michael,
280

Paving, 1905c et seq. How measured, 2300,
2372. Granite, 1671c, 1672. Brick, 1827,
18316. In spec, 22826. Tile, 1839a et seq.

In spec, 22826. With cements, 2251m.
Making good, in spec., 2284c. Black and
white marble, 2002cc. Tar, 1905A

Pavodilos floor, 21736
Pavonazzetto marble, 200266, 2002^^
Paxton, Sir Joseph, p. 1063
Pav-leou, or triumphal arches of the Chinese,

107
Payne's patent for preparing timber, 1752
Peabody dwellings. Commercial Street. 3014

;

described, 3024 et seq.

Peace, temple of; at liome, 217, 2547, 2775.
See " Constantine, basilica of

"

Peckings, 1823
Pede, Henry van ; architect, 562, 563
Pedestals, 2599 et seq. Table showing their

heights, ancient and modern, 2601. Parts
2602. Die--, 2603. Employment of, 26(i4

Pedinent; origin of, 135. Observa'ion bv
Cicero on, j'6. Inclination, lionian, 26!). Of
varied forms, 2716. How they should be

used, 2717, 2718. yiiruviu>'8 rule resju'ct-

jng, 2719. Pitlerent sizes in same fagnde to

be avoiiled, 2720. Mode of connecting the
horizii!ilal and raking pirts. 2721. IIei,i;lits

of; how iej;ulated, 2722. I'"ace of tympa-
num; how disposed, 2723. \\'orking of;

in spec, 22846.

Peel; cathedral. 1681

Pegmata ; of the amphitheatre, 230
Pekin, palace, 103

Pelasgic iiuildings. 27
Pelican OHice, Lombard Street. 515
Pellegrini, I'ellegrino ; architect, 621
I'ellet ornament, 397
Pend)roke ; Philip, earl of, 461
Penaria ; of a Koman house, 253
Pendent ives, 2090. Conical, for covers to

ceilings of square rooms. 2091. To lind

springing lines, 2092. iMethod of coving a
square room with spherical, 2093. To lind

intfrsecti()n3 of ribs in, 2094. In dome
stone vaulting, 1999 et spy., 2002m, 2(()2.i.

At Caudebec, p. 1053. In towers, p. 1003,

p. 1001. In carpentry, iWO et */</.

Penetration of mouldings, 578, p. 974
Pennethorne, James ; arcliitect, 520, 1666^/

Penrose, F. C. ; architect, on proportion, p.

1015
Penshurst hou.se, Kent, 446
Pentagon form, p. 10.H6

Pcntagon.al church, 572
Pentalpha form, ]). 1036

Pentelic marble, 1676

Penthouse roofs ; in Italy, 614
Peon or poon wood, 1728f/

Perch, a measure of lenj;th; used in setting

out a builiiing. j.. 1(157, ]>. lO.'iH

Perforated glass, 1879. Ventilator, 2231«,

3037. Zinc, 2224/

Pergula ; of a lioman house, 2.53

rericle-i ; .".rchilecture of Greece under, Ml
I'd idiomeilcs ; (jf a (ireck gymnasium, 175

l'cri;;ui ux ; church of St. Front, 307 ; and St.

Etienne de la Cite, 5.35

Periods of (Jotliic architecture, p. 967
Peristylium ; of a Greek cymnasium, 175. Of
a Koman house, 245, 252, 263
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Pci-kins' system of heating by hot water,

'2279i

Pernes ; church, 307
Perpendicular period of Gothic architecture

in England, p. 967. Work, proportion in,

p. 1017. Mouldings, p. 973. Piers, p. 977.
Capitals, p. 978. Bases, p. 979. Kibs, p.

980. Hrod moulds, p. 982. Plinths, p. 982.
Parapet, p. 983. Wood mouldings, p. 98.o.

Windows, p. 990. Window jambs, p. 992.
Doorways, p. 997. Porches, p. 999. Towers,
p. 1002

Perpignan ; cathedral, 545. Church, 586
Perrault, Claude ; architect, 359, 360
Persepolis, or ruins of Chel-Minar, 46—49.

Arciiitectural details compared with those
of Egypt and Persia, 50

Persia
;
))iisent architecture of, 51

Persians, 2682, 2684
Persieune bliuds, 2165y
Perspective, 2405 ct st-q. Tump. 1565, 440
Perugia ; Madonna di Monte Luce, 624. San

Ercolano, 616. Sta Giuliana, ib.

Pestagalli, P. ; architect, 620
Petchorsky ; convent of, at Kiev, 875
Peterborough, Northamptonshire ; cathrdral,

396, 398. Founders and dimensions, 434.

Spire of staircase, p. 1005. Apse, p. 1007.

Lantern, groined leilmg, 2023^
Petersburg deals, &c. 1729e. Ste "St. Peters-

burg "

Petei.^ham house, for Lord Harrington, 510
Petra ; ruins of. 3

Petworth marble, 163^, 1681^
I'evensey castle, Sussex, 391
Pew hingf^s, 22586
Pewing, 944. In spec, 2285A
Philip of Macedon ;

portico of, in Delos, 151

Phillip's rolled iron girder, 1629/
Phoenician architecture, 9, 54
Phygalia ; temple, p. 943, p. 945
Pickart, Jan ; architect, 558
Picked, to granite, 1915c

Piece ; of paper, 2278
Pied du roi ; a measure of length, p. 1057

Pier ; ou a column, 192o<f. Gates and piers,

2734. Rules for finding proper stability,

1563—1582. To windows, 2754. Of niedi-

feval buildings, p. 975 et seq. Circular,

p. 1023. At Amiens cathedral, p. 1061.

Canterbury cathedral, p. 1040. St. Ouen,

at Rouen, ib. St. George's chapel, Wind-
sor, p. 1051. Henry VII.'s chapel, p. 1054.

In bas^ement, in spec, 2:i82a. See " Pillars
"

Pierced bricks, 1831/
Pierrefonds ; church of St. Etiqnne, 534

Pig; of iron, 1765. Of lead, l782

Pilaster, :671 et seq. At Trevi, 2672. Pro-

jection of, 2673. When used with columns,

2674. Pilaster capitals, 2675, 2677 et seq.

Supposed to represent columns, 2676. To
be avoided at inward angles, 2680. En-

gaged, 2615. Stone, in spec, 2284a. Of
wood, in spec, 2285*;

Piles, how measured. 2331

Pillar or column ; centre, 1500

Pillars, see " Beams and Pillars." Of materials

in testing, 1502e. Compression of, 1630y

et seq. Carrying up, 192.i. In a church,

mode of strengthening, 557. Of Westmin-

ster Abbey, p. 968 ; bands of shafts, p. 969.

See " Piers
"

Pinacotheca ; of a Roman house, 252, 253

Pine wood, 1712
4.

Pinnacles ; ordination of, p. 1008. Mode of
setting out, p. 1019

Pins, key^s, and wedges, 1631m
Pintelli, Baccio ; architect, 612
Pipe casings ; in spec, 2285/i
Pipe trap; cast lead, 22186
Piper, — ; architect. 583
Pipes for drains, 1888a et seq. Of earthen-

ware, 2223/>. Of stone, ib. Of iron, 2->2oq.

Of gutta-percha, 2223r, 22646. Of lead,

manufacture, 2223/* Of lead, in spec
,

2288. Weight of, 2223/*

for gas, 2264 a et seq.

main service and supply, 222.S(;, 2223«
hot water ; for heating, 2279;n. Ex-

pansion of, ib. Quantity for a building,
2279?j

Pirua ; church, 583
Pisa; Duomo, "286, p. 1042. Baptistery, 291,

292, p. 1037. Sta Caterin.i, 613." San
Francesco, ib. San Martino, 616. House,
614. Campo Santo, 291, 293. Campanile,
ib. Casement adopted there, 2165c

Pisano, Niccolo ; architect, 613
Piscina ; of the Roman baths, 235
Pi.vfe work, 190366
Pistoia ; San Salvatore, 613. San Domenico,

ib. San Fi'ancesco, J6., 6 1 6. LaQuarquonin,
614. Baptistery of San Giovanni Rotundo,
616. Palazzo della comunittl, 618. Palazzt/

pretorio, ib.

Pit sand, 1851, 18526
Pitch or slope of a roof, 1906, 20406, 2052?i

Pitching; for paving, 1672. Piece in stairs,

206
Place brick, 1817, 1823

Placentia palace, at Greenwich, 423
Plain tiles, 1835. Table of the number re-

quired for a given quantity of work, 2301,

2321. Gauge, 1906. Setting in mortar,

and dry, ib.

Plan, 2490a. Distribution of, 2489

Plane trigonometrj', 1033—1055

Planes, in geometry, 969—978

, in carpentry ; Jack, trying, long, jointer,

smoothing, 2102 ; compass, forkstatf,

straight block, 2103 ; rebate, moving, fillis-

ter, sash fillister, plough, 2104 ; moulding,

2106; bead, and snipe bill, 2106

Planing machine, 2124a, 2r24c

Plank, 1710. How measured, 2331

Planking ; to doors, 2145a

Planted work; in Gothic joinery, 2175c

Plasencja ; cathedral, 596. Parochiiil church

|). 10i9
Plaster; adhesive power of, 1494. Fireproof,

22466. Fibrous plaster slab, 22466. Slate

ground for, 2246rf. Quantity to cover .a

surface, 2248. New inventions, 2250« et

seq.

of Paris, 1866c. Used in walling, 2249<t

Plasterer's work ; in sp^c. 2287. Estimating,

2376. Work, in Dublin, 2246a

Plastering, 2232 et seq. Quantity of dilVercnt

materials in a given number of yards, 2248.

Porous, 3031

Plate girder, 1629a et seq., 1629/)

glass, 1870a, 18726, 1875. Patent, 18726.

Rough, 1877

iron, 1764/. Strength of, 1630r, I630«r.

Weight per foot, 2254

rack ; in spec, 22Hng

tracery, p. 989, p. 999

, wall, in spec, 2280a

y2
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Plateresque of Spain, 599
Plates of metal to doors, 2145c
Play-ground in industrial dwellings, 3021

Plenum system of ventilation, 22786

Plinths, p. 977. And base motiWings ; in

spec., 2281o, 22846. Gothic, p. 982 et seq.

Ploughed and tongued, 2171
Plugging with lead, in .'pee., 2284rt et seq.

Plumb rule, 1890
Plumber and his boy, 318, 319
Plumber's work ; in spec., 2288. Estimating,

2377. Weighed and fixed, 2215
Plumbery, 2212 et s^q.

Plymouth ; naval hospital, 1670
Podium ; of an amphitheatre, 228
Point or division, 19436

; mason's, 1910
Pointed arch ; theories respecting, 294 et seq.

Eev. Mr. Whittington's and Sir Chris-
topher Wren's opinions, 300. Ancients
acquainted with, ib. Countries in which it

appeared, 301. Prevailed in the Enst, ib.

Its origin probably tliere, ib, Moller's
opinions of, 302. Appearance immediately
after first crusade, i6. Mr. Kerrich's
opinion of origin, ih. Difference of writers'

opinions, 303. Michelet's opinion, S03tt.

J. Fergusson's, 304 et seq. Combated by
E. Sharp, 3076. Ignored in Italv, ih.

; in England, 397, 400. In Italy, 318.
In France, .")3('>. In Venice, GIO

vaulting, I409y
or Christian architecture, 530 et seq.,

p. 9G4 et seq. In Spain, 'J84. In Portugnl,
COO. In It^ily, 008. • In Sicily, G2G. Pro-
portion, p. 1023

Pt.ints of support, 15G3, 1581—1583, 2531.
Table of, in principal buildings of Europe,
1583. Table of, in (lothic buildings, 1583a.
Of apartments, 2848 et seq.

Poitiers; Notre Dame, 534. Masons' marks,
3226

Pojana; villa, cornice, 2725
Pola ; amphitheatre, 228. Arch of Sergius,

p. 961
Pole plate, 2035, 2035a
Poliphilus, Hypnerotomachia ; account of the
work, 326, p. 958. See '• Colonna "

Polishing marble, 2002nji
Polleyt, Eustache ; architect, 562. 2890c
Polycliromatic architecture, 171, 2511—2514
Polygonal figures ; used with the triani^le,

p. 1017. With the square, i6., p. 1018. Sub-
divisions in traeerv. j). 995

Polygons ; table of, 1219
Polvtechnic Institution, 1786. Ventilation at,

2278/
Pompeii ; forum, 212. Theatre, 1227. House

of Pansa, 253
Ponte, Giovanni da ; architect, 356
Pontigny ; abbey church, G02
Poole, Sir George St. ; house for, 440
Poon wood, 1728d
Pope, Alexander, poet ; his ignorance of art,

491. 607
Poplar, 1718
Porch house, p. 999

; not known in Italv, 609. Gothic, p.
998 et seq.

Porchester, Ilampsire ; castle, 391, 394, 398.
Castle hall, p'lrch, p. 999

Porositv of stones, 16G7/, lG67jt^. Of materials,
3029

Porta, Jacopo della ; architect, 336

Porta Santa marble, 200266
Port crayon ; its uses in drawing and in

comparing proportions, 2391 et seq. As
applied to the whole tigure, 2393

Portcullis ; of a castle, 394
Portico ; of Septimius, 2547. Of Philip of

Macedon, 151. Doric, at Athens, p. 944.

Brick, in spec, 22826. Columns of, 22826.

Stone, in spec, 22846. To admit carriages,

earliest, 525
proportion of Doric, tetrastyle, p. 943.

Hexastyle, p. 944. Octastyle, p. 947. I!f)-

man tetrastyle, p. 953. Hexastyle. ih.

Octastyle, p." 954. Ionic tetrastyle, p. 952.

Ionic hexastyle, ib. Tho.-e of the Par-

thenon and Pantheon contrasted, p. 955.

Porticus ; of the Greek gymnasium, 175. Of

the IJoman house, 244. 253

Portl.and cement, IXGln et seq. Use of, 22.ilrt,

22516. In spec, 2287a. Concrete, ISdld
Safe load, 1864e

Portland stone ; its qualities, 1666/, 1667j<'.

Strength. 1667i'. Crushing weight, 1502o,

1.5026, 150 2(/. In lintels, 1502/1. Aualvsis,

1GG6
Port Philip granit«, 1672a
Portsmouth ; do<;ks, 1671e

Portugal ; architecture of, 367 et seq. Pointed

architecture of, 600
Post oltice, London ; ventilation, 2278/i

Posts in warehou.ses ; in spec, 22856

Pot metal gl.ass, 22316
Potash ; to soften putty and paint, 2226a
Potassi, J. ; architect, 607

Pots and jars ; in arched work, 1903i

Potter's bar ; house at, 440. Whiel, 1839/
Power of a number, 2297/»

Poyet,— ; architect, 2974
Poynter, Ambrose ; architect, tabic of French

and English architecture, ."137

Pozzo, Andrea; architect, 365
Pozzuoli, amphitheatre, 228
Practical building, 1881 et seq. Carpentry,

2003 et seq. Geometry, 999 et seq.

Priucinctio; of the Konian theatre, 226. Of
the amphitheatre, 228

Prague ; cathedral, 567, 572. Proportion of,

p. 1013
Prato ; cathedral, 616, 626
Prebendal liou-e, Westminster; staircase, 2797

Prenzlau ; church of St. Mary, 572

Presence or ]irivy chamber, 415

Preservation of stone, 1667/(, 1 739 e< .<c7., 1779

et seq., 2i7ni. Of Iron, 22736. Of timber,

1730 et seq.. 174iS et seq.

Pre-sure ;
piers, vaults and arches, 1351 it

seq. Walls and piers, 1500 et seq. E:irth

against walls. 1584 et seq. Wind ag,iin«t

walls, 1592a. See '• Crushing," •' Compres-

sion," &c.
Priam's palace had fifty chambers, 140

Pricking-u[i
;

jjlasterer's, 2240
Priene ; temple, 153
Priests; ridicule of, 311

I'rimarv Gothic, 537
Priming coat, 22G«, 2273A, 2276/
Princi|)al rafters in a roof, 2035a
Princip'es of composition, 2825
Prior park, near Bath, 513
Prisons ; Newgate, 523. The steen at Ant-

Averp, 563
Private buildings

;
general observations on,

2983e<«<'fy. In towns, 2990 f/ .W7. Connnon

Louses of London, 2992. Of a grade higher,



INDEX. 1429

PRI BED
2D93. First clnss of, 2994. Duke of Duvon-
ihire. Piccadilly, ib. Burlington house,
2995. In the country, 2996. Keddlestone,
ih. Holkhani, 2997. Villa, smallest size
of, 2999. At Fool's Cray and Mereworth,
3UO0

Private houses of the Romans, 242. Earliest,

only one story, ih. l^ater houses, 243.
Splendour of tliem, ib. Parts of which they
consisted, 244—255. Parts of, reserved for
the family, 245

Probus, Cornwall: proportion of church, p.
1018

Procccton ; of a Roman house, 252
Profiling an order, 2523, 2551
Projection ; in geometry, 1130 et seq.

Property ; valuation of, p. 1094 et seq.

Propigneum of the Greek gymnasium, 175
I'mporlion (Grecian and Roman) ; princip'es

of, 2825 et seq. ; by E. Cresy, p 942. (Me-
diroval), p. 1005 et seq. ; by E. Cresy, p.
1020 et seq.

. in geometry, 935—937. In archi-

tecture, based upon titness, 2496—2499.

Of the orders deduced from the loads and
supports, 2524 etseq. Of rooms, 28-9 et seq.

Of mouldings, 2G29, p. 1019 et seq.

Propykeum ; at Athens, 150
Proscenium ; of the Roman theatre, 226. Of

the Greek theatre, 172. Modern, 2958
Protecting or preserving stonework, 1667«
Pro'.hyrum ; of a Roman house, 246, 253
Provisions in spec. ; for bricklaj-er's work,

2282c. For mason's, 22846 and e. For car-

penter's, 2285. For smith's, etc., 2286. For
plumber's, 2288a

Prudham quarry, IGGGio

Public and private buildings, 2861 et seq.

wav ; arch over and under, 1903a
Puddled steel, 1775. Strength of, 1630r
Puddling funiace, 1760
Pugging ; to floors, 2247, 2971c. In spec,

22856, 2287
Pugin, Augustus Welby ; architect, on Pointed

•nrchitecture. p. 964
Pugmill ; for mortaa-, 1854
Pugwash deals, &c., 1729c

Pulham, Norfolk ; church roof, 2052p, 2052r.

Roof mouldings, p. 986, p. 987
Pullcv, 1315—1320, 2260.

mortises, 2019, 2020
I'ulpit ; in spec, 2285i

Pulpitum ; of a Roman theatre, 226. Of the

Greek theatre, 172

Pulsometer, 2219A

Pump ; various sorts, 2219—2224. In spec,

2288a
Pumping out, in spec, 2281a
Punch ; mason's tool, 1914

Punching holes for rivets, 163l#

Purbeck marble. 16G6>4, 1681^? et seq. p 979

Purimachos cement, 18G66

Purlin, 2035, 2035a. Scantling, 2040. Gothic,

p. 986
rafters, 2043, 2210a. In spec, 2285a

Purveyor of the works, 319

Putty"; glazier's, 2226a. Painter's, 2275a.

To remove, 22266

Puy ; cathedral, 535
Purzuolana, 1859/
Puzzuoli ; amphitheatre, 228

Pvcnostyle intercolumniation, 2605—2609

Pyramids ; of Ktoube el Meuschich, of brick,
"

72. Of Cheops, and Chepherer and Myceri-

nus at Saccara, 74. Generallv, 83. Of
Mexico, 111; ofCholula, 112; ofPapautla,
113. At Meroe and Geezeh, 304

P^-rodene paint, 2273j, 297 le

Pyrographic woodwork. 21736

QUADRIPARTITE vaulting, 1499m;, 1499#
Quantities, 2280fi

Quarter pace in stone stairs, 1929
round, 2129. 2532

Quartered partitions, 2024, 2025. In spec,
2285a. How measured, 2313

Quarry glass, 1879
Quarrying stone, 73, 1666/
Quartz in granite, 1669
Quebec deals, &c., 1729a
Queen closer, 1896

post roof, 2042. Post", 2034
Quellinus, Artus ; sculptor, 2690
Quirk, 2106
Quirked bead, 2126
Quoin stones ; in spec, 2284«

RADIATION" of heat, 2279
Radnor, Earl of; house for, 440

Ra'-s, Georges; architect, 561
Rafters, 2033, 2035f(. Common, 2035. Hip,

ib. Jack, 26. Gothic, p. 986
Raglan castle, Monmouthshire, 426
Ragstone, 1922c et seq.

Railing ; ornamental, La spec, 2286a
Rails of a door, 2180
Railwaj- compensation, p. 1094
Rainf^ill, 2222e, 2223
Rain water, 2223c. Pipes, heads, &c, 2255.
In spec, 2286a, 2288. Of lead, in sj.ec,

2288. Of zinc, in spec, 2294. Formed in
columns, p. 1065

Rake
;
plasterer's 2233. Thatcher's, 2211s

Raker; bricklayer's 1890
Raking arches, "1413—1416
Raleigh, Sir AValter ; house for, 440
Ramee, Daniel ; writer on proportion, p. 1006
Ramichouer ; temple at Ellora, 56
Rammer; bricklayer's, 1890
Rampant pointed arch ; to draw and find the

joints, 1943
Random walling ; in spec, 2284
Ranger's artificial stone, 190366
Ranging lath ; in glazing, 2226
Ransonie's

;
process, 1667/, 1667;«. Siliceous

stone, 1667^. Concrete stone, 1667r, lG67s.

Experiments on, 1667*— 1667u)

Ranville stone, IGGGm, KJCfio, KJGG^
liatisbon ; cathedral, 569, 576. Proportion of,

p. 1016. Dominican church, 569. Church,
309

Raunds church, Northamptonshire; roof,

2052o. Porch p. 9i»8

Ravaccione marble, 1G67 et seq.

Ravenna, 272. Church of San Apollinari.%

278. Of San ViUilis, 282. Joggled arch at,

]925e
Rayonnant period in France, p. 990
Reading, Berkshire ; abbey, 435

Reading abbey concrete stone, 1903o

Rebated boards, 2173a
Red ; bricks, 1825. Cedar from Austr.ilia,

1728d Granite, 191oc. Marble of tho

Apennine, 615
short iron, 1764

Redmimd's hinges, 22586
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Reel thatching, 2211s

Keedhain, Norfolk ;
church, 2052^

Keeds; moulding, 2129

Ketiiiery furnace, 1761

Kelorm club house ; scaprliola at, 22f.0</.

J.itjhting, 22G4y. Ventilation of, 2278A

Pefuse de^tructfT, 19i>7e

Eeid, Ur. ; system of ventilation, 2278^

Keigate firesfone, IGGfii

Reims; cathedral, 541, 570. Propor'ion of,

p. 1058. Apse. p. 1007. Original drawings,

p. 1008. St. Remi, 634, 647. St. Nicaise,

si)ire, p 1004
Reinhard, Johann ; architect, 579

Relief to be uiv. n to ornaments, 25.17

Relieving arch, 1925/ In spec, 2282a, 2281i

Removal of cloisters. 598
Reiinissance style, 323—329. And flamboyant

styles, mixture of, 2002j. In Spain, 597, 599

Rendering; plaster, 225(i/->. In jilasteier's

worii, 2238. To underside of slates, 2210i.

In spec, 2^87
Reredos, 415
Rese-voir; at Merab, 118'

Resilience or toughness of bodies, lC30i

Resin box
;
glazier's, 2229

Resistance ; of beams, 2021c. Of mortars,

1 858«
Ressaunt, double ; a moulding, p. 970, p. 974.
• Lorymer, p. 970
Reveley, Willey ; architect, 525
Reversed toe irons, l(i29t

Revert, Nicliolns, archit<ct, 516

Revolving sii utters, 2148a, 2255/. Of wood ;

in spec, 2285e
Rhamnus ; temple of Themis, p. 944, p. 945
Rheims. .See "Reims"
Rhcd.z ; cflthednd, .532

Rhodian colonies, ]>. 942
Riano, Diego de ; architect, 595, 599
Rib or wel) of a plate girder, lG29c

vaulting, 2002e, p. 980 et sea., 1499»,

2002t/. Setting out, p. 1019. Moulded,
2002n. To porches, p. 998. In King's
College Chapel, p. 1005

i for groins in car])entry, 2058 et seq.

Curved, for roofs ; in spec, 22H5a
Ricchini, Francesco ; architect, G21
Riciiard of Cornwall, Lmperor of Germany,

569
Richborough, Kent ; castle, 391
Richmond, Yorkshire ; castle, 394, 398

Surrey; entertninmeiit at, by lleury VII.,

428
• house, Whitehall, 510

park ; new lodge in, 508. Old lodge, de-

sign for, 440
Rick el, Paul de ; architect, 560
Rickets's ventilating globe light, 2278»
Rickman, Thoums, architect, writer of At-

ieiiijit to discriminate the Styles, Sfc, p. 967,

p. 971
Ridge ; crestings, 2255A. Piece, 203.5, 2035a.
Roof and hip tiles, 1836. In spec, 2283a,

2293e. Of lead ; in spec, 2288
Riding house ; at Mascow, 2050
Rieux ; round church, p. 1006
Rieux-M^rinville ; church, 535
Riga timber, 1729/
Riglit lines and rectilineal figures, 876—907
Rim lock, 2261
Rimer, 2108
Kiiniiii ; church of San Francesco, 325. Arch

of Augustus, p. 959

Ringing floor of a bell tower, p. 1003
Ripley, Thomas ; archiiect, 6(17

Ripiin minster, Yorkshire, 4U7. Dates and
founders, 434

Riser; of stairs, 2180
Risingham, Norfolk ; Roman altars, marks

on, 'S'^'2b

Rising hinges, 2258, 22586
Kivaulx, Yorkshirf ; conventual church, 407
Riveted plate girder, 1629e
Riveting plates, IGHlp
Rivets, 1631r. Inm for; streng li of. 16;'.0y

Road scrapings, 1839(", 185:'^. Making, 183'.i/(.

Drains ; in s])ec., 228i'U

Roadway ; in ej)ec., 2281
lioanne, house near ; window, p. 975
Robert the Pious, king of I'rauce ; arciii-

tecture under, 289
Robin Hood stone, 1666f
Robins, E. C. ; architect, on technical schools,

3038
Roche Abbev stone ; analysis, 1666
Roche lime. 220/
Rochester, Kent ; cathedral, i^Wt, 40fi.

Fuundci-a and dimensions, 434. Projiortion

of, p. 1016. Joggled work at, 1925f. Castle,

keep, 394, p. 10.57

Rock concrete tubes for sewers, 1887a
Rocking stones. See " Logan stones"
Rock worked rustics, 2669, 2670
Rod of brickwork ; decimal i)arts of. 2320.

How to ascertain value of, 2314. Table of

value of, at ditfcrcnt prices, 2319
bolts, 2259. Of iron, stretching and

breaking, 1630n
Rodario, t. ; architect, 623
Rodrigo, Alonzo ; architect, 595
Rodriguez, Juan ; architect, 595
Koelandt, — ; architect, 2981

Rolbrich, Oxfordshire ; circle of ston s, 16

Roll and fillet ; moulding, p. 972 ; and triple

fillet moulding, ib.

ribbing ; slates, 221 li

Rolled irons or bars, 1629r
Rollers ; brass, 2263
Rolls; in plumbery, 2213
Rolls chapel, 1908a
Roman architecture ; char.Tcter of, and ob-

servations on, 258. Not an original species,

182. Its succinct history to 309 ii.c, >l>.

Time of Appius Claudius, 183. Under
Cassar, 186. Augustus, 187. Tiberius to

Claudius, 191. G.ilba to Vitellius. 192.

Vespasian and Titus, ib. Domitian to Nerva,
ib. Trajan, 193. Hadrian, ih. The Auto-
nines, i94. Decline, 195 et seq. Under
Diocletian, 198 et seq. Revived liu' little

under Valeiitinian II., 204. lloimrius

raised or repaired .some basilic;c at IJcnie,

204. Roman empire in the \N'est ended in

476 A.D., 205. Destruction of Roman em-
pire, p. 963

brickwork ; ancient, 1895
cement, 1863. Use of, 2251a. In spec,

2287
mosaic, 2231 e

school ; it^ character, 334. Period of, 346.

Principal masters of, ib.

temples, p. 963 et seq. Of the quadran-
gular species, 208 et seq. Of the circular

S'jiccies, 214 et seq., 217. Houses, 245

Romanesque or Bjzantine architecture, 270

et seq. In France, 639. In Germany, 668,

570, 584. In Spain, 581, 687
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Rome; catliedral of St. Peter, 33".—341. Doors

of. 2735. Nave of, L'77f>- Niches and sta-
tues in, 2779. Points of sujport of, 1581.
Windows at, 2757

church cf San Carlo alle quattro fontane,
342. Of San Carlo on the Corso, 342.
Walls at San Chrysogono, 1535. Of San
Lorenzo fuori le Mura, 281. Sta Maria
Maggiore, niches at, 2779 ; walls at, 1535,
1549. Sta Maria sopra Minerva, 616. Sta
Maria in Trastevere ; walls at, 1535. San
Paolo fuori le Mura, 281, 1534—1546, 1553;
points of supp' rt of, 1581 ; roof of. 2051.
W^alls at San Pietro in Vincolfi, 1535.
Walls at Sta Sabina, 1535, 1548, 1554.
Chapel of San Pietro in Moutorio, 335.

San Stefano Kotondo, 1528. See " Pan-
theon "

. Temple of Peace, 217, 2547. For
other temples, see the names

Palaces, 343, 314, 2735. Bracciano
palace, window, 2768. 1 heatres, 226, 258.

Faruese palace, cornice, 2725 ; door,

2744 ; window, 2763. Massimi palace,

arcade, 2632. Blattei palace, windows, 2758.

Argentine theatre, 2958. Villa Pia, near,

345. See " Arch "

taken by Totila, and again united to

Eastern empire, 279
Eomsey, Hampshire ; church, 396
Koof ; examination of strains in, 2031. Names

of parts, ib. Scantlings of timbers for dif-

ferent spans, 2035—2040. Mode of framing
for ditferent spans, 2042—2045. Mode of

forming, in the mediaeval period, 2052c? et

seq. Mouldings of, p. 986 et seq. Lines for

framing, 2053. Hip, to tuid the back of,

2054. Lines of, to tind, 2053—2057. Incli-

nation of; in various climates, 2027—2030.

Heights of roof in parts of span, 2040i
i glazing for skylights, &c., 2226f. In

spec, 2289
. ; of stone, p. 998, p. 999. Of zinc, 2224A.

Exposed to wind, Ib'J'Id et seq. Weights of

materials used for coverings, 20406. lu

spec, 2283, 2285a, 2285A
Eooling; how measured, 2337. Of Athens
and Kome, 176

Rooms
;

proportions of, 2820 et seq. Height
of, 2821. Height of galleries, 2822. Pal-

ladio's rules, 2823, 2824

Rope and cables ; breaking weight of, 1630s

yarn in thatching, 2"-'lls

Roriczer, Malhias ; architect, his work on Fiu-

nacks, p. 1008, p. 1019

Roritzer, Conrad; architect, 579, 580

Rose ; of lead, to cistern in gutter, 2214. In

spec, 2288
window, p. 993 et seq. At York cathedral,

p. 1015. At Ypres, 557, 558. At St. Ouen,

p. 1032, p. 1036. At Rouen cathedral, p.

1033. At Beauvais cathedral, p. 1034. At
Amiens cathedral, p. 1035, p. 1037, p. 1002

Rosel church ; spire, p. 1000

Roselliui, Bernardo ; architect, 335

Roseueath, Dumbartonsliire; house, 525

Roslvn chapel, near Edinburgh, 431, p. 1038.

WKlth, p. 1058
Rostock ; church of St. Mary, 567

Rot ; in timber, 1746 tt seq.

Rothenburg, 580

Rouen ; its secular and ecclesiastical archi-

tecture, 552. Many churches, 649
—^, cathedral, 541, 549. Apse, p. 1007.

Clerestory window, p. 990. Rose windows,
p. 1032, p. 1033. Iron spire, lODo

Rtuen, St. Ouen, 514, 545 ; de.-igned, p. 1009.
Set lut with the perch, p. 1057 ; Nave and
transepts, 547 ; Piers of nave, p. 1040 ; Win-
dow, p. 989 ; Rose windows, p. 994, p. 1009,
p. 1032, p. 1036. Church of St. Nicaise, 550.
St. Vincent, 547. St. Maclou, 544. Palais
de Justice, 550 ; roof, 2052;. Fontaine da
la Croix, 548. Stone cross, p. 974. Hotel
de Bourgtlieroulde, 550

Roughcast, 2249. In spec, 2287
Rough plate glass, 1877, 1878. In spec, 2289
Roimd churches, p. 1006

towers of Ireland, 1499^', p. 1003
Routh, Yorkshire

; proportion of church, p.
1014

Roval exchange, London, 1855. Granite at,

167 la. Steps at, 16716
Polytechnic institution, London, 2278/,

1780
Rozier, — ; architect, 579
Rubbed returns, 1890
Rubbing stone; bricklaj-er's, 1890
Rubble ; masonry, 16661. In footings, ISBGc.

Work, 1922a et seq., 3030. In Spanish
churciies, 585

Rudstone pillar, Yorkshire, 14
Ruesga, Juan de ; architect, 596
RufiUen, Sir William ; house for, 440
Ruiz, Ferdinando; architect, 308
Rule; glazier's, 2226. Plumb, 1890. For

castings, 2265/"

Rules ; adopted by Freemasons ; in proportion,

p. 1057. Of proportion, p- 1013
Rumford grates, '227i)d

Runisej', Hampshire ; church, 396
Running h)ads over bars, 1628«
Riiprecht, George and Fitz ; architects, 572
Ruremonde ; Notre Dame, 555
liushdon, Northamptonshire ; church tower,

p. 1002
Rushton hall, Northamptonshire ; lodge at,

p. 1009
Ruskin, John ; writer, describes Gothic,

p. 965
Russell, John S. ; his principles in the con-

struction of buildings for seeing and hear-

ing in, 2958u et seq.

Russian architecture, 374 et seq. Churches
built in the eleventh century-, 375 ; typo
of, 377

Rustic work ; in spec, 2284a
Rustics to joints of columns, 1925a
Ruysbroek, Jan van ; architect, 562

OABICUE wood, U28d
\J Sacchetti, Giambattista ; architect, 372
Sackville, Thomas, Earl of Dorset; house

for, 440
Sacrificial stones, 22
Sacristy ; Felkirk church, p. 999
Saddle bar; in glazing, 2227, 22296. In spec,

2286rt

Safe loads, 1618
Safety brick, 1905.:

Saflron Walden, Essex ; church, 421
Sagging, 2021a, 2031 . 2052/i. Prevented, 2031
Sagres; Villa do Infante. ^^O?

Saint Alban's, ll(rtl(ird>iiire ; cathedral, 312,

398, 407. P'oundors and dimensions, p. 196.

Assimilating work, p. 968. Ceiling of nave

and east end^ 2023a. Ceiling of choir and
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• ladv chapel, 2013g. Window, p. 987,

p. 988
Saint Aniand; church, 534. Chateau de Meil-

laut, 548
Saint Contest ; church spire, p. ICOO

Saint Cross, Hampshire, 396. Ceiling in

tower, 2023a. Porch, p. 998

Saint Cvr ; two aptid^s, p. 10l>7

!?aint David's, Pembrokeshire ; cathedra], cir-

< ular window, p. 993, p. 994

Saint Denis; abbev, 539. Doorway, 539.

Cliurch, 540, p. 1028. Steeple, fall of, p. 1004

Saint Edmundsbury. Gee " Buiy Saint

lulniunds
"

Saint George ; convent in Russia, 373

Saint George Bocherville ; set out with the

English perch, p. 1057

Saint George's hall, Liverpool, lG71e

Saint George's hospital ; ventilation, 2278A

•Saint Germain de lil^ncherbe; quarries, 1G('G/

Siiint Germain's, Cornwall ; monastery, 389

Saint Germain's, near Paris, 440

Saint Houorine granite, 1GG9_

Saint Hubert ; eliurch, 559, 5G0

Saint James's hall ; ligliting, 22!34/

Saint .James's palace, Westnunster, 42G

Saint Jean au\ IJuis ; church, 540

Saint John's deals. &c., 17296

.'^aint Leonard ; church tower, p. 1003

Saint Louis, king
;

great number of eccle-

siastical buildings erected under, 310

Saint Loup ; church s]>ire, KlOO

S lint Luke's hospital, Old St'ect, 523

Saint Maxiniin ; church, 540

Saint Petersburg ; founded, 378. Palaces

of, ib. Church of Our Lady of Kazan, t^.

Saint Pierre Canivet
;
quarries, IGGGA

Saint Pierre-lez-Uitry ; church, 534

Saint Poole, Sir George ; designs for, 440

Saint Queutin ; chuich, 547. Anse. p. 1007.

Hot. 1 de ViUe, 548, 550
Saint Kiquier ; church, 547
Saint lioinbaut ; cathedral, 558, 559

Saint Thomas's hospital, 2975e I't set/.

Saint Trond ; church of St. Martin, 554

Sainte Kadigonde ; masons' marks in church,

3226
Saintes ; amphitheatre, 228
Sakkarah, pyramid's 74, 75

Salamanca ; cathedral, 587, 597, 599. Domi-
nican church of S. Esteban, 598. Colegio

mayor de Santiago el Zebedeo or del arzo-

bispo, 597. University, 595
Salisburj', Wiltshire ; cathedral, 542. Foun-

ders and dimensions of, 434 ; Proportion of,

J).
lOlG, p. 1023, p. 1058. Vaulting, 2002</,

2002m. Buttresses, p. 1048. Window, p.

988. Spire, p. 1001 ; strengthened, p, 1005.

Chapter-house, 149966
Saloons, 549
Salsette, excavation of; near Bombay, 57
Saltpetring, lGG7c, lG67»i
Salzburg ; cathedral, 355
Salzdorf, johann von; architect, 580
San Bernardino ; chapel at, 3.'')0

Sand; measures, 2304. Kiver, 1851. Pit,

18.V2. Sea, 1862a. Metallic, 1852c. For
moulding, 2265c, 22G5e. In cement, 2251a.
Paper, 2276(7. How measured, 2301

Sand 1 or samil bricks, 1823
Sanding in painting ; outside work, 2277
Siind -tones; 1664. Buildings, 1665. Crush-

ing force, 1502i

Sangdlo, Giuliano di ; architect, 835

Sangallo, Antonio, architect, 343
San Gimignano, 614. Houses, 622
San Miche'i, Michele; architect^ 350
San Pedro de Kates, 600
Sanitary appliances; closets, 22206. Papers,

2277c, 2277A
arrangements for a house, 3036 et seq.

aspect of house construction, 3027 et teq.

spccitioation for a villa, 22946.

Sansovino, Jacopo ; architect, 351, 355
Santa Maria de Val de Dios ; church, 589

Santa Maria el Keal de las Hiielgas, near

Burgos; cistercian nunntry, 587
Santarem ; capture of. 602. San Francisco,

600. St a ISIaria de Marvilla, ib., 607.

The Concei(;ao Yelha, 607

Saracenic or Arabian architecture, 118 tt seq.

Decline of, 128
Saragossa ; church of Sta Engracia. 367

Sarcophagus of Duchti-^s of Kent, 1071/'

Sarineiui, Juan; architect, 598
Sarkiug ; to a root', 2210
Sarzaua ; cathedral, 618
Saruin, Old; cathedral, 396
Sash bars ; of zinc, 2224^;. Of metal, 2255/

Door, 21656 ; in s[)ec., 2285/".

Frames, 2164, 2165. In spec. 228.")fi.

Lines, 2165a, 2260. Pulleys, 2260. Weights,

2165a, 22()3. Mountings, 2165«. Pocket
and tittings, 2165u. Tools; glazier's, 222G

Sashes, 2164. Beraoval of, 21G5a. In spec,

2285(/. Cast iron, in spec. 228G
Sash work, 2226
Satuni, temple to (now of Yospasian), at

Kome, 213, 260, 2547
Saul or sal timber, 1728a
Savov, London

;
palace, 423. Chapel ceiling,

2023c
Saw ; not known to the Greeks, 7. Car])en-

ter's, 2003. Kipping, half ripper, hand,

panel, tenon, sash, dovetailed, compass,

keyhole or twining, 2115. Teeth of, 2116.

Sawing iron, 1767
Saw bench, 2124a, 21246
Saxon and Norman styles ; difference be-

tween, 397
Saxcins ; arrival of, in Britain, 383. Mmncr

of building, j). 1021. Cathedials, propor-

tion of,
J).

10o5
Scabbling hammer, 1913
Scaffolding ; in spec, 2282c. Framed, ia

spec, 2284 e

Sca>:liola work, 22J0/t et seq.

Scales of iron ; in mortar, 1858, 1859A
Scales and weights

;
plumber's, 2212

Scaniozzi, Vincetuo ; architect, 365, 365
Scantle ; slater's, 2209
Scantlings; for joists, 2015—2022. For gir-

ders, 2021
Scappled blocked ; to granite, 1915c
Scajipling hammer, 1913
Scarborough museum, 2916
Scarfing, 2007
Scena ; of the Greek theatre, 172
Sctnographia ; of Vitruvius, j). 1013
Schciner, Johann ; architect, 583
Schelestadt church ; octagon steeple, p. 1004
Schiiikel; architect, 2923
Schnccbcrg

;
parochial church, 583

Schnellmeier, Ileinrich ; architect, 573
Schoiiibcrg house, Pall Mall, 1666;^

Schonbrun
;
palace, 365

Shool, Hanwell district, 2976c
Schorl; in granite, 1669
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Scliwerin ; cathedral, 567
ScioKraphy, 2468—2484. See " Shadows"
Scorix ; in mortar, 1859</

Scotch granites, 1670. Slates, 1805
Scot^ate Ash stone, 1666x
Scotia or Trochilus, 2532
Scotland ; architecture of, in time of the

Saxons, 383, 388. Stone buildings in, of
high antiquity, 388. Tudor examples of

stvle in, 431. Spires of, p. 1003. Granites
of, lG7\d et seq. Marbles of, 1682

Screen ; Northfleet church, p. 985 ; Lavenham
church, p. 9,86. Aldenham church, ib.

Screw, l;>24—1330, 1631j;. Varieties of,

2257
driver, 2110. Cheek, 2102

Screwdiiwns or valves, 2223s
Scribe ; bricklayer's, 1890
Scroll moulding, p. 972
Sculpture ; in Gothic architecture, p. 971 et

seq., p. 1028. Much used in the early

English style, 401. In France ; of the 14th

century, 543 ; 15th and 16th centuries, 546.

In France and Germany, 508. In Germany,
578

rather than painting, allied to archi-

tecture, 2522
Sea coal mnrtar, 1859a

Se I sand, 1851 et seq., 2222(f. Inducing rot,

1746
Sea water ; effect of, or iron, 1779. On

cement, 18C26 et seq., 1864c

Seams ; in plumbery, 2213_

Seasoning timber, 1748, 1751

Seats ; wood mouldings, p. 986. Of a church,

in spec, 2285i

SecqueviUe church ; spire, p. 1000

Section, 2490a
Set z ; cathedral, 540

Sefton, Lancashire; proportion of cliiirch,

p. 1016

Segeste ; temple, 149, p. 945

Segments of a circle ; Table of areas when
the diameter is unity, 1225

Segovia ; bridge of, at Madrid, 371

cathedral, 367, 598. New cathedral,

ib., 599. Masons' marks, 3226. Casa de

moneda, 526. Hieronymite monastery of

Sta Maria del Parral, 596

Selby, Yorkshire ; conventual church, 398,

421. Choir, groined ceiling, 2023y. ^V'"-

dows, p. 991

Selenitic mortar, 2250a

Self-coiling .-hutters, 214.0a

Selinus ; founded, p. 943. City, 147.

temples, p. 946, p. 948, p. 949

Semiraniis, queen; works of architecture

attributed to, 9

Semitas ; of the xystus, 175

Senlis; cathedral, 540. Church of St. Pierre,

547. Church, 534

Sens ; cathedral, 540, 547

Septimus Severus; arch at Rome, 2547, p.

962
Seraglio ; reception room of the, 132

Serlio, Sebastien ; architect, 2744. Mode of

relieving a lintel, 1925/. On proportion,

p. 1058
Serpentine, 1681rf et seq., 1683c

Servaiidoni, Niccola ; architect, 362

Service ; box to cistern, 2223c. Pipes, 2223^?

Set ; produced by a straining force, 1C28A,

1630e

Sets off, 1900d

Win-

Five

Setting board
;

glazier's, 2228. Knife, gla-
zier's, ib,

Severey, 415, p. 1046
Seville'; cathedral, 368, 595, 599
Sewers ; their use, size and furm, 1887 ef seq.

Shade, as distinguished from shadow, 2159
Shadows ; method of projecting in architec-

tural drawings, 2458—2484. Anule usually
employed for the light, 2459—2462. Ex"-

amples, 2464 et seq. On step?, 2468. Of
modillions, 2469—2471. On triglyphs, 2472.

Of consoles, 2473. Of niches, 2475. Of
pediments, 2476. Of bases, 2480. Of
Tuscan, Ionic, and Corinthian capitals,

2480—2484
Shaft; Gothic, p. 976. Filleted, p. 989. In

vaulting, p. 980 et seq. Of stone, strength
of, 1502^. Of coloured stone, in spec,

2284i. How measured, 2358
Shaftesbury house, Aldersgate Street, 462

ventilator, 2278^
Shah Abbas ; caravanserai of, 51

Meidan ; at Ispahan, 51

Sham ; ceilings, 2023(7. Vaulting, 1499M
Shapes of beams and girders, lG'28y< et se/j.

Sharpe, Edmund, architect; on the pointed

arch, 303, 3076; author of Arddlcctural
Parallels, p. 971

Shawk stone, 16G6a
Shear steel, 1772
Shearing or detrusion, 1631n et seq. In iron,

1629c. Of stones, 1502i

Sheephouse quarries. Drogheda, 166666

Sheemess docks, 167 le

Sheet; copper, 1789. Glass, 18';8a, 1870a,

1872. Iron, weight and thickness, 2251.

Lead, 1783 ; thickness of, 2215a

Shell lac for protecting stone, 1667»
Shelving; of sls-.tc 2211

9

Sheue, Surrey
;
palace, 424

Sherborne, Dorsetshire ; minster, 398. Porch,

p. 998
Sheriff Hutton, Yorkshire ;

palace, 426

Sheringham's ventilator, 227Xp

Shingles ; in rooling, 2221. Imitation of, on

stone spires, p. 1000

Shingling iron, 1757

Shoes ; for shutters, 222.5/. Of iron for timber,

1746. Of iron in roofing. 2043 et seq,

Shone's sewage ejector, 18b7c, 1887 1/

Shooting, 2102

Shop ; fittings, in spec , 2285e. Fronts of

iron, 22i5/'; in spec, 2i8nd

Shoring, 1889a. In spec, 2284e, 2285

Shorland's tubes, 2278s. Grate, 2279(i

Short and long work, 19226

Shoulders; in coursed masonry, 1925(7. In

framing, 2175a
Shrewsbury ; St. Marv and St. Alkmund

churches, p. 1002. Pedestal of Lord Clivc,

1671a
Shute, John ; architect, 438

Shutter ; bars, 2263, 21486. Shoes, ib.

Shutters, 2146—2148. In spec, 22^5c. box-

ings, in spec, 2285c. Kcvolviug irmi,

2255/ Of wood, in spec, 2285e. Sli'Img,

in spec, 2285c. Outside, in spec, 228oc.

Sicilian Gothic architecture, 626

marble, 1666(;, 1677 et seq., 2002/i/j

Sicily ; marbles of, 1678a. Pointed arch in,

306. Temples in, 147. p. 913

Siculo-Norman style, 626

Side ; boards, 2102. Hook. 2121

Siena ; cathedral, CIS, 615. Proportion of,
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p. 1008. San Francesco, ib. Houses, 014.

Pal. Buonsignori, 614. Pal. Piccolomini,
3'29

; cornice, 2725. Pal. SpanoccLi ; cor-

nice, 2725
Siena marble, 1678
Siicnia ; Cyclopean remains, 32
Siffueuza ; cathedral, 587, 598
Silica and lime, 1859c
Silicate cotton, or slag wool, 2247, 2971c
Silicate of iron paint, 227'6g

Sill ; of a partition, 2025. Of a window, in

spec, 22846
Siloe, Diego de ; architect, 368
Similar figures, 968—968
Similarity of work, p. 969
Simpson, Archibald ; architect, 2043
Sine of an arc, 1039
Single axed ; to granite, 1915c
Single; flooring, 2014. Slates, 2211c. Framed

roof, 2052;«, 2052</. Stones ; early iiractice

of erecting, and of what probable emblem,
13

Sink ; of stone, ofearthenware, in spec, 2'28\d.

Deal, in spec, 22iiby. Lined witli lead, in

spec, 2288. Of slate, 2211 j. Trap, 2220t
Sink stone, in spec, 2284(/

Siou house, Middlesex, 442
Site for industrial dwellings, 3023
-Kvv, or Scena, of the Greek theatre, 172
Skerrvvore ; lighthouse, 1671/*

Skew back, 1890
Skiffled ; in mason's work, 1922rf

Skimming ; in plasterer's work, 2246a
Skinning work, p. 970
Skirtings ; in spec, 22856. Of cement, 2287.

Of slate, in sjiec , 2283a
Skirts ; of a roof, 2053
Skylights, in spec, 2285e. IIow measured

2355
Skynners, Sir Vincent ; house for, 440
blab ; of slate, 1810. Generally used, 2211/>.

In roofing, 2210/i

Slag ; in mortar, lSo9d
Slag wool, 2247, 2971c
Slaking lime, 1843rf, 1848. 1859A
Sl.ite, 1798 et seq. Descriptions of, 1798.

Quarries, 1800. Properties of, 1801. Dif-

ferent sorts, 1802 et seq., 2211e et seq. Tests

of ([uality of, 1807 et ieq. Strength of,

2211e. Use of, in Pembrokeshire, 221Io.

Defect in constructions of it, ih. Hips and
ridge, 221b'. KoU ribbing, ib. Slope of

roofs for, 2030. Names and sizes, 22 1 1 c.

Number to cover a square, 22116. Slabs,

22l\j). ; in spec, 2283ft

articles, iS:c, 1804. Dowels, 1925/.
(Jrouud for plastering, 2240c/. Of glass,

2231. EnamelleU, 221 Ir

Slater's work; in spec., 2282c. lIow measured,
2370

Slating, 2209 et seq. Open, 2210c. Patent,
2210i

Slaugham, Sussex ; house for Sir W. Covert,
440

Sleaford, Lincolnshire; church, 398
ttleepers ; tnnber for, 1729/1 How measured,

2331. Walls, in spec, 2282rt. Oak for, in

spec, 2285. Blocks of earthenware, 1886t/

Sliding of voussoirs, 1495a
Slope or jjitch of a rou^, 20406, 2052u
Slotting a bar, 2255/
Slow combustion grates, 2279<f
Small cut brads

;
glazier's, 2226

bmirkc. Sir Kobtrt j architect, 520

SPH
Smirke, Sydne}' ; architect, 2052m
Smith, Edward ; sculptor, 526
Smithery ami ironmongery, 2253 et seq.

Smith's and ironmonger's work, 2255. In
spec, 2280. Estimating, 2375.

weather-tight casement fastenings, 22o9,

2259d
Smithson, Huntingdon ; architect, 443

, Robert ; architect, 440, 443
Smoke flues, 3052. Overheating, S002
Smyrna; tumulus ne;ir, 304
Soaking bricks in water, 19006

Soane, Sir John ; arcliitect, 523.

Sod kiln ; for lime, 1846
Sofites, in spec, 2285c
Softening water, 2223A
Soil pipes, 2223(7, 2223A
Soils; best for "foundations, 1882, 1883. To

cover in basement, 188(i/. In spec. 2281

Soissona ; St. Pierre, 534. St. Jean des Vignes,

.545

Solar cell ; of the baths of Caracalla, 235

Solari, Chri>tofano ; architect. 023

Solder ; for lead work, 222;>n. For cojiper, iron,

brass, and pewter, 221Ad
Soldering, 2223/"; 2223/i. Zinc, 1797
Solids, 979—995. Mensuration of, 1229 et seq.

See " Mensuration "

to voids ; ratio of, in vertical sections of

Gothic buildings, 1583e. See " Points of

Support

"

Solmone ; aqueduct and house, 025
Solutions, fireproof, -'971/

Somerset licuse, London, 518 et seq., 2893.

Old ;
ground plan of, 440. NVater front, 459

Somersetshire; churches in the florid E:iglish

style, 423
Som'pting, Sussex ; church tower, p. 971

Soufliot, Jac(ines G. ; architect, 3dl, p. 1048

Souillac ; church, 307. 535
Sound boarding. See " Pugging "

Sound. See " Isacoustic curve " and
"Theatre." Non-conductor of ; see "Slag
wool." Wood as a con<luctor, 2904

South Wingficld, Derbyshire; mansion, 420

South Wraxhali, Somersetshire; hall roof,

205 2t

Southampton ; new church, 525

Southtieet, Kent ; church roof, 2052o

Southwark, Surrey ; church of St. Mary
Overies, or St. Saviour's, 421 ; vaulting ribs,

p. 980. Of St. Olave, 512
Southwell, Nottinghamshire ; collegiate

church. 389. Founders and dimensions, p.

197. East windows, p. 988. Porch, p. 998

Sow; of lead. 1782

Spain ; n\arbles of, 1080. Architecture of,

307 et seq., 584
Spalatro (properly Spalato); joggled arches,

1925c. Niches, 2775
Spandril ; in vaulting, 2002e
Spanish white, 2274
Spazi, L. dc' ; architect, 623
Speaking tubes, 2202a
Siiecial subjects, 2801 ct seq.

Specilications, 2280 et seq.

Spey, J(diann von ; architect, 57D
S|)li':eristcriuni ; of the Greek gymnasium. 175

Sphere ; surface or sogmcnt, 1237. Solidity

of a, 12;i8. Solidity of a spherical segmeut,

1239. Its resistance, 1592(i

Sphirical surfaces ; to form iu joinery, 2208.

Vaulting. 14 78—1493
Sphin.x of Eg\ pt, 74



INDEX. 1 43")

SPI STO
Spiders in roofs, 557
Spikes, -i-iCa

Spiii.i ; of the Roman circus, 240
Spindle ; feU'-adjustiiifi:, 2261
Spinkwell quarrv, 16C6y
Spiral stairs. 2808
Spires, p. 1000 et seq. Construction of, p. 1003.

In spec, 22S46. Of iron, p. 1005. Of zinc,

2224A. With open tracery, p. 1005. Of
wood, at Breslnu,579. Of stone, at Thomar,
ti07. At S^ilisbury, p. 1052 ; thickness of
stone, it). Lofty,' in Belgium, 5G0, Of
lirick, jb. Gothic, wrought into Italian
ari'liiteeture, 484

Spires, or Speyer ; cathedral, 287
Splays, ramps, and chases ; iu spec, 22826
Split oak -for pales, 21256
Splitting slates, 2211c/

Sprinkler, automatic, 297h*
Square; bricklayer's, 1890. Bricklnj-er's large,

ib. Glazier's, 2:^26. Joiner's, 2118. Mitre,
2124

Squares ; use of, in proportion, p. 1005 et seg.,

p. i008 et seq. And triangles, systems of,

t)20

Squnres, &c Tables of, 2297p, 2297A
Squaring the rail of stairs, 2187. Dimensions,

2297
Squinch, p. 1001
Stability ; of piers or points of support, 15G3

;

of buildings, 1583e et seq. In a roof, 20350.
Source of fitness, 2500. Dependent on laws
of gravitation, 2501

Stable ; and fittings, 2255/. In spec, 2-826,

2285/*, 228()a. Su] ply of water to, 2223i.

Mason's work in, in spec, 2284<i

Stacking timber, 1730 et seq.

Stadium ; of the Greek gymnasium, 175

Stafford, Duke of Buckingham; his palaces,

426
Staffordshire file, 1908c
St.iges of mouldings, p. 979
Stained glass, 22316
Stains for wood, 2276e. In spec, 2290a
Staircases, 279(3 et seq. Designing of, impoi'-

tant, 2797. Light in, 2798. Of the Greeks

and Romans, 2799. Few remains of, at

Pompeii, 2800. Of the Trinii^ de' Monti
and Araceli, 2802. Palladio's rules for

forming, 2803, 2804. Various sorts, 2805.

Winding or spiral, 2806. Palladio's rules

for, 2806, 2807. Spiral, with solifl newel,

2808. Spiral, with open newel, 2809. El-

liptical, with open newel, 2810. Elliptical,

with solid newel, 2811. Easiness of ascent

in, 2813. Blondei's rule, 2814. How
measured, 2357

Stairs ; iron circular, 2255. Back and prin-

cipal of stone, in spec. 2284c. Of wood, in

spec, 2285c, 2285cZ
• stone, 1926 et seq. With solid or open

newel, 1926. Geometrical, 1927—1929.

Landings, half paces and quarter paces of,

19-.'9. Thickness of steps, 1928. Rules for

risers and treads, 2 177—2179. Carriage, &c.

of. 2026. Deal, in spec, 2285e, 2293c

Stall board ; in spec, 2285e. In stables, in

spec, 2285A. Dressings, in spec, 2285A

Stalls ; in churches, 2192a. At Winchester

cathedral, p. 984. At Selby, p. 985. At Lan-

caster, ib. In Henry VU.'s chapel, p. 986

St:iniford, Lincolnshire ; pan chial church,

421. All Saints church, yorch, p. 999

Stamped or incised plaster, 2245a

I
Stanchenns ; to windows, 2229c. Strength of,

I I63\i et seq. In spec, 2286a
Stanelitl'e stone, 1666
Standard; of deals, 1729
Stanford's joint for drains, 188Sa
Staplehurst Kent ; churcli door, 2145a
Starston, Norfolk ; church, 2052r
Stassins, Jan ; architect, 559
Stationes ; of the Greek gvmnas'um, 175
Statues, 2773 et seq. Founding of, 2266.
King William IV., 16716. At Portsmouth
Aberdeen, &c., 1671/. See " Niches "

Steam; in warming, 22796, 2>79/«
Steel, 16.33—1635, 1764, 1769 et seq. Shearing

of, 1631s. Plates, strength of, 1630/-.

Columns, 2255. Ornament, 2255o
Steel decking for floors, 190.'i/>

Steely iron, or semi-steel, 1769(Z, 1773
Steenhoukebelde, Thiery de ; architect, 559
Steening wells, 1829. In spec, 22826
Steeple ; octagonal, in Spain, 590. Of zinc,

2224^. See " Spire"
Fteier ; churcli, 567
Sieinbach, Erwin and Johann von ; arclii' ects,

770
Stellar form cf vaulting, 1499^ et seq., 2002w
Stench trap ; to drain, 2220J. In spec, 2288a
Stepping ; to flashing, 221 1

A

Steps, 2180a. And risers, to proportion, 2177,
2178a. Of slate, 2211 (/. Of black marble,
1683. Arches to carry, in spec, 2282a. To
chancel, in spec, 228'4c

Stereotomy. See •' Masonry "

Stevens, John ; architect, 561
Stewing stoves, in spec, 22826
Stevvkley, or Stukely, Buckinghamshire

;

church, 389
Steyning, Sussex

;
parochial church, 398.

Proportion of, p. 1018. Cap aud base of
pier, p. 1020

Steyning or steening Wells, 1829
Sticking ; in moulded work, 2105
Stickles, Robert ; architect, 440
Stieg'.itz, C. L. ; writer, p. 1009, p. 1011
Stiffness ; in a beam, 1628u, 1630/t. Of bodies,

1630i

Stirling, Morries; improvements in iron, 1628«
Stirrup irons, in spec, 2286
Stock and bit, 2107

; bricks, 1820, 1822. Locks, 22G1
Stoke-Pogis hou-e, Buckinghamshire, 446
Stone ; early working of, 10. QuaiTied and
worked with skill by the Egyptians, 7't.

For Cologne cathedral, 573, 574. In Si>aiiish

churches, 585. In spec, 228 1 et seq.

ICoG et seq. Freestone, 1637. Limestones

and sandstones, ib. Requisite ([ualities,

1639. Re|ort on selecting stone for tlu

new Houses of Parliament, 1641— 1665.

List of sandstone, limestone, magiiesiaii

limestone, and oolitic stone quarries in the

provinces, 1664, 1665. List of liuildings of

sandstone, p. 462—465. List of buildings of

limestone, p. 465— 168. List of buildings

of magnesian limestone, n. 468—170. Ana-
Ivsis of sixteen different, srrts of stone,

l"'666. Crushing weights, 1500— 1.")02, 150-'/i.

1582. Table of weights, 1666(/, 16666,

Stones used in the metropolis. 16(>6c. Var-

ious stones used, ICitiGd—1()6666. Quarrying,

1666cc. French building stones, 1666/iA.

Kentish ragstone, 1666(6/
'

decay of, 1610, 1667 et seq. Effects of

wind, ::un, heat aud cold, 1667/ Dres.-ings,



1436 INDEX.

STO

in spec, 2284. Wnlling, random, in spec,

2284. Preservation of, 16*;7A et stij. Arti-

ficial, 1667o et seq. Absorption of wattr,

16i)7w

Stone age, 1913. Bricks, lOOSo. Lime, 1849 ;

18o9/j. Coloured, 1666e. Pipe, 222o/>. In

spec, 2282a, 229.56. Cutting; see' Masonry."
, Kent ; church, p. 1020, )). 1028
, Nicholas ; mason, 313, 440, 462
buildings, Lincoln's Inn, 515

Stonehenge ; account of, 18. Bv Inijro -Tones,

457—461. Bv Mr. Cunniiigton," 19, 40.

Not built bv the Britons, ::80, 388
Stoneware, 18'39e, 1908a. Pipes, 1888a, 2223/>.

Bending bricks, 1902c
Stop ; to chanil'ers and mouldings, 21756
Stop-cock for gas; in spec, 2293
Stopping and picking out tools

;
plasterer's,

2233
in painter's work, 2270. In spec, 2290a

Storv ; posts and curb for, in spec, 2'2^4.c,

2285a, 22856. Rnd, for stair.-*, 2182
Stoves, 2279(7, 2279e. For gas, 2264/, 2279e
Stowting, Kent; church, lead of glass,

2229tf

Straight-edge, 2123. Plasterer's, 2233
Straight-joint floor, 2168
Straining-piece, 2034
Strains ; on beams and girders, 1 628c et seq.

On roof framing, 2031. On inclined

timbers, 1662
Strai); in carpentry, 2011. To roofs, in spec,

2286, 228 to
Stra.-sburg ; catliedral, 322, 567, 670. Pro-

portion, )!. 1011. Masons employed at, 312,
315. Spire, ]>. 1005. Carving at, 311

Stratt'ord-u])on-Av(jn, Warwickshire; paro-
chial church, 314,40?<, 421

Straw; in thatciiing, 2211*
Strelly, Nottinghamshire; church porch, ]i.999

Blrcnglh; of materials, 1500 et seij. In a
beam, 1628«. Of bodies to resist deflection,

KJoO/i. Of various timbers, 1632a
Stretchers, 1894
Si retching ; resistance to, 1630i
String courses, p. 981 et seq. Or bands to

spires, p. 1003. In spec, 2281a
Strings ; of stairs, 2026. In spec, 2285d
Striped work ; in ma.sonrv, 1914
Striping; in nvisonry, 1914
Striiiping walls before re-papering, 2277/.
The surface, in sitec, 2281

Strode & Co's ventilator for gas, 2278i;
Stroking; in masonry, 1910
Strong closets ; in spec, 22826
Strong, Thomas ; ma.ster mason, 469
Struts; in carpentry, 2009, 2021a, 2031.

Strength of, 1631i et seq. And braces, abut-
ments for, 2010

Strutt, or Bclper stove, 2279/
Strutting i)icces, 2018
Stuart, .James; architect, 516, 525, 2047
Stuart's granolithic paving, 1905c
Stucco, 2250ri et seq. Bastard. 2236 ; 2243.

Painting, 2269. In Ireland, 2250(;. In spec,
2287

Stuck work ; in join(!ry, 2105. In Gothic
joinery, 2175c

Stufl"; size of, in Gothic work, 2175c. Thick-
ness, in Gothic work, 2\7^d, p. 986

Stukely, or Stewkley, Buckinghumshirc
;

church, 389 '

Stump tracery, 578
Styles; of a door, 2130

TAL
Styles of architecture, all dependent on fitness,

2508. Principles of, p. 1047
Sub-arch, p. 977
Subdivisions and apartments of buildings, and

their points of support, 2848. Vaults for

covering, how arranged, 2849—2854
Subiixco ; monastery of Sta Scolast ca, 614
Subterranean style of Egypt ; caused by the

climate, 64
' '

Sudatio ; of the Greek gymnasium, 175. Of
the Koman baths, 235, 236

Sudelv, (iloucest>rshire ; housp, 423
Suffolk ; bricks, 1820, 1831a. Latch, 2262

Lord ; house for, 440
Sugar ; eflect of, on iron, 1779c
Sully-sur-Loire ; roof, 20b2i, 2052^
Sulphate of copper, 1752c
Summer ; building in, 1832a
Summer hill, Kent, 452
Sun Fire office ; plinth, 10716
Sunium ; temple, p. 943, p. 945
Sun lights, 2264e
Superficies; men.-^uration of, 1212—1228. See

" Ml nsuration "

Superintendents of English buildings in the
middle ages, 312

Sui)ervisor, 312, 319, 320
Supplement; of an arc, 1038
Supjiort-^. vS'ce " Points "

Surfaces, 929—934
Survey of ijothic buildings ; system of not-

ing, p. 975
Surveyor, 312, 319. General, 319
Susa ; arch of Augustus, p. 962
Suspending rods ; in roofing, 2043
Sussex marble, IdXlg
Sutton Place. Surrey ; 1908a
Swansea, Glamorgani-hire ; lastlp, 413, 414
Swarde.-ifone, Norfuik ; church roof, 2052y.)

Swedish tiuiber, 1729/
Swift, dean ; his ignorance of art, 491

Swinbrook, Oxfordshire ; bench end, p. 98G
Sybil ; temple of the, at Tivoli, 214, 2547
S> caniore, 1724
Sydenham, Surrey

;
pal.ace at, p. 1057

Syenite, 1669. Crushing weight of, 1502A
Svenitic granite, 1669, 167l£/

Sylvester's process for protecting sfone and
brickwork, 16G7/J. Sy.'*tetn of vcutilat on,

221X1/. Stoves, 2279(/, 2279e
Svmnutr}' ; in architecture, 2510, p. 958
Svphon trap, 2220^^ ; 2223/. In spec, 2288a
—— Tank, ISHXh

S.\ phonage, IHXHd, 22206, 2223m
Syijhonic aspiratf)r vtntilatioii, 2278k
Syracuse, 626. 'J"emples, ji. 'JIH Houses, 626

Systvle intercolumuialiou, 2605. Aiouotri-

glyph, ib.

Sz relmey's process for preserving stone,

1667Ht

fPA ; sepulchral tower of the Chinese, 106
-L Tabary metallic cement, 1667/i

Tabernacle, or canopy
;
plan of, p. 975

Taldes, or stone courses, 19220, p. 979

I'ublinum ; of a Koman house, 248, 253
Tacks, 2257a, 22b~d
Tadmor or Palmyra ; extraordinary struc-

tur.-s 196, 197

T.ii ; of the Chinese, 106
Taking down, in spec, 2281
Talent i, Francisco ; aichitcct, 323
Tall boy, 1905a
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For

Asphalte. 18G7d,
Oil of, 1752a

Masons'

Tail's concrete construction, 1903x
Tangent ; of an arc, 1041
T.injore

; pagoda, 59
Tanks and cisterns ; of iron, 2223A.

water, 1785o, 22226
Taormina ; houses, 626
Taper shell bit, 2102
Tar; as a paint, 22736.

19056. Paving. 19056.
Tarentum ; founded, p. 943
Tarnish, of copper, 1789a
Tarouca ; Cistercian monastery, 600
Tarpaulin, 19U8a
Tarragona ; cathedral, 587, 592.

marks, 3226
Tarring fence, in spec, 2285A
Tas de charge ; in vaulting, 2002e
Tassels ; in a roof, 2052/"

Taste ; in architecture, 2492. Standard of,

2506
Tattershall, Lincolnshire ; castle, 423. Door-
way, p. 998

Tatti, Jacopo ; architect. See "Smsovino"
Taunton ; St. Mary's cliurch, 421. Tower,

p. 1002
Tayler, Mr. ; his house at Potter's Bar, 440
Taylor, Sir Kobert; architect, 313, 515, 523
Taylor's new roofing tiles, 1835. Damp proof

c urse, 1886(i. Facing block for walls,

1902e
Teak wood, 17^8. Strength of, 1030w
Teale, T. P. ;

grate, 2279d
Teino ; castle, 625
Tearing materials asunder, 16o0i

Tehbutt's safety brick, 1905c

Tectorium ; for walls, 22776
Techu'cal schools and college buildings, 3037

et seq.

Tee irons, 1629s
Telekouphonon ; for speaking tube, 2262a
Tempering iron, 1769a
Temple Newsham, Yorkshire ; house, 452
Tempe, 76 et seq., 142 et seq., 196 et seq., 2547

et seq. Proportion of, p. 1057 et seq. -Sec in

Glossary
Templ-t ; bricklayer's, 1890. Or Mould,

1890, p. 1019. Carpeiiter's, in spec, 2285

Tenons, 20C8
Tensile strain ; in stone and marble, 1502o

s rength, 1628e, 1628n, 1630/>. Of cast

iron, 1630s

Tension, 1628e, 1630c. Rod to a beam, 20216

Tentyra ; temple at, 71, 78, 80, 9L
Teocallis; houses of gods of the Mexicans,

111, 113

Teos ; temple, p. 951
Teotiliuacan ; p> ramids of. 111

Teotnropoli, Domenico ; archilect, 369

Tepidarium ; of the Koman baths, 236

Terminus 2686
Terni ; church of San Francesco, 613

Terra-cotta. 16670, IS'idffetseq. Pon us, 1903/-.

Architectural use of, 1908. Colours in, 1908<.

S rength < f 1908o. And brick churcli, 6-24.

Work^ in Spain. 585 ; and other places, 1908

Terras, 1859c, 1859e

Terro-metallic ; tiles, 1835. Grooved bricks,

1&05C

Ten iarv French Gothic. See "Flamboyant"
Tesseme, 1839c

Testing ; cast and wrought iron, and steel.

2266a. A beam, 163()/: Stone. 15110 et

seq., 2206rf. Bricks, 1502*. Drains,>1888/>.

Timber, 1003 et seq., 22666. Cement, 22G2e

Testing machines, 2266a et seq., 2266/ «/ seq.

Tetbury, Gloucestershire; church, 514
Tetrastyle temple, 2528 et seq.

,

Tettoje, or penthouse roof, 614
Tewkesbury, Gloucestershire ; monastery,

389. Conventual church, 421. Shafts of,

p. 1023. Choir, p. 948
Thames ; ballast, 1861. Embankment, 16716,

1671c
Thaon, Normandv ; church, 547. Spire

p. 1000
Thatching, 2211s
Thaxtcd, Kssex

; parochial church, 421
Theatre; in Rome, 185,226,258. OfyEmilius
Scaurm, ib. Toat by Curio, i/>. Of Mar-
cellus, 226,258, 2547. That of Pompeii, -.'27

of the Greeks, 172. First construcied ia
a temporary manner, ib.

roof of old Drury Lane, 2048
Theatres ; modern, 2947 et seq. Bv Bramant°,

ib. Their r vival, 2949. Piints for c.m-
sideration in, 2952. Forms of. 2953, 2957.

AVyatt's principles, 2956. Siz -s of, ami
sch mes for hearing r.nd seeing, 2957—^96 1.

Use of seiiiicirele in, 2965. Distance from
stage to boxe->, 2968. Seeing in, 2969.

Foreign theatres, 2972
Late suggestions for improving, 2970

et seq. Ingres-i and esrress, 2970, 2971.

Or sh ro(im, 2970, 2971. Passages, ib.

Staircases, ib., 29706. Openings, 2970ai

Doorways, ib. Departments, 2971. Fire-

proof w. rk at, 2971a. Curtain. 29716.

Lighting, electric and gas. 2971(/ Veii-

tibuion, 29716. Fire at, ib. Water for,

i97\h tt seq. Firepr. of theatres, i971/ it

seq Reference to publications, 297 Uh,

2972a
Themis ; t'mple at Rhamnns, p. 944, p. 945

Theobalds, Hertfordshire; house, 446
Theodoric, king ; architecture under, 278.

His nuiusoleum at Bavenua, ib. His suc-

cessors, 279
Theodos'us, emperor ; architecture under, 271

The'dusiu- II., emperor ; architecture under,

271. His works at Cinstantiri'ipk, 271

Thtron; tomb, at Agrigentum, 158

Theseus ; temple, at Athens, 150, p. 944
Thienen, .Jacques van ; architect, 562

Thiers; churches of St. Nectaire, St. S^n-
phoiien, and St. G' nes, 534

Third Pointed work
; p oportion in, p. I(il7

Thirds ; in proportion, p. !t83

Thomar ; cloisters of the Temf)l:irs, 600. Nos.'ia

Senho-a dos 01 vaes, 26. Choir, 601. Sail

Joao Battista, 607

Thornbury, Gloucestershire
;

palace, 426.

Bay window at castle, 428

Thornton coll ge ; for Sir Vincent Skynners,

440
Thoipe, John ; architect, his folio volume of

drawings, 440. Observations on by Wal-
pole, 441. Design for his own iiou-e, ib.

Thorpland, Norfolk ; hall porch, p. 999

Through stones, 1920
Thrust; of an arch, 1408—1412, 1496

Thuin, Jean de, and his son ; arcliitf cts, 559

Thuinii; sciews, 22(i3. Latch, 2262

&vne\ri, of the Greek theatre, 172

Tie-beam, 2031. Roofs, 2031 et seq., 2052»i,

2052'>

rods to a beam, 1629«'. And suspensiou

bars, strength of, 16()3r

Titrceron ; in vaulting, 1499/
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Ties of iron, 557, 558, 500. And chains, 1495
Tigranes; palace of, at Di.arbekr, 305
Tilp ; floor and roof, 1903e et seq. Arch or

flat, in spec, 22Ma. Floor, in spec, 228"26,

2284e, 2293c. Paving, IdOod. To clean
tiles, 190.\9

18.i4 et seq. Of what composed, and
how manufactured, 1834. Varieties of,

1835, 1906. Kidfje roof and hip tiles, 183G.

Gutter tiles, 1837. Pan or Flemish tile^,

1838, 1907. Paving til-s, 1839, 1839/>.

Bridgewater doul)le roll tiles, 1838. Lock-
jaw tiles, 183S. Weighrs, 1839. Terro-
metallic tile-s, 1839a. Adamantine clinker,

ib., 1905c. Mathematical tiles, 1839a. Of
filass, 2231a. Glazed, 1839a; in spec,
2284a

Tiles ; Plain, Roman, and hollow
; proper

i-lope of roofs for, 2030
Tiler's; tools, 1908. Work, in spec, 2283.

Trowel, 1908
Tiling, 1906 tt seq. In spec, 2283. Measuring

anil estimating, 2301
Tilling cistern ; fur flushing, 18886
Timber; duef material in use among the

Chinese, 98
not ati element in Fgyptian architec-

tural coni[)()siti(m, 63—71. llou.-es in ICng-
land, sluirt account of, 4.39. On the Con-
tinent, il). At Troves, 202.'ifi

different species of, 1684 et seq. Oak,
1685. Chestnut, 1696. Btecli, 17(11. Wn!-
nur, 1703. Cedar, 1705. Fir, 1706. White
iir, 1710. Spruce fir, 1711. American pine,

3712. l-arch, 1717. Pop ar, 17)8. Aider,

1719. Kim, 1720. Ash. 1723. Svcaniore,

1724. liircd, 1725. WtUingtoma, 1726.

Mahogany, 1727. Teak, 1728. Morung
Paul, I72^a. Mi)rra, 172«A. Grcenheart,
1728c. Peon or poon, 1728</. Kowrie, il>.

Kcd cedar, ili. Sabicue, ib. Iron bark, ib.

Borneo wood, ib. Bilian, ib. Table of

weights of timber, 1597, 1728c. Woods as

cla.s.sed at Lloyd's, 172^/. {Standards of

deals, 1729
]iorts—Quebec, 1729a ; St. John's, 17296;

Punwash, Miramichi, 1729c. Baltic ports

—Memel, 1729^/ ;Christiauia,i6.; Drammen,
ib. Home trade 1729e

•
; mode of preserving, 1730— 1738.

Preservation, 1739—1744. Decay, 1745—
1747. Prevention of decay, 1748— 17526.

Cure of dry rot, 1753. Drying, 1749a
ditleicnt species of strength, 1598. Co-

hesive force, in the direction of length, 1598,

1699. Sirergth, in an ufiright position,

1600. Ke.-i.stanco of a po.st 1602. Hori-
zontal pieces of timber, experiments, 1603— 1611. Strength, moditied to its absolute

and primitive force and its flexibility, 1611
—1613. Strength of timbers in au inclined

po>itiou, 1622—1627. Timber injured by
strains, 1628(7. Ditto by action ofsun, 1628e.

Table of strength of various timbers, 1632a.

Strains on beams and girders, 1628y et seq.

Traisverse strength of, 1628i et seq.. 1629<7

et seq. Breaking weight of, 163Cs. Crushing
strength of, liJoQw. Weights of, 1728e.

Use of, in building, 1729/
pillar ; ^trength of, 1600 et $eq., 1G30w

Timbers; .scantlings of, for roofs, 2037—2040.

Sliould be measured when carcass of build-

ing is completed, 2314. Use of, in buildings,

17i:ti/". Conversion of, 2125u et seq. Cubic

TEA
foot of; to compute value, 2344, 2345. In
spec, 2285. In circular work for roofs,
2052 et seq.

Tin ; strength of, 1630r. Alloyed with cop-
per, 1791

saw ; bricklayer's, 1890
Tinemouth. See " Tj-nemouth "

Tinned iron ; eflfect of, 17806. Lead pipe,
2223m

Tinlernc,Monincuthshire; conventual church,
407, p. 971 et seq.

Tiryns ; walls of, 31, 33
Tisi)urv stone, 1666(/

Tivoli • temple of the Svbil, 214, 2547
Toad's back rail, 2189
Tobin ventilator, 2278s
Toddington house, Bedfordshire, 446
Toils ; of a hinge, 2155
Toledo ; cathedral, 588, 59G. Franciscan

monastery of S. Juan de los Keyes, 696.
Gate of S:in Martino, 368

Tdmcn or colossiil stones, 26. Constan'inc
Tolmen in Cornwall, ib.

Tombs ; of tile Komans, 254. Of the Iloratii,

now of A runs, 2.'5. Of Caius Cesfius, at
Rome, 256. That of Hadrian, at h'ome, ib.

That of Cecilia Motilbi, at Rome, ib. Group
of, from Pompeii, 257

of Dui-es of Burgundy, Philippe le-

Ilardi, and .le:in-sans-l enr, 54'<. Of King
John and I'hilippa, at Batalha, GO . Of
tlie Constal)le I'clro Feinandez r'e ^'clasco,

59i;. Of Alfonso II. and 111., &(., and of
Pedro I. and Igiioz de C;i.stro, ^t Alcoba^a,
602. Oflhe Scaligeri, at Vtrona, 617

of Klizabethn architecture. 449. Of
Patclitle, Karl of Sussex, ib. Of Dudley,
Earl of Leicester, ib. Of Care}', Lord
llunsdon, ib. Under James L, 463. Of
Archbishop Stratford, at Caaterburv,
U'Mdd

Tongres ; church of Notre Dame, 557, 560
Tongue ; in joinery, 2i9l
Tonnage ; iu valuation of warehouses,

p. 1098

Tools for building ; used by the early Greeks,
7. See " Painters " and other trades

Toothings; of walls, 1900c

To]) rails of a door, 2130
Torbay iron paint, 2273c
Torsion, 1628e, 1631j:

Tortoise stove, 2279e
Torus, 2532. In Norman architecture, 397
Tote ; of a plane, 2104
Tothill Fields i)rison, 1855
Totila takes Rome, 279
Toughened cast iron, 176.56

Toughness of bodies, l(i30»

Toulouie ; cathedral, 58(). St. Scrnin, 545
Toultecs ; architecture of the. 110

Tournai, 564. Cathedral, 557, 558. Ciiurcli

of St. (^uentin, 55 1, 554. The Madeleine,

555, S,. Jacques, t6.

Tower of London, 394—398, 423
Towers and spires ; construction of, 961,

p. 1000 et siq. In spec, 2284(/, 22.S-I6.

Mediieval, domestic, at San (iimigiiano,

622. Three western, 5X3. Of brick, at

Bruges, 557 ; at Bois-le-Duc, 660
Town drainage, 188.S/

Town dwellings for industrial clasics,

3iil2 et s(q.

Townlcy hall, Lancashire
;
gallery, 625

Tr.aeiy bar, p. 990
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Tracery and geometric forms, p. 1028. At

Amiens, geometrical style of, p. 1062. In
German Gotliic, 565. In windows, p. 989,

p. 994 et seq. In spec, 2284a, 2286a
Trajan's; Column, 193,486,2603. Bridgeover

Danube, 193, 222. Forum, 193. Arch at

Beneventum, p. 963
Trams ; for paving, 1672
Trani ; cathedral, 626
Trnnsition ; of periods in Gothic architecture,

410, p. 969
Transparent wire-wove for glass, 2226d
Transverse strain, 1628e, 1628^ et seq., W28t.

In stone, 1502o. Strength of bricks, 1833
et seq.

Trap to drains, 2218&. In spec, 2288a. To
water closets, 2220a, 2220^. Of cast iron,

in spec, 2286a
doors ; in spec, 2285a

Trasji or terras, 1859e
Traversing wood, 2121
Tread, for steps, 2178a. Hawksley's patent,

2180
Tread ; of metal, 2180. Of stoneware, 1908?j.

Of marble, 2002nM. In spec, 228od
Treasury, in London ; by W. Kent, 1<276
• at Mycenas, 36. At Orchomenos, 37
Tredgold's form of beam, 1628a', 1629i

Tresham, Sir Thomas ; architect, 440
Treussart's concrete, 18626
Treves or Trier ; church of St. Mary, 566 ;

and of St. Matthias, bbS
Trevi ; temple at, 211, 2672
Trevigi, Girolamo da ; arcliitect, 427
Triaug'e ; use cf in proportion, p. 1005 et seq.,

p. 1008 et seq. No detinite theory of design

carried out on it, p. 1018

Triclinium; of a Koman house, 252, 253

Triforium, 286, 555, 602. None to chancel of

Bristol cathedral, p. 1017, p. 1028. At
Wells cathedral, p. 1024, At Amiens
cathedral, p. 1061

Tnglyphs ; origin of, 135. Regulate the dis-

position of Doric order, 2605
Trigon

;
proportion, p. 1013

Trigonometry
;
plane, 1032 et seq.

Triuunirs aud trimming joists, 2017. How
measured, 2340. To hearths, in spec,

2282a
Trimming; of slates, 2210
Tripoli ; described generally, 132

Triumphal arches ; difierent sorts, 220. Pro-

portion of, p. 958 et seq.

Trochilus or Scotia, 2632

Trough shape beams, 1629f

closets, 2220o

Trowel; bricklaver's, 1890. Slater's, 2209.
• Plasterer's, 2233. Tiler's, 1908

Trowelled or bastard stucco, 2236—2244
Troyes ; doors in timber houses at, 2023<i

Truuch, Norfolk ; church roof, 2052<

Truro, Cornwall
;
parochial church, 408, 421.

Cathedral; founders and dimensions, p.

196
Truss, 2031. System of trusses, 2032. For

girders, 2021. In spec, 2285a

Trussed ;
partition in a roof, 2052jr. Eafter

roofs, 2052//i

Trussing a beam ; formula for, 1629y, 1630n,

2021a
Trying up, 2102. Plane, plumber's, 2212

Tul;es ; ventilation by, 22789 ^^ ^'^1-

Tubing, welded ; for gas, 22iJ4h

Tuck pointing ; in maaoury, 1900, 1915a

Tuddington, Bedfordshire ; house at, 440
Tudela ; cathedral, 587, 588
Tudela de Duero

;
parochial church, 598

Tudor style ; examples of, in Scotland, 431.
In England, 422 et seq., 432. Character-
istics of, in windows, ceilings, flving but-
tresses, ornaments, canopies, pedestals, &c.,

430
headed windows, p. 990

Tufa ; in panels of vaidts, 1499cc, 2C02A
Tuileries and Louvre, at Paris, 357
Tulle ; cathedral, 534
Tunbridge, Kent ; castle. 394. Sandslone,

1666<, 1667m. Ware, 2173c
Tungstate of soda, 2971/
Turbine ; for ventilation, 2278^
Turin ; Carlo Alberto statue, 1671a
Turnbuckles. 2263
Turpentine, 2271
Tuscan Gothic architecture, 608

order ; inventors of, 258. The order,

2563. Admits of few ornaments, 2554.

Method of profiling, 2555. Parts of, on
larger scale, ib. 'J'able of heights and |jro-

jections, ib. Whole height of, 2556. Pal-
ladio's method of protiling, 2657. Ser.io's

method, 2558. Scamozzi's method, 2569.

Intercolunniiation. 261)6—26U9. Arcade,
2621. With pedekal, 2628

Tusculum ; aqueduct, 30-!, 306
1 usk ; in carpentry, 2008
Tutbury church, Staifordshire ; door, 2002ee
Twisting or torsion, lOoli-

Tvmpanum, 2715. Face of, how dispo. ed,
"2723

Tvuemouth, Northumberland ; conventual
'church, 407

Types ; of architecture, in three states of

'lile, 2. Of the art, 258, 25u7

yiFFINGTON, Berkshire ; chancel ceiling,

V 2023^?. Porch, p. 998
Ulm ; cathedral, 576. Apte, p. 1007

Ulric, of Ulm ; architect, 365
Undercutting; to mouldings, p. 981

Underpinning ; in spec, 2282c. Wedgesfor,
in spec, 2286

Undy-boltel ; moulding, p. 973

Unity ; in architecture, 2509
Upholsterers and decorators ; to be avoided in

matters of taste, 2004

Uria, Pietro de ; architect, 367
Urinals; of slate, 2221

Use and wear ; in dilapidations, p. 1094

Utenhove, M. ; architect. 569

Utrecht, bishop of; killed by a freemason,

310

yACUUM system of ventilation, 22786
V Vaison, churches, 307

Valencia; cathedral, 588, 594. Puerta de
Serranos, 594. Tower El Micalete. i/i.

Vale Koyal, Cheshire ; conventual church,

407
Valladolid ; cathedral, 586. Casa del Ayun-

tamiento, 596. S. Benito, 598. Sta Maria
Madalena, 599, Dominican ctllege of S.

GrCjiorio, 597. College of Santa Croce, 367

Valle Crucis, Denbighshire ; couveiiluid

church, 407
Ya'.jfai^ona, Bernardo de ; architect, 587

Yaliuarana, palazzo, balustrades, 26US
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Valuation of property, p. 1094 et seq.

Valve Avater dosets, •22206

to cisterns, 2"223s

Vanbrug^, Sir John ; architect, herald, and
dramatist. 491—497

Van Hecke's ventilation, 2278A, 22782

Vanes ; in spec, 228Grt

Variety, desire for ; cause of decoration, 2515
Varnish; in paint, 2271c

Varnishing; 2274, 22766. To clean, 2276c.

In spec.'; 2290a.

Vasquez, M. ; architect, 605

Vaucelles ; church spire, p. 1000

Vault, U99p. Of stone, in India, 1903*. For
covering apartments, how arranged, 2849.

Its weight and thrust, 2852. Springing of,

2849—2854. In Gothic architecture, terms
em]iloyed in, 1499i'. Different species of,

1499w et seq. Prepared for, betbre piers

were set cut, p. 1059
Vaulting, cylindrical ; how to regulate cais-

sons in, 2002 et seq. Compound and groined,

1444—14.56. Coved, 14(i4— 1477. Spheri-

cal, 1478— 1493. Intersecting, 1944 cl seq.

Roofing over, 20'.2/
. examples of, 1499A. Solid throughout,

at rackington church, 525. At King's
College chapel, p. 1047, p. 1048. At IJath

abbey church, p. 1052. In cloisters at

Gloucester, ib. In east aisle of I'eterl)orough

cathedral, ib. At St. George's chapel,

Windsor, iJ>. Thickness of stone in, ili. In

chapter-hou'^o, at Wells, p. 1026. To
porches, p. 998, p. 999

. shafts and ribs, p. 980 ct seq^

Velarium ; of the amphitheatre, 229
A'elletri ; campanile, 625

Velocity ; of a tailing body, 1630o

Vendome ; abbaye de la Trinite, tower, p.

1004
Veneers; gluing together in joinery, 2200
Venetian ; windows, 2756. Frames, in spec

,

2285<Z. Mosaic, 223 le, 2231/*. Filters and
tanks, 222oc el seq.— Gothic architecture, COS. Details,

p. 975
filter, 2222c
school of Italian architecture; its cha-

racter, .349, 356, 463, 461
Venice ; church of San Marco, 284, 307. La

Caritti, arcades at, 2655, 2656. San Fantino,

and pal. Cornari, 351. San Salvadore, 35.').

Sai ti Giovanni e Paolo, 613. Madonna del

<^rto, ib. Sta Maria Gloriosa <^k Frari, i//.

Of the Kedentore, 354. San Zaccaria and
San Salvatore, proportion of, p. 1013. Kialto

bridge, 356. St. Mark's library, 357, 2910.

Sala del Consiylio of ducal palace, 618.

Piazza S. Marco, 355. C'a Contarini Fasan,
610. Pal. Grimani, 350.

Vi nter ; of an aqueduct, 225

Vent'lated skting, 2 1 Or, 2210/
Ventilation; of sewer-, 18876. Of drains,

]S8Ht. Of hospitals, 2975r. Of rooms,

3035. Of buildings, 2278 el seq. Assists

warming, 2279rt. To gas burners, 2278«.

To drains, 2z2i}h, 222o/n. At theatres,

297 1/i

Ventilator^, 2278/3. Of glass, 2231a. Of per-

forated zinc, 2224/. Air bricks, in spc,
2286. Tobin's, 2278s. Table of cube feet

of air through a ventilator, 2278s

Vercelli ; monastery of San Andrea, 611.

Hospital, ib. Chur.h, ib.

"WAIJ

Verde Antica and Verde di Corsica marble,
2()02«

Vergeli^ stone, p. 1004
Verona ; Church of Sta Anastasi.a, 624. San

Bernardino, ib. San Fermo Maggiore, 616.
San Pietro, door, 2143c. Anipliitheatrf,
228. Pill. Pompei. 3.")0. Porta del I'ailio,

ib. Porta Tsuova, ib. Theatre, 29
Versailles ; arched titwr at war ofKce, 19036
Versed sine; of an arc, 1040
Verueal ; cathedral, masons' marks, 3226.

Cistercian abbey, 587, 592
Vesica Piscis; use of. p. 1007, p. 1009, p.

1010, p. 1014. p. 1043
Vesinet, near St. Germain; church, 190."^/)

Vespasian ; temple to, a t Home, 209, 213, 260,
2 ;2, 2547

Vesta; temple at Rome, 214, 2547
Vestibulum; of a Roman house, 244
Vezelay ; church, 534. Doorway, 539
Viaduct ; at Cuencj'a, 598
Vianden ; chapel of castle. 5 "6

Vibration; afl'e -ting iron, 1779a
Vice

;
glazier's, 2228

Vicenza; cathedral, 621. Arcades, 2641, 266.'?.

IJa lust rules at Cliiericato jialace, 2(i98. At
Porti pal., ib. Pal. Thienne ; window,
2769. Arcades, 2()56. Theatre, 2948

Victrria stone, 1667z
Vieille Montague zinc works, 1792, 1795,

2224A
Vienna ; cathedral, .567. St. Stephen's, .576 ;

spire, p. 1005; choir, p. 100:!; luiiporlinn,

{). loll. St. Maurice, 532. Stables, venti-
lation, 2278ii

Vignola. See ' Rarozr.i
"

Villa ; site on which it can be designed. 2999,
300O. Those of Rome, 345. Of the 1,'onians,

very extensive, 184. Of Cicero, 243. Of
Lucullus and of I'ollio, ib.

sanitary specification for, 22946
Villnge hos| itals, 2975A
Villaneuva, Raltasar, ile ; architect, 371
ViUers ; abbcv, 555
Villeis, .St. Paul ; lintel to door, 192,5A

Vinceiines ; castle of. 31

1

Vine, The, 11,'impshiie; jyorfico at, 465
Viiitiniiglia ; cathedral, i!08

Viseu ; tower of Don Duarte, 607
Viterlio; the palazzetto, 614. Fountain, i6.

Vitruviiis Pollio, Marcus; architect, manu-
scripts of, 32(). His precept.s on the Doric

order, 2610. Work appeared, p. 10."t7; and
work cited in the midd'e ages, p. 1013

Vittoria, Alessandro; architect, 356
Volterra ; walls of, 179

Volute ; of the Ionic order, 151. Method of
describing, 192,'i6, 2576

Vomitoria ; of the amphitheatre, 229
Voussoir, or keystone, 1943c

WADE, General ; house for, 510
Wages of workmen, 315

Waghemnkere, Dominique de : architect, 563
Waiblingen ; outer church, 580
Wainscot, 1689,212.56. In spec, 22856, 228."r.

How mea.'ured, 2354
Waketield, Yorkshire ; chapel on the bridge,

421. Parochial church, if>.

Wj les ; cirly buildings in, 387
Walker's system of hot-water block.", 3057
Walkington, Yorkshire; church, propcrtion

of, p. 1015
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Wiillmg, IQUetseq. Of brick, m spec, 2282c,

22936. With concrete cores, in spec, 2284.
Hollow, aud ties, 1902c

Wall plates
; framing, 2009. In spec, 2285(T.

How measured, 2333. Gothic, p. 986
Walls ; at St. Filippo Neri, Naples, 1535. St.

Giuseppe and St. Domenico, Palermo, 1535.
Of two hundred and eighty buildings in
France and Italj', 1537. In private houses,
1538. Inlargcbuildings, 1539, 1510. Rules
and examples for, 1542—1554. Examples
for thickness of, in houses of many stories,
1555—1560. In ordinary houses, 1556,
1557. In double houses, 1558. Of the Hotel
A'eiidome, 1560. Of a house for the Brothers
Mocenigo, 1562. Pressure of earth again-t,
and rules for finding thickness, 1584—1592.
Thickness of, 1900rf. Pressure or force of
wind against, 1592a et seq.

of brick ; mode of measuring, 2306—
2308. Should be gradually carried up,
1891. Precepts to be observed respecting,
1898—1900

and piers, 1500 et seq. Thickness pro-
portioned to height, 1502. Stability and
resistance, 1500—1502. Stability of^ 1503—1517. Mode in which forces act on, 1505—1509. Enclosing spaces of different

forms, 1512— 1617. Method of enclosing a
given area in a regular polygon, 1518—
1 52S. Thickness, to acquire stability, 1 525.

Exterior wall of San Stefano Rotondo, 1528.

Thickness, in buildings not vaulted, 1529—
1554. Kept together by roof;;, 1532—1541.
Examp'es of, 1535 et seq. Rules for, 1542,
1543. Examples of, 1544—1562

Walnut, 1703
Walsinghara, Alan de ; architect, 319
Walsoken, Norfolk ; bands to shafts in church,

p. 989
Walter, of Coventry ; architect, 395
Walthani, Essex ; abbe}', 339
Wanstead hou-e ; Essex, 446, 504
Wantage, Berkshire ; bench end, p. 986
Wappenbury, Warwickshire; proportion of

church, p. 1018
Ward of hospital, 2975c. Sepnration of,

2975d. Circular and rectangular, 2975t

2975/. For dormitories of an infirmary,

29766
Warden, p. 1045
Wardour stone, 1666g'

Ware, Isaac ; architect, his Complete Body of
Architecture, 525

Samuel ; his tract on Vaults and Bridges,

1499x et seq. On Theatres, 1499(7

Warehouse ; valuation of, p. 1097. Posts, in

spec, 22856. Floors, in spec, 22856

Warkworth, Northumberland ; castle, 398
Warming, 221bg, 2076b. Of buildings, 2279

et seq.

Warnimgton, Northamptonshire ; church,

groined ceiling, 20235-. Tower and spire,

p. 1001
Warsaw ; theatre, 2971
Warwick; Beauchamp chapel, parapet, p.

983. Castle, 414, 418, 423. Sessions house.

614
Washers, 1631 w
Wash-out water closets, 2220rf

Waste ; in dilapidations, p. 1099

pipe to cistern, 22236

Wastes to bath, sink, &c., 2223^

Water supply, 2218 et seq., 2223/. To Rome.

WES
223—228. To industrial dwellings, 3018
et seq. In spec, 2288. Waste preventers or
'waste-nots,' 2223/, 18886. Cisterns and
tanks, 22226

Water, qualities of, 2222/. To soften, 2222^.
Supply for daily use 2223. For mortar,
18o3. Wei-ht of, 1592a. Weight and
quantity, 2223i. Condensed, in spec,
2293^. Effectof lead on, 1785a. Effect of
copper on, 17896

bar to casement, 21656, 2255rf, 2259
closets, 2220 et seq. In spec, 2285(7,

2288. Apparatus, 2220 et seq.

glass, 1667*, imjq. Pipes, 1699, 2223n
;

of iron, 2223^. Trunks, in spec, 22856
joint hinges ; in sjiec, 2285(7, 2285nt
works ; concrete for, 18626

Wafer-lily ; used in Egyptian ornament, 87
Waterloo bridge, 1671e
Watson's double current ventilator, 2278o
Wavj' ornament, 397
Wax and resin paint, 227.3/ •

Wear and tear; in dilapidations, p. 1099 et

seq.

Weather bar ; see " Water bar." Boarding

;

in spec, 22856. Tiles, 19076
Weathering course, p. 981
Web or rib of a plate girder, 1629c
Webb, John ; architect, 464, 465
Wedge, 1321—1323, 1631i/. For underpin-

ning, in spec, 2286
Weeks and Co. ; warming and ventilating,

2278m
Weights ; of materials used in covering

buildings, 20406. Of brickwork. &c, 2305
et seq. Of building stones, 1666a, 16666.
Allowed on a floor, 1618. See the various
materials. Crushinir, &c., 1500 et seq.

and measures ; French, 1369
Weissenfels ; churcli, 579

Peter von ; architect, 579
Welded wrought-iron tubes, 222oq
Welding; iron, 1760, 1764a. Ofa flitch, 22o5a.
By hvciraulic pressure, ib. By a gas appa-
ra'tus^ 22036

Weldon stone, p. 1045
Well. 1829. To dig first, 1882. Sinking,

2218a, 2218;. In spec, 2281, 22826
Wellingham, Cambridgeshire ; church porch,

p. 998
Wellingtonia, fir, 1726
Wells, Somersetshire ; cathedral, 398, 406,

421. Founders and dimensions, 434. Pro-
portion of, p. 1024. Cha))ter-house, 149966,

p. 1025, p. 1026
Welsbach gas light, 2264c

Welsh ;
groins, 2058. Lumps, 1826. Rag

slates, 1802, 22116
Wenham gas light, 2264e
Wenlock, Sliropshire ; choir, 398
Werfen ; church of St. John, 579
West AValton church, Norfolk ; tower, 398
Westminster abbey church, 389, 406, p. 1028.

Founders and dimensions, p. 195. Propor-
tion of, p. 1016. Assimilating work, p.

968. Apse, p. 1007. Piers, p. 976. Corbel,

p. 981. Windows in cloister, p. 10.'9.

Circular window, p. 1 94. Henry Vlltli's

chapel, 440, 628, 605, 1499A, p. 971 et seq.,

p. 1054 et seq. Vaulting, 2002u ct seq.

Miserere, p. 985
Palace. Painted chamber, window

p. 989. St. Stephen's chapel. 421, p.

1040

4Z
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Westminster hall ; section, 415 ; Window,

School Koof, 2052/, 2052<. Palace, 423.

1502c; dormitory, 510. Bridge, granite,

1671a, 1671c, IGllh
Westmoreland's ventilator, 2278m

Westwood hall, Worcestershire, 426, 446

Wetter ; church, 567
Wetterstedt's marine metal, 178G, 2224e

Weyrer, Stephan ; architect, 580

Wharncliffe stove, 2279rf

Wheat straw ; in thatching, 2211s

Wheeble's Beading abbey stone, 1903co

Wheel windows, p. t)£3 et seq.

and axle, 1307—1314
Whinstone, 1922A. Crushing weight of,

1502A
Whippingham, Isle of Wight ; church, 2245a
Whispering gallerj', 29G4
Whitby, Yorkshire ; conventual church, 407.

As:jiniilating work, p. 969. JVluUions, p. 991

stone, 1667w
White, William ; architect, on proportion, p.

1017 et seq.

White; ant in timber, 1728d, 1744. Cast
iron, 17656. Lead, 2271a et seq. Manu-
facture of, 2272. New process of, 22726.

Charlton, 2273(7. Washing, 2273g
Whitehall ; palace, 457 ; banqueting house,

458 ; window, 2762
Whitewashing, 2^74
Whiting, 2274
Whittington, Rev. G. D. ; writer on pointed

architecture, 310, 313—315
Whittlesea, Cambridgeshire

; parochial

church, 421. Tower, p. 1002
Wight's fireclay tiles, 1903/. Company and

inventions, iy03r
Wilfrid ; bishop of York, 383, 385, 380
Wilkes' metallic paving, 190.5c

Wilkinson and Co.'s specular granitic paving,
1905c. Fibrous slab, 22166

Willesde-i roofing paper and canvas, 2210^
William of Sens ; architect, 307a, 312, 321,
395

of Worcester. See " Botoner "

of W'ykeham ; bishop, as builder, 319.

His college chapels, p. 1007
Willis, Prof. Kobert ; on penetration of

mouldings, 578. Work on Architectural

Nomenclature., p. 970. Work on Foinlcil

Vaulting, 1199/(A

Willoughby, Sir Francis ; house for, 440
Wilton house, Wiltshire, 461, 508. Works

in church, 2250(/

Wimbledon, Surrev ; house for Sir Thomas
Cecil, 440, 446, 448

Wimbotsham, Norfolk ; church, 2052^
Wimmington, Bedfordshire ; church roof,

2052o
Wimpfen-im-Thal ; church, 569
Winchelsea, Sussex ; parochial church, 398
Winchester, Hampshire; cathedral, 313, p.

993. Founders and dimensions, 4;-i4. Pro-
portions of, p. 1012, p. 1016, p. 1021. Nave,

p. 1041, p. 1043. Choir, p. 1044; groined
ceiling, 2m'6g. Piers of nave, &c., p. 1022.

Base course, p. 983. Parapet, i6. Clere-

story window, p. 990, p. 1032. Stall mould-
ings, p. 984

St. Mary's college at, chapel, p. 1007.

Proportion', p. 1014. Groined ceiling, 2023(/.

Sacristy, corbels, p. 980
palace, Southwark ; window, p. 1015.

Circular window, p. 991

Wind
; pressure or force of, 1592a et seq

Effects of, on stone, 1667/
guard, revolvinij, 3034. Slaking, 1843a

Winde, Captain William ; architect, 465
Winders ; in stairs, 2186
Winding; in joinery, 2123. Stairs, 2808
Window or Ajimez ;' of Spain, 585

cleaning, 2230. Bars of glass, 2231a.
Backs, elbows, and soffits, in spec, 2285c.
Ventilation, 2278o. Guards of iron, in
spec, 2286a

Windows ; 2745 et seq. In Egyptian build-
ings, 82. Blank to be avoided, 2745. Pro-
portions of, as connected with apartments,
2746. Mode of obtaining proper quantity
of light, 2747. Rule for size, by Chambers,
2748. Rules by Morris, ib. Examples of
rules for sizes, 2749—2752. When there
are two ranges of windows in rooms, 2753.
Piers of, 2754. In the same story should
be similar, 2755. Venetian, 2756. Ex-
amples of Italian, 2757 et seq. Examples
of Gothic, p. 988 et seq. Examples with
tracerv, p. 1028. Of three davs, p. 1029.
Of fi.ur days, p. 1030. Of six days, p. 1031.
Divisions of, p. 1007. Eflect of gooil and
b.ad, p. 991. At Carlisle cathedral, 1502c.
At Westminster hall, ib. Jamb mouldings,
!>. 992 et seq.

painted and stained, 22316, Alabaster,
Kc, 615, 2(mgg

Windsor, Berksliirc ; St. George's chapel, p.
10^0 et seq. Vaulting, 2002x. Doorway,
p. 99H. Clerestory windows, p. 993. Touib
house, mullions, p. 990 ; decoration, 2231/i.

Castle, 393, 394, 398, 527, 2882
bricks, 1826

Wine bins ; of slate, 221 17. Of iron, 225.')^.

Cellars and fittings, in spec, 22826, 2281c
Winglield, Derbysliire ; manor house, 423.

Porch, p. 999
Winter ; building brickwork in, 1832a, 19006,

2250A
W^ire ; strength of, 1630r. Gauge, Birming-
ham, 22.')4. Cords, rope, and strand, 2260.
Wire wove for glass, 2226(i

Wirework ; in lieu of lathing, 2246c, 2971(/

Wismar ; church, 567. St. Mary's church, 572
Witney, Oxon

;
parochial church, 408

Wittering, Northamptonshire ; church, p. 971
Wittlich, J. von ; architect. 683
Woburn, Bedfordshire ; abbey, 512, 524
Woll'e, John ; architect, .'',04, .526

WoUaton hall, Notts, 440, 443, 445, 452
Wolscv, cardinal ; his buildings, 426
Woltcrton hall. Norfolk, 426, 1908a
Wood, John, of Bath ; architect, 513
Wood ; earliest material employed in building,

7. Usedfor joinery, 2125c. iSee " Timber."
Affected by heat from hot-water pipes,

2279i. Good sound conductor, 2964
block floor, 2173c. Mo.'saics, 1905/
bricks, 2166. In sjiec, 2285. Mouldings,

p. 98-1 et seq. Tapestry, 21756
carpet ))arquetry, 2173/"

working machin'.s, 2124 et seq. Carving
machine, 2121c

Woodstock, Oxfordshire
;
palace, 423

Woodwork ; mediaeval, 21926, 2192c. Ready-
made, 2124c

Worcester ; cathedral, 421. Founders and
dinunsions, 434. Section, 1583f/. Chapter
hou^o, 1 1;t!t66, Roof over railwav work-
shops, 2012
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Workhouse infirmary, 2976a et seg.

Working drawings
;
principles on which they

are to be made, 2491 et seq. Mediaeval, p.

1008
strain, limited, on a wrought-iron struc-

ture, 1G28/
V/crkmen ; mediaeval, 308. Building a

church, 566
Worms ; cathedral, 287. Two apsides, p.

1007. Piers, p. 975
sea, 1728c. In timber, 1742 et seq.

Wren, Sir Christopher ; architect, 319, 466

—

489, 1499CC. Parentalia, 481—489. Work
at Chichester cathedral spire, p. 1004.

Opiiiion on buttresses, p. 1048. Followed
certain proportions, 353

Wrexham, Flintshire ; parochial church, 421
Wrii,^ht and Co.'s lintel, 1903.i

Wright's fixing block, 2166. Tar paving,
l905/i

Wrought iron, 1764 et seq. Columns, 2255.

Casements, 2255'A Ornamental work, 2255A
et.seq.

Wyatt, James ; architect, 527. His house in

Portland Place, il>. His patent slating,

2210£
Beniamin; architect, work on theatres,

295o, 2965
Wykeliam. See " WDliam "

Wvken, Warwickshire; church doorway,
p. 997

Wymondham, Norfolk ; church roof, 2052<

YANTEN ; church of St. Victor, 577
A. Xochiculco ; military intrenchment of, 114

Xystus ; of the Greek gymnasium, 175. Of
the Koman baths, 235

yAKD paving ; in spec, 2284c
1 Yaroslat, prince

;
patron of architecture in

Russia, 375
Velvertoft, Norfolk ; church, p. 983

York ; cathedral, 406. Founders and dimen-
sions, 434. Groined ceiling, 2023(7. Win
dows, "five sisters," p. 988. Rose window,
south transept, p. 994, p. 1015. West win-
dow, p. 1031. Chapter-house, 149966. Con-
ventual church of St. Mary, 421. St.

Margaret's porch, 398. All Saints' Pave-
ment church, beacon, p. 1002. Parochial
church of All Saints, 421

Castle, 394
Duke of; house for, 524
Lodge of masons, 315
Place, London, 426
Stairs water gate, London, 462

Ypres, 562. Church of St. Pierre, 554. Of
St. Martin, 555, 557, 559

Ypsambool ; temple. See " Ipsambul '*

Yorkshire stone, 1666<

ZAMODIA ; architect. See " Omodeo "

Zamora ; church, 586, 587
Zaragoza; cathedral, 597. Church of Sta

Engracia, 367
Zax; slater's, 2209
Zecco or Mint, at Venice, 351
Zehra, near Cordova, 121

Zerbst ; church of St. Nicholas, 567, 579
Zinc, 1792 et seq. Found everywhere, 1792.

Mode of extracting from ore, ih. Formed
into plates and wire, 1793. Its peculiari-

ties, 1793, 1794, 222ig et seq. Alloyed with

copper, 1790. Strength of, 1630r. Efi'ect

of, on iron, 17806. Effect of atmosphere on,

17956. Strips applied to copper, 2224

white ; for paint, 2272c

work, 2224A. In spec, 2294. Flue pipes,

17956
Zinked iron, 1796. Tinned iron, 179Ga

Zodiacal signs and emblems, 539

Zopissa paint, '2273g

Zwickau ; church of St. Mary, 567

Zwirncr, Ernest Fri.drich ; architect, 574
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