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PR

REINFORCED CONCRETE ROOF TRUSSES

W

I, INTRODUCTION

-

Reinforced coucrete roof trusses have been used to a considerable
extent in European practice. Now the Awmerican engineers adopt them in
many ways, As the results of these structures are very salisfactory it may
naturally be expecled thal this type of construcion will come inlo use in
this country.

We all realize that material is more efficiently used in trusses than
in Leams, particularly when lending moment rather than shear is the go-
verning factor in design. At present the concrete materials are high in prices
and engineers always {try fo reduce the cost of construction by saving
“materials in design; and this can gererally be done in long span construct-
ion by the use of conerete roof trusses. Trusses of this type are especially
adapted for pluces where fire-resisting construction of the best type is
desired or required.

To desitn a reinforced concrete roof truss properly one requires not
only the knowledge of the theory of trusses and the strength of materials,
but also a familiarity with various types of trusses that are emploved for
the supports of roofs and their adaptability to different forms of roofs; and
a practical knowledge of the economicil spacing of the trusses and of roof
construction in general and how to meet any special form of construction

in the most economical manner are of great importance.
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1n the following pages the writer endeavors, fivst, to give all types of
trusses that are best adapted for reinforced concrete roof construction,
second, to gve the general procedure for concrete roof truss design. third,
to show the details of design, and finally, to compare the cost of relnforced
concrete trusses with that of structural steel.

II, TYPES OF REINFORCED CONCRETE RCOF TRUBSSES

Concrete t usses are built on exactly the same principles as steel tr-
usses, and any type that can be built of steel can also be built of reinfor-
ced concrete, but due to the different nature of the two materials, the type
of trusses best adapted to steel construction may not be economical for
concrete.  In general it can be said that reinforced concrete trusses of
the most simple types are econommical.

The best form tor a concrete truss, and the most economical number
of braces will depend upon the clearance permitted in the architectural
design, or, in the case of factory and mill buildings where requir.d dime-
nsions are pot rigid, the truss depends upon the slope, span, ventilation,
and light, The division of the upper chord of the truss into various me-
mbers of panel-length depends largely upon the puriin spacing since heavy
purlin loads should be trasmitted to the truss at the panel points. Fizures
1 to 12, showing all types of trusses best adapted for reinforcel concrete
constructidn, should enable one to select the tvpe most economical for any
particular roof,

The trusses shown by Figs. 1 to 10 are familiar to us; there is no
need of any explanation. The trusses shown by Figs. 11 and 12 are known

as Vierendeel ftrusses, after Prof. Vierendecl of the University of Louvian,
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Belgium. They correspond to trusses withont diagonals, whose stability is
assured by the flexural rigidity of the jeints between the vertical posts and
the continuous chords. 'This type of {russ is used in bullding construction
where diagonals interfere with windows and pzssageways, A complete
theory of Vierendeel truss may b2 found in the “Mémoires de la Societé des
Ingéniears Civil de France” Auzust 1900, and the same theory somewhatl
simplified and abbrevisted in Vierendeel's “Cours de Stabilitée des Construc-
tions” Volume 1V, pp. 165 and seq. There is also a book on “Statik der
Vierendeeltrager” by Karl Kriso in the engineering library, Chekiang Uni-
versity. The method of analysis as exposed in the above mentioned work;
is too laborious for general use. To the writer’s mind Vierendeel truss
can Le analyzed in a very simple manner by the exiention of Cross’ method
of moment distribution. The problem is very interesting, but does not
seem of enough imporfance here to warrant a full discussion.

111, GENERALZPROCEDURE OF CONCRETE ROOF

TRUSS DESIGN

The various steps to be pursued in designing a concrete roof truss
are as follows:

1. Laying out the roof and trusses on plan and section.

2. Determining the size and purlins,

3. Computing the truss load and determining the stresses.

4. Determining the size of the truss members.

5. Detailing the joints,

The first step, of course, involves selecting the type of truss to be

used, determining its shape, height, and spxn, the spacing of the trusses
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and the manner in which the rooi, or special ioads are to Le supported.
The best layout will be that vhich iz the simplest wnd most economicul,
witlle meeting the rejquired conditions,

The deferminition of the size of purling is a simple problgm. 1t
requires no explanation here.

To compute the truss loads one should have a section through the roof
showing the slope of the roof, the type of the truss with location of the
purlins,  The next step will be the Jel:rmination of loads on the fruss,
The loads (dead, live and wind loads) which nmiust be considered in the
design are the sime as that for the design of steel or woeden roof trusses.
The weight of a steel or wooden roof truss is usually calculated by some
accepted formula; but for reinforced concrete roof trusses there is no for-
mula ever derived, We know that the weight of a reinforced concrete
truss increases very rapidly with an increase in numb:r of panels; and it
is obvious that the cstimation of dead load in the design of any reinforced
concrete truss is very important. From the superimposed loads the stresses
in different members can be oblained and approximate weight of different
members can reascenably be foun?. In case the actual weight of the truss
does not agree with the estimation within a reasonable range, the design
should be done over again. In long span construction the weight of the
concrete truss must be known much narrower limifs than in the case of
short spans.  The d-signer then resort fo the cut and try method for the
determination of the weight of the frass,

A few calculations of weights have been done by the writer for des-

igned and built reinforeed concrefe roof trusses; the following equation
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geems reasonable for determining the tentative weight of ordinary cencrefe

roof trasses:

W = 048 AL (L2 + R2 )%

W.::: total weight of truss in Ibs.

L = length of truss span in ft.

A = truss spacing in ft.

R = rise or height of trass.

The method to determine stresses in differens members of the different
types of trusses, excepting the Vierend el truss which is only an occasionsl
expedient in buildng construction, is the same as steel roof trusses, In
addition to direct stresses due to truss action, all bending stresses due to
dead load of the members (often neglected for short panel length), and any
load placed between the panel points, should be computed. In computing
bending mements the members may be considered as continuous or fixed
beams supported at the panel points. The stresses due to the bending
moments should be combined with direct stresses.

DESIGN OF TRUSS MEMBERS.~-—-The conditions for the design of
concrete truss members contain the following references to working stresses:

a. Allowable compression stresses.——The compression members in
trusses are subject to direct compression, and the allowable unit stresses
for columns should be used for design. When bending moments are con-
sidered in addition to direct stresses, the combined unit stress on concrete
shall not exceed by more than 20% the value given for direct compression.

b. Allowable tension stress.———The concrete can not be counted upon

to carry any tension in tension members, therefore all the tensile stresse:
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are resisted by the reinforcement. The stress in steel should be limited
to 16000 lbs, per square in. so as to give an added factor of safety.

DESIGN OF COMPRESSION MEMBERS.—--Theoretically there is no
necessity to reinforce the compression members with steel. But the compress-
ion members should have some amount of steel to provide for unknown
stresses. The reinforced compression members may be divided according
to the method of reinforceinent into:

a. Concrete members with longitudnal bars and separcte lateral
ties.

b, Concrete members with longitudinal bars and closely spaced

spiral.

The method of design and limitations of the unsupported length of the
above two types are exactly the same as that of concrete columns.

In some cases there are concentrated or uniform load, or both loads
placed between the panel points of the top chord; the members should be
designed for combined thrust with bending, same as for columns with
eccentric load.

DESIGN OF TENSION MEMBERS.——Since all the tensile stresses
should be resisted only by the reinforcement the required area of steel wo-
uld be determined by

A = P/f,
and the area of conerete is made only sufficient to cover the bars properly.
The minimum clear distancs between parallel bars should be larger than

the maximum size of the coarse aggregates, 1If aggregates can mnot pass

free'y between bars, there is danger of voids produced by the arching of
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aggregates, If the tensile stresses in bars arce developed by bond such

janipd

voids are dangerous.

Of course, a small number of large bars is easier to handle and makes
a compact tention member, but due to the difficulty of anchoring bars at
the panel points, its use is recommended only in cases where the tension
member extends the full length of the truss, and finally the stresses are
transferrd fo the concrete at the ends by nuts and anchor plates. A large
number of small bars is advocated, when the tansile stresses i{n bars are
developed by bond,

DETAILS OF DESIGN.~~——The most important in the design of re-
inforced concrete truss is the detail of the truss, The next few piges will
be devoted to the discussion of this topic.

IV. DETAILS OF DESIGN

It is a radical change from a reinforced concrete girder to a truss of
the same material as certain questions arise in the design of the latter.
The theory of stresses in the rigid joints and other details of connections
are all questions that can only be settled by tests, experience, and possiblly
additional theoretical daté. However, our present knowledge of reinforced
concrete, when combined with conservative assumptions regarding these
questionable poinis is sufricient for safe design,

The details to be considered are:

1. The mecthod of fixing the reinforcement.

2. Construction at intersections of members,

3. End connections.

THE METHOD OF FIXING THE REINFORCEMENT.,——In constr-
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uetion of reinforcel concrete truss it is very impeortant to have the reinfor-
cement placed properly. 1t hag been found that the reinforcing bars can
he advantageously assembled and wired tugether before placing them in
forms. This process enables the reinforcing gangs to proceed indepen-
ttently of the group engaging in the construction of forms.

There is no difficulty of fixing the reinforcement of the compression
members with longitudinal bars and closely spoced spiral; the longitudinal
bars and spiral steel can be tied together at reasonable distance apart with
gauge annealed wire, Fig, 13 shows the details of this tyne., As for the

compression members with longitudinal bars and separate lateral ties, the

HHII;JH
i
1

ANNEALED 7]

WIRE. TIED \‘j

/
!

o

Fricdy |

I
I

Lt 3EMONTERS

s - gl‘-;-ﬁ,mrr:‘.m.gp
BB WRE TIES

LoNunmTul SAL [LeR%
HITH  DoRAL

Fypecar. Jeejion of
bo yrom GerD

;‘7}};. /-



38 + K I #B- B=4R

1 -

longitudinal bars are arranged on wooden blocks laid an the deck shuttering,
The bars are fixed at the correct distances apnrt by wedging wooden spacears
between them. The ties are then placed on the bars and wired to them at
alternate intersections with annealed wire. A frame of reinforcement is
made of sufficient rigidity to be bodily lifted and laid in the mould,

The reinforcement in the tension members can be dealt with in the
similar manner. The ties are just so placed to guard againat mispalcement
and dislodgement while concreting, The distances between the ties can be
determined by judgement with reference to the size of bars, Fig 14 shows
a typical section of this type.

CONSTRUCTION AT INTERSECTIONS OF MEMBERS.——The dist-
ribution of stresses at the joints is & matter of more or less co-njecture. As
the practice in steel riveted joints is to make such a detail stronger than
the net section of the members; this practice would naturally Ee followed
in concrete truss design, and the requisites of a good joint are:

a. Capability of direct transfer of stress;

b. Simplicity and ease of connecling;

c¢. Al stresses at the joint should be within the allowable limif spec-

ified;

b. Due consideration given to the relation of pbysical characteristics

of different materials used in the detail

Splices of bars should be only made at panel points and the bars should
he arranged so that only a few bars spliced at any one panel point, At
the joints a bar of one member should extend into the adjoining member

for a length eyual to 4¢ diameters of the bar for deformed bars, and 89
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ted in a rveturn

diameters for plain bars. The bars should be also termina
hook of 6§ in. internal diameter, as shown in Fig. 15. In cases a small
number of large bars are used in the boitom chord and the bars are shorter

than the length of the span, then the bLars should welded together or by
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securing steei plate to the ends of the tension bars by passing these "rods
through the holes in the plate and anchoring them with nuts, and other
possible means can be equally applied as far as the bars can develop full
strength.

The connection hetween the web and chord members can be done by
hooking the bars in web members over that in chord members, as shown
in Figs. 15 and 18. For long span trusses (say greater than 50 ft. span) it
nay be ne-essary {o anchor the ends of the bars in the web members with
nuts to steel plates bearing on the chord reinforcement, The concrete at
the joints, espscially where tension and compression members meet, must
he of sufficient size to transmit the stress of any one member to the other
members and to take care of the secondary stresses which are likely to ove-
rstress the members at such points.

When Warren or Visintini truss is used the bars are bent up at each
tension diagonal a sufficient amount of steel,  The radius of the curve
should be greater than or equal to 13 diameters of the bar, as shown in
Fig. 16,

END CONNECTIONS.—~-~The end counection of the upper and lower
chords requires the most careful consideration. At this point, proper pro-
vision should be made _for diagonal tension due to shear. The vertical aiea
of the concrete must be sufficient to keep the unit shearing stresses from
exceeding the allowzble working values. As in ordinary beam design, the
vertical area at the edge of the support can be defermined dy

bd=-",orbd = v
V]

100
In addition, the horizonfal cross section of the joint should also be equal
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to the value computed by the above formula. Diagonal stirrups must be
provided to fie the bars at the joint together, and the cross seetion of the

stirrups should be equal to the reaction divided by 16000 lbs. Sce Figs, 17 to 21.

._l_:i{//: ,’-,',"' //: :;./;:‘/ r%. - :
s

i

o T
o E NG Der Eﬁe”wmﬂ/’jﬁ

. Y orz prsra ' .
S oL LS L = My=sS Foge /77

Fi8 B Fig. 19



42 = S S HM=R

if the reinforcement of the bottom chord consists of large bars, threads
and nut and anchor plate should be provided to transfer all the siresses in
bearing on th2 concrete, see Fig, 17. Reinforcement consisting of small
bars should be provided with hooks at the ends, see Figs, 18, 19, and 20.
For multiple span the end conaection between trusses may be done as shown
in Fig. 20,

In some cases the truss s T-shape in plan at each end so as to give
ample bearing area, as shown in Fig. 21,

V. COMPARISON OF COST OF REINFORCED CONCRETE

PR " B e R

TRUSSES AND THAT OF STRUCTURAL STEEL

For truss design, wood, of course, has becn largely supersedeqd by stru-
ctural steel due to not only advantages aceruing from the higher unit stresszes
but alio the comparatively decreaseld fire harzard. Reinforced concrete, in
its prozvess now, naturally competes with steel, In consiruction, cost is
usually the imporbant factor; but sometimes speed after the breaking the
ground is the main consideration. However, most structural steel frames
to be bailt in this country are fabricuted in foreign countries; if time of
fabrication of structural steel must be included the reinforced truss can be
put up in a much shorier time.

In selecting_the type of materials for {russ desigh, it is necessary to
consider not only the first cost but also the average annual expense and
depreciation over a term of years. Especial emphasis should be placed on
the low mainfenance cost of reinforced concrete trusses as compared with
steel, particularly in locality where corrosion takes place rapidly if the steel

is not properly protected, In permanent s‘ructuies, maintenance costs are
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net of slight importance. Painting iz only a temporary expedient and must
be continued through the entire life of the structure. It may be economical

to increase the first cost for the sake of an annuszl saving in expense,
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Fireproofed steel construction is almost invaribly more expensive

first cost than reinforced concrete,

in
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The first cost of a reinforced truss depends, ¢ a considerable extent
on the locality where the truss to be built and type of truss to be used.
Reinforced concrete truss may cost more than steel one, but in some cases

it has been proved to be cheaper than structural steel,
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Here, the writer may mention the remarkable saving effected in the
construction of the pier shed for Pier §,* one of the shipping piers at Cris-
tobal, Canal Zone. {dee Fig. 22). Reinforced concrete trusses of Warren
type are used for the shed roof construction. The total cost weas 860,000
dollars, A caleulation indicates that had the shed of this pier been executed

in structural steel trusses it wonld have cost at least 560,000 dollars. It

*Engineering News Record, June 24, 1920,
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: therefore, evident that the employment of concrete trusses effected a
saving of approximately 200,000 dollars or over one third of the anticipated

cost of the projoct.
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Another case that may be mentioned is the construction of conerete
trusses in Euclid Theater* at Cleveland, Ohio, U. 8. A. (see Fig. 21). The
roof of the theater is supported by four concrete trusses 82 ft. 3 in. long
and 10 ft. deep between centers of chords. Steel trusses were included in
the original design, but on completion of the work, it was found that this
construction had effected a saving of 4,000 dollars.

With the exsisting high price of steel in this country, the writer can

*Engineering News Record, Sept. 23, 1920,
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assure that in many cases roof trusses of reinforced concrete can be built
cheaper than that of structural steel.

VI. CONCLUSION

Tu the foregoing discussion reinforced concrefe trusses have been proved
to be adaptable to roof construction. Since it is durable, fireproof, and
economical in first cost it holds a unigue position for future development.

The theoretical analyses of concrete trusses can be based on our present
knowledge of concrete and conservative assumptions. The distribution of
stresses in the rigid joints, the amounft of steel necesssry in compression
members, and other detaials of connections are all questions that can only

be settled by further investigation,
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THE BECCARI PROCESS OF
GARBAGE DISPOSAL.

® B
INTRODUCTION

The problem of garbage disposal has often confronted the City eng-
ineers with great difficuliies beceause of limited funds for the purpose.
This is particalarly true in many Cities in China. The Beccari Proce 8
of garbage disposal is a s‘mple and economical process in cities where it

can be successfully adopted, It utilizes a bio-chemical process which is
capable of changing the otherwisc unstable organic particles into a stable

humus which can be used as a fertilizer.

The subject of Bececari Process of Garbage Disposal is very little known
to China. It may be ventured to say that this is the first publication
concerning the process appearing in Chinese journals. Th's article Is abs-
tracted from a thesis euntitled “Investigation of Beccari System of Garbage
Disposza”, by Yu Young and C. L. Reasoner. It is hoped that this article
will be of some aid to those who are facing the problem of an economical
method of garbage disposal. Of course it is understood that the article
is written for the American condifions, but it may be easily adapted to
Chinese conditions if some inuvestigations can be made in regard to the

problem.

PUBLIC HEALTH AND REFUSE DISPOSAL

Refuse disposal is tremendously imporiant from the standpoint of pu-
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blic health, Proper disposal of unsightly filth, fly and insect breeding
places, and bacterial sources rids germs and carriers of disease germs, The
destruction of garbage destroys the food sources of bacteria and prevents
the multiplication of flies and insects or the so-called carriers of disease
germs. Typhoid fever, diptheria, malaria, dysentry and cholera have been
dreaded diseases for ages. Due to modern scientific refuse disposal, the
sources for these diseases have been decreased considerably. To guard the
public health the modern sanitary engineer shoulders a great responsibility.

Methods of Disposal of Refuse

In considering the methods of dispusal of refuse there are two imp-
ortant factors which must be taken into account:

1, economy

2. sanifation
The character of the refuse, the climate, the topograpby, and the populat-
ion of the community determine which method is a preferably one.

(1) Dumping at sea: Dumping the garbage at sea is quite an econ-
omic method. Cities adjacent te sea coast naturally tend to adopt this
means of disposal. However, there are several serious objections to it.
Floating materisls are ofteri swept to shore and beaches which are for
recreation purposes.

( 2) Dumping on Land: This is a common practice, that small villages
dump their refuse on land, near their vicinily. 'This is, of course, a simple
and convenient method of geiting rid of the refuse; however, danger to
public health will follow unless it is supervised and done scientifically.

Usually deep trenches are dug, and the garbage buried is covered with se-
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veral inches of sand.

(8) Hog Feeding: Garbage i3 sometimes utilized to feed hogs. This
method of disposal is quite convenient and at the same time promises re-
wards. However, it necessitates large investmen. and constant care of the
animals., Water supply must be abundant, and shelfers have to be built and
kept clean always., Negzligence in profecting the hogs from heat and cold
or disease will result in great loss from deaths.

(4) Reduction: Besides hog feeding, garbage may be utilized in
another way. Garbage contains a large amount of fat and nitrogen com-
pounds. The fat can be extracted by organic solvents, and used to make
soap and candles, Whether this method is a profitable one depends on
the character of the garbage and the magnitude of operation and the market
price of the products obtained from extraction.

(5) Reclamation: TRubbish may be utilized to prepare commercial
products if its constituents are separated. Bottles can be fused into new
glass, and papers may bz changed into pulp. Metallic substances can be me-
lted and re-used. Reclamation is quite a satisfactory method, because it
leaves practically no residue. If the reclamation plant is operated on a
larze scale and managed with great efficiency, it may prove to be profitable,

( 6 ) Incineration: Incinerat’on is probably the best method of disposal
from the standpoint of sanitation. The present tendency has hbeen to do
away with the other methods, such as hog feeding and reduction. However,
incineration is rather an expensive process., If the cconomic factor could
be peglected, it would be the most satisfactory method of disposal

(7) The Beccari Process: Garbage mway he fermented by the Beccari
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process, This method requires few mechanical equipments and constant
attention. Afler the garb.ge has been treated for some forty days in the
Beccari cell, the digestion {s complete, and the humus obtained may be uti-
lized as fertilizer.

It is the Beccari process to which this paper is devoted. 1In the foll-
owing pages details of this method will be given with discussions and

comments.

THE BECCARI PROCESS

Technical and Economic Imporiance

The Beccari process is of Importance both in its technical and its
practcil or econymic aspzets.,  [From the tezanizal standpoint, it has signi-
ficance because it utilizes biochemical physical activitics which are of scient-
ific interest. From the practical and economic standpoint, its. worth lies
iﬁ the fact that it is capable of minufacturing an innocuous end-prodict
of rea! value as a fertilizer oat of organic substances such as manure and
manicipal garbage, including dead anlmals. Th2se things are practical’y
the only unstable decomposable elements of municipal refuse and the only
ones waich have hygienic or sanitary significance., These elements, only,
cause objectionable odors through decomposition, afford a breeding place
for flies and serve as food for rats and other animals. In the absence of
these elements, municipal refuse, mainly rubbish, san be readily disposed of
by incineration or as filling on low lands. Garbage in America, because of
its typically high moisture content, is the most difficult element of municipal

refuse to incinerate or destroy by combustion and in that process is the
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numbers of thermophilic bacteria increased from practically zero at the
start to the following values: On the fifth day to over 10 million per gram,.
on the tenth day to about 75 million per gram and on the fifteenth day
to about 100 million per gram. The maximum number of 110 million was .
reached on the twentieth day. Thereafter it began to fall slowly until on
the sixtieth day it was approximatly 75 million per gram.

Complimentary micro-flora, starting with numbers ranging from 100
million to 250 million per gram, dropped rapidly during the first eight days
at the end of which time they were present to the extent of only about one
million per gram. Thereafter they remained nearly coustant in numbers,
bat with some minor fluctuations, until the fiftieth day. After the fif-
ticth day they inereased rapidly until on the sixtieth day they ranged befween
about 350 and 500 million per gram.

All other organisms, including the non-liquifying bacteria of putrefac-
tion, the liquifying bacteria of pufrefaction, the Baciiii ¢oli, and anthrax,
together with animal parasites and larvae, starting with numbers ranging
from 10 million to more than one billion per gram were rapidly destroyed.
For the most part their destruction was completed during the first eight
days, only Bazilli coli and anthrax spores surviving in significant numbers
for a longer period.

Repeated studies have shown that all pathozenic organisms, including
anthrax spores are positively destroyed long before the normal period of
digestion is completed, The larvae of flies and fleas and the larvae of
various parasitic insects are quickly killed, while the germinative power of

seceds of all kinds is checked or desiroyed.
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During the first phase of thermophilic digestion the garbage is broken
down and pairts with a large proportion of its contained moisture.

Throughout the second phase, the thermophiles continue their activity.
Venting the cells and estaklishing aeration therin effect a further drying
of the mass so that it finally constituies but a fraction of its original bulk
and weight. putrefactive decomposition eventually ceases and 2 stable organic
material containing from 10 to 153 of moisture is evolved. The moisture
drained from the garbage is presumably very rich in organie matter and
biological organisms.

It is important that the material as placed in the cells shall have s
proper degree of moisture. If the garbage is too dry it shounld be mnoistened,
preferably with the liquor drained from other cells in full fermentation.
If there is an excess of moisture the putrefactive phenomena are caused to
be unduly protracted, requiring a longer period for digestion, especially
during the drying-out phase.

Numerous ohservations have been made relative to the destruction of
the bodies of dead animals placed in Beccari cells. It has been demons-
trated that carcasses can be entirely consumed with the exception of the
bones and hair. Even the bones were softened so that they were broken
up without ditficulty.

In loading a cell for the first time it is very desirable that humus fr-
om other working cells be scatiered through the mass of garbage. 1f this
is not done two or more cycles may be required before the full normal
digestion capacity of the cells i3 attained.

Hydrated lime is regularly used at certain Beccari process plants to
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gorrect the excessive acidily of the garbage and to hasien digestion, At
Searsdale ammonium sulfate is employed for the purpose of stimaulating an-
aerabic action.

Beccari system plunts ave practically odorless and inoiffensive, The
only detectable odors are those of fresh garbage while luading «nd a slight,

quickly dissipated ammonic odor, present when any cell is unloaded.

Present day Structure of Cell

The present day structure of the American Beccari cell is amazingly
simple, the cell having become more simple rather than mwore complicated
as experience_in its operation has gained, Certain changes have taken
place since the cell was first constructed in America, but these change¢s have
all tended toward simplicity and efficiency.

There are six esgential features of a Beccari cell as recently constructed
in Amer.car These are:

1, The cell proper, a simple cubical, having usual interior
dimensions as follows: width 8-0”, depth, front fo rear 9'-07,
hieight, floor to roof ©-6 or more;

2. Three to five tiers of removable wooden racks, comprised
of slats on edge, in sections easy to handle;

3. Two sets of ventilation openings, one group just sbove the
floor and one just below or in the roof;

4. A standard floor drain having connection with a sewer;

5. A Jloading hatch with tight cover, in the roof of the cell;

§. An unloading door through a side wall.
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The net capacity of a cell having the stated horizontal dimensions
rang.es from 18,000 to 25,00 pounds of raw garbage, depending on tte mo-
isture content of the material and the effective height of the cell.

The cells may be constructed of concrete, renforced where necessary,
of brick walls with concrete ficor and roof; or hollow tile walls with
concrete floor and roof. Attached, or built into two opposite side walls
are cleats or other similar end supports for the removable racks. These
racks may be constructed of plain of creasoted lumber of widths easily
handled.

The American cell is provided with 2 or more vent openings just above
the floor, and in either the front or resr wall, or in some cases in both.
The upper vents may also be made throu:h the roof itself, if more conve-
nient. In general, these vent openings, if located in the side walls are each
6” wide and 4” high. They are equipped with tight fitting covers and
with fly screens to prevent flies or other insects, and rodents from enter-
ing or leaving the cells, This screeuing material should be either non-metal
or stainless steel. toof ventilators may be more economically and conven-
iently coastructed in a cylindrical shape. 'There appears to be no inform-
ation available concerning the most’efficient area and size of vent openings.

The cell floors must be sloped to drain to a single point where a
sujtable floor drain should be provided. The floor drain shovld be readily
accessible from one of the lower vent openings so that if it should become
clogged during the closed cycle cell it can be cleaned without disturbing the
cell contents or affecting the biological activity therein. The floor drain

should be equipped with a removable perforated screen, preferably of cast
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iron or other corrosion resisting metal,

The loading hatches of American plants have usually been very large,
covering nearly the entire cell area. This practice has compelled heavy
and clumsy covers which become warped and fail to fit tightly. On the
other hand, if small hatches are employed it hecomes difficult to load the
cell to its roof. The best solution to this problem may be found in the
provision of relatively small hatches and an additional head room whose
only function will be to provide confortable working space in loading the
cells, This additional wall height will add to the cost of constraction, but
the cost of Beccari cells is so low that any reasonable additional expense
to improve operating conditions should not be prohibitive,

The unloading doors of all municipal Beccari system plants in America,
ag in Kurope, are very large. In all cases they are exterior docrs attached
to the outside faces of the cell walls. They have all been constructed of
wood and have become warped so that it has become virtually impossible to
maintain a tight contact with the faces of the cells. The result has been
that the cells have only with difficulty been made sufficiently tight to
insure anaerabic digestion and to prevent the leakage of water of condens-
ation from dripping to the floor of the unloading gallery,

Much thought has been given to this most important feature of cell
design and construction. The available evidence indicates that these doors
can be made much smaller without adding materially to the cost or diffie-
ulty of unloading the cells, 1In the case of large cells it is possible that
two unloading doors will be found more satisfactory. The test cell at

Tampa is provided with a relatively narrow refrigerator-type door having
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a small gutter at the bottom to catch the condensate and discharge it back
into tie cell. An inner slatied door to relieve the. pressure of the cell
contents against the main door which -must be maintained gas and water
tight has been suggested. The main cell doors, in this case with no in-
ternal pressure against them, could be of the box or refrigerator type car-
rying an encircling steel chanunel in which could be placed a rubber tube
-capable of being expanded under pressure. To obtain gas and water tigh-
tness it would be necessary only to blow up the tube with the required
‘pressure. Release of the pressure would permit the tube to collapse and
the door to be opened. The “fit” would be secured easily and permanently
and an otherwise necessarily expensive type of close fitting door would be
.obviated.

Every large Beccari system plant should be equipped with permanent’y
‘mounted temperature -indicating and recording devices showing the perfor-
.mance in respect to the temperature of certain typical cells. .

Operation of the Beceairi Cell

The normal program of operation of a Beccari cell treating a typieal

American garbage involves four simple steps. These are: -

[y
.

loading
- 2, operation as a tightly closed cell .
3. operation as a vented cell
4, unlo.ding
The loading of a cecll with garbage should preferably be accomplished
during the course of a working day. It is believed that the more guickly

a cell is filled the better it is for the process of digestion. If aprotracted
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period is required for lo;ading, the time cycle is correspondingly incrzased
from empty to empty condition and the output of the cell during the ccurse
of a year reduced in like measure. - With small plants having few cells
and with a required normal dizestion period of 35 days, it is obvious that
the period of charging must be greatly prolonged else there would be no
cells avalable for filling at certain intervals. The supply of garbage to
certain American plants is so limited in comparison with the size of the
cells that a week or more is requiired to fill a single celll. In small com-
munities belber results will be obfained with a comparatively large number
of small cells rather than with a cell capacity of equivalent volume in =
small number of units.

As soon as a cell is loaded, it is closed tightly and so maintained for
2 period of from 6 to 12 days, the average period being 7 or 8 days.

The third step involves simply the opening of the tap and the bottom
vents to permit zerobic action to succeed the anaerobic action of the closed
cell period. The aerobic and drying out period lasts for 18 to 39 days
and the average about 27 to 28 days,

The fourth step is to remove the contents of the cell. If the product
ig sufficiently dry, it can at onee be pulverized and sacked for sale as
fertilizers, or the ground material can be stored in bins ready for sale in
bulk., If it is too moist to be sent at once to the pulverizer it can be
spread out upon a fleor or drying platform for a few days,

In the smaller plants the cells are usually loaded by the scavengers
and avre sealed and vented atb the proper tim=s by the plant foremszan. Tne

unleading of a typical cell charged with 13,000 to 20,000 pounds of garbage



62 + A T B HR

and producing from 1,800 to 3,000 pou-ds of humus is stated to require
about two hours.

In some plants the material on all but the top rack is sufficiently dry
to go at ance to the pulverizer upon removal from the cells The top
layer must be floor dried for a brief period. It is believed that this con-
dition prevails only in plants where the cell roofs are level and the con-
densate drips upon the mass of digesting garbage. A slight pitch of the
roof will canse the condensed moisture to flow to and town the side wall
toward which the roof slopes thereby relieving the top layer of excessive
moisture.

No particular care in the setting of the racks is required during load-
ing, provided thaf in all cases the racks are located above their end supports.
Kach successive layer can be placed in the cells and made just sufficiently
smooth and level to permit the laying of the racks upon that surface,
Shortly after the process of digestion is established the mass of garbage
beging to shrink in bulk and the racks come t5 rest upon their respective
end supports.

Amount, Character and Value of Beccarl Humus

Data showing actual percentages by weight of humus produ-ed from
the raw garbage at all American plants are unavialable. Since, however,
the humus produced is weighed for purposes of sale it is possible to obtain
some data concerning the output of humus per unit of population.

flumus is produced at Dunedin at the rate of 12.5 ton per vear per
1000 persons, at South Jucksonville at the rate of 11.2 ton per year per

100 persons.
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At Scarsdale the ouftput of humus in terms of weight is said to be
from 10 to 169% and at Dunedin from 15 to 209 of the weight of the raw
garbage placed in the cells,

The humus produced at all of the plants has the same general charc-
teristics although it varies somewhat in appearance. In differs in color,
a3 between plints and seasons at the same plant., 1t also varies in texture
after grinding as related to the size and shaps of the particles and the
amount of fibrous material cont:ined. An item of significance as respects
appearance is the amount of paper delivered with the garbage. If the
garbage is wrapped in paper, the appearance and texture of the final product
will n tarally be affected. Although it has a characteristic odor immed-
i.t-ly upon removal from the cells the humus is quite without odor when
dry.

Toe percentage of moisture in the humus as taken from the cells varies
with the amount of moisture in the original charge, with the characteristics
of tie garbage itself, irrespective of its moisture content, with the length
of the period of digestion and with the degree of biclogical activity In the
cells,

There 13 no method by which the true merit of a fertilizer containing
organic matter can be evaluated other than by actual field tests with the
crops and soils with which it i3 to be used. The chemical analysis can not
give co.uplete evidence,

The actual use of Beccarl humns has demonstrated its serviceability
as a fertilizer. It is especially valuable for floriculiure, lawns and truck

gardening. It has been successfully employed in orchards and vineyards,



64 + A I B YR

for shrubbery including roses. and in general for ull purposes where a
high grade humic fertilizer is desirable,

At all of the American plants the material taken from the cells, after
additional drying if necessary, is ground in hammer-type pulverizers opera-
_ ted at high velocity., These units contain screens or sieves through which
the ground material is passed.

Beccari humus from all American plants find ready sale. The sale
prices vary from 15 to 25 dollars per ton in bulk and from 22 to 27 per
ton in sacks.

Based upon its chemival composition alone these sale prices are high
in comparison with other fertilizers. However, its advantages from tle
point of view of ease of application and suitability for use in infeunsive

types of agriculture would fend to off set a slivhtly higher price,

TR bl AR F

DIV RAR W ALE ANISIHRR 83 HR
PR er o reernnenren 7200+ cevrceesees 450 GHEHoreeeersreeseenn BOQQ~++earreree 490
FAA o s 800 —"T00 ++++-++.835 —45 1) SETRTTTTISTRITINPS B0 rrrenrvareiene 50
AL oo - oeere26000 0 e0seniees 165 T E vereerrunne e D500 +svererees 155
B e enes ceverera 1750w e verveenne 110 JEFeereres 1600 —2100-+++..100 —130
e 111 SIPPTTOTIY 2400+ crreranese 150 KT Fiddreeneer 00 e 2280 e verenes 140
FREEZ Fhgereeoseens 17500 0mme e wn 110 B =R e e 1450 i 90




25— 81 Moment Analysis of 2F Type Suspension Bridge 65

MOMENT ANALYSIS OF 2F TYPE

SUSPENSION BRIDGE

W O4E O K
MEEE 4R EGABRBTNEBZNNEESHELE
0T AR BL R R R H DU LS B A B G 1 R LS e R

A A AMIXM AR AR TESREEREFBEES A
NSRS A i B HY Tl e M R S S R
f 5 A PR SE b A 2 s 0 M WL UL B R 3 BB AT N R KRR

B Bk 5T O B IR BRI SRS H RATIR ARG R B R
- Wi BT = Qe o A SO Y SR VIRt S LR - Y S NI i A Y
B0k W B,k 30 e Ik — b TR 2 RS A AT DR TR B 85
50 W 3% U B3 A A R IR 98 b wE AR

Moment analysis of suspension bridge Is a long and tedious work.
Instead of working panel by panel only moments at each tenth or each
twentieth point of the span will be determined,

Analysis based on the Elastic Theory will be taken as a preliminary
considerarion and that b.sed on the Deflection Theory will then be inve-
st gated with,

Formulas applied will be given hereafter with brief explanation
accompanied.

By the Eiastic Theory:
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1. The cable.

The cable is assumed to be perfectly flexible and taking no moment, i, e.
Me=0=Ms—Hy.
H="horizontal tensian of the cable (for a given loading, it is a constant
at any section of the span.);
y=1lever arm from the closing chord te cable;
M;s=Dbending moment{ produced at any section of the span by the suspender
loads and the reactions, calaulated as for a simple beam.
The cable tension at any section is
T =Hsgecd,
where ¢ is the inclination of the cable to the horizontal at any point,

For parabelic cable, the lever arm is

. 4fx
y= 7, (I-x)

The origin of coordinates is taken at the left support, and
f=sag of cable,
l=span of cable,

At Support,

tan ¢ = ~4if =4n.

nzf;'lo

Length of cable in main span is

— T dy 2 5
L—2j E1+(dx) J *dx

O

= é (1+16n2)%’+'81n' 10g|-.E4n+(1+16n2)—£]

1. may also be caleulated approximately by

L=1(1+-—§-fn2)
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2. The norizontal cable tension, H.

The horizontal cable tension, ¥, is staticaily indeterminate. It may be

expressed as

"M’m
EI dX
m2dx +f u2ds

- H

where M’=bending moments in the stiffening truss under given loads, for
H=1.
m=bendin; moments in the stiffening truss with zero loading, for H=1.
u =direct stresses in the cables, towers, and hangers with zeao loading, for
H=1.
1 =moments of inertia of the stiffening truss.
A =areas of cross-section of cables, towers and hangers.
Ttre bending moment in the stiffening truss may be expressed as
M=M-Ms=M—Hy
With zero loading, M= —Hy.
For H=1, m= —y.
The stress at any section of the eable for H=1 is

ds

udx

After substituting,
1
""EI“'IM’yd"

= __yzdx+ i ds3
J E1 Y EAGR
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For 2F type with ecable section uniform over all three spans,

(l v 4 1 fl 16£%x2(1-x32dx _ 8 g9y

J o E1YT R 1t = 1BET
| ast o 2 ;!‘%}(H 15_?2‘_2 )%({‘;.}._..2__, FTllzsec%fdx
rEAadx? T EAJ * I+ - EA .
11 1 8 " 212 Tor . )
= RA (1+8n~)+ A sec’ (approx.
Therefore
1 | S
. Bl j; Mydx

BfZL T P(i4En?) | 2hsecte

3 1.
£2] ,’ . M'ydx
T8 ...3}1’(]+8Q2.)_m_; Ollpscciey

5 T £2lA {21A

3
£21 Il M'ydx

_— . X
——

N

l\‘T:"--a--*+ 311 +302) + Bll secia,

5 f21A f21A

For single concentration P at a distance kl from either end,
% P P
J Mydx= ﬁ..-3__f12k(1—*2k2 + k%) .-_-__3__fIzBU{)
O
Bk)=k(1-2k24+k3)

(8/£21) ;’--ﬂzB(k) p

Then H= N = Ng ~B(k)

For unifoam load of P per unit length extended from the end to kI,

k
P Pl
H= - N
1 N n J B(k)Id 5N 1 (k)

2
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r -— 5 3_5 4 3
F(k) = 9 k 5 kt4-k

3. Moments in the stiffening truss.

The moment at any section is M=M —Hy
when the main fully loaded,
Total M= % px(1—x)—-Hy

2 CenL P k=1 4fx{l—x)
= 4px(l—x) 5NHE1*(k)]

12
1 8
= 4px(1-x)(1— o ]
To show the relations of the maximum, the minimum, and the total
moments, influence lines must be constructod. Tle basic equation for the

construction of the influence line is

M=M-—-Hy=y(~"  ~-H).

It may be shown that the graphof M is a triangle with a height of
y

1 .
4 at the section,

1
e B(k)

By superposing M’/y on H, the required influence line will be then

The graph of H is plotted through the equation H =

obtained. This influence line will have the form as shown below,
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Multiply any portion of the shaded areas by py, the corresponding mo-
ment may be obtained. The negative area gives the negative moment

and the positive area gives the positive moment. The critical point k is
given by the relation
e(l)=k+k2~k?=Nn-2.
The maximum negative moment or the minimum moment will be

. . zpx{l—x)
Min. M= =% e,

where D(k)=(1—k)2[2—k—~4k? 4+3k3)

The maximum moment will be
Max. M=Total M —Min. M,
All formulas necessary are shown as above., The following example
is worked to show their applications.

Example 1.

By The Elastic _Theory.
[1)Data and Dimensions.
I=Main span=>50 at 20'=1,000’
1’ = Dist. ¢. to c. cable supports=1,000
I, = Dist. from tower fo anchorage =300
f=Cable sag=100’

pe o1
-1 T 10

d = Height of stiffening trusses=20’
Mean chord section (gross):

top=8400" boftom=1320"
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I=Mean moment of inertia of truss section
=84(12.23)2 +132(7.77)2=20,560 in.2 ft.2
Width e, to ¢, of trusses=32’
A =Cable section=8b0"
tanoy =tan¢ =4dn=0.4
w= D, L. Per foot of cable=2,540%
P =1.1.=1,600 {/ft. of cable.
t=temperature variation = +60°F
E =30,000 kips/O”
Ewt=11,720%:"
f27] Siress in coble

wiZ _ 2510 x 1,0002

Hp 1.5 8 = 8x100

=3,175 kips.

&t

Total length of cable between anchorages is

L=11+ g n2) + 2lyseca, = 1,000 [1+ --g—(ﬂ%{)—ﬂ] +2 % 300 x 1.077

= 1,026,667 4+646.200 = 1,672,867°

more exactly,

Li= 811 {ta.n¢1 secdy +1og, (t3-11¢1+sec¢1)} + 21,884y

- 1_";9 {1.077 x 0.4 +1og, (1.477)} +646.200
10
=1,250 £ 0.408+40.3900 } + 646.200 =1026.025+ 646.2 = 1,672.225’

61 bag0e3 ay

8, 8 I ) _
N—‘ -4 . (1+8ﬂ) Af2 * 1

5 Afz "1
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e e

B x 20560 300

3% 20560 106
X 85 x 1002 > 1000

=16+ oL 1002 %100

. (1+8x 1102) + x 1.0773

= 1.6+ 0.0784 + 0.05643 = 1.7327

Pl 1600 x1000

H = PN — = 1,847 Kkips.
LL7 BNn 7 g 178974

10

H, = SEIwtL _ 3 x 11720 x 20560 x 1672. 225

= TURNIT T 1002 x 11837 x 1000 - 1oKips

=5092 kips.
Max. Tension T{=Hsecaq = 5092x1.077 = 5490 kips at 50,000%”,
req’d cable area=84.40", provided area=4501"
(3] Moments in the stiffening trus.
When the main span full; loaded,

8

1
al M — . — —
Total M = > px(l—x) (1 5N)

1 1
= Px (1--x) _——
g ) PX () (L b

= é Px (1—-x)(0.077)

Here we gee that the stiffening truss takes only7.7% of the bend moment.

At center of the span,

2 (: 32
M = 0077 x ,Es_l_. =0.077 x .39_‘9."8}999..-.. = 15,40 ft. kips.

At other sections, the moments are propor ional to the parabolic

ordinates y.
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Total Moments at sections in Main Span.

. X Parabotlic ; Total Moment
Sectlon(____l__.._) coefficients in ft. kips
0 000 ; 0
0ol ; (e36 . +5,550
0e2 | €64 | +9,860
{e§ (1e84 412,930
Ued | 0496 : +14,780
Ged5 | 0¢99 | +15,260
(Jeb Tel}0 : +15,400
(e55 0«99 | +15,260

For maximum and minimum moments, the eritical points are found by

solving
ek)=Nn * =o1m27 %
y y
The minimum moments will be

13 o _ 2Px(1—~%x} e DD
in. M= e D (x)= EN L& (Total MH[D(k)]

= —6,06 (Total MY {D(k)].

Minimum Moments.

[ |

X y x | . . Min. M
- T | 5 ok D(k) (. kips)
el | o036 . 278 . 482 - 4390 437 14,700
2 | «064 312 o541 435 331 —19,800
o3 . +084 - «B5T . +BI8 - 496 «230 - —18,000
o4 +096  +417 4723 582 «115 . —10,300
45 | 2099 © 455 <788 64l ‘f’?ﬁa?"“z | —6,200
| :"‘ . :
5 | +100 . 4500 867 724 - OBF0B o _gq570
55 | 4099 | +555 .96z .857 | 002 be085 500
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For All sections between x= N 1=.433 1 and the symmefrical point

4

x=.5671,a correction is made in the above table for the 2nd. critical point.

To find the maximum moments,

Max, M=Total M—~Min. M

Maximum Moments

! " Temperature
'x  Total M « Min.M  Max.M |  moments Max. M+M,
""" 1 (ftkips) ! (ft. kips)  (ft. kips) - DM, . (ft. kips)
(ft. kips) |
? ﬁ' !
0 | o 0 0 | 0 | 0
o1 | 45,500 @ —14,700 | +20,250 42,520 | +22,770
2 | 49,860  —19,800 | +29,000 4,480 | +38,480
o3 | +12,930 : —18,000 | +30,930 45,870 +36,800
; |
«d | +14,780 | —10,300 | +25,080 @ 6,720 431,800
45| +15,260 ' —6,200 | +21,460 | k6,920 | 428,380
5 | +15,400 ~4,670 | +20,070 | £7,000 ' 427,070
55( +15,260 | —8,200 | +21,460 | 46,920 ‘ +28,380
. i i !

Mi=-H:y. As calculated previous H,=T0 kips.

At center of span,

M‘_ =—Hf=-"T0 X 100 = -T7,000 £f. kips.

The values of M in the fifth column are calculated by the formula

R 5
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Plan 4 B - B HEZEEERR a0 6 &
S X2=12x32 =108
Ty2=4(1.5)2+4(4.5)2 4 4(7.5)2 =4 x 2.25+4 x 21.2+4 x 55.5= 345

92 = { ( 24600 Y (2 000 x12x7.5 )}2 N { 124000 x 12 x 3 } 2
12 108 + 328 108 +326

(2000 + 4970)2 42002 = 48,400,000 + 40,000
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gl M W 2 & K
B oA m

MR E L T B K2 B EZ KA REZ KL
WP & 8% B L0 B A A 10 22 0 R T Ok U 30T R 2 B Ok 3 BBk
B DEFEA I EERAERZETHAAR TN 2N FERN
2 &4 1% (Intensity) B 1 v R 2 5 % (Duration), & [ T W K 22 T £5 (Area),
W (Heavy Rainfall) 22 6 75,8 T2 5+ B 41 8 Kk Z H fi.

HMZHRERTHUEATZHEELERB+ L+ 582~
B 4 0 D AR 2 R R AR e A B R TR B R A R K
Bl AE B % B — B 45 W 8 A |

A 55 2 AEAE B 5 BT M LT 2 B8 8RR K A R UF BE Rk B A st

ABZRSBAWILERMNBURIERE RB+ L EREH A
T & W %7 (Automatic Rain Gage) Z %2 {&.0L BV 1% 2 b2 7 iy LI 50 & 41
BORDA R K B R RS2 R E RS2 R K
VA B I DA B B 47 88 SR T5 SR T A 78 b I % .

2~ W6 B T 2 22 20T 5E HOIR K A 2 R R LR E B K B BRI
SR JE BN K YR R . CLBLIEAE 20 T MLk oK A& K EE BB AL

£~ KM Z ZUOE BUR AN R R B (1929—33)

o R AR PAYIE iy
e B OB A
x K . ; = !
ERE 19;20;30;40gﬁoiso}so'mo%mo
1 0.25 150.0 96.0 720‘1 57.0 504 45.0 33.8 206 23.5
2 0.50 1500‘ 900 65.0 540 49.: ; 430 338 270 2351
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8 07514 40 87.0, 60.0, 49.5 48.0 42.5 3.0 26.4 22.5
. | . | = : e
i . : | . : ; i
i ! | ! : : I :

5 T W

B 2 4R B OE 48 Y 4 RIS — B2 9 % (Frequency) BB S 4 4 M9 2
Z-KEMEE KB _HZAEBBENIZ B~ REEH
ZHEBGENALZIRE 14 £ — KOBEER £~ 2 8 M0

MR RS 2 U e S I 4 — g I 4 DR I 4 R P 4
MK 2 B ) T OF e E LT S OR B 2 4 R AR R R B 2 R
BB AR R R 2 R A T WL L 2 BRI W B M2 R & R
378 ¥ (AR A2 B o o0 e R R AT B 2 AR

HHZAMERBE 2B EE R ARE R 26 THI MR

1. Reciprocal Formula i= t:b' rrernesarsisereaennessieenns (1)
2. Exponental Formula i= ti ............ feeverrrereenranans (2)

apd . . a
8. Modified Exponental Formula 1:"'(_t_-i-'bj¢" vraereenensn( )

LEREZER B2 =AW ZHMEDE B AEYEH (mm per hr)
t= RN PR R BE M 2 B A B RF (Min)
a, b ¢ BEYE
(1) 8 (2) N 8 A & RO 8 F 31 8 4.03) Xl & BB LA 36
HEZFTHESSARLM () RAZHBRB(DRXRA(2) XY &K E
HEBPATFTEHAZHEAAHC KX AE AN ZE R4 A EN B
AR XNEEHRBEARLERE R+ 70 & &,
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Ziiﬁ{iﬂﬁ (XA CHOAFEZIREEC)IREBEZRETEE
Proceedings, A, 8. C. E, Feb, 1534, P. 168,
(1) R (2) RBKZ RIETHH =W
L R e
2. i Fie A 29 IR R R 8
B8 F 5 i ok 2L 22 2 3

L

A, Reciprpcal Formula I - o siersisissisisasieanianseng (1)

(1) AT B 4

t4b= i B eeeeiesserersessrsnsssessressnsenton (1a)
() Rip a U b BHEEHEME & [ BEEN b RAB—X
5 B KA T s 4 LB i

ROBHMERMENHZ ¢ 8 2 KA

BZ ZEEBE—E®

feep—K | oM B 5} ﬁf (t)
ZHE 10 || 20 0 30 40 | 50 6 8 100 120
4 |.00667 .01042 01389 01754 01984 02222 .02959 03628 .04255

2 | .ooas’:i 01111 .01538 .01825 .02033 .02315 .02959) .03704] ,04255

1.33 .00694 .01149 .01667 .02020 .02083 .02358 .03030 .03788| .04444

1| .00725 .01225 .01724 .02179 .02725 .03030 .03922 04000 .04545

MEZPZHEENRTER LS ERZATTR -AERER
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ZA B P RS A — K2 R 2 A ELE P D b S gt & 8 (Ordinate)
LB (Abscissa), 36 B AR Z R EEEF dn (la) R 4
Lol it 3% (Slope)=a
2. Y i B Z# (Intercepts) = —b

- Y
120} '//
100 ' 2'/
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' 717
|
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K 40 74 11
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B— =R ZAE BRI b - Rk R

W — R AR O =3100=a,

Yig kZRBA -10, b= +10,

3100

&E$—mzﬂmaa@ i= -2 %0
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W F B RZATARY —— Kk BT

= - j= 5100
—#—X . = t+14.5°
1 ey j= 3050
Ly ®F% T t+15.5°
e . 2700
I BT
B. Exponental Formula i:—-~$}——»— ........................... (2)
A (2D A0 B % BUH BRI 1
log i=log a—b Iog t cirvreresiciniinineersen (22)

b loga J b B Rk log i i logt LW B — X HRAME NI R
b BRI B R R ER T A —
WE—rhZRE R RE LS B RZ AT T — &R R

200 vy - ZSnB R e
9 N iﬁ~ﬁ2ﬁﬁ&ﬁ
RN N BZAREEE D
I
1 I \“k (22) A0 4
a4 oof
i oo cgeot—— ST L b T R
80 t @
f 70 h \Ak E: . = —b
i 60 ‘t“ﬁé\ n 4 ! ’
X 5 \s}e\ \’\\ 2. fEt=128 | 5
& A ] e
o= 4 k N REi1ZH e
{ \L \1\ = a.
2 AN 206 \n ,\‘
N" \\& MR %
% W80 S0 0 MR B b=0.74,
t— BRI 5 & ( Duration) & = 880.

B ME-XZATHSRMI= 5 REF
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HauBeE—RZATWEAR i=

880
078

WEH R AR — — kB T

S K i=
1 .

1 — R 1=
3 i 2 _

— g — K i=

820"
10.73 ‘

145
t072 !

_ 160
t0°76 ’

BRA_FELIZERFIBENTEZAR

A. Reciprocal Formula

HBUmSFZ 18t RKRARR (), M

t+b— .-_‘?1_ =d,
1

R AR TEHEFMEFRIZNS

zd2=M=z[t+b—
EMZ BB E /M
%Bg_ =0,
.%%}_.zg[t+b- 2 ]:m
e St+nb=a3y"

a

]

(First Normal Equation)
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AP nRNEZREIE n=9.

WM L o ] [ __a]*
S8 22—--1——— t+b | =9,
E =L oabr ol osar L emzmas .
(Second Normal Equatiou )

38— S0 5% ORI EE N S A a MU bz B S U (Most Probable Value),
SWEZHF BV R R XNBEBEMNS M E X 2 R2H 8 630 i
MR ZF ik
2 = JhoR R SK P % OH 2 E SR
A2 ()0 AR h B 2 R (AR — K 2 T

| . | : o L o (L)
_____ 10 | 1500 0.0087 |  0.0867 0.000044
R v e
30 T2.0  0.01389 l 0.4187 | 0.000153
a0 57.0 0.01754  0.7016  0.000308
50 . 50.4 | 0.01984 0.9920 0.000394
80 | 45.0 0.02222 13333 |  0.000493
80 i 33.8  0.02959 23672 0.000876
w0 | 276 0.08628 | s.6280 | 0.001312
120 | 28.5 | 0.04255 | 50160 | 0.001810
| o500 | 019895 147249 | 0.008538

MEZTHHEEERLT
M — @A, 510+49.00000b=0.19895a eere soveinn( )
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EOEAER 147249+ 0.19895 h=0.006538a eseeennne(b)
S el Y v
a = 3026, b=10.2.
BHEE—-RZHUEAIXSE

. 3026
t 3102 °

SURY BT 3 9 K 0 2 2 S A 2 06 B0 IR A T R AN B R 5
i K b

KmBWE—RzAWAAR = D00 G2 KR
B2 L 00 4 2 A AR L R

—

£l ARAERBIZ R (BF—KZ W)

t imwwpﬁz'maﬁgﬁz: wox | o owr
10 . 150.0 | 150.0 0.0 0.00
20 | 96.0 l 100.2 | 4.2 | 17.64
e e r o
40 57.0 60.3 +3.3 | 10.89
50 50.4 ! ' 50.3 T oa 0.01
s 4.0 432 1.8 “3.24
T ,i — E____,.___._OE___._
100 | et.6 T 2.6 —0.1 0.01
T e mr s e
| | 42.81

Hi % M 14
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Y = J "4?*3;)81.' :2.25*@/%

(Average Difference)

1 B 7 a3 A 3 e 2 AT A TR B N 2 R A B — —
® HLE % .

RE HMAWZARN I = REFREX M

L R S R
m % — % t-?;)-(fbﬁ.z 2.2
:: ® - " | 1= t-?-!ﬁ:g.s : “7—; a
R R e
- E K l = iie | 144
e e e :_ e

B. Exponental Formula
BB w18t A RN (2a) AIAS
logi—loga 4 blogt =4,
RN d BRBEFHEFRFZNE
Td2=M=3[logi—log a4blogt 2.
fEM Z 8 5 b



130 + X T = B=%
\;?;\Qd - ==2% [logi-loga+blog t] =0,
Eu ‘ Elog i=n log a__,bZlog Lo testtsureeinrererrtrnanernavasaes %—n *35‘5 fgf;f j:

“901\3 =2z{[log i—loga+blog t] xlogt } =o,
41 > (logixlogt)=logaY log t—D S(log t]2 weeeeeref = HE i A
My 35 ~ L4 = 66 O SN 848 loga SL b 32 4 36 404

ume - X ZAFAERNZHAEALTREERERN S ZHFE 0L

7~ i R,

R OQ@WHRBEXDPEFRZHRE WE—-XKZHATH)

t ' log t ! Clogt}® | i logi | log ixlog t
m_l_O___._._..:__ o [ T e ll -
20 | 1ot . 1.693 | 96 ."o‘”"i“"“‘i.ggz | 25719

— I o _21_8;_ _____?2___._6_...! e

4 | 1602 2.57 57.0 ©  1.756 2.813
o A l - _l_ - ".foé___'j"_m_"_é".'éé'z__'

60 1.778 ~:»‘:'ihé.;_] 5.0 1.683 “—! 2.939

s nss s.622 | 838 | Lo | 290
100 | 2.000 | 4.000 |  27.% 1.441 |  2.882
120 2.079 4.320 | 23.5  1.371 - 2.850

14.839 : 25.433 15.467 | 24.784
HMEATHEEES 0T
M — b A 15-467=9.0000 log 8 —14.839 1 +eveverermnrvnn( ¢ )

M bE R SN 23.781=14,839log a—25.433 b evverniieeann(d)
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L | iy R WL
log a =2.944, S, a=879;
b= 0.743.
BME-RZATRBAB
j= _ 819
£0.743

BLUE 20 5K B B0 2 Bk W A b B 15
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L e B R R A
R HFREMBEZUNTFARXRER YRS ——RBAE L

fE RMAWZARD L - RNERR KR Y%

- # i ? % 0 T o
o B
Llow—w e MO 1 s i
B Pig%ﬁp ; - _
B3R B o & . 2.4

B REMBLPHBAMATZAKXHD WE B KDMETE

THREZBETE
ARUWFRMBMRATARZ HEH B Me 8 FH Ly

R



132 + K I T

g TN T ol | 5 i g
B B &
ok R Bl 2 0 AR RN T DO 0 2 e i Al ML G Bk 2 58
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1. 35— % = % 3% 4 (First” and _Second Differences Method)

BB ik 2 IR IO A 0T ELIU W R AR A ) R HOB AT M AL B I
e R T L H S I BSETR 2 B

MW, AV, BV B KR Z S MARESRE—HE 2Ry
WS RN VELEYMABBE - MW AVEZ KBEMRY BEZXK
75 R AR A 2 aN Y 4% AL400, 30 7 JF 45 560.13; V Z 35 ¥ 4% 46+00, 1
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X i@ Y i i AER AV EEMBENRZE XE
(Offset) ML BRMAZEH O THABELR OB MR F BB
=17 LB R SITTT TIPS TPTISIOPITP PR TIPS |
RPtBMLAV PHHA-BMREEEFTBREZRXE rBAV ZHET
WA IF BV A5 £ BGAR 3k gk JE 2 TF BRI R
R PAV Zu B r RMEBWMMBZIEEH B R MMt 2 #A5
M LR P RESEMGELRHEN VAESHANS L2yl
TR ARBIMBRFESZAEMBAREE S S Z 5T L
0 B b, Xl b L TE O RE B BE SME A8 W 0T R FEGE O SR RE AT T D B 33
AR A R R 2 T An Mk W] {F 42500 1 x=1,{f 43400 JB, x=2,.0er, T J§ f
WAL B A U FE A R MOATL R ) b o I 2% (568.53--560.13)/4= +2.1; B B
2 VB RS S X =8, Y=551.33-560.13=—8.8, ¥}k Bk 45 1t A (1) X b5
-88=64t+21x8
. t= 0.1
R A RS
Y =—0.4x24+2.1x
Bk Rk 85 )¥42+00 2 S E R x=1{ A EXB y=+1.70; 3 Eom &
A ¥ 2 5 J%,% 560.13+1.70=501.83, JLEn 40400 Z R I B E B L &
B ETRAE—— RGBSR E - K P
LRz K CE B (Second Derivative) 1§

It 85— W K .
HPRBZEHSGEETHBE I XEHEEAPZE X EB2
=—0.80, HiE—B8 = KREH R it & o,
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3R | x | —0. 4x2 +2.1x Yy oOwm OB ERE | EIRE
41 | o© 0 0 0 56013 | ”
P N B, L ) e e +1.70 [
42 | 1| — 040| + 210| +1.70 561.83 'l —0.8
U R . [, +0.90 e
43 | 2| — 180| + 420| +2.80 56273 |[ —08
R — . ——— _,...._.,l + 0.10
a4 | 3| — 280 L1 630 +2.70" 562 83 | ~0.8
A DR | —0.70
45 | 4| — 640 + 840 +200 56213 0.8
[ U S e | -~1.50 ;'
46 5! ~10.00 % +10 50 | +0.50 550 63 i —0.8
I B O S i - —2.30
47 | 8| —14.40! + 12.60 | —1. 80 558.33 —0.8
S N SR e e —3.10 ; e
48 | T| —1960| +1470 { —490 | 555.23 R
_______ ! S [ -390 | .
49 | B| —2560| +16. 80 . _8.80 55133 l
R EEWUSEEAMNZE FEFMBZ2ZEETHE - RERBZ

KEM RSB P, t R LW EFHZREPRBRELEZE ZREES
FEHERBBAR O KBE-RBE—-—REDEAPx=1HZy B
MO0 B B 170, 5 0k Eom A 4A1+00 2 7 JEE0 1S 42400 IR 2 B T
%k X8 +1.70—0.80= +0.90, ¥ 0L B I A 42400 B 2 7 BB 15 43400
BrEEREHEZTEBZEEDT R

@A A X S En T DL Dy BEERAE — KA d
BE-XEERDHSHERESFEX by, haee, BERBTWHRZ
ZE N D ZHASMBAIRNT x=1 k2 v WM B D=Di+4,
D3=Dy+d,«rer; B hy=hy+Dyhg=ha+Dy,eeeemn,
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2. W L2t 45 R 3% (Slide Rule Method)
B ok B B SHAE R BB FR R JE (Scale), DASHE % 855 4% 88 B
B ok NOTEE A2 T R B b A e W2 B LT S T
A DMBZEE (HHBS— BAEE ) R =0k E 6K
252 1/8, 15 174 30 b B 2 X 5
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(@ EHBRZARE LIRS (Indicator) ji 48 5 b B 3 Bi 4
w2 WP k.
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t K I =#B B
3. [ f¢ 3 (Chart Method)
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WA LI P.C 140 WIB 2 S8 BN A MBI NS L2
J 45 95.56—0.245=95.515 W03l %5 6 B o2 % 1% 9 W1 A AR R A B B A g
% 8 s i 7
4. U ¥ 3 3% 3 i (Rate of Change Method)

B WEBR KBRS RRB IRRARB R BABR D (o
BEEBZEE) B XRDTHA — % T 0B HRRS T 200
AL L T L BT AR AR S 1 - E RS = R
BRSEESNRE-CTESEVHNEEZEEREME - REBTH
Z 8 5

G REAT U= 02 R ISR IS 2 R AR
£ i DL A 3% U5 ME 28 VR LT Bt ARLIE 1 4 e

mﬁﬁ%$=Jﬂk%iﬂdmm

43 ST o e A0 R L SU BN N MK PR W BB B B 00 B )Y B
B PR - BE—RERTH AV ZHERE RSB R
Wik 0 420 — 000 = 4170, T A B R B — O B — Sk R MRk 90
BEEZFUEYV Bz -390 20 =430, SRR M B
LA B BF 3047 9 85 SR I0 A0 & 50 4 — AﬁmmmﬁﬁﬁﬁﬁW%dmﬁ
o S 8% b 75 BE B0 T 2K ML 55 — 3 b B R

BRI 2 R AM S SEE 00 RERSW LRS-
g5 R v e A A A ¥y R JR 4K JE 2 T A BR LT ST R E B 1 IR

LA EMER)D
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AN SR Pt
(Simplified Analysis of Indeterminate Frames)

B30 WA BN B A 4 (Indeterminate Frames) 2 i i ff “#i,— B &
fif J1 3 (The unit load method), — 28 £ /b T 4F % (The method of least
work); Sb T FHEMRZ R BABMARF - BMHEZ HETRR L
TR R A 2 kR B Ok 0B 4K BB X IR B & (Williot diagram) z PRI S A5 B
¢ 18 (Willlot strain method), 2870 @i ik 2 4n F:

(1) wrBEEmEHAKXZTN

LR R AR (Trass) Z{E— & (Panc), ¥ B E &
— k& kF (Member) ¥ 55§ 7 ( Tension ), B ¥4 = ¥ (Strain or Def-
ormation) ¥ {% {ff & ( Elongation ), ifif 3% IE 9% (Positive sign), k& H R
MZWERERBEE RN b,

I
t
i
f
!
< 4l
o
{
:a‘Ja
'y
il
| f
BT N
X . _
L b g e
ey — e

W 1o 28 B la 2 B K B #BI S 4k B ( Reference point ), B D
B B %% 4 ( Reference member ),
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M 1o, W2 Z B
e = A be secs
= A cd — A bdsiny
= ftfanf =(Acd— Abd Sin}y) Tan?

o rh

= A ad cosec
j = A adcosecg — A bdsiny — A ab
k = jtang = (A ad cosec¢ —~ A bd siny — A ab) tan ¢
n = A bdcgosy
m= A ac
W, e—g—m=n—k B e+k=m+n+g
xRz HERAS
Abce sécﬁ +(Aad cosec —~Abd sin y— Aab)tan d= Aac+ Abd cos ¥ +
(Aned— Abd siny ) tan g
B B 5
A be sec + Aad sec f= Aac+ A bd (sin § tan ¢ — sin Y tan & + cos 3

+ Aabtant 4+ A cdtan 8
i R
tan ¢ — tan g = tan ¥
RA LR
Ab be sech + Aad secd = Aac+ Abd secy+ Aabtan i+ Aediang...... (1)

T T e L L L T L e e e e

Bl V=04=0, I # B ABCD B 8 F B B B 2).80 & (1) 8 %
(Abe+ Aad)secsd = Aac+Abd +(Aab + Acd) tan 6, i,

(Abz+Aad) cosecf= (Aac+ AbEYCOLB + A ab + ACG e rererrarnnns )

e e P A P T R T e e AR

AZOFTOMNEFELAEZ KRB EPRGHE XL R (D@
AR TR S S 8T B X (Williot strain equation); M ki &
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BALEMAE ZHMETEREMARAZREBE TR (2) %8
EHREFEZHUGHEZ RABGZHERABINERREBFBEZR
A F:

('Ahc + &ad)secs cosy = (Abd + Aac)cosy+ (A bd— A ac) tand siny

T T L I TN T o s LT U T i e ST e m A

T T

+{A ab +A cd) TaN A oetearirieriiniiansiniuanannrarsvissinrssernnrasa (3)

A e L L UL L U U e

(8) ¥l v=0, Rl X (8) & X (2) 5% %m Wl b B 2 (1), (2),(8) = K
Iﬁé@%ﬁh’:&}s%ﬁmﬂfﬁdﬁﬂ%ﬁ,ﬂ F UE R Bk (Bign) Z K 0% IR F 8
BT 52 Z 5 J1 dn 50 0% 3 R B OE SR 4% B 7 ( Compression), B} A £
% (Minus Sign),

* R
0y e

[w]

= 2 F 3

(2) BMEBBEZEHENMES L

BEBEEZERSE-HRANZHEAENBEMEME TEREAT
fE i JE B AR

4B A—BRAMNARME G KA HAL BE (Loading) B4

GWQm%@%%%t&ﬁﬁﬁﬁﬁﬂﬁwfﬂﬁﬁ¢hwZﬁﬁa

41,38 182 5 4% K% M 2 18 2 (Modulus of elasticity ) 55 % $¢ (Constant); 4 Hj #%

ik R Z T
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A.  HE N J1 ik (Unit load method)

BB ZZHARFAAZHERFHFERZEFIARAERE LN HL

& 28 25 B A it dn T

155 W 4 o, 0-3, 2-5, 5-6 & T—8 (4 #H B 2 Rk b1
5= ZBH BT (Load) i B Z A N1(Btress)FH BB BE L B H
X ZANBE,

So3, 8250 S5 K S7g = R B MBHMZA T (M BB & 80O,

Ug3, Uzs, Use K Wrg = FIFHZAIEATCBREFARBER L M
WAz BEALKN Jr (Stress of unity) B, (&
EREX—-SIRBEHZA I BEMA WM
HEERBHZANBRUFEEBH 2 A .85
BRBRES—ZPRBHMZATBEMEA TG
BB Z A I R B ).

T 5 M oh B ERIK A I (Internal work) % F 44 T4 Kxternal

work) 2 i 1%
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los uZg3l Ugaltasl | o < Ug3lsgl Ug 3t gl
Sos(EAOS—I-Z EA ) FS2s Zie 856 20, 00 +87g T SR
S’u_03_l,,_ ....... IEYFTESNREALA NS R AR RN EAN AN RAN AN LYY ] IENREISEF NI BN RN NN N RN 4
2 gA T (4)

5 s W25Ue3l 0 L2 Wasl y g, < U2ssel L. s Usuzgl
Da3 2 EA "+SZJ(EA25+2 EA Y+D55 2 EA +5y8 = EA +

— 1 2"' 1 4 i‘;}
So3 ZM*’S”Z“SEX“ +SSG('E§:;{+ E.FIEE.) 8.5 S .“:E‘K 4

EA
susel _g .- cerrieans ‘ous TN
Z pa =0 (6)
T 5 1 2
Se3 S u?ﬁ‘gsl +S5 % _‘!7183‘251_4.356 3 .“7]%‘.261 +S73(‘E’f‘x’8;g+ 5 __QEKJ ) +
BUT8L 0 vervcreerereseeren s sensen e e e srnenn seasesrnavens 7
2 EA (M)

MR PEFHRZER ME L

W5 12 B AT A KRR (3), (4, (5) K (6) il I % “E” 5,10 f %
TR Z W ERR
(50 +128.72) S¢34+ 3072825 +2550.8W =0 vveene « eevercarueenaeeesaanns eereranrenss (8)
3072803+ (B0+130.72) S35 4+25.6S56 + 1468.8W = 0-eevrersrrcsnracsscnninneincinenns(9)
25.6525 + (100 + 151.76)S56 +15.3687 5 + 603.8W = 0erovees Crrsrsaseness Vreereresienes (10)

15.368 56 + (30479.76) S74 +1952.8W = 0 servvrnvrrnnnianiineressannnrennne e (11)
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B rmUEMTREBLIDEH SiiSisBSo B3 Z2ARBRERER
HBZHEDARLGEMHZ AT
| B. /b T i (Method of least work)
B 4,3 5x, 5y, v, F 5z {0 &M M0-3,2-55-6Rk T-82Z W Ji
WEFA BB IERBIXMEMAZA TR L 2

k2
U= El} 'Z-gilz EE (86246W " + 12754W x + 223 4x2 + T344Wy +2384y2 + 3019Wv

4 3147v2 $ 9764Wz + 18722° 4-768xy + 640y v+ 384vz)

N T LU £ S £ N
R g T T Ry ol t L

ZFo 1% T A R

fﬁi =12754W 4 4468x + TEBY = 0 +vevrrtvrartenstniosnnnisaresseranionnaciensanionnnns (12)

5 lyl =T7344W + 4768y+768x+640\; e | T N LT ITTLL I .-..u.--(lS)

é
__ gi = S019W + 6294V 4+ 840y 4+ 384220 +vvevrversrsreressaccrecsersscsarnseoncnsernss . 14)
_‘;—2——9764W+2744z+384v=0 ........................................... erresenerrisnns (15)
HEMERATRE v u R ZEABRIBZHNAAK2ZE
ZRd (NSED, DT HE/MZRIL
AESE DL iR 2 (8),(9), (10) J (1) M X v 85 L) Bx%,8y,6v R bz &%
B A S03:825, 556 K& Syg 0w 15 8 5 23K (12),(13),(14) K (15) #ME = i
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" !\ 24 | | 2A
1—;,20 L _15W—3x T +4500W? +1800Wx  +180x2 |
3—-5 10 — U4V — 3y +5’?’%OW2 _ R +1440Wy“5- +90y2 -
5—-7I7 5 ___—24W ' +4320W2 N N _. _ 4 _: o +1080Wv ”“+57.5v2 - _ ]
7-9 15 _21w_3z 4.'55'1-5w2"'w o T C 11890Wz  +13522
omé; I ___hé_x,_._ e +1aox; _ ___. e e _ .
2-4 10 15W—3y  +2250W2 oWy - #9052 _ |
1675 2LW 3 r3308W2 o o ~o4sWv 4675V
- is _ _-3_; R - | . - L +]3522
1—2 25 25W+45x  +15625W2 +6260Wx 462522 T o | - -
34 30 15W+5y +6750W 2 +4500‘:v; _+750sz S _ - ‘
4 -7 E(T 5W+5v + 1250W?2 | - ) +2500Wv +1260v2 . S
6.—;9 15_ | 35W+5z -[-183!0“” - o +5200Wz ”,-;-_37-522 ' _
o 2 - —— S _+6_25x2 o R
. 5 3,0 - e R +750y2 L B e
56 50 s o - o | +12g5{,; o - -
7-8 15 5z : '''''''' } - ] - ;’;};;’z‘; - -
0-1 15 ~MW—dx  1oo00W? 4zio0Ws 420w e -
2-3 24 —12W—dx—dy +3456W" +230T4\_xf? _1594;?+2304Wy‘ pasay2 . +T88xy o
4_5§ 20" | —dy—dv S o | +320y2 +320V2 - m -
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Rt A R B B ZHERE24HEL
C. J IS & E & (Williot strain method)

W B REGRWHZH IR LNT

&K 8 T

*ﬁ 1
A%
1—3 40 —~15W-3x | —60OW —190x T
| 3—5 20 . —23W--3y —480W —60y B
5—7 : 1 , —24W -3y ~360W —45v
7—9 ' 30 ~21W -3z = G30W 30z o
g s T e
R 55 iswosy U oW asey
4-6 15 21W —3v S B1BW—45y T
P 20 Pl - R
1—-2 50 2B W5x 1260W+250x 7
34 60 WBW4HBy | 90GW4300y
4-7 10077 BW+Bv . BOOWEB00v T
6—9 30 35W+5z L 1060W 4150z
=3 S R R b
2-5 80 By TR 800y -
— 100" > R g
7-8 30 5z A8z T
0-1 30 —20W-4x _—slow-~120x
T2-3 48 @ —12W-dx—4y | = —-576W—-192x—192y
45 40 = —dy—4v I —188y—1&Gv
6—7 24 AW —dv—4z, | —06W-96v-96z
89 T 20 —28W —4z — 560W--80z

Tl AT ACKR MM 2 S B P B R (Panel) Z B R A 2 49
BT EHE N HFR QES 4 % R h Cosec? = 1.25; cot 6 = 0.75,
SO0 B % T M0 R ISR B O R
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(A2t A03)125= (A2 +FA12)0T5+ Mgt + Agg roeeeemrens bersrreriervesssiasiens (16)
(Ans+ 2250128 =(A2s+ A35)0.75+ Do+ Ags erereaerene e eraeraarens (17)
(A7 A5626 = (AssE As7)0T5E Agsd Agy wrererteersssresariineanun, (18)
(69 F+ A7g)L25= (Ags+ 47000055 A 67+ Agg creeerrensrormsremmmiissssnnn, (19,

Fi& 3 vp 2 HICAKH R (16), 7
(1250W + 250% + 250x) 1§5 = ( —120x — 600W —120x)
120 — 576W ~192x— 192)
We vp 88 H 45
117X A 192y +BLBBEW = 0reresserssessnsssscssrsannssermensssenseasanes cucerssssiosee (20)
A %%
192x 4+ 1192y + 160V 4+ 1838 W = Qrevevvvernniciinnniae RN -1 §)
160y + 15735V + 902+ THATHW = Dereerrrermmisteieriimnssnnanessnssssnessrcae rnaseransee( 22
96\}‘-’-6862-{-2441 W= Ounu N T I I N O T T T A T Y T N Y Y -..(23)

£ 4 Fe ka1 OF R R (12, (13), (14) & (15) M Z 4 5%
LR AB R CEHNGZREREZMA



e 1) WO R om kR 147

(S S e il 3
Concrete Columns Eucased In Stee-l Shells
Proposed by William 8. Lohr
b ol i

THOTREFZAEPEEZ LRSS 0T
i, 27 2 WGE R O AT A R EY O MR BR AS — RN 3 e AR SR 1Y
R R B R R M 08 B B (Elastic Solid), LA 7 il B A & 5 69 TR ok R 5L
( Modulus of Llasticity ), ## 7 (Deformation) &Y % fu R (Load) &
EILB MR s R f (Stress) MBEOBHREZW/IREFTER (
Hook’s Law), BB H B BERE L B AT ELr AR ABEN
WA REA TR B BRI REWDSOA T
2 FARER TAE O R 0 D R R (Yield) 897 fBE AR A9 21 1%, 5
& A o AR J (Plastic flow) o — JF.0 LLAE 3% & 48 &% £ B 25 9 89 B
% W6 B 40 30 2 4 05 A5 Bk AR T (Viscous low), IR 78 % 2 i 1 ) B AR oy iy
Bt £ o AR B (Yield value) $RASR & Lo @RS MDA R
e 95 M0 70 U8R b HG s By o SRR O T N B LR R RO 6 3

HBERNFIHZABTRE L REEo0& & &6 -l
AR REHEBRBEEI MBS ESTRRIRERN MR
T 3 5% o 0 X Bk B 2% L.

BMHERIENZIEHEE &AL Z B H® X (Fncased concrete), {£ E
%ﬁﬁ%%%ﬁﬁmﬁﬁﬁﬁmmhwm%%%“ﬂ&ﬁfﬁmmw
b AL M BE 6B R B S SE AT M 0 8 D2 R b LTS SR AR b R 00 TP SR o
M- RS SmZ R SR B S REREL B (CUonerete
core), b JA HEGH e B IEWE B i 5 b o B O LG e REGE HL— A B OR
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KK SR A I AR B B R D 00 R
A FE O B 60 W5 B Js (Adhesion or Bond), i
KT LB RS0 O L A AE G R R Ak
O T — fE bR T B A AKENE (Low Vis-
cousity) MYy PLmELRE L KRB A
Z W (0 B8R 0 A Bl — S R
A R8BI e 8 TL A T LLAR TR — o BRI B
BOFTBLGE 2 AL R EDE B MR AR A T (
Longitudiral compressive stress): g & & &
T 5 IR A b AR b A Tl 2 B,

BLAE AL 00 51 [ oo B 55 B AT R 00 0 JIGEE — T O BB MR 6,0 R 4l T LR
BHOARFE MR AR EREwbRmM o CHERMA D
(Circumferential Tensile Stress) #94k HIMi W £ R i 0B MR F
(g 83 R B XAEAMDEE ST BN RGN SF BB REY
MR J7 (Radial pressure), jin % £E 0> 0 6 M 22 f FLAE £k 0 38 2 3% 0.

A B T R B MR AT 09 SR R E R A fF T B (Load
carrying copacity) ) A E AWM ERA W AR EE L HA LR
IRLIR 78 4t o AL D BE IR % W B o0 6L B AR O AT b — RN o R LA
BE O B 60 P8 O S B 2 Y S,05 AT E Uy e i L A AL 9 B TR B0 BE R BRI K

HHWUMRRELHZHLHEREFATIRBELOBMEAR T (
Unit Stress), & i @8 % 4k 0 B 5% 8 J1 (Lateral pressure) Fu k.t % F
HEME A J1 (Direct Longitudinal compressive stress) @4 bs s4 8 #H T B
B SE 4R A BB o0 A5 BLOM B 69 B 6 A 738 ok 185 18,000 1bs./in2, 1B #E £ @
BOLA 1R 2000lbs./in2, G2 FE MMM T RASCEMBBRA Hm
A e e 8 012, % 3% 3 1k 00 R) 88 28 30 W B B Juiske
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P = ik a2 8 & (Safe load on column),

d= §2ey i 8 (Inside diameter of steel shell),

t = 4§ 4% JE (Shell Thickness>,

p = 50 @R & 2 B | It 2 (Steel Ratio),

R = 88 5% £k o5 B8 2 4§ M J7 (Lateral pressure between core and shell),

f= Jue b4k 2 6 48 04 85 WA J7 (Allowable direct compres-
sive unit stress in concréte Core),

S=RRZw XY MMNA 7 (Allowable tensile unit stress of steel
shell),

K =98 % kL T A % 7 SRR WAL 71 R 4t M 1 Z )t (Ratio of

Lateral pressure to the direct stress in concrete),

= T q2f= 2 ~J P ........... taveran
R= 77 def=0.7851028 d_{ o Tasat (1)
Rd=2ts
= Ra _ Kid v eeree e rteeee e e e e reeseranrtoeenane
b= o8 T o ()
wdt 48 9Kf
Po gy g F g e e (3)

¥ W46 £ (=2000 lbs./in.2), S(=18,0001bs/in.2) F1 K (=0.12) f A

£ 3K

7

e
4 _
{ = 150 TP TICUPRRTEPITRTIPRIIPIRRORS PRI PI PRI PEIPIIPR P 4 D |

BESARBEUEEKLHTLUMEE Lo BB &8 —— B %% (Vis-
cous nature) ——E R AR EERKNABA N RS S EEBRUnS S
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150 + KXk I % gt f 3

it B (Loading Test), W 216 &u I8 8T b o0 OF B 45 b B8 40 50 & &8 w5 3 K Y
WEAAT UM ESF &R

bV A RS R X A IR T b AL B Y B IR B g X et i R RK HE
A7 T B #E A

C1Y) [ 48 e 5 & B W 28 SE R4 IE 7 J W1 DL 00 DO ot o U0t Mk RE:
3 AL AR, AT LA A M T R O A B9 % 5B OR 0 L RE AR A AE b AL 1R — Fi b,
(a) e HE & o0 55 5 0R i A T ORAS () TT LB MR (o) ko A 5
AR BE 2 DA L8 TR W TR W B R

(2) Bk BA o s 15 B 03 VRAE 09 3 5 BB R BE AR 4 B B R R T AR
B B IR A DL B,

(82 Ak Ah 058 550 i Jy oh AR BLAE W i A0 T A4S R D Rl S o B
fir LA 7 (Working unit st;rsss)

(4) H B R B W0 DR EE £ o i Mk 3 E 5.

(5 ) B a ARk o [ 100 B 78ROk o 8% gl 3 B5 7 ( Bending
Resistance),

(6) I3E L AL PTG ey 8 b2 ¥ i (Toughness), o %X 89 &k
SR R TR TR N L N

(7) MMKRAE L AL 6y B 8K 3T 7 (Shock-resisting capacity) B K,
i DA B AE # B s % (Earth-guake zone) (v £t 5% My 36 4 458 Bh.

(B WMBARELATUEEENGTXOREBAZTN T UAZ
ORI I T R T

() MBEH-BESEAAT AR oA ME Y B NG
R TFRELMEZFAEMOBIRLINBRBUERPNBPRERE
1 Aneak - R AR b oK bR Bl ROROBGT B R R A AL SRR K m kBt &
B A SRR SAE G B R B 0 LI AR LR R B AT A R
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MO ER#BnRELNERYERE2RMERXOEPFRGRE
LR SIS R W el R g R O I R SRR

%T$ﬁﬂﬁﬁ%a%m&im&mi&mxﬁm%mmﬁm%
A AbFHIE D &K 4R it L PR 4R (Flat slab) @ 28 5 b 0,05 568 90 G0 5%
I RFTRMIRRBMZAH M ERECHEBRERELTURBREN H
FE R OB A7 s LR AR Ghn B =R D). 2 & 4R 2 E (Floor level) 2
E VB U o R NEEE H Y N0 0N UL b obE 6 RIS A B LR s B B R RLIE
B Fgies i AR HE M A AH B R 89 4 8T (Hooked dowel), % - 38 ¥ o 8§ &,
B F R o SRR B R 5 3K B AT AR R R P B Mk 60 OR B Ml O R
# (Unbalanced End Moment),

O S DR bR TV B o ok R A B R R AR 00 NG 2 B W
MACREMEHEE R AR NERRABRRF LT ENER Y
B (DE%Iﬁi’-fﬁf&ﬁiﬁj‘iﬁcﬁdith*iibﬁ-,.-w;ﬁ*]‘lﬁﬂ(ﬁ%ﬁiﬁﬂﬁ(f), (
Max. safe direct Compressive stress), Hi ()M XA HEHRM pitbor
MR A ZHEE, gHAMD EETHEETREREUNRETF S @



152 t kK T B B

s B T MRS o0 B SR R 3 Hedu
(a) BRrEnR Lt amis i
(b)Y £E B BRM T8 TG B fu kL o B 5 B (Friction)d 4% RIS
(e) Fil & o9 8 B
(d) FIMEMAFEWHER (End gap) W R ABAEH O EE B
e
(e) 83X GE b ok A B 75 X IR %E R4k 43 M i 91 77 (Bending
resistance) #y }b B¥;
(£) B I B £ A fu 88 00 B8 %€ & HE 4 82 ® (Longitudinal defor-
mation) & M B
EREELABAHENHERIEBEERNEEIDMMBEFTALER
B SE AT 80 W BT DT U & 0 LOE I BT b AT 6% O R B OF 1R DA 0 4 i
BHHEENER

AT b A RRE R
B A KR UG 0 48 I 8 B AL R AT o i I KR
K T B BILER T B TR i OB A MR B TR BB
AELAEREGARTB 2HEFRTERBET ZEN
BRERLEEREDIAET NEEAA L ESRER T 5 ABE
By BEFERMZHAABIRIAHFEEZLRRE 57
L H ARV WHEBENTEFRBRZAENZZIHEAS
BREEMALZERNLERAS L ETTRENMMNELE ER
AT ESEEBREA NN FTAE LRI A S BA
B BEES - P HZRLURBRENZERZBFRE W

\-
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oK R Ok A
Column Base-Plate Design
Y i 1R 3% 2

S R AR S BREE AR EBEHF RPN TS R
B0 R GH B 4N FE OR # (Anchor bolt: DIt —~ S ZE L EXTH=
RKIBAFEZRBAZEBRREE -4 M RYEFHKER J E Lo
thers) L) A o) 88 45 P2 5@ b 8% 3R & iR 45 — B i 2 M4 & #UIR A T DL b
BE,

HEHSHZEm AN (B ERZEH AL DR RE: E
FRZZEE () B E R Z R G bR AE kgl O . (5D
Baiie e K /hEEIEE R 74 (Wind moment) i & Z | 7.(W) B
SEHG R R ZEEACE BB E I ZHFAL L= EB T U
EHALBEARTE AR T ERH GRS HER ZA/MEEE
F,4 DAl L3N TR 4E b B AT ik ST LB S R,

EALYHREEBAGRE T RB L2 BEREORZHBSZ AN
MERIAGRZ OB ERAEFEZHEESDETRELEERT S
AEBEREIAHEZ PR LESASBECSEOLERZEE
b RBEHERBEEMEI—BUXRZPMEN MEMEXAERENE
B & B (Leeward) Z—# O B RE L EHSEERT (Alowable
compressive stress) f., WIERZ B KA E - T 88 2 B

I E B Wz 5 TH R (Windward anchorbolts) #8548 B Y 88 Z v 88 355,
50 55 2 4 L BT 3 d—x/3 B 8 il J7 BT 0 B BLAR UG 7 1 o2 SLAR A
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V0 S A A ) x i
(Leeward anchorbolts) f fg @ 1% 3t 3 P I-v
(R 36 R JE 7 o R A IR R R 2 B TR me;/rET o lees
RV KP4kt Z 7R (Initial ten- '
sion),

MURERRZHE kdWhHE
HE WS 7 ool B B BE AR 2 4 0 R I (BE-
fective depth) & b 8 2 #8 Jr Jy Jd
IRABE 2 D R R AR T HR R 7
D2 BB EOEe(=Mr)H R

Wl gk 2 A 2 SR R e T R !
S0 AR T 2 R R A 0 2 %ﬁﬂkfﬁﬁ

o X 22 B0 AR 2 kd R

SHBEEEZHBH = (A)B
L 2R 1 fE SR x e G AR
2 B I8 B ot R IR B £ 2 Iy AT b
W % 220m B R (B 18 — 3 0 1% AR
Fr AL e AR B2 b RIx AR b EWMEE A9seuE ) bE
KEHRTFHERZ RS —= A8 £ H NI Y Y RRA-BHLL
v BB EERRERZ g 0 BHAT

WK a2 BB W R 20T 2 AR S T R &

EMLE A T 4R

B P ESHRERZHEDGI MBRZ %06 56 /O
g5 (Equivalent eccentricity) B e, 4 i {& AL Bt b RABEMNZP

TEmEZh (BMFEROMAEW EHFERRIIMEITE) W Pe=l,

(BIRI-gh & R/ EM




B Mol R Ok F 155

EMZEE hai A BE s ERHEANERN RN HARE B
S FEREFE R S AR B b An o RIS ARG B MR A (Wind-
ward end) B L, p BT R e M BN R A ZAERE S LW

e+ ¥z = %h #HH%

AEEZHELDEMTHEEAEEXR 2GR ZERN R RSZ
AE AP AR e RERZERBTZHEERD v B RAWRT
ZHRHEETHR xBSEHMN L TUMUEZBAEREBZ HBHEMKS
+ (fw+f.) hb, By P 22 .5 14

b= _(f;%f;c)h_(g )

Bo bz f 0B R N BT R b2 A 0E 6 kR R AR 2 B
A bR 7 B b 0 B T K R R R

AT (A FRH TS 2 6 7 o0 B o o IR B 0 4 T A R B O E 2R
W W 4 2T R — K AR B K B 6 2 9 SRR B BE T 2E Bt
T AR AR TR —HER NEJ ZANEAERR LERE
KB AR B A FT R T 2 T A

58 Jp [7) B ¢ I

(B) Kby T8 % o B 7 28 MOBE ORI AR B R e 2 ff 7% 0 K0T I 4% x % /b
S, B ) — T O K B E R T AE JELE 7 RO 2 6 O AR # DR 4L B E(A)
FRHETE R R x 2 AR (), I W TR SR x A Fhh, K P T
ER TS AEDERIAGEEZ RYEHR), & P=ibix W&
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BHERTZEZARBEBERILE2BERGNEZRATMAEPAS
AR IRGANBRIZEBEBTREIZABETERERZ—B
oYU

T =_.__Ilt(_;:’£?_( 5)

EKHU=HBE t =1 (h—x)/x #&
T = Pfe(h—x 2 NG D

MRE LURE R SEHR R RIS

T _ bfe(h—=XD2 e
fq 2fx (P

DR (D AT AT ZHEERROS RERRZ
LAY L Sk 0% M 200 i 2 0,3 e SERY 0 BRRILRIR 2 SR A SO
Z RGBS RSZ (R Engineering news record, Oct. 17, 1914), f/R B
E R VLR R RS G E,

¥ B B 7 2 4R

MBI EZREBRRP, Ee 2B ERBR 0 ARNESHR
BARZMAMBEEAEERAR T ASRIFRRAMRSEZRER LA
B B IR BLPT N A R A

A=
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Rk B3R 2 B
WM

B OKR) B R RR BB AR B A 3T K Z W AR () 2R R AT e
R L2 XK MEEERE T HBERTRAEABERABEZHN®MT X
RAERWMEARMEE KRB (OERTHEANREZBERNK DB
A B i g e B AR BT KR BR Z A | IR A CGE) W W R () W
B Ak o B BE R 2 BT kW T 2 4 AL 3 UK SELK BE SR W TR OT B 2K

B— WO A4 aEB H M Chittenden Z R LB RK%KBI BH L2
BRGERAL TR ZWBE R EZHFHRBEEERHZNE Z4H T &5
oM OB b B S RS R 2 R T R R

EMIEMEMEHRE LTREETEDS XS K (Hogt) X4
K (Troxell ™, 4% Hi W JbJH T8 Z W7 2,4 ZX i alt, B = 1S BF 58 2 438 & 2 3,

KR P E B Colorado Z Wagonwheel Gap & South California i sy >
ZFH BV R 2 % BLR Wagonwheel Gap 2 & £ AT 0% th 3t B Forest Service
& U. 5. Weather Bureau 3% Ja] M §i] 3%, South California Bl f ~ fi. = i <
BASKET AL ESRMEZERLKEEE A LeE2Z R #8008 =
WERBAUEBAZH ARG KK E - ZF 8K E&N
MLECER R o AU U AR PR R 3 R BOR k2 B 0RO O BE LA R du T

1& Wagonwheel Gap (L4 F i FB B 30) Wi R WM B M B8 Z ¥ %
B (@ AR B8 W TE A R A% B) LKA 5 £ 9000 £ 11000 1R = 9.1
B A 4 222.5 6L f% B A7 200.4 LR A RY Ok 36 BB BROK 302 B LT B
MEZRB PO R EEMD LZ2HKRE2RE RERDRBEER
1921 ERPFRALHBEREEABEZEERFSESRBNNELEAE
HABEAHREVWIPFRBLEFEALARBZHPR ST HETA
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EZHAMMERAZTREYD T RN SR AT RAAAMEF—-FTREX
W B TULBR % AR B Bk Z A Y 3 o 4L

£ South California (LI FH B sb) [H 1924 4 A B i nE Azusa Z
A H — Ak P BT 3 R PR R R A — b B R T
VAAE B 7K 6L 2 b BAL 5 ) ¥ p 1A Fish Creck 22 i 5 AC 8 5t #£.19 T 3k
30 0 55 56 %5 T 2 BRASIK 8 JE Fish Creek Z iEWM B YA Z HFh

Fish Creek -k K H5.0F 45 W45 W &F 22 p 8,3 B ook B R R0
T 1930 4 5 0 6 BT S5 W 2 K B30 46 4 2P o UL B A B A SR B 5K
Z Mount Wilson #5745 55.7°F, 4 4% 1 I $ (LI 5T F 4928 100°F, fE &2 F 4
Z 32°F LT A,

REFCHAEZAEEREAERBAGRZFATR (DHHR
REEAHZIER(DIRAFRRBENNZERGIAFHELD
ORI KERERBEINZEBRCIHFANARIRERZER

(D EEERBRRAMMZEE

(BTHBMEKRERTDSE - UBRRERT RN RaHEHZ
#25 BHIR 5T 8 2 8 W0 % IR SE & 5% — 0% 11 i B K Fish Creek:Z if
e fn .4 L B A (R BROR AR B) ST BE B 3t BULIE DA Santa Anita Creek
(K % K 5 %) B Fish creek 8 Z.

B g Z ICHE BE I M 2 o B R 2 S T R 1912, 1917 4 3 3 K
B 31, 1914,1915,1918,1919 P9 4 25 5iF 2 & 55 W% 01, 1913,1918 % 4 B 35 ¥ & A
WAL =ZNUS2RNUDERAZIRRAMEEAMRBZAXRER
REEB-BBEUXNEEHMZHEENEBS _BRUTRIEEMRAZA
FEFEEHBRE LRE—-EMRABZHERLAEFRGZIERBERB &
KRR HESF 2RSSR _KEZHE R 3K (Normal Dally
Discharge) Fish Creek f& Santa Anita Creek % LI ik It # 2,
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MBEEREEHEBZEMNERARUEREZEDES 2
ZE R R 2140 0Bt ) 3R 42 W 0 Fish Creek 2 fr K #,18 K K #
ZEIFEASIZHTE (1) MR XA E B BT WA BREZ BB
(2) K93 /s Fish Creek B¢ Santa Anita Creek 3§ 2 8 & 3504 £ (¢ &
FRW AR BRRNRENRE R

g
n.u
8 4
L R 5 ?‘3;%:/,
3 t | ez
gﬁ ‘% | ..i_,y;g?//{;; ?:/
% . -1'_“6:]__—’ | “T? f;q/ a"//‘ r a#
L E_ L e ni‘%“’f?«?ﬁt"
§ ] - i v')////é” :{A??"é’;?/r’//
5, ; f/’// %«;Q;%i;/
A7 A /
TN “
BN Tz 1915 154 1975 1916 1BI7 919 1919 1920 57T 1557 1955 1o 1905 158 J
Yeor '
F{g Ll
B f e
6 /7/’7,7%
. % 3
3 %’* e ot e :
E r/?55f’*28-?:/o/’
. Ly
;e 170
-l
J [ R/
] NN

0
A R L R Y [ETF sgst 24 19z 1920 J9ET 19758 /9729 s93a
ear

Fjs t2)
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ERMEHIT I Z AW 6 R DS & R0 Bk oK AL
WL MERKEFHRELRPERETERAEHL.

AL R W J2 Fish Creek s KB A2 RN E 2 RREN B HW T 3w
EHU LR tEMEed R E R AR s EROEMN A E
M R AR I 11 T AU 1 MR R ARTE N A8 Bt K AT B kR
WZEFBRKAEETZ ARA R Z WM Z 3K 7T &K
sy 7 SR I SR R = R
TRERFES M ERIMERL Z 50 8%
%m(ﬂﬁmmm&ﬁgﬁﬂﬁuﬂ it (U gy b 4 DO/KEE FERCHE T

VLTI~ o Ll 2 Y T & T e
s | T men mees | ™M 60 mon
£ OB O oz @R EOW w2 WO

1920 | 0.297 | ~0.039 0.336| 1925  2.47 | +1.61; 0.95

1921 | 1.529 | +0.698 0.831] 1926 | 3.2 +1.61 1.51

1922 2.141 +1. 212' 0.929 { 1927  1.58 i-+0.35 0.73

1923 1.195 +0.600 0.595 | 1928 ' 0.68 | +0.08 0.60

1924 | 1.204 +0.760 0.444| 1929  0.69 | +0.15 | o. 54

1525 | 0.310 '-;0 000 0.310 | 1930  0.74 §-+0 23 l 0.51

1926 0.019 0. 008 0.027 | = ’ —_—

MERTHERBERREZRRENES S HZHE =448
B RRCOR BUER Y IO OB R B2 OINRE B S EE £

EMBEHRZREREMERRBRZ S B REREBEFER2E
LYY AE 3B R W 2 BT = AR 00 i 5 4R 2 M N TR A Bk R BE T Mg 2

mMERZEERTERBERT DR B KEZ AN RKBE®%
B4 R R R BT (0 R 17 1506, T 1R O A OR 2906, A HE o 8
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Z 50 s AR — A% R R 19 B D E R O ol s SR O K R R 52% 2
BMEHMZE MBI RERA TSR AKLINE L2 ANER
LZWWORT & B AT B RSB LB Y 2 8 5 R IR
DU EBREH R ZHEMEHRASDRHE L2 L84 R
Mk R ZEMAE
()RR RBERE LD N 2B

ERBE-—NFHGRBZHRRATRAZHEEDRHAEBLIGE %
R B e S 1.6538 M 39%. {£ 1B Fish Creek ;2 i i #i Santa Anita
Creek Hidfe 2 B H LR 0K 165 REMNGEZBLERNES -2
EFHWRBEEREREIPZREAEAIZTANTEBSE - SEBRER
MZHMBERXARRZHEEN NEEBRAAKZBEHE2EN=AHL
yi[| TN B 2 Nl £ R T

Wi Z R ANERRFERRERTH T AKX ZEME B R T
W ZE M Fish Creek RIBFE —FE2ZWMAKEB R 22T HEKRE K
16.2 4%, 04 3o v 4000 B bz SEOR BB 5607 M B F W I K . (Normal Flood
Height) {B 38 = 4¢ Fish Creek Z KWV EEREBUE L4 Fai
B A Fe SR RS B R HE ¢ 22 10 e P DU B2 R RN 6 ORI 22 .75 R Ok W
HHE R REWE AR PR E RS .77 658 R 5
Wz AR EW R 2B &R Z A SRR

(Y BEFHW(LAETRH) 2L

BHRE-~HUHEEBRGHAZISHERZ S BILB0.93, 1%
SHRBHEBSILBERRLEBZE LA BZUSERTHGES 12%
Z 18 .

it HA 5 — ¥ ) Fish Creek f Sanita Anita Creek 2 37 F i i 2 =
HHEBOAB IR AL B 1.60. K RN 4 Fish Creek T H i 218
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WS ¥ 4 de  4T5Y%.

B D BME B SR SR R 5 DO I 2 G G
7K B B L WK 22 RET IR G O 2w DL SE R A T 2 2O S
B OSE LR b 2 BT WG AR AR AT 1200 2 MY RLAE s BT 476062 3] L
B BN ZREENMS YN Fish Creek fE PR KB THFN
B Uk /B T HE D 2 T 7R Be 7% 6.k RR BRI okt Y BB T SOKE R 2B M K
M ERE 2RI

(A)BAMAAFERRBEEAUZEZE
EE-HUEEBRER AR DER Z 2L B0.98 4 5 1

-----

zwz&%ﬂmﬂ%%M£mSmmmm“Mﬂ%¢mEZmﬁ&%
M w NI e S 1,67,

AN ERAERBESEMERZR LB M &M A A Fish
Creek K RBHEIPHEEZ8B LN MHEAR

AFHEBEARAE ANEEZIEE - NHUBINEE RS
1.27, 46 70 M [ O B R AR R T 15— A0 B 2 K R

REEFHEERMZBGEAE G F A F TR 28 MR KK
¥ e HLTE R R F o2 K WD AN W TS 4 P A

(B) Hifhfr Az B &

E—-BUZAEPERAZEETIAS LR OH 3. 158N &
BZEEPHAVREN TS ER _ B LePHBKAZS
WREEWMEUBHIAMBZAYVRNEWST 674 L HBE RN
ZHWERMASGZEZMHATRIDBEHERMER R EZ EABNH fEE
B WA T 3] Iz ¥ e Mmﬁ&ﬁ%ﬂtt@@%%ﬂf%ﬁﬁ&ﬁ%
*ﬁﬁ%t%@ﬁﬁhmﬁmZﬁ%bm$&Aﬂﬁ%&%%@ﬁ
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iﬁ'ﬂu:ﬁlﬁﬂﬁ%)"\s{ff RTE SR RBRSGAFERANS 2 L HER
KB R B Z & i 8.5K & BD 4% 5 .
Eﬁ%kakﬁﬁZ%"%ﬁM@ﬁ%ﬁﬁﬁﬁimﬂﬁﬁ%
MR ZHMEERLZREA R SBEEES ZFMW L2 XL
ﬁﬁ?femlﬁl&ffﬁ’"‘ B PR Y 3k &30 3 1930 9, R W 2 WP B A,
HEMEM I ZHRARAMEERR IS REEH GO BERZTHLR
B ® oM o 0% i B TR B 2 G K S e 1B W S B A I
8 B 98 Ko A6 Fisk Creek Ay fun B b 05 47 £ 4R R BE J8 25 2 88 8100 85 3R
o R MR b AT B R WY 2 4 O AR L,
*h o
MR DL L AT 2 4 BT A 3R K 2 7 AT WA 3% oK & B R W TR
fil 2 AL RLE U B K TR R B R 3R B R OR8] 2 T OREL 0 B Bt LR 4%
A% 08 28 B M % R B B bk 3500 0 3 OB K .38 4R i Steveus, Mead
HEHREHEI T A ERERZAR BEBEARAZ KR LM
ELHHEZBALP BPEEERGHENDBER HERKBRRERAEZ
RKEETEBHNEERBEIAEERRRBEAKERZAIS RTRAA
MBHmRZERETE MW AEERRREUE R 2.8 85 5% &R
FEHENBIXHEREAMREEZTRTLERER RN AZHRE & R
PR HERBENEDR KB BHARUTTEMAERESTH ER
HEARERBERFSER IR BN BEA KL P ER BT AR LR E
B2 kA RTGR SS90 A W 5908 Ak 2 4F B 09 800 B 5 R A O F
SHEZHERAEBRASR PR EGH —HH “In respect to runott,
each stream is a law unto itself,”

B 3% B A. S. C. E. Aug, 1932,



164 S S SN S - - BW=%

71 SNER R R A B /K3
(Gravity Bulkheads and Cellular Cofferdams).

(M2 LB R)
Raymond P. Pennoyer ¥ R
Eﬁﬁmﬁmﬁ%ﬁ:ﬁﬁﬁﬁ%ﬁ@ﬁt%ﬁ&ﬁfﬂ%iﬁ
HaEATZREKEREBE I FEZEGEET RE D %M 808
BEHRErEMAFZHERHWE & 2.
B Z & at P ¥a A
(= )ZEANERLHZAXZERL (2 )EREZ2HEEED BE
(Z)RBBLE2E (M) REBEABTZAN (E ) EEEMY
R 2 3% W Jr i % Z B4 i jE (Bending Moment),
B EHBSHEZRERPMBEOR LS EDR B S
WLBE Pe=w2 kW 3 £ 240 B W4 8 %8 I8 Jy(Horizontal liquid pressure)
< g
Peiow= BB EZHEBBEIBRIZENEL(SBLHFREZ B
LR A
Pw=ff KBz mat(EA D4R HIR E2E =Wtk
MR 7K Z &% 8%
Peombo= BRI R KZBREMBEBS B /MW B 4E T
TR EZHER)=Peiaw+Pw
We=%E 3 G R Lk B2 i 3
Weinw=4F 37 5 R it % 08 + Z &5 B
#= i o 1 & 2 & 4% B /4 (Angle of repose);
g=wgIR Lz Lo KA,
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WGy Ry o
IR, :
it T
2 i ﬁ‘! 4 -
Q ‘ [ ,g‘.:f}’m P (é it W".‘L’E._L
!I 2 ran |m i
e NN ) R =
£t G { <
-2 R A
1

o ——‘-T-—-

1 o1 i "-C':;I—.‘

LA KENE S IR RV
HE f B (Coulomb)ZA X Ay 2 V18 4 0 B0 Sk 1k o AR 3 28 B 7 r ik JE ),
P. = Wetan? (45° ~ ox’ ) LELRRI S LTS TTPRRPTPPSPRPRITRVPEISTIRT ISR PIRRIT ) |y

Peijnw= Wejnwlan2 (45— 5-¢) v ervevrinnimniiaiininaii, (2)
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PROOF OF MERRIMAN’S
GENERAL FORMULA FOR MAXIMUM
EARTH THRURT

= Lwh? Sin(6—§ )8in(A—x)8in{x—¢)
e Sin?eSin(x— J OSin(6+z—~x+¢)

on p.492 Baker’s A Treatise on Masonry Coustruction
where E=tne pressme of the earth against the back of the wall,
w = the vselght of a cubic unit of the earth;
h=the vertical helght of the walli
#=the angle between the back of the wall and the horizontal;
$x= the angle of repose of earth;
§ =the angle of surcharge;
x =the unknown angle between the plane of ruptare and the hori-
z ntal;
z=the unknown angle between the resultant earth pressure and

the normal te the back of the wall.

Sin(8—~4§) Sin(#—x)Sin(x~¢)
- wh2 K . SO X )y _
Let 4 wh Sints =K E=X Sin(x—§ )Sin(d+z—x+9)

Sin (x—#)=8in(x~0+v—~¢)=Sin(x—8)Co3(6—7)+ Cos(x—8)Sin(6—1)
= —Sin(§—x)Cos(8 —¢) +Cos § -x)Bin(d —¢)
Sin{x—§ )=Sin(x~0+4+86—§ )= —Sin(8—x)Cos{s - § )+ Cos(8 —x)Iin(f—§ >
Sin#+z2~x+1)=SIin(f—x+2z+3)=Sin(§—x)Cos(z + ¢) +Cos(£ —x)Sin(z + ¢
Let 8-§=A z+9=B & 6-$=C |

Sin(8~x)[—Sin(—-%x)Cos3C + Cos (4 —x)3inC) o
{—Sin(f —-x)CusA +Cos(? —x)SInAJSin(¥ —x)Cos B+ Cos(¥ —x)SinBj}

E=K
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Sin(8 —x){8in(8 ~x)CosC —Cos (¥ —x)BinC]
[Sm(ff —x)CosA —~Cos(#—x)SinASin(f —x)CosB+Cos(f —-x)SinB]

K Sin2(8 —x)CoesC—Sin(6 —x)Cos(8 ~x)BinC
Sin2(¢ ~x)CosACosB + Sin(8 —x)Cos(f —x)CosASIn B —Sin(§ ~x)

Cos(8—x)SinACosB —Cos2(8 —x)SinASinB
Dividing numerator & denominator by Sin2(?-—x)

E=K o C08C=Cot(8 —x)SInC |
CosACosB + Cot(? —x)CosASinB ~Cot(f —x)SinACosB - Cot2(8 —x)

Call the numerator S & denominator T

de. = %2__ [T { ~8inC[ ~Cse2(d—x)}—1) } -8 {CosACosBE—Gscztﬁ—x)J

(—1)—SinACosB[ —Csc2(§ —x)1( —1) —SinASinB2Cot (9 —-x)
[~Cse2(?—x)X—1) } |

Cse(6— x){ TSmC S[CosASmB SmACOSB-ZCot(ﬁ-x)SlnﬁmmBj}
S — 2 -

=0
. —T3InC=8CosASinB -~ SinACosB ~2Cot(? —x)SinASinB)
or [Go3ACosB + Cot(6 —x)Co3ASinB —Cot(d —x)SinACosB--Cot2{s—x)
SMASINB [ —8inC] =[[CosC — Cot(8 —x)SinC) CosASinB —~SinACosB
—2Cot(6 ~x)SinASinB]
or —~ CosACosB3inC+ Cot2(? —x)SinASinBSinC = CosASinBCosC
—5inACosBCosC—2C0t (9 —x)SinASinBCosC +2Cot2(4 —x)SinASinRSiuC _
S SinASinBSinCCot2 (8 —x) ~28inASinBCosCCot(? —x) + CozASinBCosC |
—SinACosBCosC+ CosACo3BSinC =0
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Dividing by SinASinRSIin(

Cot2(f —x) —2CotCCot(6 —x) + Cot ACotC—Cot BCotC+ CotACotB=0

"+ Coto sy = 2000/ ACTEEC —SCHRACTIC = CoLCOCH CoTACH E)

=CotC+ ~/Cot2C—Cot ACot C+CotBCotC—CotACotB
= CotC + n/CotC(CotC—CotA) 4 CotB(CotC —CotAY
= CotC+a/(CotC+ CotB)(CotC—CotA)

CosC -/ Sin(B+C) _ Sin(A-C)

= TS "SinBSinC ¥ "SinASinG
. Sin(B+C)3in(A—-C)
| osCr J STASINB
Sin G
_ 1 Sin(B+C)Sin(A—-C)
ST [C"SC“’“ | SinASInB ]

Sin(B +C)Sin(A~C) _
Let = SinASinB =G

Cot(8—x) =~ [Cosc+v“c;‘ ]

Cot2 (§—x) = et (C052C+2+/ G CosC+G)

Sin2C
From Eq. (A)
- 3 SinCt rC
Besynz SMA_ CosOmSUgelCeCiv G T
— 2. _-_ . o - - —
Sin?g CosACosB —[SinACosB —CosASinB] SiilC [CosC+~/ G
SinASinB —gﬁe—[bos C+2+/ G CosC+G]
SinA Sin2C{Co,C—CosC—. /G

3WhY gin2e X TCosACosBSin? S —(SinACosB - Cos ASinBICSINCTosC

435inC/G]—SinASinB{Cos2C +2+GCosC+ G
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_,8in2 C ~SinA~/G

Sin?0 X CosACosBSinC —SinACosBSinCCosC + CosASinBSinCCosC

 +28InASinBCosC]—GSinASinB

=& wh2 =1 _ e 2IARIRG
W (B 1 C) —CosACOsBSin?C —CosASinBSinCCosC

~ +SinACosBSinCCosC + SinASinBCos2C
/G [S nACosBSIinC +SinASinBCosC

+SinA8inBCosC —CosASinBSinC+ GSinASinB

M

\ 4 1o Sin2C -
Call 3 Wh S Sin(BFO) —

J SinASin® (B +C)Sin(A—C)

=M | _SimB
—CosASInC[CosBSinC + S8inBCosC) + SinACosC CosBBinG + SinBCos (]
"} ~/G[SinA(CosB3inC + SinBCosC) + SinB(Sin ACosC —CosASinC)]

" 3G SinASinB’

SinB
= B«I______ .- . . - . S E o e e e — e
—Co3ASInCSin(B+C) + SinACosCSin(B + C) + ~G{SinASin(B+C)

JSinASin3 (B+C)Sin(A=C)

+8inBSIn(A—C)]+GSinASiInB

[SinAsini(B+CSin( A-0)
SImASIn (B &5 .

+ /G [SinBSin(A —C)J+ G SinASinB
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Sm B
Sm(B +C)BIin(A—C) + /G SinASin(B + C) + /G SinBSin( A ~C)

+G SinASinB~

{sz(B-l-C'Sln (A~CSinB_, /Sin(B + C)Sin{A—C!Sin2ASin*(B +CjSinB

SinASI (B+CSiA—0C)  #~ SinASinBSinASin*(B+C)Sin(A—C)

¢ SEEEOSMN=0) T Sonsint A=0) «Sia B
SinA SinB SinASIn3I(B+C;Sin(A-C)

Sin?A Sin?B SinASIn'(B+C)3in(A=0)

‘/ szASImZBx SinZ n2 (B+C)Sin2(A — C)x o Sinp <

—

J Sn(A=C)SinB_ 7. blnz(A ~C)Sin2B me(A —C)SinB_
SinA Sin(B+C) SinZASin2 (B+C) Sinadin B+ C)

M
T it2 {_g-iI}{Af_C)SinB__+ §in (A—C SInB
SinASin(B+C)  SinASin (s+C)

= +wh? Sin?2C - _W_l,.______
E Sin285in(B+0C) [1+ Si_q_(A—C}SiuB_T
SinASIn(B+C)
= -4+ wh? Sin2(8—4)

) s Sin(¢— §)Sin(¢+2) 12
Sin?88in(6+z) [ 14 JSm(ﬁ J)Sm 0+z)]
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- 2 RGP DU Ry e b OF O 3G IR SEGE B R 00 BF L R OT g Bl
WG EHE BB B LA RE MR O WERTT TLEHE
BREBBLENS BB EANEPLEY LBRBRER O ETRE
G LA % Vertical Angle, WS4 HK B - W E B0 EE (Point
of Intersection), T M B A E X LB AW B BB 0ET
3 2R U1 B A B B GE e R DL IR 2 ok BT 1 Switch-Back i 3 JF
AR Bl B9 R B IR KR B 1 W T 4708 A 60 BT B R B O ki O L
BAXEWBRMBPHBRRMGBEEBRERTREE T - BB
BRI — R i B 2 A

2. M FHIEBSBAREBFEZTARIT—RETFHEELSA
Simple Curve, A F KM EB + A BB BB FIRMAE A+ AR m,
CHE AR BLAR AT M B 0 BE &K £ J Tangent-Offset Method, #2 4% ¢ i A F00
ERMERETBEPEEYHEE, (Length of Tangent ), i E JE (
Length of Curve), & External Distance, jij §t 2 #2 25 o B & ¥ 8 o 5 2 & .

S. MW E M M AMM— k& MEE (Bench Mark ), %K ¥ K
s B Double Setting Method {f 895 rb 54 40 MO 2 R X B S804 3
B Z A E mAsAE L O R EE ORI R,

4. HMFH BEZEGURIABREAPTBEEES=Z22RU
06 3% 88 K 8F 05,97 76 38 2 @ k& 5t (Paper Location), A #4 6§ 85 B 4 Alidade
AR EVBRIVEAFTE TR BEHFAN VM ERAESL &K
AT 6 B 8 T AR D AR R AR B s,

BEEMI T M Ml MBS R A B R R
BALARGSMOB/ERESELE N TEELESAR UGB E S EH®#E
REMBEZDEENEEFRIABRETLRABHEN BRSO BE
X B A Vertical Angle B FOK W A B3 MR e K TR A S #
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