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■teamshlpi of foreign build. The offer wm not accepted 
u It did not conform to the terms of the adeertlsement. 

(10) The Tweedle Trading Co. offered bids In triplicate 
for three ships, with a total carrying capacity of 3,000 
men, at a charge of $29 each for enlisted men and $50 
each for officers. 

(11) R. A. C. Smith, New York, offered to carry enlisted 
men at $30 each and offlcers at $60 each on steamers of 
the Spanish TransatlanUc S. S. Co., sailing under the 
Spanish flag, the United States to guarantee safe conduct. 

The Washington authorities will award the contract later. 

TUB OUTBR BRBAKWATBK LlQilTHOlTSE, In New 
Haren harbor. Conn., wUI be put under contract on Aug. 
1, 1396. This lighthouse will consist of a circular cast- 
iron caisson foundation 36 and 33 ft. diameter and 58 ft. 
high, sunk by the pneumatic process and filled with con¬ 
crete. The depth of water is 28 ft. to M. H. W., and the 
caisson will be sunk Into the sound for 8 ft., and then sur¬ 
rounded by rip-rap, 18 ft. deep. The upper lOH ft. of the 
foundation pier will be lined with brick work and forms 
a cellar, covered by the main-gallery floor supported on 
brick arches. This will be surmounted by an Iron dwelling 
house, 18 ft. diameter at the base and 45 ft. high to the 
focal plane. A covered gallery, with a diameter of 38^ ft., 
will surround the first story of the four in the dwelling 
portion. This gallery will be accessible from the water 
by ladders and a spiral Iron stairway. Inside, leads to the 
lantern. This light will be located some distance outside 
the entrance to the harbor, with the focal plane 61 ft. above 
Mean High Water. Lieut. Col. D. P. Heap. Engineer Corps, 
U. S. A., Lighthouse Engineer, Third District, Tompktns- 
ville, N. Y., Is the engineer In charge. 
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THE LOO OF THE U. 3. BATTLESHIP '‘OREOON,’* 
on her now famous run from Puget Sound to Florida, Is 
thus filed in the U. S. Navy Department: 

Record of Average 
1-Port.-, I-run.-, knots 

Left. Arrived. knots, hours, per h'r 
Puget Sound, San Francisco, 

March 6. March 9 . 826 72 11.48 
San Francisco, Callao, 

March 19. April 4 .4,112 375 10.96 
Callao, Tamar, 

April 7. April 16 .2,550 214 11.9 
Tamar, Sandy Point, 

April 17. April 17. 131 9 14.6 
Sandy Point, Klo Janiero, 

April 21. April 30 .2,148 221% 10.16 
Rio Janiero, Bahia, 

May 5. May 8 . 749.7 74% 10.00 
Bahia, Barbadoes, 

May 10. May 17 .2,228 191% 11.64 
Barbadoes, Jupiter Inlet. 

May 19. May 24 .1,666 141% 11.27 
The total distance from Puget Sound, in the Pacific, to 

Jupiter Inlet, on the Atlantic Coast of Florida, was 14,511 
knots, and the ship consumed on this trip 3,909 tons of 
coal. The total running time was 1,298.25 hours; and the 
average hourly rate of speed for the entire trip was almost 
11.2 knots. According to the above record the coal con¬ 
sumption was almost exactly 3 tons per hour of actual 
running time, auxiliaries and consumption in port being in¬ 
cluded, however. In the total. 
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THE EXTENSION OF THE WB.ATHER SERVICE to 
the Caribbean Sea is now befort*. President McKinley in 
the form of a draft of an order, and an appropriation of 
$75,000 to be used at his discretion for this purpose. Ne- 
gotlatlona 010 now in progress with other governments 
Interested and whose consent will be necessary In locating 
stations and providing observers. The scheme contem¬ 
plates staUons on the Islands of Trinidad, Curacoa. Mar¬ 
tinique, Haytl, the Barbadoes and San Domingo. Tlu-re 
are now operating stations at St. Thomas, at Kingston, 
Jamaica, and at Havana. The Mexiejin government Is 
also establishing a line of stations along the Mexican 
Gulf coast to Yucatan, and these are being fitted with 
InstrumenU adjusted to U. S. standards. With the pro¬ 
posed belt of stations dally weather reports would cover 
the entire coast line of the Gulf of .Mexico and Caribbean 
Sea for the benefit of the commerce of all nations. 

PROGRESS ON NEW WARSHIPS Is reported by Chief 
Naval Constructor Hichborn, to July l,"as follows: Bat¬ 
tleships “Kearsarge,” 61% completed; "Kentucky,” 61%; 
"Illinois,” 48%; "Alabama.” 61%; “Wisconsin,” 40%. 
These five battlesblpe are all to have a maximum contract 
speed of 16 knots. Of the ten torpedo boats under con¬ 
struction, the “Rowan” and “Mackenzie” report 99% 
completed; the “Davie,” 94%; the “Farragut” and “Fox,” 
88%; the “Dahlgren,” 80%; the “T. A. M. Craven,” 60%; 
the “Slringham,” 35%; the “Bailey,” 21%; and the 
“Goldsborough,” 10%. The submarine torpedo boat 
“Plunger,” at Baltimore, Is within 73% of completion. 

THE EXPORT TRADE OP THE UNITED STATES, for 
the fiscal year ending June .30. 1898, amounted to $1,2.31,- 
311,868, an Increase of $lSO..'tOO.n0O over the preceding 
year. The Imports for the same year were valued at $616,- 
0r>2,844. a decrease of over $148,600,000 as compared with 
1896; the balance of trade In our favor was thus $615,- 
259,024 for the fiscal year. For the month of June, 1898, 
the exports were valued at $91,808,263, or an Increase of 
over $21,600,000 over the same month of the preceding 
year. The imporU of gold coin and bullion. In the last 
fiscal year, amounted to $115,173,988, against an export of 
only $15,324,929. 

BIDS FOR TRANSPOR’nNG THE 25.000 SPANISH 
prisoners at Santiago do Cuba to Spain were opened In 
the ofllce of Col. P. J. Hecker, U. S. Volunteers, In the 
Army Building, New York, July 20, at 11 a. m. The 
United States Government will deliver the prisoners at 
Santiago, and It asked proposals for a per capita price for 
transporting offlcers and men from Santiago and deliver¬ 
ing them on shore at some Spanish port. Cabin accommo¬ 
dations must be provided for the 1,000 offlcers and the 
men are to receive the regular U. S. Army ration. Ships 
must report at Santiago between July 30 and Aug. 10, 
and payment will be made on satisfactory evidence of 
the landing of the prisoners in Spain. The following bldg 
were received: 

(1) New England Chemical & Supply Co., Boston, Mass., 
bid $890,000 for the transportation of 1,000 offlcers and 
24.000 enlisted men. Offlcers to have cabin accommoda¬ 
tion; enlisted men to be given steerage quarters. Trans¬ 
portation to be under any other flag than that of the 
United States. 

(2) L. A. Thleme & Co., Philadelphia, Pa., offer to carry 
25.000 Spanish soldiers to Spanish soil for $.38.3,000. 

(3) James W. Elwell ft Co., New York, N. Y., offer the 
steamship “Meustrla.” with accommodations for 1,000, at 
$.35 a head for enlisted men and $75 each for offlcers. 

(4) William H. Thompson, New York, N. Y., offers a 
steamer to carry 150 offlcers at $90 each, and 1,400 en¬ 
listed men at $45 each. 

(5) George Osgood Lord, New York, offers to carry 
24.000 enlisted men at $37.50 each and 1,000 officers at 
$72.50 each. Another bid was also received from.him 
which was not considered, owing to its not conforming to 
the terms of the advertisement. In which the United States 
was to provide blankets and rations lor the prisoners. 

(6) Thomas L. St. John bid $37.37 each tor officers and 
$24.87 each for men, including subsistence. 

(7) Joint bid from Anchor Line, represented by Hen¬ 
derson Brothers, New York; Cunard Line, represented by 
V’ernon H. Brown ft Co., New York; Leyland S. S. Co., 
represented by Sanderson ft Son, New York; Hamburg- 
American Packet Co., New York; Wilson ft Furness-Lay- 
Isnd Une, represented by Sanderson ft Son, New York; 
North German Lloyd S. S. Co., represented by Oelrichs ft 
Co., New York; Royal Mall Steam Packet Co., represented 
by Sanderson ft Son, New York; Robert M. Sloman ft Co., 
represented by Emil Boas, New York, bid as follows: 
$110 for offlcers, who are to be given cabin accommoda¬ 
tions; $65 tor enlisted men, to be carried In the steerage; 
payment to be made on the number embarked, without 
regard to whether the vessel reaches port safely or Is lost. 

(8) C. B. Richards ft Co., New York, offer two ships: 
“Spartan Prince,” to carry 40 officers at $55 each, and 800 
enlisted men at $25 each. 

“Tartar Prince,” to carry 60 officers and 1,000 enlisted 
men at the same rates. A second offer from the same Arm 
tendered lu services as agents to arrange tor the transpor¬ 
tation; this proposition was not considered. 

00 Davis ft Huger offered to furnish from one to fifty 

A PERMANENT EXHIBITION OF MANUFACTURES 
is proposed for New York city, under the direction of the 
Merchants’ Association of New York, an organization hav¬ 
ing as Its object the fostering of New York city’s trade. 
The scheme contemplates the erection of a suitable build¬ 
ing and the placing in It of a large and attractive collec¬ 
tion of manufactured articles. It Is further oontemplated 
to establish similar exhibitions In a number of European 
commercial centers. A meeting will be held Oct. 1, de¬ 
tails of which will be announced later, to organize a 
company for this purpose. 

THE COMPAGNIE TRANSATLANTIQUB or French Une 
of steamers, made, on July 3, a contract with the French 
government for ten years beginning In 1901. After 1901 
the company is required to make 52 round trips per year 
to New York at an average speed of at least 20 knots per 
hour. The company is now building at St. Nazalre two new 
steamships which are to have a guaranteed speed of 22 
knots per hour, and are to cost about $3,000,000 each. 
The “La Lorraine” will be ready In 1900, and “La Sa¬ 
voie,” three months later. In 1903 and 1905. two more 
ships, faster still, are to be ready for service. 

THE SCARCITY OF TIN ORB IN THE WORU> U 
pointed out by Geologist B. G. Skertchley, of Australia, in a 
published monograph. He shows that while known gold 
fields cover 1,500,000 sq. miles of the earth’s surface, the 
located tin llelda have an area of only 12,500 sq. miles. 
The seven tin districts of Europe produce about 8,300 tons 
yearly, with 8.000 tons of this credited to the Cornwall 
mines. Asia has two tin districts; Hunan, in China, said 
by some to yield 10,000 to 20,000 tons annually, but 
proven to yield less than 2,500 tons per year; and the tin 
mines of the Straits Settlements and adjacent territory, 
the richest In the world, yielding 58.000 tons yearly. 
Africa has no known tin mines; North America has no 
paying mines; South America mines less than 4,000 tons 
per year. In Bolivia and Peru, and Australia conUibutes 
about 6,0(X) tons a year. 

AN OCEAN UNER LARGER THAN THE "KAISER 
Wilhelm der OroBse,” of the North German Lloyd, Is re¬ 
ported to have been ordered by the Hambnrg-Amerlcan 
Line of the Vulcan Shipbuilding Co., of Stettin, to be com¬ 
pleted In 1900. The vessel will bo 685 ft. long, 66% ft. 
beam and 44 ft. deep. The “Kaiser Wilhelm” Is 648 ft. 
over all, with 66 ft. beam and 43 ft. depth. 

THE MORGAN LINE baa contracted wRh the Newport 
News Shipbuilding and Dry-Dock Co. for three freight 
steamships, to cost about $2,500,000 hi alL These vessels 
will be built of steel, with single screws, and will gener¬ 
ally resemble the “EA Rio” and her sister ships now In 
the government service. They will each measure 5,000 
tons gross, be 400 ft. long, 50 ft. beam and 35 ft. deep. 
They will have three decks, be provided with water-tight 
bulkheads, have steam beat, electric lights, etc., and 
triple expansion engines of 4,000 I-HP., with boilers car¬ 
rying 165 lbs. of steiun. The propellers will be 18 ft. 
diameter and the average speed la to be 17 knots. ’The 
Newport News Co. is a’jio building two vessels for the 
Cromwell Line; and two are being built for the OM Do- 
mloion Line at Chester, Pa.; all intended to replace ves¬ 
sels secured by the government. 

A HAWAIIAN CABLE CONTRACT was signed, on July 
2, between the executive council of the Hawaiian govern¬ 
ment and the Pacific Cable Oo., of New York, granting 
the exclusive right to lay a submarine cable between the 
United States, Hawaii, Japan and (Xilna. The grant also 
Includes the Ladrones and the Philippine Islands, subject 
to authorization by Congress. The proposed cable would 
start from San Francisco, and then proceed to the Ha¬ 
waiian Islands, a distance of 2,007 miles, and thence to 
Japan and such other Islands as shall be later designated. 
The total dtstancs from San Francisco to Japan would be 
about 6,500 miles, or, with 16% of slack, about 7,500 miles 
of cable would be required. The estimated coat of cable 
and repair ship la $7,500,000. The offlclal messages of the 
United States are to be transmitted free of cost forever. 
’The ofllcers of the Pacific Cable Co. are: James A 
Sohrmyser, president: Edmund L. Bay Us. vice-president; 
and these gentlemen, with Resu* Admiral John Irwin, J. 
Pierpont Morgan and J. Kennedy Tod, are the directors 
of the company. 

BIDS FOR 'TWO FLOA’TTNO DOCKS are asked for by 
the U. S. Navy Department, the cost not to exceed $250,- 
000 for both. Docks ready built are wanted, as there Is 
need for them now in Cuban waters, and two such docks 
are located in New York and ttwee are In and about Mew 
Orleana The bids for the larger floating docks, provided 
for In the lets naval appropriation bill, will be called for 
within a couple of weeks. 



34 ENGINEERING NEWS. 

CONCRETE ABUTMENTS FOR A RAILROAD BRIDGE AT 

BUFFALO, N. Y. 

The rebuilding of the abutments of the three- 
track bridge of the Buffalo ft Niagara Falls 
branch of the New York Central ft Hudson River 
R R. across the branch of the Erie Canal In Buf^ 
falo, N. T., known as "Niagara Slip," was made 
njcessary by the recent deepening of the Erie 
('anal, and the consequent removal of the glacial 
drift beta'een the original abutments, which were 
built of stone masonry some thirty years ago, and 
were founded upon this drift. The rebuilding was 
done during March and April, 180N, by the Don¬ 
nelly Contracting Co., of Buffalo, N. Y., and the 
arrangement of the work and plant present sev¬ 
eral features of Interest. The underlying lime¬ 
stone formation occurred at an average of 10 ft. 
greater depth; Its surface being very Irregular 
and varying 5 ft. or more In the area of the abut¬ 
ments. This was scraped clean to receive the con¬ 
crete forming the new structures. 

The branch of the canal spanned by this bridge 
connects the Erie ('anal proper with Buffalo har¬ 
bor, and two cofferdams were, therefore, needed 
to shut off the water. This construction presented 

dlfflcultles In that the adjacent formation in which 
the cofferdams must abut was of the most irregu¬ 
lar and uncertain character, consisting of drift, 
lake beach gravel with embedded logs and drift 
wood, and "made ground" of varied materials. A 
deposit of 8 ft. of quicksand was encountered and 
required careful handling to avoid undermining a 
closely-adjacent brick round-house. 

The bridge is in daily use by 250 or more regular 
and yard trains of the New York Central, Grand 
Trunk, Michigan Central, T.oronto, Hamilton ft 
Buffalo, and Canadian Pacific railways (three 
trains having often been seen on the bridge at 
once), and this service must be maintained with¬ 
out Interruption. To permit this, the bridge was 
supported upon pile bents at either end, and a 
platform was built beneath the bridge on which 
were placed the materials, conveyor and mixer for 
the concrete. 

The cofferdams were formed of crib-work 18 ft. 
wide and 22 ft. high, filled with clay. The crib- 
work, of 12 X 12-ln. square timber, was so designed 
that, without extra labor in building it. the tim¬ 
ber from the dry side of each dam could be taken 
out intact, and In condition to be used elsewhere. 
This was effected by using interior vertical posts 
with horizontal screw bolts, engaging the croes- 

tles and the face timbers, and with the nuts of the 
screw bolts exposed. No drift bolts were used in 
this face of the crib, and no gains were cut in 
the timbers to receive tie-heads, which came 
through full size, with the face timbers butting 
against the tie ends. Wakefield triple-lap and 
other forms of sheet piling were used to secure 
the ends of the dams and extend them, and no 
breaks occurred, though rises of the lake level of 
6 ft. or more, caused by the winds down the lake, 
overflowed the dams twice. 

After the area had been pumi>ed dry, the old 
abutments were taken out, and the excavations 
for the new ones were made to the bed rock. Upon 
the Irregular surface of this, the abutments were 
built of concrete for an average height of 18 ft. 
above rock (to low water line), and of rock-face, 
massive, stone masonry for 13 ft. above the con¬ 
crete. 

To construct the latter, an overhead track was 
built lengthwise of each abutmen.t, upon which 
traveled a truck, from which was suspended a 
10-ton Harrington hoist for the blocks of stone, 
which were thus carried to place and laid In the 
superstructure. These blocks were first lowered 
from cars on the bridge overhead by steam der¬ 

ricks, standing on the nearest cofferdam, and 
thus placed within reach of the truck-hoists. 

The total quantities were 835 cu. yds. of con¬ 
crete and 460 cu. yds. of masonry. The prices 
were $6.50 per cu. yd. for American Portland ce¬ 
ment concrete, and $7.D3 per cu. yd. for second- 
class masonry of rock-face sandstone and back¬ 
ing. The aggregate was $21,000 for the whole 
work, including building and removing of coffer¬ 
dams, etc. 

The concrete was formed of one part Atlas Port¬ 
land cement, one part beach sand, and six parts 
of crushed comiferous limestone and flint, using 
the total product of the crusher when set at 2-in. 
opening; the finely-crushed limestone included in 
this product being equivalent to one part of sand 
in addition to'that already named. These mate¬ 
rials were mixed by four or more revolutions of a 
Ransome rotarj- mixer, which is so arranged with 
interior paddles that one revolution is equivalent 
to four turnings by hand shovels. The mixer was 
run by a 10-HP. engine, supplied with steam from 
one of the boilers operating one of the cofferdam 
pumps. 

The crushed limestone and flint were run direct¬ 
ly into dump cars at the contractor’s crusher, 
and the cars were then hauled on to the bridge. 
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where their contents were dumped through th 
floor of the bridge on to the mixer-platform b 
neath. The plank molds into which the concret 
was filled and which confined it to the define 
form and dimensions, were composed of smoothly 
dressed plank placed with care to have the but. 
and Joints tight to prevent leakage of any surp: 
water from the concrete. That portion of t: 
forms which came between the pile bents 8upp..n 
ing the bridge was braced against these pile 
while the molds for the wing-walls were tied i 
gethei^front and back—by Iron tie-rods whi(, 
were removed as the concrete filling came up t 
them. As the concrete was to be wholly submerg i 
and out of sight, it was not considered that th 
face should be specially finished, and therefore th 
lines of the mold-plank show in the accompanyin 
photograph. 

The proportions of materials were here accurate¬ 
ly measured in cubical barrows of 2 cu. ft. ca 
paclty each, and the concrete was made In batches 
of 16 cu. ft. every two hours, producing about i 
cu. yds. per day of ten hours. This was conveye i 
to place and thoroughly rammed in 10-ln. layers 
with 6 X 8-ln. wooden rammers. No concrete was 

made or placed at night, and each morning when 
work was resumed, a thin grout of clear Port¬ 
land cement was spread over the top of the last 
made concrete, Just before placing the fresh con¬ 
crete upon It. The actual weight of the resulting 
mass was found to be 159 lbs. per cu. ft. after 
the test-block of about 1 cu. ft. had been dried 
for two weeks in a warm room; this being 9.'i% 
of the weight of the solid rock before crushing. 

The work was under the direction of Mr. Walter 
Katte, M. Am. Soc. C. E., Chief Engineer of the 
N. Y. C. ft H. R. R. R., with Mr. E. F. Van 
Hoesen, M. Am. Soc. C. E., Division Engineer; Mr 
Wm. Pierson Judson, M. Am. Soc. C. E., was the 
engineer for the contractors. 

The accompanying illustration shows the north 
abutment on April 14th. when the concrete bast 
was completed, and the first course of sandston 
superstructure was in progress. When completeil 
and the cofferdams-removed, the mean low water 
level stands about 1 ft. above the top of the con¬ 
crete. 

MARINE WOOD BORERS. 

(With full-page plate.) 

The destruction wrought by the teredo navalis 
upon marine constructions in wood is doubtless 
familiar In a general way to every engineer, but 
comparatively few are acquainted with the habits 
of this pest and with the methcxis by which h? 
accomplishes his destructive work. It is also a 
fact not generally well known, perhaps, that the 
navalis is only one species of the teredo, and 
that the teredo is only one of several forms of wood 
borers known to naturalists and abounding in suf¬ 
ficient numbers to be a serious menace to marine 
works constructed of wood. In an interesting 
paper, by Prof. Charles H. Snow, of New York 
University, to be presented at the Detroit Conven¬ 
tion of the American, Society of Civil Engineers 
next week, the more destructive forms of these 
marine wood borers are described, with numerous 
Illustrations of the animals themselves and their 
work. FVom these illustrations we have selected 
the engravings published on a full-page plate with 
this Issue, and from the paper Itself we abstract 
the following Items of most Interest In connection 
with them. We are indebted to the courtesy cf the 
American Society of Civil Engineers for the use of 
the cuts. 
. The four forms of marine wood borers, which 
are the most numerous, and, consequently, about 
which the most is known, are: the teredo, the lim- 
noria, the sphaeroma and the cheluiu. Of these 
the teredo is the most destructive, and therefore 
merits the most extended description: 

The Teredo. 

The teredo le a very ancient form of life, foaal’. remains 
having been found in both England and America. Among 
the ancients It has been mentioned in the writings of 
Pliny (23-ra A. D.). In modern times it was first ob¬ 
served and studied by tbe Dutch in 1730, when It threat¬ 
ened the woodwork of the Holland dykes. It has been 
since this latter date that most of our present knowledg 
of the teredo has been developed. Dp to the present time 
seven species of teredo have been identified as existing 
in the United SUtes, one of which la the'♦avails. This 

VIEW OF NORTH ABUTMENT OF N. Y. C. ft H. R. R. R. THREE-TRACK BRIDGE AT BUFFALO, N. Y., 
IN PROCESS OF RECONSTRUCTION. 

Walter Katte, M. Am. Soc. C. E., Chief Engineer. 
Donnelly Contracting Co., Buffalo, N. Y., Contractors. 



ity of species needs to be remembered, since, ow- 

e compsrstlrelr srester famlllsrlty of engineers 

nsTalls, tbe term “teredo navalls” Is used In- 

f.telr l>T manjr engineers in speaking not onljr of 

0 but of alt forms of marine wood-borers. The 

ame Is of course "teredo," which should be used 

.less tbe specific form of teredo is known. These 

species of teredo, however, are similar in their 
characteristics, which are shown by Fig. 1. 

The Boring Shell.—The boring shell, which is nearly as 

long as it is broad, presents an irregularly triangular ap¬ 

pearance when observed from the side. It may be best 

seen in Fig. 2. The two halves close tightly at the hinge 

and at the side opposite the hinge; the open space at the 

top being toward the main buik of the animal, and the 

opening toward the extremity of the tunnel permitting 

the emergence of the foot or sucker. The shells of young 

animals are Isrrger in proportion than those of old animals, 

and when the animal is very young it is for a short time 
entirely enclosed in the shell. 

The Foot.—The foot, which in form rest'mbles a pestle, 

is a short, stout, muscular organ, broadly truncated or 

rounded at the end, and so arranged that it can exert a 

powerful auction up<m anything to which it is attached. 

This cupping action assists tbe shell in excavating. 

The Lining Shell.—This shell follows the tunnel until 

it finally terminates in a apberical cap. The adult animal 

points only, and as the animal continues to live for some 

time under tbeee conditions It is evitlent tiuit its susten¬ 

ance is derived from other sources than the wood. 

Vital I’Tocesaes.—The teredo reeembles other bivalve 

mollusks in that it exists upon infusorial life. This food, 

together with the necessary amount of oxygen, is drawn 

in through the longer or incuirent syphon, and flows 

throughout the length of the animat Lntil It reaches tbe 
mouth at tbe other extremity. Tbe mouth, stomach and 

intestine are well developed and perform their usual 

offices. The oxygen Is retained by the gills. The return 

current, beginning at the gills, removes tbe exhausted 

water, the excretions .and the woody particles. These 

flow out through the animal and are ejected by the shorter 

or outcurrent syphon. The teredo does not devour wood; 

its form is such that dust and other debris have to pass 

through its body to the point of ejection. Where a teredo 

Is watched for some time, small clouds of very fine dust 

may at length be observed puffed out from the orifice. 

The circulation through the syphons Is continuous. The 

teredo may live for a short time out of water. This fact 

explains its ability to attack wood between high and low 

water. The specimens which enter wood where It is ex¬ 

posed between the tides do not seem to be greatly hin¬ 
dered in their work. 

The Boring Apparatus.—While the animal is still very 

small, it settles upon the surface of the wood and almost 

immediately begins to clear away a place in which to 

burrow. A small pit is made by the edges of the valves 

of the shell, which come together on pivots shown in Fig. 

2. The shells are controlled by powerful muscles acting 

so as to swing them backward and forward upon the 

pivots. Only a few of the teeth upon the shell are shown 

in Fig. 2, and these are exaggerated in slie. When the 

posterior muscle contracts, the shell, with the teeth, is 

thrown outward and backward and rasps upon the sur¬ 

faces of the wood. Tbe process is assisted by the foot 

which emerges through tbe large blank space between tbe 
shells and performs a cupping action. 

The Character of the Kxcavatlon.—The teredo is very 

small when it begins to attack the wood, and tbe hole by 

which entrance is made, which is the only perforation 

that appears upon the exterior, is very minute, as shown 

by Fig, 4. Fig. 5 shows the real Interior condition of the 

same piece of wood. The animal develops very rapidly. 

Tbe adult diameter is usually attained within 1 or 2 Ins. 

of the surface, and the hurrow increases in diameter reg¬ 

ularly from the point of entrance to tbe maximum diam¬ 

eter. The animal grows principally in the direction of 

length, and therefore it atacki the wood so as to accommo¬ 

date its quarters to this increase In length. The boring 

is first carried on acroas tbe grain, but ordinarily turns 

within a short distance and passes in the direction of 

the gra'n. This general direction is usually followed, but 

obstacles are so frequently encountered that the tunnels 

become exceedingly tortuous, and pass in every conceiva¬ 

ble direction. 

Tbe teredo usually passes around knots, although quite 

competeat to penetrate knots of oak and other hard woods. 

Adjoining tunnels are not encroached upon, because these 

This fact is well illustrated by Fig. It. tunnels are completely occupied by live teredos, and more 
ingenuity would be required to pass through one of them 

-;-^———-- than to avoid it. When cracks exist In the centers of 

large timbers, they are approached from all sides, but 

- the film is never willingly broken through. It prefers 

wood that Is not surrounded by bark. bc<-ause of the 

line contact between tbe wood and the bark. When 

a piece of wood is thoroughly infested, the animals have 

to pass very close to one another, the thin film of 

wood left between the adjacent tunnels Is reinforced by 

the calcareous lining. More than 50% of the weight 

. the wood may be removed by the teredo, without being 

greatly upon tbe surface. Wood may appear 

to be quite be so weakened that much 

can be crushed by the Failure, therefore, tre- 

quently comes suddenly. 

Fig. is from a photograph a log Panama ma- 

bogany, which was In the uplands of tbe isthmus and 

floated through fresh water to the harbor of Colon, where 

' .j remained floating in salt water awaiting shipment. The 

log was overlooked for one season, and the work of tbe 

teredo is thought to have been accomplished in about nine 

months. The heavy, wet specimen was shipped with 

others, under the Unpreesion that it was sound, but it 

broke by its own weight after its arrival in New York. 

The Size of tbe Teredo.—Tbe size of tbe teredo depends 

upon the species, locality and age,'and tbe absence of 

obstacles to excavation. Locality has much to do with 

development- Specimens grow more rapidly and attain 

larger size where the climate is warm. Tbe teredo con¬ 

tinues to grow until it reaches its maximum size, unless 

an obstacle is encountered. Tbe species navalls may be 

assumed to average from about % to %-in. in diameter 

and from about 10 to 15 Ins. in length, but specimens of 

the teredo frequently attain a much greater size. Prof. 

C. O. Slegerfoos, of Johns Hopkins University, writes that 

be has measured them up to 4 ft. in length and that tbe 

specimens thus measured bad not arrived at their full 

limits. The minimum diameter and length of a boring 

may be taken as ^-In. and 5 Ins., respectively. The 

maximum length may l>i> taken at 4 ft. After the teredo 

has penetrated the wood for a little distance, tbs diameter 

ig. 1.—Sketch Diagram Showing Distinctive Feat¬ 
ures of the Teredo. 

body; C, collar; p, pallets; s, syphons; B, boring shells 
f, foot or sucker. 

Notwithstanding its worm-like appearance, the animal Is 

a trus mollusk. Its principal parts are the body a, the 

collar C, tbe pallets p, the siphons s, the boring shells B, 

the foot or sucker f, and the lining shell. The last Is a 

calcarlnus substance invariably deposited by the animal 

upon tbe newly cut surface of the tunnel which be exca¬ 

vates; and it forma an enameled lining through which 

be can glide backward and forward as he expands and 

contracts. Tbe several members and their processes can 

be considered best separately. 
The Body.—The body of the teredo In the young animal 

Is so transparent that some of the interior organs, such as 

the heart and the ovary, may be observed through it 

The heart consists of two auricles and a ventricle. The 

puIsaUons, which may be readily counted, are Irregular, 

tbe rate being about four or five per minute. The blood 

is a transparent, colorless fluid. Many of tbe Important 

organs, as the mouth, the palpi, the liver and the foot 

are inclosed in the boring shell at the further extremity 

of the animal. The gills are located for the most part 

at the outside of tbe shell, and are long and narrow, 

usually reddish brown in color, and perform tbe important 

oIBce of sheltering the eggs and embryo. The nervous 

system is well developed, and consists of fllaments and 

ganglions connecting tbe mouth, the branchiae, tbe foot, 

the collar and the syphons. The stomach is not dis¬ 

tinguished by any peculiarity, but there is a well-devel¬ 

oped intestine. The great length of the body Is due to 

tbe elongation of the syphons or breathing tubes. 

The Collar.—The collar extends entirely around the pos¬ 

terior portion of the animal, and Alls the place between 

the body and the circumference of the tunnel. Water 

cannot pass through tbe oriflee of tbe tunnel, save as it 

Is controlled by the syphons. The collar contains several 

well-defined muscles, and these act upon the pallets, 

which arc pulled down over tbe syphons in such a manner 

as to close the entrance to the tube when tbe extremities 

of the syphons are drawn into the burrow. 

The Syphons.—The syphons are the two principal organs, 

and extend throughout the greater length of the body. One 

of these tubes conveys the oxygen, water and Infusorial 
food to the vital processes of the animal; the other con¬ 

veys tbe exhausted water, tbe excretions, the debris from 

the excavation and the eggs to the free water without. 

The outer structures of the syphons are united while they 

remain In the body, but signs of divergence are seen as 

they emerge from between the pallets. They continue 

united for a little and are then separated into two dis¬ 

tinct tubes. These divergent extremities constitute tbe 

only part of the animal which can be seen from the out¬ 

side, and are sometimes mistaken for tbe entire animal. 

The longer or Incurrent extremity can be pushed out to a 

distance of 2 ins. or more, while the outcurrent throat 

remains at about half the distance. The teredo is able to 

expand or contract these extremities at will and when the 

conditions are favorable they are extended through the 

orifice to their full length, and remain stationary or 

wave slowly backward and forward. When the animal is 

alarmed tbe syphons are withdrawn into the tunnel. The 

siphons are erected by means of a current of blood sent 
into them from the vessels within. When tbe water is 

warm the animal is active and the siphons are extended 

out full length. They are withdrawn when the water 

becomes cold, and the teredo Is entirely hidden. The ex¬ 

tremities of the syphons must always be * kept at the 

orifice of the wood. As the animal grows, the muscular 

collar and the pallets recede from the entrance, so as to 

permit the extremities of the syphon to remain there. 

The Pallets.—The two shelly plates near tbe orifice are 

called pallets, and are connected with the muscles of the 

collar so that they relax when the syphon extremities 

pass out between the crescents or horns, which will be 

seen at the top of tbe shells, and contract when the 

syphons are withdrawn. The pallets are then folded over 

so as to serve as an operculum to protect the soft tubes 

froii) enemies. 

Fig. 2.—Enlarged Sketch of Head of Teredo, Show¬ 
ing Boring Shell. 

Fig. 3.—View Showing Proximity and Tortuous Na 
ture of Tunnels Made by Teredo. 

The thickness of the lining varies with the species. It 

is sometimes so thin and fragile that it becomes detached 

by the slightest shock, and is sometimes very thick. The 

lining prvwents a surface against which the soft body of 

the moliusk may press without injury, and' also seals 

the Interior of the ceil so that the water supply may be 

better controlled by the syphons. 

The teredo rarely crosses a seam or Joint In the wood, 

probably because it fears for the integrity of the lining. 

Specimens exhibiting the attempt of the teredo to cross 

a seam show that tbe shell has been much strengthened 

at tbe Junction point. When tbe teredo arrives at ma¬ 

turity, or whenever an insurmountable obstacle is en¬ 

countered, It seals over tbe inner extremity of the lining. 

The growth of tbe animal, in length, is stopped in either 

case, and It is entirely surrounded by shell. There is a 

communication with the outer sea at tbe two syphon 
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■trmlKht and are parallel to one another. To ea< 
aeren sesmenU which follow the head is atUch. -l 
of short, stout legs, terminating in claws, the s' 

which suggests the small claw of the lobster. Th< 
surface of the body is coTered with small hairs to *hich 

‘' the 
Pair 

of 

iippi-r 

Fig. 7.—Sketch Showing General Appearance of Lli 
noria or Boring Gribble. 

remains atwut constant. Diameters are measured in this 
portion of the burrow and not at the entrance. 

The Range or Field of Work.—Tbs teredo operates 
throughout a Tertlcal Held of considerable depth. This 
held begins at a point a little abore low-water mark, and 
extends downward until the pressure becomes too great, 
or the soil at the bottom is encountered. The teredo 
seems to be able to exist for a little time without submerg¬ 
ence, and Is therefore able to lire abore the low-water 
mark, although exposed daily between the tides. The 
Interior extremity of the tunnel may be higher up than 
the entrance. The upper limit of the excarated wood 
cannot he determined by an examination of the oiiflces 
at the surface. The lower limit Is uncertain and Is probably 
different for different species. It has been assumed by many 
that the lower limit could be set at about 14 ft. below 
low water, but recent information, thought to be reliable. 
Indicates that pllea bare been affected at a depth of from 
ao to X ft. below that lerel. The fact that the Interior 
extremity of the burrow Is often found below the mud 
Hne has giren the Impression that tbe Held of the animal 
may extend below this limits but ths outside opening or 
entrance made by tbe teredo Is nerer below the soil, al¬ 
though the boring may turn downward for the whole 
length of the animal. If sediment accumulates around 
the bottom of the wood so as to corer tbe syphons, the 
death of tbe teredo results. 

It Is reported that In some harbors tbe teredos attack 
at the surface, and In others at ths mud line These dif¬ 
ferences are partially due to differences in the constituents 
of the I’pper and lower layers of water. Where the fresh 
water of a lirer meets the beary water of a sea, tbe 
teredo may be almost entirely confined to the lower 
stratum. The range or field of the teredo Is important, 
because protectire processes which could be confined to 
this field would be more economical than those in common 
use which are applied to tbe entire structure. 

The Rapidity of the Work.—The rapidity of tbe work 
of the toredo dopends upon conditions similar to those 
which gorem Its sise. Tbe erldence upon this subject Is 
not always accompanied by a statement of the conditions 
under which the results were accomplished, such as the 
species of toredo, the character of the wood, the season, 
the climate and the depth of submergence, all of which 
are points as important as the geographical location of 
the work. Tbe period In which the teredo accomplishes 
Its work Is variable. It may be six weeks or as many 
years, but rapid work la usually aocompllahed under the 
condlUona which exist In warm climates. Impure water 
and cold weather retard Its activity, while pure or warm 
water expedites the work. Maximum probabilities being 
more Important than minimum possibilities. It la safe to 
assume that a d-ln. boring may be driven In six weeks, 
and hence, as the animal attacks all sidee, a pile 1 ft. 
thick may be destroyed lb that period. 

Reproduction and Development.—Mollusks produce their 
young by means of eggs. Those of the teredo are spheri¬ 
cal In shape and greenish yellow In color. The animal la 
exceedingly prolific; the eggs of a single specimen being 
probably numbered by the million. The eggs are first 
deposited In the gill cavity, and are almost at once fer¬ 
tilised. They are free-swlmmlng at the end of three hours, 
have a well-developed shell before the end of the day, are 
very hardy, and all seem to be fertilised and to develop. 

The embryo passes through several Interesting stages 
before It assumes tbe character and form of the adult. 
It is first covered by fine hairs or cilia, which enable It to 
swim. These are soon lost, and the rudiments of a small 
bivalve shell appear, which Is at first heart-shaped and 
very small, yet large enough to enclose the entire animal. 
T'he portion of the body which protrudes from tbe shell 
Is fringed with cilia. These, again, constitute swimming 
organs, and the teredo swims actively until a piece of 
wood Is encountered. The shell has now become rounder, 
and organs of sight and bearing have been developed. The 
appearance of these organs marks a climax In the life of 
the young animal, and It begins to elongate. The locomo¬ 
tive cilia disappear, tbe eyes are lost, and the mature 
form is gradually assumed. The life of the larvae Is about 
four weeks, during all of which time they are free swim¬ 
mers. If the animal has become attached to wood, how¬ 
ever. Its energies may be expended thereon. The life of 
a specimen which has not found any wood to attack has 
not been determined, but Ig probably quite short. 

The extreme life limit of the teredo is unknown, but it 
Is thought that under favorable conditions the animal may 
live for several years. In the vicinity of New York the 
procfsaes of reproduction take place for the most part in 
May. They are not entirely confined to that month, how¬ 
ever, but may extend throughout a greater part of the 
summer. Reproduction In tropical countries is probably 
extended throughout the entire year. The animal may 
develop to a vary large slxe, and may possibly attain ma¬ 
turity In a single season. 

The Bffect of Climate, Temperature or Water.—Tbe 
teredo navalls thrives best under the influence of heat, 
but, notwithstanding this fact, it can resist cold to a 
considerable degree. It Is not active when subjected to 
low temperatures, yet It can endure them. Some species 
of the teredo have been reported as far north as Bkustport, 
Me., and they exist abundantly under such oonditiona sa 
obtain at Cape Cod. Destruction is not carried on as con¬ 
tinuously or as rapidly In cold climates as In warmer ones. 

and for this reason maximum results are seen along the 
South Atlantic and Gulf States and on the Pacific Coast, 
where tbe conditions are more favorable, and where re¬ 
production Is continued during a longer period. 

The purity of the water should be considered In con¬ 
nection with tbe work of the teredo. Some species inhabit 
pure sea water; some prefer brackish water, others abound 
In waters that are muddy, while others again live only in 
waters that are clear and pure.* The teredo Is often pres¬ 
ent in certain waters, yet absent Is the others nearly ad¬ 
jacent. This Is usually due to some difference In tbe 
water. Tbe xylotrya flmbrlata seems to be able to survive 
the brackish, impure water of the inner New York Harbor, 
while other species could not live there, though they are 
present In the nearby outer ocean. The teredo la very 
active on the North Pacific Coast, yet la absent near the 
mouth of the Columbia, where the ocean is Influenced by 
the outflow from the liver. 

The effect of the oondltion of the water upon the teredo 
is Iniereatlng. The opinion that the periods of un¬ 
usual prevalence in Holland were in some way connected 
with a change In the quality of the water was expressed 
as early as 1783, and since that time has frequently been 
endorsed by Dutch engineers. Dr. von Banmhauer, Hol¬ 
land Commissioner to tbe Centennial Eixpoaitlon, has 
called attentioa to the fact that but little rain fell In the 
years'when tbe teredo was so unusually prevalent, hence 
the smaller volumes of liver water were thought to have 
permitted larger proportions of salt to reach the coast. 
This theory Is strengthened by tbe fact that analyses 
showed a variation In the proportion of salt during dry 
and lalny seasons. 

The Distribution of the Teredo.—^Tlie teredo Davalis 
has been Identified as existing in the United States be¬ 
tween Florida and Cape Cod, and in Europe, from Sweden 
to Sicily. The teredo norvegioa has been found from Cape 
Cod northward to tbe coast of Malna The teredo mego- 
tara has been found In floating pine wood at Newport, R. 
I., and in cedar buoys, etc., at New Bedford, Mass. It 
has been found south as far as the coast of South Carolina. 
The teredo dUatata occurs from Massachusetts Bay to 
South Carolina. The teredo thompsonl has been found at 
Cape Cod, Mass. The xylophaga dorsalis Inhabits the 
waters of the North Atlantic. The xylotrya flmbrlata Is 
found along the Atlantic Coast from L<ong Island Sound 
to Florida. It also abounds in the waters of tbe North 
Pacific, and Is one of the European forma. Different spe¬ 
cies of tbe teredo are notably present in such localities 
as the Bermudas, Jamaica, New Zealand and Australia. 
Tbe teredo, as a rule, may be generally found In tbe 
tropics, and Is hardly leas numerous In many of tbe 
northern waters. 

Woods Affected by the Teredo.—All varieties of wood 
commonly used In construction are subject to attack when 
exposed to the teredo. Immunity is occasionally claimed 
for some particular wood, but it- will, generally be found 
that the claims have been based upon local conditions 
and are not fully substantiated. 

The following list of partially exempt woods has been 
eomplled by Mr. T. A. Britton from authorities which are 
said to be reliableit (Western Australia) jarrah, beef- 
wood and tooart; (Bahama) stopperwood; (Brazil) sicu- 
plra, greenheart; (India) malabar teak, sisso, may-tobek; 
(Sooth America) Santa Marla wood; (Tasmania) blue 
gum; and (West Indies) lignum vitae. It is not urged 
that these are entirely exempt, but that they have been 
exempt for long periods. Very few of them are widely 
known in construction. It Is understood that at South¬ 
ampton some greenheart piles have failed recently. It 
may be assumed that tbe conditions of impregnation or 
structure necessary to repel the teredo do not exist nat-, 
urally In such woods as are commonly used in engineering 
works. It may also be assumed, so far as known at pres¬ 
ent. that partial or complete Immunity, as applied to such 
woods as are in common use, is a question of locality 
rather than of variety of wood. 

The Limnoria LIgnorum. 

This small crystacean has several names, as the lim¬ 
noria terebrans, the gribble and the boring gribble. The 
limnoria has not been studied for so long a i>erlod as ths 
teredo. It was first noticed by Robert Stevenson In 1810, 
and was examined by Dr. Leach, who one year later pro¬ 
nounced It a new species. It has been Investigated since 
that time by numerous European writers, and, in tbe 
United States, It has been studied by Dr. Verrlll, of Tale 
University, and Dr. Sidney I. Smith, of the United States 
Fish Commission. 

The limnoria is gregarious and Is found. If at all, in 
large quantities. It is much smaller than the teredo, but 
It exists In greater numbers. It has been traced from 
New York northward to the Bay of Fundy, and large num¬ 
bers exist In the North Pacific Ocean. It Is a very fa¬ 
miliar and destructive form of life in Europe, if the de¬ 
struction accomplished by the limnoria could be estimated 
It would be found to be surprisingly gresL 

Descriptive.—Tbe limnoria. Fig. 7, is about as large as 
a grain of rice. The body Is flat, round at each end, and 
consists o( fourteen segments. The sides ars nearly 

*Perclval Wri^t describes a kind of “ship worm” called 
Nausitora Dunlopel found In India, 70 miles from tbe 
sea, in perfectly fresh vrater. 

tTioatlse, Rot In Timber,” p. 223. 

more or less dirt usually adheres. The body is rr .y|..h 
in color, and sometimes resembles the color of th. wet 

wood BO much that it is difficult to distinguish it The 

limnoria can swim, creep backward and forward, a,s well 

as jump backward by means of iU tall. When toueh-d, n 
rolls itself Into a ball, and In this particular, as well as in 

general appearance, it resembles the common sow bug. 

VlUl Processes.—Tbe limnoria differs from the tin-do 
In that It la a vegetarian. Tho teredo is sust.ninf l by 

infusorial life, but tbe limnoria devours wood. lu tun¬ 
nel affords both food and shelter. 

Boring Apparatus.—The limnoria attacks tbe wo(k1 by 

means of its mandibles or claws. It prefers wet wood, and 
succeeds in making a very clean-cut excavation. 

Character of the Excavation.-The work of the limnoria 

differs from that of the teredo in that it works upon the 
surface of the wood In such a manner as to be cloarly 

seen. The limnoria is similar to tho teredo in that its tun¬ 
nel must communicate directly with the salt water; h<mc<- 
neither of these animals can live in the interior of thick 

woodwork, such as that of a caisson. The limnoria maki-s 
a small, round, parallel-sided tunnel through whi h it 

can pass freely back and forth from the sea. The diameter 

of the entrance of the tunnel is similar to the average 

diameter. The tunnels are quite short, and are placed 

very close together, as shown by Fig. 8. They are so 
numerous that the wood is rapidly reduced to a serli-e of 

very thin partitions, which soon decay or are washed away 

by tbe waves, thus exposing a fresh surface which is at 

once attacked. Layer after layer is thus rapidly removed, 

so that the timber is destroyed in a very few years. Th- 

limnoria frequenUy works in conjunction with the teredo, 
attacking tho exterior, while the teredo destroys the in¬ 
terior of the wood, and this combination effects a rapid 
deetructlon. 

Tbe limnoria attacks both tbe hard and soft parts of the 
wood. The hard annual layers have not been avoided 
in tbe specimens examined. The limnoria can penetrate 
k^ts, but frequently avoids them, so that these hard por¬ 

tions stand out In relief as tbe timbers waste away. Iron 
rust Is said to cause a somewhat similar effect 

The Range or Field of Work.—^The wide range observed 

between the several species of the teredo does not apply 

to the limnoria. Its work, as observed in the Unltid 
States. Is generally confined to a limited distance above 

and below the low-water mark. Where the variation.^ of 

the tides are extensive, as in the vicinity of tbe Bay of 

Fundy, the range of the limnoria is correspondingly great. 
The United States Fish Ckymmission states that it has bei-n 

found, although rarely, as deep as 40 to 80 ft. 
The Rapidity of tbe Work.—Tbe limnoria doee not work 

as rapidly as the teredo. Tbe number of individual 

workers may be taken as a measure of the work they ac¬ 

complish. ITie number of tunnels is more important than 
their depth. Limnoria are almost invariably found in 
large numbers and destroy a layer from ^-in. to 1 in. in 
thickness In a year, the average yearly destruction being 
probably H-ln. Almost all wood used in marine locaiions 
is in the form of piles, which are necessarily exposed upon 

all sides. Their effective diameter may be reduced at the 
rate of 1 in. for each season, which result, while not 
equal to that accomplished by the teredo, is sufficient to 
cause a great loss. 

The Bffect of Climate, Temperature and Water.—The 
limnoria is found where the coldness of the climate pro¬ 
hibits the existence of the teredo. It requires pure sea 

water, and cannot exist in fresh or impure water, conse¬ 
quently it is not found at the mouths of rivers. 

Distribution.—The animals are distributed along the 

American coast from Florida to Nova Scotia. They exist 

sparingly In Long Island Sound, but are quite numerous 

upon the tv>ast of Massachusetts, and are very destructive 

in the Bay of Fundy. They are very active along the 

North Paclflo coast, and are as much feared in the vi¬ 
cinity of Puget Sound and the Straits of Fuca. They exi.st 
also in abundance upon the coast of Great Britain and In 

other parts of Europe. 
Woods Affected.—The limnoria seems willing to atta k 

all varieties of wood commonly used by American con¬ 
structors, but is said to prefer soft woods. It has been 
known to attack tbe gutta pereba of submarine telegraph 
cables. It is said that teak wood is free from attack. Fig. 
8 Is a life-size photograph of part of a piece of wood from 
Port Townsend, Wash., showing the vr^ck of tbe Umnori.^ 



(orations found in such localities may be assumed to be 
the work of the limnoris. 

The Range of Field Work.—The question of ranee Is 
unsettl^. The specimens found at Prorlncetown were all 
taken from wood submerged from 8 to 12 ft. below low- 
water lereL 

The Distribution of the Cbelura.—The chelura was Where t = the combined thickness in feet, of water 
sought many times along the American coast between 
New Jersey and Nova Scotia, but was not discovered until 
1875. It la yet confined, so (sr as known, to the two 
original localities. Wood's Holl and Provlncetown, both 
In Massachusetts, but It Is more than possible that tne 
animal has escaped observation, and that it is common on 
the North Atlantic coast. The unskilful eye would read¬ 
ily confound the chelura with the limnorla, although the 
two animals belong to distinct divisions of the crusta¬ 
ceans. It Is quite possible that some of the damage hith¬ 
erto ascribed to other animals has been accomplished by 
the chelura. 

The cheiura has been reported at many places on the 
coast of Europe, and is mentioned as existing from South 
Norway to the Adriatic. Attention has been called to the 
extent of Hs range. It la said to be an in habitant of 
Australia. In Europe a very great amount of destruction 
is attributed to this species, and efforts have been made 
to substantiate these points, but have thus far been un¬ 
successful. It may be that some European results, at¬ 
tributed to this animal, are deserved by the limnoria, as 
it is probable that some of the work of the limnorla in 
America should be attributed to the chelura, and it Is 
more than probable that the animals are frequently asso¬ 
ciated. Efforts to discover particular works affected ex¬ 
clusively by this form of life In Ehirope have not thus far 
met with success. The cbelura has earned a most un¬ 
enviable reputation in Europe, but H is not known in 
which places it exists as a specimen and in which as a 
pest. 

value of tbit ditcharge angle, b, may be found 
from the equation 

n t 
tan b =-. 

elny Vsiroyed. The work of these animals was first 
oUccU upon some of the tresUes of the Florida Bast 
oaaL Ka:l»uy in the vicinity of St. Johns River in Put- 
jni Vourty, Florida. Specimens of the wood were sub¬ 
mitted :o the Carbollneum Wood Preserving Ck)., of New 
ork city, and were referred by them to the Smithsonian 
iiititu‘.;on at Washington, where they were studied by 
llBs HaTlet Richardson. The animal somewhat resem- 
hs th^ limnorla in appearance, and is dark brown in 
3lor. It works between high and low-water marks. These 
re not tidal levels, but changes due to the wind assisted 
y the tides. The water appears to be quite fresh and 
le water liyacinth, which is not commonly found in salt 
ater. flourishes in the vicinity. The distance to the 
cean 1« about 100 miles. 

The Chelura Terebrans. 

This animal was first noticed at Trieste In 1838, and was 
exi found in some piles in tbe harbor of Kingston. The Fig. I. 

and bucket, at the point of discharge, as shown In 
the figure. 

n = the number of buckets on the wheel. 
R = radius in feet, to the average point of dis¬ 

charge from bucket. 
9.-Sketch Showing General Appearance of 

Chelura Terebrans. To Find the Speed for Maximum Hydraullo 
Efficiency. 

In Fig, 2, the nozzle T is shown, and four of the 
buckets or vanes, A F, N P, etc. The centre of the 
shaft is at M. 

A COMPLETE THEORY OF IMPULSE WATER WHEELS Let 

AND ITS APPLICATION TO THEIR DESIGN. H == Head of water available, before, nozale. 
P = Pressure per sq. in. equivalent to head H. 
V = Spouting velocity of Jet in ft. per second 

= A C in figure. 
V = Velocity of bucket for maximum hy¬ 

draulic efficiency at average point of 
discharge, in ft per second F Q in 
figure. 

a = Angie of Jet to the i>ath of tbe average 
point of water entrance = cos — * (p/r) 
= angle D A C in figure, 

b = Angle between the direction of discharge 
relative to the bucket, and the path of 
bucket at average point of discharge =» 
angle K F J in figure. 

c = Average angle of water entrance on 
bucket = angle D A B in figure. 

R = Radius of bucket at average point of dis¬ 
charge, in ft. = F M in figure, 

r = Radius of bucket at average point of wa¬ 
ter entrance in ft. = A M in figure. 

P = Perpendicular distance from center of 
wheel to center of Jet In ft. 

Nh = Revolutions per minute for maximum hy¬ 
draulic efficiency. 

Sh = Speed ratio for maximum hydraulic effi¬ 
ciency, I. e., ratio of circumferential 
velocity V of wheel to one-half the 
spouting velocity of the Jet = 2 v/V. 

Cf = Retardation or friction factor of water on 
buckets. 

C, = Retardation or friction factor of water in 
nozzle. 

Referring to the figure, the absolute velocity of 
discharge F H will be a minimum, and, there¬ 
fore, the hydraulic efficiency a maximum, when 

tbe tangential component F K of the relative dis¬ 
charge velocity F J is exactly neutralised by the 
velocity F O of the discharge portion of the bucket. 
The velocity of discharge P J relative to the 
bucket, is less than the velocHy A B of entrance, 
because of friction between jvater and bucket*, L 
e., F J Cf ‘ A B; also from the right angle trl- 

cbelura was not Identifled in America until 1875, when 
two small specimens were discovered by Prof. Sidney I. 
Smith at Wood’s Holl, Mass. No others were observed 
until August, 1878, when Professor Verrlll discovered a 
number of them in some piles at Provlncetown, Masa 
The cbelura unquestionably belongs to tbe amphipods, and 
there is apparently but one species of tbe genus. 

Descriptive.—The general appearance of tbe chelura. 
Fig. 9, resembles that of tbe ordinary shrimp, and tor 
this reason is sometimes referred to as tbe wood shrimp. 
Its shape differs from that of tbe limnorla in a very strik¬ 
ing degree. Tbe two animals resemble one another only 
In size. The chelura is a very active little animal, and 
swims upon Its back. It is a Jumper, and can project Itself 
to a considerable height when placed upon dry land, and 
In this respect resembiee the sand hopper. Tbe body is 
semi-translucent, and le thickly spotted or mottled with 
pink. The animal Is distinguished by three pairs of caudal 
stylets, tbe last of which are nearly as long as the body. 
Those of the females or the young animals are not eo 
long. 

Vital Processes.—The cbelura resemblee tbe limnoria In 
that it is a vegetarian, and its burrow affords both resi¬ 
dence and food. The tact that the chelura devours wood 
for sustenance is proved by the minutely divided ligneous 
matter found in tbe alimentary organs of dissected 
animala 

Boring Apparatus.-Professor Allman’s original study 
of tbe cbelura is In part yet regarded as authoritative, 
lie states that the cbelura attacks tbe wood and reduces 
it to minute fragments by means of a kind of file. 

The Character of the Ehicavatton.—Oreat difficulty has 
been experienced in obtaining specimens of the work of 
tbe chelura, and thoae obtained are not sufficient to war¬ 
rant many generalizations. In many particulars the work 
of tbe limnorla and of the chelura bear such a close re- 

FIG. 10.-APPEARANCE OF TIMBER INFESTED BY CHELURA TEREBRANS. 

semblance, Fig. 10, as to lead to the suspicion that these 
animals are sometlmee confused with one another. Tbe 
exeavatlons of tbe cbelura are slightly larger than those 
of the limnoria, but are conducted in much the same man¬ 
ner. as the wood is attacked entirely from without. Numer¬ 
ous punctures are made, and then the weakened layers 
lurcumb to the action of tbe waves, the surface thus ex- 
po8<'d being In turn attacked and tbe wood destroyed in 
the same manner. It Is stated that the excavations of tbe 
chelura are more oblique in tbeir direction than those of 
tbe limnorla, and this ia certainly true of the epecimena 
observed. 

Tbe chelura appears to prefer soft wood, and Its attack 
is nmde as much as possible In the softer annual rings. 
The work of the cbelura differs from that of the limnoria 
in that the latter attacks the wood at any available point, 
while the chekira. on (he contrary, prefers tha woftar 
poniona, and avoids tha hard wood around knoO. Pww 

bucket, and the resulting absolute discharge ve¬ 
locity become zero. 

For the velocity of discharge to become sero, 
it is then necessary (or the vekiclty of tlie waiter 
relative to tbe bucket at tbe i>olnt of discharge angle J K F, F J 
to be equal and opposite to the velocity of tbe dis¬ 
charge portion of the bucket In practice the dis¬ 
charge velocity can never be quite aero, as the 
relative direction of discharge must depart from 
a tangent to the bucket’s path, by a small angle 
of from 6* to 16* in order that the water may 
leave the wheel without being struck by and ex¬ 
erting back pressure on tbe succeeding bucket 
Referring to Fig. 1. it is clear that the minimum 

therefore, 

D C =* AB=-. 
C^cos b 

Since velocities of rotation vary as the radii, the 
velocity A D of the entrance portion of the bucket 

Now, from the figure A E » A D -f D E, or, •120 Ubarty St.. N. T. Olty. 



V CO* a --+-coa c; 
R Cr coa b 

which la 

coa c V r 
-- — Cf COB a-Cf. (2) 

CO# b V R 

From the flfirure, A C . ain a = D C . ain c, or (A 
O* Bin* a => (D O* aln* c. Substituting A C = V, 

V 

D C --, Bln* a = 1 — cos* a, and aln* c = 

Cf COB b 

COB ‘c 1 

1 — COB* c, thlB becomea--- 
COB *b coa *b 

V* V* 
- Cf* +- Cf* COB ‘a. (8) 

V* V* 

Squaring (2) and equating Ita second member to 
the second member of (3), 

I- Vr IV*' 
—.Cf* —2-Cf»coBa =-Cf*. (4) 
R* V R cos *b V* 

To aimpllfjr this equation let 

r pi 
A a —, B « A COB a = —, and C  -$ 

R R Cf coa b 

then (4) becomaa 

=a C* — A*, and, solving for 

V 

V/v, thus gives — «= B + V B* + C* — A*. (6) 

and, therefore, S|, --. (8) 

B + V B* + C* — A* 

Knowing the speed ratio Sh. the speed of the 
wheel for maximum hydraulic efflclency Nh 
be found from either of the equations, 

16 V S 15 S Or V’Jgh 183 S C» VP 

N ----- --- 
)r R )r R aR 

Where N = revolutions per minute, corresponding 

to any speed ratio, 8. 

To Find the Speed for Maximum Commercial 
£}friclency. 

The effect of bearing friction is to drop the 
speed for maximum efficiency below that for max¬ 
imum hydraulic efficiency. This Is shown In Fig. 
3. O A N C is a curve of HP. and speed of a wheel 
with frictlunless bearings, and Is therefore the hy¬ 
draulic efficiency curve of the wheel. Bearing 
friction varies directly with the speed, and may 
therefore be represented by the straight line O J 
B. By subtracting the ordinates of O J B from 
those of the curve O A N C, the actual or com¬ 
mercial efficiency curve, O D K, Is obtained, hav¬ 
ing Its maximum, D, at a lower speed ratio. 

The efficiency curve of a perfect wheel would 
be a parabola, and if a wheel has enough buckets, 
the actual curve does not depart from the i>ara- 
bollc form until the speed Is beyond the point of 
maximum efficiency. In the figure, O A B C la a 
parabola corresponding to the curve O A N C, and 
this when combined with the line O J B, gives the 
parabola ODE. 

It may be proven from the properties of the 
p8U*aboIa, that the ratio of O F to O F Is half the 
ratio of F J to F A, therefore, 

2-»D 
C,, = -(8) 

2 

Where, C?b = Ratio of speed for maximum com¬ 
mercial efficiency, to speed for maximum hydraulic 
efficiency = O G / O F In figure. 

D «=» Ratio of power absorbed by friction at the 
speed for maximum hydraulic efficiency, to the 
maximum x>ower that would be developed with 
frlctlonlesB bearings = F J / F A In figure. 

Putting S,. s Speed ratio for maximum com¬ 
mercial efficiency = Cb. 8h. equation (6) gives 

2 —D 
8.. --(9) 

B + V'B'+TT^'* 

Knowing Sc the revolutions per minute may be 
found from equation (7). 
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To Find the Maximum Commercial Efflclencr* 

The losses In a mounted Impulse wheel may be 
divided into noxsle, bucket, and bearing losses. 
Referring to Fig. 3, It n»ay be proven from prop¬ 
erties of the parabola that the miximum commer¬ 
cial efficiency O D, equals Cb* times the maximum 
hydraulic efficiency F A. Therefore, 

Eo = Cb* Eh (10) 

In which E,. = Maximum commercial efficiency. 

Bh =3 Cv* E = Maximum hydraulic 
efficiency. 

B = Maximum efficiency of buckets. 

The bucket losses may be further divided into 
losses due to clearance angle at discharge, friction 
of water or buckets, and irregular actions such as 
breaking up of the Jet by Impact, back pressure 
on buckets, etc. The irregular losses cannot be 
calculated, but are negligible when the entrance 
and discharge angles are correct, dividing edges 
sharp, and curvatures not abrupt. The propor¬ 
tion of power lost in the discharge (see Fig, 2) 

(F H)* V* tan* b 
--- —-or 

(A O* V* 
S„* tan* b 

The effect of friction between water and bucket 
is to reduce the velocity of the water, and produce 

Vol. XL. No. 
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a polygon of forces on the surface of the bucket, 
the resultant of which is practically perpendicular 
to the plane of rotation, and, therefoi'e, lost. 

The proportion of bucket friction loss 

(A B)* — (FJ)* 

Substituting A B = 

(Fig. 2.) 

-, and F J = 

this becomes 

(1 - Cf’) 

Minimum number of buckets allowabi 
Diameter of Jet, In feet 
Half the angle subtended by the botto i 

of the Jet = angle E D A in the fi,. 
2p + d 

p = Perpendicular distance in feet fr-im 
centre of wheel to centre of Jet. 

n = Radius of bucket in feet at tip, or in, 
tlal i)olnt of water entrance on 
bucket = D A in figure. 

8b = Speed ratio at which water commences 
to pass through between buckets it 
must not be taken less than Sc. 

The time of Jet from A to B Is 
2 n sin e 

The time of bucket from C to B is 
2 R 
- • C B 

V nSb 
and, from the figure, CB = ACB — AC 

= 2 g Ti 
\ 180 no / 

4 Cf* cos* b 

therefore from (11) and (12) the maximum effi¬ 
ciency of the bucket is 

Sh*tan*b Sh*(l—Of*) 
E = 1-(18) 

4 4 Cf* cos* b 

the second term being the loss at discharge and 
the third that due to bucket friction. The maxi¬ 
mum commercial efficiency may now be found 
from (10) and (13), thus: 

Eo = C,,* C,* B (14) 

To Find the Proper Number of Buckets. 

The number of buckets has much to do with the 
efficiency and regulation of the wheel. If too 
many, the losses due to the breaking up of the Jet, 
clearance angle, and bucket water friction, will be 
much increased; and if too few. part of the water 
will pass through between the buckets without im- 
pa.'ting its energy to the wheel. The effect of the 
latter on the efficiency is shown in Fig. 3 by the 
falling away of the efficiency curves GANG and 
O D K at high speeds. 

In Fig. 4, A B is the bottom of the Jet, and A 
and C two adjacent bucket tips. A particle of 
water having Just i>assed under bucket A, must 
overtake bucket C, before it reaches B; i. e, for 
the minimum number of buckets, the time of the 
Jet from A to B equals the time of the backet from 

C to B. 

Substituting value of C B, equating (15) and (IG) 
and solving for no, 

180 x R 
no -- (17) 

X R e — 90 Si, n sin e 

If a wheel is to be used without a governor, S„ 
should be taken as small as possible, so that the 
rapid falling off of efflclency at speeds higher than 
that for maximum efficiency, will tend to prevent 
racing at light loads. 

To Find the Entrance Angle of the Bucket. 

In order to prevent loss by the generation of 
heat, formation of eddies, backwater, etc., the 
bucket surface at entrance should be parallel to 
the course of the Jet relative to the wheeL 
Let Cl = Angle between entering or initial edge 
of bucket, and an arc of radius n, = angle DAB 
in Fig. 2. 

a» = cos-* p/n = angle between center line of 
Jet, and an arc of radius n, = angle D A C in 
Fig. 2. 

From the figure, D B * tan ci = A C * sin ai, or, 

A C * sin ai 
tan Cl = —--, 

AE — AD 

and substituting A E = V cos ai, and A D == 

VS^n 
-, this gives 

2 R 

8c ri 

cot Cl = cot -- (18) 
2 R sin ai 

CUUculations of a Wheel of 32-in. Nominal Di¬ 

ameter. 

The following r^Uculations will serve to show th^. 
application of the preceding formulae: 

The wheel in question is of the tangential type, 
discharging on the sides; the principal dlmensl<in^ 
being, diameter outside of buckets, 35 ins.; radiai 
length of buckets, 4 ina; diameter of Jet, 2 ins., 
radius to center line of Jet, 15% ins. These di¬ 
mensions, in the notation used, give: 

n =-= 1.46; 
• 2x12 

2 
d =-= 0.167; 

12 

The average radius of entrance will neoessarily 



model In the direction of Ita lenjtth, and V = the 
velocity of the air current in miles i)er hour. These 
equations apply only to models of the particular 
dimensions used. Equations of a more general 
character are obtained by reducing the forces 
acting upon each model to equivalent forces per 
square foot of area of oross section, as follows; 

For the Plto’t gage, P = O.OOSf* V*. 
For the model alone, P = O.fHtPJ V’. 
For the first model of a train, P = 0.001 V’. 
For the last model of a train, P = 0.00026 V’. 
For the second model of a train, P = O.OOOON V*. 
For any intermediate model between the second 

and the last, P = 0.0001 V*. 
The models being 1-32 the si*e of a 33-ft. box 

car, the area of surface of an actual car is 32* — 
1,024 times the surface of a model. The coeffi¬ 
cients of V* In the above formulae being multiplied 
by 1,024 the resulting values of P will then repre¬ 
sent the atmospheric resistance to the passage of 
an actual car at the speed of V. The atmospheric 
resistance of trains of such cars Is the sum of the 
resistances of the several cars, and It may be ex¬ 
pressed by the following formula, which Is devel¬ 
oped from those already given: 

A = (0.105 + 0.010 N) V*, 
in which A = the resistance In pounds, N the 
number of cars In the train, and V the speed In 
miles per hour. In a train of cars headed by a 
locomotive and tender, the locomotive should be 
regarded as the first car and the tender the sec¬ 
ond. A passenger car may be considered as equiv¬ 
alent to two freight cars. Taking the freight car 
as 33 ft. in length, a formula may he constructed 
in which the length of the train In feet. Instead of 
the number of cars, is a factor. 

Prof. Goss concludes his paper by summarising 
his several formulae In the convenient forms given 
below. He says they apply to trains and parts of 
trains having an area of cross-section equal to 
that which is common in American practice, with 
possible errors of from 15 to 20% in Individual 
cases. In the following equations A Is the tractive 
force in pounds necessary to overcome the resist¬ 
ance of the atmosphere, and V the velocity in 
miles per hour: 
a. For a locomotive and tender running alone: 

A = 0.13 V*. 
b. For a locomotive and tender running at the 

head of a train; A = 0.11 V*. 
c. For the last car of a train of freight cars: A = 

0.026 V*. 
d. For the last car of a train of passenger cars: 

A = 0.036 V*. 

e. For each intermediate freight car In a train of 
33-ft. cars: A = 0.01 V*. 

f. For each intermediate passenger car In a train 
of 66-ft. cars: A = 0.02 V*. 

g. For a train consisting of locomotive, tender and 
freight cars: A = (0.13 + O.Ol C) V*, where C 
Is the number of cars in the train. 

h. For a train consisting of locomotive, tender 
and passenger cars: A = (0.13 + 0.02 C) V*. 

I. For a train of freight cars following a locomo¬ 
tive, but not Including either locomotive or 
tender, A = (0.016 + 0.01 C) V*, 

J. For a train of passenger cars following a loco¬ 
motive, but not including either locomotive or 
tender, A = (0.016 + 0.02 C) V*. 

k. For a locomotive and any train, either freight 
or passenger: A = 0.0003 (L + 347) V*. where 
L is the length of the train in feet. 

l. For a train of cars, either passenger or freight, 
following a locomotive, hut not including ei¬ 
ther locomotive or tender: A = 0.0003 (L + 53) 
V*, where L Is the combined length of the cars 
composing the train. 

■tween p and n, and may be taken as equal 

p r 14 ^ 
r = 0.96 + 0.36 = 1.81. 

■ average radius of discharge will be slightly 
tl.an p. With type of wheel It may be taken 

I to 1.6 p - 0.6 r, or 
R = 1.9 — 0.66 = 1.25. 

; value of Sb should be taken to suit the con¬ 
ns under which the wheel is to run, as pre- 
,ly explained. Ordinarily take 

that the loss at discharge would be much Increased 
if the angle were made as large as formula (IS) 
indicates, and a compromise has to be made. This 
is, however, a source of considerable loss and 
should be avoided by proper designing. 

ATMOSPHERIC RESISTANCE TO THE MOTION OF 

RAILWAY TRAINS. 

In a paper with the above title by Prof. \V. F. 
M. Goss, published in the “Proceedings of the 
Western Railway Club” for April, 1898, there is 
described a series of experiments on wind resist¬ 
ance of small models of railway cars, from which 
the author deduces a set of formulas for the air 
resistance of actual trains of different number of 
cars at various speeds. The models used were 
1-32 the size of an assumed standard box car, or 
12 1-16 ins. long, 3^ ins. wide and 4Vj ins. high. 
They were placed inside of a smooth air-tight 
wooden conduit with glass sides, 20 ins. square, 
60 ft. long, through which air was blown by 
means of a fan blower, the velocity of the air 
current being ascertained by Pitot tube gages. 
The pressure exerted by the wind In the direction 
of the axis of the conduit was measured by a very 
sensitive dynamometer attached to each car. The 
condition of the cars being at rest and the air In 
motion was taken as equivalent, so far as the 
pressure tending to move the cars was concerned, 
to the natural condition of cars in motion through 
still air. Numerous observations were made with 
the number of oars varying from 1 to 25 and with 
velocities of air from 25 to 105 miles per hour. 
The actual pressures on the model cars, as reg¬ 
istered by the dynamometers, were compared with 
the theoretical pressures due to the velocity cal¬ 
culated from the formula P = .0025 V*, In which 
P = pressure per square foot and V = velocity 
in miles per hour.* , 

It was found that when one model only was 
used the ratio of the force tending to displace the 
model to the pressure due the velocity was re¬ 
spectively 0.61, 0.54, 0.48, 0.47 and 0.49 for ve¬ 
locities of 25, 41, 73, 88 and 102 miles per hour. 
For the speeds higher than 25 miles per hour 
the average ratio approximates 50%. When two 
models, placed end to end, were used the pres¬ 
sure on the first was about 40% and that on the 
second about 13%. a total on both of about 53% 
of the theoretical pressure acting on an area equal 
to the cross section of a model. For three models 
the pressures were respectively about 0.40, 0.05 
and 0.13 of the theoretical, a total of 58%. For 
five models the pressures were about 0.39, 0.03, 
0.04, 0.04, 0.11, a total of 61%. For ten models the 
pressure on the flrst was about 0.39, on the sec¬ 
ond to the ninth inclusive about 0.039 each, or 
one-tenth that on the first, and on the tenth about 
0.1, making a total of 80% of the theoretical pres¬ 
sure on the cross section of one model. With 25 
models the pressures were about the same on the 
flrst, last and intermediate models respectively 
as with ten models, the sum of the pressures for 
the 26 models being about 1.4 times the theo¬ 
retical end pressure on a single model. In all 
cases of trains of more thsm ten models, however, 
the pressure on the second model of the train is 
somewhat less than that upon the third or any 
other succeeding model except the last. 

The relation between the force and the velocity 
upon the several models of a train may be ex¬ 
pressed by the following equations: 

For a single model, A = 0,000116 V*. 
For the first model of a train, A = 0.000097 V*. 
For the last model of a train, A = 0.000025 V*. 
For the second model of a train, A = 0.000008 V*. 
For any intermediate model, A = 0.000010 V*. 

In which A = the force in pounds acting on the 

lUlf the angle subtended by the bottom of the 

|, • quals 
2 p -1- d 

e = cos-* -, or, 
2 n 

e = cos-* (0.93) = 21* 30'. 

To tind the proper number of bhekets use equa- 

:iou (17), 

M16 X 1.25 X 21.6 — 90 x 1.1 x 1.46 x 0.366 

The combined thickness, t, of water and bucket 
Area of Jet 

at ili.-d'harge equals -- + 
2 X Radial length of bucket 

thickness of bucket and an allowance for Irregu¬ 

larity. In this case, make 
t = %-ln. = 0.0625. 

To find the minimum clearance angle, b. use 

equation (1). 
24 X.0626 

b = tan-* --=11®. 
2 X 3.1416 X 1.26 

The actual angle of discharge will probably be 
about 16®. The friction factor of the water on the 
bucket (?f must be found experimentaily. It in¬ 
creases with the extent and roughness of the sur¬ 

face. Assume, 
Cf = 0.94. 

To find the speed ratio Sh, for maximum hy¬ 
draulic efficiency, use equation (6). In this equa¬ 

tion. 

Sh = - = 0.954 

1.02+ V 1.04+ 1.23-1.1 

The proportion of bearing friction, air resist- 
nce, etc., must be estimated. Assume D = 0.03i 
he coefficient Cb may now be found from equxa- 

0.985. 

The speed ratio. Sc, for -maximum commercial 
efficiency, may be found from equation (9), 

Sc = Cb Sh = 0.94. 
The friction factor Ct, of the water in the nozzle. 
Increases with the taper angle, being almost unity 
(or a thin flat plate, and for a reamed taper of not 
less than 25®, it is seldom less than 0.96 or 0.97. 
Assume 

C, = 0.97. 
The correct speed In revolutions per minute may 

now be found for any head or pressure from equa¬ 
tion (7), 

183 X 0.94 X 0.97 

N =-V P = 42.6 VT, 
3.1416x1.26 

The efficiency, E, of the bucket may now be 
found from equation (13), 

B = 1 — 0.019 — 0.034 = 0.947. 

Knowing E, Cb, and Cv, the maximum commer¬ 
cial efficiency may be found from (14), 

Ec = 0.97 X 0.94 X 0.947 = 86%. 

To obtain this efficiency, the Wheel must be run 

at the correct speed: L e., N = 42.5 V P, as found 
above, and the entrance angle of the bucket must 
be correct. 

To get this angle, use equation (18), in which 

ai =3 cos-* p/n = 29® 30'. 

Then the correct angle for the entering edge of the 
bucket is, from (18), 

Cl = cos-* (1.78 — 1.12) = 66® 80'. 

With some wheels the bucket is of such a form 

THE BLUNT DIVIDING BNOLNE. built by B. A O. W. 
Blunt, of New York, In 1861-58, has beet, secured, along 
with the business of Mr. F. Bskel, by Kolesch A Co., 
manufacturers of drawing instruments, of 155 Fulton St., 
New York. This engine, which was one of the flrst built 
in this country, and Is still one of the best in use, has a 
circle 35 ins. diameter, with the drcumference divided 
Into 2,160 parts, with six divisions to one degree. The 
engine was considered so important that an Illustrated 
description of It was published In book-form, hi 1868, de¬ 
tailing the methods employed in dividing the circle, cat¬ 
ting the circumferential teeth and In applying It to the 
dIviskMi of the circles of surveying and astronomical in¬ 
struments. The book contains a certifleate by the late 
J. B. Hilgard, of the U. S. Coast Survey, atteetlng the 
accuracy of the work. 

*[The theoretical pressure due the velocity is 0.005 
Instead of 0.0025 V*. The theoretical pressure produced 
by a Jet of any fluid on a plane surface at right angles to 
the Jet is equivalent to twice the head which would cause 

2 V* 
the velocity, or -, v being the velocity in feet per 

2g 
second (see Church's Mechanics, pp. 761, 808). If A => 
area of the plane lis sq. ft., w •« weight of 1 cn. ft of air 

0.0781 at fK2° F. and atmospheric pressure, and F e* 
V* 

total pressure on the plane. F — A w - If A 1, 
g 

w 0.0761, and g — 32.2, F » 0.00236 v*. If v is Uken 
in miles per hour, v » 22 -!- 15, v* 2.15, and F 
0.00507 V*. This correction will cause all the flgures given 
by Prof. Goss to express the relation of observM to 
theoretioial pressures to be divided by 2, but it makes no 
change In his formulas for resistance, which are based on 
experiment and not on theory.—Bd. Bng. News.] 
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We published In our issue of July 7 a report 
made by Mr. Henry B. Seaman, M. Am. Soc. C. B., 
on tne condition of the various paints applied to 
the 155th St. viaduct over the trax^ks of the Man¬ 
hattan Elevated Ry., in New York city. We ac¬ 
cepted and published the report on the strength of 
Mr. Seaman's reputation, without taking meas¬ 
ures to verify its accuracy; but as some severe 
criticisms of this report have been since presented 
to us, two members of the editorial staff of this 
journal visited this structure on July 16 and care¬ 
fully examined it. As a result of this examination 
we are obliged to advise our readers that no con¬ 
clusion whatever as to the relative merits of the 
various paints under test should be based on Mr. 
Heaman's report, and we regret having given pub¬ 

licity to It. , 
To explain more In detail, Mr. Seaman In his re¬ 

port said: 
In msklnE the exEmlDsUon, s careful general scrutinr 

was given to each girder from the platform below, and 
each was given a percentage mark, denoting the amount 
of surface free from ruaC These percentages were then 
carefully compared and reviewed so that they might 
correctly represent the comparative condlUon of each glr- 
«)M-. When these tests were completed, a thorough In¬ 
spection was made by climbing through the structure, and 
the character of rust was denoted for each girder. 

In the table accompanying Mr. Seaman’s report, 
the percentages of the surface of each girder free 
from rust varied from U9% to 25%, and some of 
these percentages differed J>y as little as 2% from 
each other. The editors of this Journal who have 
examined the structure agree in stating that no 
such accurate estimate as these percentages would 
Indicate Is possible by examining these girders 
from the platforms; and in fact no reliable esti¬ 
mate Is possible at all with the girders In their 
present condition. They have examined the struc¬ 
ture from the platforms, and also climbed through 
It, as did Mr. Seaman. They find practically the 
entire steel-work covered with a coating of ash, 
dust, soot, etc., so that any accurate com¬ 
parison of the conditions of the different paints 
is impossible. It must be understood that nowhere 
on the whole viaduct are there patches of deep 
red rust, such as are found on an iron structure 
after considerable exposure to the weather, and 
which stand out plainly against any dark paint. 

Such rust as is to be found on this structure is for 
the most part in the form of fine pin points, ex¬ 
cept where leakage from the floor overhead has 
spread rusty water on the Iron and has discol¬ 
ored it or caused local rusting. To determine ac¬ 
curately the percentage of surface free from rust 
under these conditions and especially from the 
platforms 17 ft. below as Mr. Seaman claims to 
have done, Is about as easy as counting the bees 
in a swarm. We do not mean to say that no dif¬ 
ferences in the condition of the various paints are 
discernible. On the contrary, Oirders Noa 3 and 
8 are, as Mr. Seaman indicates, In much worse 
condition than any of the others; at the same time 
his percentages, 25% and 30%, as the surface of 
these girders free from rust, would in our opinion 
be more accurate if stated as ‘25% covered with 
rust. We allude to this merely to show that anv 
estimate of the percentage of surfe.ce free from 
rust on the various girders of this viaduct is a 
matter of rough guess-work under present con¬ 
ditions, and probably no two experts could be 
found who would guess alike. 

The test of paints in progress at this place prom¬ 
ises to furnish some interesting and valuable data 
sometime: but we believe it is too soon yet to 
make any comparison of the conditions of these 
various paints that will be worthy of general ac¬ 
ceptance by the profession. At least a doxen of 
these girders show trifling if any difference in 
their condition, and this Is really to be .expected, 
considering that this i>aint has not been on a 
year yet and it was applied to an Iron surface 
as clean as the sand-blast could make it. 

After the paint has been In service for two 
years or so, it would be an excellent idea for the 
committee of the American Society of Civil Engi¬ 
neers, which has in charge the subject of paints 
for metal work, to make a thorough examination 
of and report upon the condition of the various 
paints on this structure. Such a report would 
carry weight with the profession that could not 
attach to a report made by any city official or any 
single engineer, however exi>ert. 

Judging from a communication In the Cleveland 
"Plalndealer,” of June 30, one C. C. Merrill, Man¬ 
ager of the Mexican Clay Co., of the City of Mex¬ 
ico, has either been very unfortunate in the selec¬ 
tion of bis acQuaintances; or, he shoaidibe at once 
employed In writing war despatches for Governor 
General Blanco. This party is making sewer-pipe 
for the Mexican government under a valuable 
concession, and, doubtless, for purposes of his own, 
indulges in fulsome and uncalled-for praise of the 
strict honesty of the Mexican officials with whom 
he has to deal. There is no particular harm In 
this; but he then goes on to draw comparisons be¬ 
tween the Mexican and the American engineer, 
and says that in selling sewer-pipe In the United 
States, "I never found an American engineer that 
I could not buy, except be bad been bought up by 
the man ahead of me.” As to this statement, Mr. 
Merrill has either had an exceedingly limited ex¬ 
perience as a selling agent; or, what is much more 
probable, he simply Ilea There is no doubt from 
his own confession but that Mr. Merrill is venal 
enough, for in his statement he calmly acknowl¬ 
edges offering to a Spanish Chief Elngineer terms 
of “mutual benefit" The mistake he makes is in 
measuring others by his individual standard. 

In the description of the process of liquefying 
air in use by Mr. (IThas. E. Tripler, of New York 
City, in our issue of April 14, we described the 
method and apparatus by which a portion of the 
highly compressed air is made to furnish a re¬ 
frigerating effect which causes liquefaction of an¬ 
other portion of the air. 

An Ehiglish inventor. Dr. W. Hampson, now 
claims to be the original Inventor of this process 
of “Self-Intensive Refrigeration,” as he terms it 
In a paper printed in the “Journal of the Society 
of Chemical Industry, May 31, 1896, Dr. Hamp- 
Bon explains in detail his method liquefying air, 
and gives his reasons for believing himself to be 
the original Inventor of this process of liquefac¬ 
tion of air and other gases. 

So far as we have been able to find, neither Dr. 
Hampson nor Mr. Tripler have taken out Amer¬ 
ican patents on their Inventions yet Mr. Tripler 
has an English patent (Na 4210 of 1886), which 
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Dr. Hampson alleges is actually a heating appj. 
ratus instead of a refrigerating one, and he fur¬ 

ther claims that Trlpler's successful production 
liquid air has all been done since the publicat. 
of the Hampson system and apparatus in is;*.’. 

Those interested in the subject of liquid air a 
do well to secure a copy of Dr, Hampson’s p, 
phlet, which is printed by Eyre & Spottiswo<; 
the well-known Ixmdon publishers. We presu. 
that the United States patent office will have 
sift the question between the two claimants in 
Interference case. 

The vexed question of the improvement of tl. 
Chicago River in order to make it navigable ii 
the large steamers now coming into use v. 
brought up for discussion at the meeting of t! 
Western Society of Engineers on June 1. At t'., 
meeting a paper was presented by Mr. G. A. ii 
L:ljencranz, U. S. Assistant Engineer, describ n. 
the existing obstructions to the navigation of laig 
vessels. A number of plans of awkward locatf i,> 
on the river were exhibited, on which the outllii^ 
a large steamer had been plotted, showing grap.i- 
ically the difficulty, and in some cases the impusm. 
bility, of such a ship getting through. The gui- 
eral situation and the relation of the Chicago) 
River to the commercial interests of the city hav. 
already been fully presented in our columns, and 
it is only necessary here to state briefly the con¬ 
ditions. The narrow and tortuous channel, which 
is obstructed by numerous docks, bridges, brldg- 
piers, the roofs of three tunnels, and numerou.s 
bends and sharp turns, passes through a busines.-< 
and industrial district, and is traversed by a very 
large tonnage of shipping in the trade with th. 
freight wharves, grain elevators, coal and lumber 
yards, etc., which have been established along the 
stream. At present the river is practically a nav 
igable sewer, the water being black and offensive 
and the bottom being a soft foul mud which is 
kept stirred up by the steamers. It is expected 
that this condition at least will be improved when 
the drainage canal is completed, but the fllthines.s 
and dilapidated condition of the surroundings will 
remain unless some radical steps are taken for 
the general improvement of the river. It is not 
generally known that there is an existing or¬ 
dinance (passed in 1809), establishing certain dock 
lines, but this is absolutely a dead letter and dock.^ 
are built far beyond the prescribed limits, without 
regard to the requirements of navigation. The 
drainage board will increase the waterway at 
some points, in order to secure the necessary 
amount of flow to the canal, but this will be done 
by means of covered conduits and will not im¬ 
prove the navigation. For the latter purpose, the 
U. S. government has undertaken to cut off cor- 
ne.-s and widen the channel at certain points, but 
this work will be of limited extent, and is but a 
temporary expedient. It will remain for the city 
to undertake the more extensive work of lowering 
the tunnels, and replacing the center-pier draw¬ 
bridges with bascule bridges which will neither 
obstruct the channel nor interfere with the wharf¬ 
age adjacent to the bridges. With this might and 
should come a general rectiflcatlon of the channel 
and an improvement of the river front. 

It certainly seems evident that the city should 
delay no longer, but at once take the matter in 
hand, as there is urgent necessity for the adoption 
of some definite plan for the improvement of the 
long-neglected river on a bold scale, and not by 
mere petty improvements which practically leave 
the general problem untouched. When once such 
a plan is adopted, the work of carrying it Into ef¬ 
fect can be done gradually as means will permit. 
The size of steamers employed in the lake traffic 
has shown a marked Increase within recent years, 
and the government is now establishing a 2I-ft. 
channel through the lakes between Duluth, Chi¬ 
cago and Buffalo. In recent reports. Major W. L. 
Marshall, U. B. Engineers, has shown that many 
of the large vessels whose length and beam enable 
them to pass through the Chicago River, cannot be 
given a full load on account of the limitation of 
draft by the tunnels, and cases are not infrequent 
where loaded steamers ground in the shallow 
water over these tunnels. 

The return to Spain of the 26,000 pFisoners of war 
lately taken at Santiago seems to be not only the 
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ool ecouamical method of dealioK with the prob- 
but aleo an eminently wise eduoaUonal step. 

These reiurnln* prisoners have met the Ameri- 
. . la battle: they have practically witnessed the 

desTrii. tion of Spain’s best fleet; they know how 
0^, V, jdiers can fight and our sailors can shoot; 
and every man of them will be a missionary «n 
Si*.a. helping vastly to dispel the dense Igno- 
raiivc concerning the United States, which is now 
ou ..f the greatest obstacles to the restoration of 
j . 0. On the other hand, it is an economical 
{na.-;, because the per capita cost of transferring 
tiie-e prisoners to a Spanish port is small com¬ 
pared with the expense of bringing them from 
baatiago to the United States, and then feeding 
and guarding them for an uncertain length of 
time. There is besides the added risk of importing 
di.-M-a.se should the prisoners be brought to this 

country. 

in uur issue of July 7, in referring to the four 
Spanish cruisers sunk at the oatiie of Santiago, 

stated mat their armor was Harveyized nicKel 
steel. A correspondent usks uur autnuriiy tor tins, 
and vie find on more caieiul investigation that the 
Ciistobai Colon" had a belt of U-in. Harveyized 

annor, whether nickel steel or not we cannot say. 
The other three vessels had 12-iii. side armor, of 
what material we are not intormed, but, judging 
by the date the vessels were built, it probably was 
not nickel steel or Harveyized. 

THE DEMAND FOR FASTcR BATfLESHIPS. 

in uur issue of June 2d we called attention to 
the serious blunder which our Navy Department 
has made in fixing upon a speed of only ii> to lU 
knots for the iniee new battiesmps tor whicii it is 
now asking bids. We then snowed tnat every 
naval power in the world except tne United btates 
has increased its standard speed tor battlesnips 
to from 17 to lb knots; that theie are already at 
least titty foreign battleships aiioat or under con¬ 
struction which have speeus one to three knots in 
excess of the speed of any of our batt.esnips; and 
that for the United Suites at this time to build 
new battleships with speeds even lower than the 
speeds of its battleships now afloat will injuie its 
naval prestige as much as the loss of a battle. 

Uur prediction that if the American public once 
understood the significance of this action by the 
Navy Department, a universal protest woUid go 
up, has been amply verified. The presentment of 
this matter by Engineering News has been copied 
and commented upon by the principal newspapers 
in almost every city in the countiy, and our ur¬ 
gent plea that the Navy Department should revise 
its action and make plans lor our new vessels that 
will put them at least on an equal footing with 
those of foreign countries in the matter of speed 
has been unanimously approved.* 

Moreover, the newspapers are ably continuing 
the agitation for a change in the Department’s 
plans. A number of the leading Journals through¬ 
out the country have taken hold of the subject in 
earnest, and by rei>eated editorial presentations of 
the subject have awakened a public sentiment 
which the Navy Department must sooner or later 
recognize. Such Journals as the ‘‘New York Trib¬ 
une," “Brooklyn EJagle," "Pittsburg Dispatch," 
“Washington Times," "Minneapolis Journal,” 
"Buffalo Enquirer," “Cincinnati Commercial 
Tribune," and others of similar standing the coun¬ 
try over are urgently demanding that the naval 
authorities shall change their plans and make the 
new battleships vessels in which the nation can 
take Just pride. 

The only attempt by the Navy Department to 
Justify its decision in any way that has come to 
our notice, is a Washington dispatch in the “New 
York ’Times," of July 8, in which “high naval of¬ 
ficials” unnamed are quoted at some length. The 
substance of this reply we quote verbatim as fol¬ 
lows: 

.fixing of a sustained speed of 16 knots an hour 
I.*'’.2’**' i*tUeshlpa was made after careful consideration 
or the question in ail its bearings. It Is an easy matter 
to Increase the speed of ships, but without sacrlflclng their 

. "sy unanimously, but In the Interest of abaoiute 
** nuiat reoard that one PbUadalphla nswapapor 

thinks U to 16 knote is fMt anooghi. 

offensive and defensive qualities R can only be done by ( 
increasing their slse. 

In consequence of the limited depth of water In moat 
of the harbors on tbo American coast, H has come to be 
u unwritten law of naval construction in this country 
that the draft of the largeot of our warships, in their 
normal condition, aball not exceed 24 ft. Most of the big 
baiUeships of European navies draw 27H ft. Depth is a 
most Important factor in increasing di^lacement, and 
as it is limited in tbia country by the shallowness of our 
harbors to 24 fu, locreased dlap.acement must be sought 
in either length or breadth or both. ' 

In designing a battleship of more than 12,000 tons dla- 
placement with the draft limited to 24 fU, the increased 
volume, if gained by lengthening, would result in a veatel 
of too great length for efflolency, increasing the weight of 
defensive material and reduclug her haadineoa In squad¬ 
ron evoluUona. It the beam alone be increased, the vessel 
would be too wide for many of our docks, and would af¬ 
ford an unesisy and highly unaatlsfactory gun platform. 

It la further held by many naval authorities to be ex¬ 
tremely doubtful whether a higher speed than 16 knots 
an hour would prove of pracUcM value to a heavy fighting 
ship. For steaming long distances such a speed could 
not be used, and no squadron ever manoeuvred or was any 
naval battle ever fought at as high a rate of speed as that. 

A great deal baa been aald of the superior speed ot/Ad- 
mirl Cervera’s late squadron, but while those ships were 
credited with a speed of 20 knots “on paper" they never, 
from the time they api>eared at the Canaries, showed an 
ability to “get there" at a higher rate of speed tban ten 
knots. The fact that all tour of them were overhauled 
and sunk by our orulaer “Brooklyn" and battleablpa of 
far lees nominal speed, although the Spaniards bad the 
advantage of a start at full speed, is convincing evidence 
of the futility of their boasted swiftness. 

It is one unfortunate feature of the astonishing 
naval victories which have been won by the Uni¬ 
ted States fleets in the present war that they tend 
to beget in the popular mind an over-confidence 
in the powers of our present naval vessels, and a 
tendency to overlook the weak points in our na¬ 
tional defence. It is natural enough that the 
non-tecbnical public should take the results at 
Santiago and Manila as conclusive proof of the 
efficiency in every respect of our fleets; but it is 
surprising, indeed, to find such arguments used by 

“high naval officials." 
Further, as a matter of fact, the Santiago bat¬ 

tle offers conclusive proof to the veriest tyro in 
naval strategy of the enormous value of high 
speed in a fighting vessel. Had the Spanish cruis¬ 
ers been able to reach such speeds as their en¬ 
gine power should have given them, even with 
their barnacle-laden bulls, the chances are good 
that they would have got out of range before the 
American vessels on guard could get under way 
and stop them. As it was, the fastest of the four, 
the ‘‘Cristobal Colon," did outstrip the other ves¬ 
sels and get entirely away and out of effective range. 

It was then that the "Brooklyn” and the “Ore¬ 
gon" undertook a stem chase after the fleeing ves¬ 
sel. The former vessel has about the same speed 
rating as the ’’Colon," but was not her equal in 
armor or armament; and in a duel between the two 
vessels fought with equal skill on both sides, the 
“Brooklyn" would probably have been worsted. 
What the result would have been had the two ves¬ 
sels fought alone will never be known, for the “Ore¬ 
gon,” running at a 16-knot speed, was able to come 
to the assistance of the "Brooklyn," and made the 
defeat of the Spanish vessel sure. 

The newspapers are accepting the Santiago bat¬ 
tle as clear proof of the value of speed in a battle¬ 
ship, and they are right For that matter, the state¬ 
ment of the “high naval official” that no battle 
was ever fought at a greater speed than ten knots 
is disproved at once by this very conflict. As for 
other naval battles, it is probably true that few 
or none have been fought with greater si>eed than 
ten knots, simply for the reason that very few 
naval battles have been fought with modern high¬ 
speed naval ships. Everyone familiar with 
naval warfare, however, knows that numberless 
actions have been fought with one vessel or fleet 
making all possible speed to escape and the enemy 
using every effort to overtake them. These are 
exactly the emergencies for which high speed in 
naval vessels is demanded. 

The "high naval official” quoted above seems to 
think that the falling off In speed which Cervera’s 
ships showed, is proof that the speeds of contract 
trial trips are no index of what a vessel can really 
do. But because that proved true with the Span¬ 
ish vessels, it does not follow at all that it is true 
in the American navy. In fact the "Oregon’s" 
speed in her chase after the "Colon" was very close 
to that recorded on h’er trial trip, notwithstanding 
the more or less foul condition of her hull. 

Practically the sole argument that deserves to 
be considered in the above statement by the naval 
officials is the claim that the depth of our harbors 
limits tbs draft of Amsrtcstn battlssbips Co 24 ft. 

and the width of our dry docks limits their beam. 
Det us see how much there is tb this argument. 
In the first place, it should be understood that 
there are only a few harbors on the coast which 
a 24-ft. draft vessel can enter at low water any¬ 
way. The list of ports with a depth of water of 
24 ft. or more at low tide on the Atlantic and 
Gulf coasts is as follows:* 

Port. Depth, mean low tide, fU 
Porttand .2S» 
PortamouLh .(Admits any vessel.) 
Providence.2.'i 
New York ..Ho 
Baltimore .27 
Norfolk .26 
Newport News.2f> 
Yorktowti .2:1 
Key West .2r*H 
Tortugas .24 
Penaaoola .24 
New Orleans .26 
Sabine Pass .24 
Galveston.21 

It appears that there are only 14 ports on our 
Atlantic and Gulf coasts which our present bat¬ 
tleships when loaded to 24 ft. draft can enter at 
low water; but we fail to see that this Is a matter 
of any particular consequence. So long as a bat¬ 
tleship can reach the naval stations and dry docks 
where she is to be equipped and kept In repair. It 
Is a matter of little consequence whether she can 
enter the other home ports or not. A glance at 
the above table shows that she can enter nearly 
as many of the commercial ports drawing 26 ft. as 
she can drawing ‘24 ft., anyway. 

As for being able to reach the naval stations, 
battleships of any desired draft can reach the 
Portsmouth and New York navy yards, and the 
same is true of the anchorages at Hampton roads 
and Dry Tortugas. To get up to the bertha at 
the Norfolk yard, some dredging would be neces¬ 
sary for a vessel of 26 ft. draft or more; but If 
the United States can afford to spend as many 
million dollars as it proposes to upon new ships, 
it can afford whatever may be needed to dredge 
the channels leading to its principal naval sta¬ 
tions. For that matter, if our largest battleships 
can reach the four stations named above we do nut 
see that they need further accommodation. 

Let us turn next to the matter of dry duck ac¬ 
commodation. At present we have Just three 
docks on the Atlantic coast which can take in 
battleships of the dimensions now proposed (ex¬ 
cluding the Port Royal and League Island docks, 
which are inaccessible to our present battleships 
by reason of shallow water). Congress has just 
appropriated the funds for five new docka We 
know of no reason why these structures should 
not be made wide enough and deep enough to 
take in whatever size of battleship the conditions 
of National defence makes it wise for us to build. 

When one really stops to think of it, how absurd 
seems the declaration, that this country has set¬ 
tled down to^a basis of a 24 ft. draft and a 16- 
knot speed as a permanent limit for its battleships. 
Other nations may progress as they please, 16 
knots is fast enough for us! How long is this 
standard to last, pray? Are we to continue pla¬ 
cidly on that basis, no matter what progress other 
nations make, until perhaps in some future naval 
battle the superior speed and manoeuvering power 
of an enemy’s fleet may win them the day? 

‘There have been various conjectures as to the 
reasons why the Navy Department adopted this 
low rate of speed for the new vessels. It has been 

‘ alleged that the three or four great shipbuilding 
' firms who will doubtless take the contracts for 

them wanted to build duplicates of the vessels 
of the "Alabama" class now under construction 
to save the expense of duplicating drawings, pat- 

‘ terns, templates, etc., and Increase their profits. 
We do not believe this to be trua Neither do we 

* believe that the Navy officials merely wished to 
• save themselves the trouble of making new de- 
1 signs throughout for these three ships. 

We believe the real reason is a sort of ultra con¬ 
servatism that prefers to follow the beaten path 

> to making any new ventures and prefers to sit 
comfortably down and rest content with 24 ft. 

' draft and 16-knot speed, rather than to attempt to 
C follow English and Continental naval designers 

j •’This list {Deludes the depth of wster up to the wharves 
In each naae. Of course there are harbors of refuse, and 

I places of anchorage all along the coast, as at Key West. 
I HainptoB Roads and iMiiBerona points all along the North 

AUantle cosaC wbars vassals of aay draft oaa Us at saehor 
in aors or teas sMtar. 
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In the vast atrldea which they have made In the 

past four or five years. 

We have abundant authority for declaring that 

the American peopie wiii not rest content with 

naval progrtas of such a sort The people as a 

pt.H>ple want no wars; they vastly prefer the arts 

of peace. They want no huge naval establishment 

and had rather build schools than battleships 

and factories than fortresses. At the same 

time they will cheerfully and gladly contribute all 

that is necessary to make their national defence 

Impregnable on land and sea; and, thanks to our 

fortunate i>osltlon, far less suffices to effect this 

for us t^an for any other country. But In these 

national defences they will brook nothing of a sec¬ 

ond-rate order. American armor plate Is equal 

to any In the world. American guns are on a par 

with those of any country. Why should not Amer¬ 

ican battleships be made equal In speed and ma- 

noeuverlng power to those of any nation? We 

have given the sole reason which has thus far 

Iteen put forward, which deserves any credence, 

that of our shallow harbors, and we have shown 

that there is actually no serious obstacle in the 

way of adopting greater draft for our battleships 

If that Is really an essential to their higher speed. 

W> have no doubt that a large factor in the 

decision of this matter made by the naval author¬ 

ities was the fact that it was made at a time when 

the pressure of other duties was well-nigh In¬ 

supportable. in the rush of providing for the 

actual immediate necessities of warfare last May, 

there was scant time to 8|>are for the solution of 

any difficult problems in connection with the de¬ 

sign of new vessels. But that rush Is now past. 

We are In no serious need of these three new bat¬ 

tleships, and do not want or expect to be. With 

the five vessels now nearing completion, our navy 

will be as strong in battleships as any nation in 

the world except England, Prance and Russia. 

It will be vastly better for our national defence 

to wait a year longer. If necessary, for these three 

additional vessels, instead of rushing ahead with 

their construction on lines which every other naval 

I>ower in the world has discarded as obsolete. 

LETTERS TO THE EDITOR. 

Spriggs for Freight Car Tracks.—Correctloi. 

Sir: In tbs Issue of Rngineering News of June 23. p. 412, 
where tbs standard spring colls, recommended by the com¬ 
mittee of the Master Car Builders' Association, are given, la 
there not an error of some s irt? The spring marked "A” does 
not seem to harmonise with the rest. Perhaps It was 15-19- 
In. diameter of wire until the compoattor got bold of It. I am 
likely to make some use of these figures and so am par¬ 
ticularly Interested In correctneiia. Yours truly, 

C. M. Spalding. 
Schenectady. N. Y.. July 0. ]8t«. 

tThc diameter of the wire in spring A ^hould be 

ir»-lti-in., the error was made by the compositor, 

as our correspondent surmises.—Bd.) 

A Test of Mechaaical Filters at Moscow, Rassia. 

sir; After my inspection of American and Ehiropean 
filters, I proposed to the Councils of the MunidpsHty of 
Moscow to undertake experiments with different sy^ems 
of mechanical filters. Both councils adopted this project, 
and at the aosaton of June 21 appropriated for the experi¬ 
ments 05,000 rubles (about $;t2,.Vk». This sum will be 
sufliclent. because mH-essary pumps and hollers are already 
St our disposal. The general arrangement of the experi¬ 
ments will be similar to that which I, through the kind- 
ncae of Mr. Cbas. Hemvany and Mr. Allen Hasen, have 
a<>en In Louisville, Ky., and Pittsburg, Pa. 

I consider the matter of great Importance, because ac¬ 
cording to the results of the tAts the matter of our 
future Moscow Ulver water supply (first for 10.000.000 
liiid afterward for 40.000,000 gallons dally) will be set¬ 
tled; and I think that everv targe city, having a water 
supply from open sources, ought to undertake such tests, 
because the results of filtration are apt to be diftereni. ac¬ 
cording to the conditions of the water to be filtered. 

We Immediately Uke steps towards the execution of 
the ordinance of the Municipality of Moscow, and ahall 
<-oiitiuue the tests for about one year. 

I remain very respectfully yours, 
Nicholas Slmln, 

Clbief Engineer of Moscow Water-Works. 
Moscow, Russia, June 28. 1888. 

Coat of Heatiag a Factory Bail! of Steel aad QIaaa. 

sir; Our attention has been called to an article pub¬ 
lished in your iasue for July 7. 1898, describing our fac¬ 

tory building, and wa note your remarks in regard to the 
cost of heating the same. The power for running our shop 
la obtained from the local electric light company, so that 
our boiler is used for beating purposes only. During the 
past winter, from Nov. 1 to July 1, we burned about 86 
tons of coal, costing $.3.25 per ton, a total of about $280, 
and only about half of the fireman's time was chargeable 
to the care of the boiler and heating plant, so that we feel 
that $500 would cover the entire cost of heating the 
building. 

In the description which you publish, no mention was 
made of the fact that the upper portion of all of the win¬ 
dows Is double glased, an air space of %-in. being left be¬ 
tween the Inner and outer panes of glass. The outer pane 
of gists li, aa stated, of corrugated or roughened glass, and 
the Inner pane of ordinary window giasa. The lower part 
of every window la swung on the center instead of every 
other panel, aa stated In your deacription. The lower 
sashes are at present single glased, but are so constructed 
that another pane of glass can he Inserted whenever de¬ 
sired, and It it probable that this will be done before next 
winter. 

It la possible that next winter we may make some teats 
aa to the actual amount of steam required for a given 
temperature of atmosphere, and will be pleased to send 
you any data of this kind which we may obtain. 

We are pleased with our building and would adopt the 
same method of construction for any similar buildings 
which we may erect hereafter. 

Yours truly. The Veeder Mfg. Co., 
C. H. Veeder, Pres. 

Hartford, Cionn., July 11, 1898. 

Breiluifeb of Electric Rillway Car Axlea. 

Sir; Enclosed herewith please find aq Impress of the frac¬ 
tured end of an electric car axle which recently broke In 
this city. It is remarkable chiefiy for showing that some 
previous action bad taken place before the final rupture. 
That portion of the fracture moat completely shaded was 
as smooth, when firat observed after the accident, aa if It 
had been cut with a cold chisel. The blank square spot 
In the Impress is where the bead of a key held the gear 
on the shaft. The rest of the fracture was that of a very 
fine grained steel and showed no marked peculiarities. A 
trace of rust wss observable about the head of the key 
but not elsewhere. 

In the past five years, five similar accldenta have oc¬ 
curred to electric cars in this city. In two of them which 
came under my notice a similar condition (though not 
so marked) was shown. 1. e., aa If partly cut with a chisel. 
Is the same true of like fracturea to seam car axlea? Or 
la It only under the influence of electric power? In each 
case I have observed, it has been a driving axle which 
broke. 

There were about 100 atreet cars in use when these acci¬ 
dents occurred; or, to put it another way, about 1% of the 
cars have had similar breakdowns. This would appear an 
excessive ratio. 

The mileage run by the cars differed; but In all eases the 
length of run would seem to have been lufllclent to have 
exposed any original Inherent defects. It was usually more 
than 100,000 miles and leas than 300,000. In the preaent 
case It was the forward axle under an electric dummy used 
to haul two fiats loaded with wood through the city streets 
to the power house. A 20-HP. T-H. motor wss geared to It 
at the line of fracture. The car ran on two four-wheel 
trucks, with a motor on each axle. It had run about 125,- 
000 miles at the time of the accident. 

Will some one else give information tending to throw 
light upon this subject? It may lead to pome better method 
of Inapecting than the preoent superficial one, and thereby 
assure greater freedom than at present from recurrence 
of such accidents. Yours truly. 

A. IfcL. Hawks. 
Tacoma, Wash., July 8, 1898. 

(The "Impress” which our correspondent sends 

is an impression on paper made by the broken end 

of the axie after biackening it with something like 

printer’s ink. The axle was 3^ ins. diameter. 

The smooth part of the fracture is about 0.4 of the 

total area, the division between the two parts of 

the fracture being nearly a straight line. This 

kind of fracture is not at all unusual in steam car 

axles; in fact it is the most common way in which 

any axle breaks. Sometimes the original break 

runs all around the circumference, making a 

smooth annular ring half an inch to an inch deep, 

this fracture being progressive through a long 

time,saya month or more.and then the llnai break 

takes place showing the ordinary steel fractured 

surface. It appears that the breakages of electric 

car axles are much mote frequent than those of 

steam car axlea We believe the reason is that 

they are not made strong enough for the work 

they have to do. They are subjected to both tor¬ 

sional and transverse strains in reversed direc¬ 

tions, to sudden stoppings and startings, and to 

violent shocks 'from irregularities of track to a 

3- 

greater degree than the ordinary steam car axle 

When the electric railway companies use the sai; e 

precautions to insure the long life of their axle- 

that the leading steam railways do the average li( 
of the electric railway axle will be greatly ip 

creased.—EJd.) 

A New Moaeit ForasUi for Coacestrsted sad DIs- 
tribated Loads. 

8lr: The communication on "A New Formula for Ooneen. 
•rated and Diitributed Loads.” in your Isaue of June 2.3. 11- 
'ustratea how complicated an extremely simple matter may 
he made to appear. It la a well-known law of mechanks 
‘hat the bending moment la maximum or minimum (maxi¬ 
mum in the caae of a simple beam) where the shear paasf 
hr ugh 0. Considering the case assumed, that of a simple 

beam (1) uniformly loaded for Its entire length, and (2) carry¬ 
ing atingle concentrated load.ttiaevldent that the shears from 
(1) and (2) reqtectively are opposite in character only tor the 
distance from the center of the ipan to the point of appllca 
tion of the single load. The section of maximum bending 
moment must He then somewhere along this distance. Us 
ing the notation employed by your correspondent, the fol¬ 
lowing equation follows directly from the law above stated: 

Pa W Pa 

• a ’ W 
1 

As stated by your correspondent. If yj la greater than '— 
2 

— a, the limiting case la Indicated and the bending moment 
is then maximum at P. 

Yours truly, E. M. 
Philadelphia, Pa.. July 1. 1898. 

Sir: In yonr issue of June 23, 1896, there is a com¬ 
munication entitled "A New Moment Formula for Con¬ 
centrated and Distributed Loads." This la aimtlar to a 
formula which I have used and for which I submit the 
following proof, which is shorter than that given by your 
correspondent, and which it aeema to me may be clearer 
to a part of your readers. 

Lc; w ^ the uniform load per linear unit; 
: -» length of span; 
P —the concentrated load: and, 
a — its distance from the nearer support. 

Then the expression for the bending moment at any point at 
a dUtance x, greater than a, from the same support la 

P (1 —a) X w I X w x» 
M —-+-P (X — a)-. 

I 2 2 
Pbirlng 

d M 

d X 

and solving for x, to find position maximum M, we obtain; 
1 P a 

2 w 1 
To transform thia Into the form given by Mr. Lepper note 

1 
that w 1 »■ W and that x --yi. 

2 
Yours respectfully, Elton D. Walker, 

Aaat. Prof. Civil Engineering, Union College. 
Schenectady, N. Y., June 27, 1896. 

Sir: In the Issue of June 23, 1898, of Engineering Newt, 
la published a letter entitled "A New Moment Formula 
for Concentrated and Diatributed Loada," the author of 
which thought be had discovered and given to the engi¬ 
neering world a new formula for finding the exact point 
of maximum bending moment of a beam, supported at 
both ends and loaded with a uniformly distributed and 
one concentrated load. 

Aa a matter of fact, a diagram similar to the one given 
by the writer la found in Hatfield’s "Ttanaverae Strains." 
page 179; where be also deduces the same formula. Hat¬ 
field makes hie parabola repreeentlng the bending moment 
due to the uniform load above the horisonal line connect¬ 
ing the reactions, and the triangle representing the bend¬ 
ing moment due to the concentrated load below said line, 
while the article by the writer simply revereee this order. 
Hatfield then proceeds to find the greatest bending moment 
by drawing a tangent to the parabola and finding the 
longest line inalde the, figure formed by the curve of the 
parabola and the linee of the triangle. Then toUowe an 
analytical demonstration to determine the iMlnt of maxi¬ 
mum bending moment, which I will not burden your 
readers with, as those who wish may find It on the page 
of Hatfield cited, but arriving at a conclusion giving the 
following formula: 

. Am 
h-%L-k-. 

U 

In which L — span; A — concentrated load; m — diatance 
from concentrated load to neareat support; U uniform 
load; and h — distance of greatest moment from the 
moet dietant support. 

This is the same formula as the writer’s except that the 
latter’s result gives the diatance of the point of maximum 
bending moment from the center of the span, whereas 
Hatfield’s result gives the distance from the abutment, 
or the former distance, plus one-half the span. 

’The edition of Hatfield referred to was v^bliahed In 
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187T, sQd we IiATe been using the formuU for years, in and Its end connections, and we do not know of any in- 
fact eret since our engineering department was estab- sUnce where the Jointe indicated such weakness as Mr. 
lished. Tours very truly, Dudley McOrath, Prichard has suggested, in Vol. XXXVII. of the Trans- 

Struetural Engineer. actions of the Am Soc. C. E.. Mr. Juiius Baer records the 
eCce of Jno. B. Snook ft Sons, Architects, 261 Broad- effects on buildings of the St. Louis tornado, and espe- 

New Tork city, June 26, 1886. daily notes the persistence of the riveted end connections 
j of beams when the supported beam was entirely destroyed. 

_ M 4. t tm 4 wt 4 44 remarks: “Any standard floor beam connecting ang'.e 
Erroneonf Dau !■ Maastactarers* Haad'Bookf Coictra- 

lat Stnictaral Bean Coiaectioas. 

>ir: The issue of a new and enlarged edition of their 
hand-book by the Cambria Iron Co. has brought to notice 
th fact that the hand-books issued by the Cambria Iron 
Cu.. the Carnegie Steel Co., Ltd.; the A. ft P. Roberta Co., 
a; h Jones ft Laugbllns, while excellent in most re- 

. ts, all contain a table of “minimum spans of I-beams 
for which the standard connection angles may be safely 
UL.id with I-beams loaded to their full capacity," which is 
seriously in error. 

This table has been prepared on the assumption that all 
the bolts or rivets Joining the connection angles to the 
ends of a beam are strained to equal amounts and in 
the same direction. The fallacy of this assumption was 
shown in the Engineering News of May 16, 1885, in an 
article on “Standard Beam Connections." It la due to the 
authors of the table in question to state that in preparing 
It they have followed the method in general use. It prob¬ 
ably baa not occurred to them to question its practical ac¬ 
curacy, and they will doubtless be surprised on investiga¬ 
tion to learn how seriously it is in error. 

The table indicates in all cases a greater capaci^ for 
the connections than they would have under the limits for 
III arings and shearing on which the table is alleged to be 
based, the errors being comparatively small for deep 
beams and very great for shallow ones. As an illustration 
of one of the cases of great error, the length and load 
given as corresponding to the standard connection for a 
6-in. beam is taken from the Cambria Iron Co.'s hand-book 

end attachments, two beams of the same section, with 
the end supported but uot rigidly attached, were tested 
with the angle attachments resting freely upon supports. 
Fig. 5. The initial deflections on the beams of the same 

Fig, 1.—Test of the Effect of Friction Between Angle 
Connections and Web of Beam. 

is probably of ample strength if subjected to only such 
treatment as it will receive in a floor." This accords with 
Isolated eases within our own experience. 

Mr. Prichard probably underestimates two elements of 
resistance—the frictional resistance, caused by the grip 
of rivets, and also the partial “fixedness" or continuity 
due to the rigid attachment of the end angles to their 
outer supports. Experiments have proved an increased 
strength of about 10% of a riveted Joint over a similar 
Joint held by fitted pins without heads. This refers to 
rivets %-in. diameter; the gain is less on smaller and 
more on larger rivets. As the friction is presumably con¬ 
stant, it would probably represent about one-fourth the 
lotal working resistance of the Joint. 

To test the effect of the friction between the angles and 
web of the beam, a 6-ln. I-beam had angles riveted on 

Fig. 4.—Condition of Connecting Angles on 8-in, 
I-Beam After Failure of Beam. 

site showed little difference due to the nature of the end 
supports, and the measurements were not made with sufli- 
cient accuracy to establish this difference. As the stresses 
approached the elactlc limit the differences were more 
marked, and the beam with riveted ends sustained about 
28% more load than the similar beam with free ends 
before any permanent set occurred. 
Table Showing Pressures at Which Permanent Set Began. 

Sixe of Wgt. per ft.> 
beam, ins. in lbs. Ehid connections. Load in lbs. 

6 14-% Free ends. 15,008 
6 14% Rigid ends. 18,000 
8 18 Free ends. 25.«IOO 
8 18 Rigid ends. 30,000 

In the free end beams, as in those with rigid ends, there 
was no indication of the least yield between the angles 
and the web of the beams. 

The shearing and frictional resistances act in conjunc¬ 
tion, and the strength of the Joint is represented by their 
sum. 

The influence of the rigidity of end attachment depends 
on its extent. If the attachment was sufficiently rigid to 
render the beam as strong at the ends as in the middle. 

87 Beam, 

■Loadtbs. Fig. 2.—Test of Standard Angle Connections. 

B'lBearrffJBj^lbs. with a slnide rivet, as shown in Fig. 1. These were %-in. 
rivets filling 13-lC-in. holes, spaced 3% ins. from the end 
of angles or midway between the two rivets of the stand¬ 
ard Joint. Pressure was applied at the middle and it was 
found to require a load of 8,400 lbs. before any Indication 
of slipping between the parts was observed. This cor¬ 
responded to a turning moment of 17,000 in.-lbs. due only 
to friction. 

The following experiments were made on 6-in. and 8-ln. 
I-beams, these small sizes being taken, as the criticism 
referred to says the “error is very great for shallow 
beams." The spans were about the minimum recom¬ 
mended by the hand-books. The beams were connected to 
a stout frame, which represented the usual conditions 
of end attachments, the attaching angles being the stand¬ 
ard of the Pencoyd Iron Works, as shown by Fig. 2. 
These beams were subjected to pressure at mid-span in 
the testing machine. No visible effect in either case was 
discernible at the Joint until the elastic limit was much 
exceeded, when the deflection of the beam caused a yield¬ 
ing of the angles near the root and bending of the exterior 
flanges around the connecting rivets, as shown in the 
photographs. Figs. 3 and 4. But when the bending was 
carried so far that the beams were entirely destroyed. 

Fig. 5.—Test to Determine the Influence of Rigid 
End Supports. 

the moment at the rivets would be as great as at the 
center of the beam with a concentrated central load. But 
a connection whose influence was leas than aforesaid 
would only tend to counteract the moments proceeding 
from the reaction. The influence thus exerted in the case 
of beams tested had probably one-fourth the effect of fixed 
ends. 

A. ft P. Roberts Co., 
Per James Christie, 

Mechanical Engineer. 
Philadelphia, Pa., June 18, 1888. 

(the books of any of the companies mentioned could be 
used with substantially the same result), and the maxi¬ 
mum bearing stress is analyzed. 

As the sale load (as shown in the accompanying cut) is 
13,600 lbs., the end reaction is 6,800 lbs,, and the load on 
rivet a is found, by taking moments about the center of 
rivet b. to be 12,300 lbs., or 71,000 lbs. per sq. in. of 
bearing surface, as compared with an extreme fiber stress 
in the beam of 16,000 lbs. per sq. in. 

While this analysis shows clearly that the table greatly 
overstates the capacity of the connection, it is not ex¬ 
pected that the reeult obtained indicates the actual facts 
with mathematical precision, because no account has been 
taken in the analysis of the stiffnees of the hanger or the 
clamping effect of the rivets. 

In the article in Engineering News above referred to a 
method for determining the capacity of beam connections 
is proposed which, while open to criticism, gives much 
more reliable results then that on which the table is based. 

Respectfully, Henry 3. Prichard. 
Trenton, N. J., May 6, 1886. 

(In accordance with our usual pcactice a proof 
of Mr. Prichard’s letter was sent to the publishers 
of the different jKicket-books mentioned In order 
that any reply they might desire to make to the 
criticisms therein might be published In the same 
issue. With the exception of the Pencoyd Iron 
Works, whose answer we append below, only one 
reply was received to our letters, and this firm has 
not yet sent us any matter for publication. We 
therefore, publish the matter thus far received 
without waiting for further replies.—Ed.) 

Sir; It is of such importance in steel floor beanu and 
similar structures that the end connections should have 
as great a carrying capacity as the beam ItseM, that the 
' ritlclams made by Mr. Prichard, under date of May 6, 
1888, and more fully <n your issue of May 16, 1886, are 
entitled to careful consideration. 

Opportunities occasionally occur In flnlshed structures 
where It is possible to compare the strengths of the beam 

OBSTRUCTIVE BRIDGES AND DOCKS IN THE CHICAGO 

RIVER,* 

By G. A. M. Llljencrantz, Mem. W. S. E. 

The Chicago River has been and is of enormous value to 
the commerce of the city, through its large and extensive 
lake traffic. Its dimensions some .30 years ago were ample 
for the commerce and traffic of that time, but in recent 
years almost everything in the city been “kept up with 
the times"—except the river. To be sure. It has been im¬ 
proved. Miles of docks have been built, periodical dredg¬ 
ing has been done, and Improved bridges have been built, 
but the question is: “Has the improvement of the river 
been kept abreast with other improvements in this great 
and rapidly growing city?" And another question which, 
in the writer’s mind, is still more serious: “Are existing 
conditions such as to admit of an improvement of the river 
that will be commensurate with a metropolis of three or 
four million Inhabitants, as Chicago no doubt will be but a 
few decades hence?” When studying the conditions we find 
much cause for discouragement. 

Increased depth has bean secured to some extent by 
occasional dredging, but it Is again regularly decreased by 
the unceasing deposits from the numerous sewers emptying 
Into both branches of the river, as well as by 

Fig. 3.—Condition of Connecting Angles on 6-in. 
I-Beam After Failure of Beam. 

'Abstract of a paper presented at the meeting of the 
Western Society of Engineers on June 1. The abstract is 
published by permission of the Society, and the paper in 
full, with the discussion, will be published in the Socle’s 
“JoumaL" 

there was still no Indication of the slightest yield by 
slippage or otherwise of the attachment of the angles to 
the web of the beams. 

To demonstrate further the influence of rigidity at the 
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conaUnt sweeping end damping of refuse In ra* 
rtous wsjrs Into the channel, requiring frequent 
rodredglng. But this remorable material forms the 
Ifaast serious obstacle In the way of the Tertical 
ImproTement. Not leas than three tunnels cross the liTer, 
with their crowns at an elevation which, at the time they 
were built, allowed snfflclent draft for the navigation of 
that day, but which now form the gravest obstructions to 
the much larger vessels of deeper draft of the present 
time. 

Docks are frequently bnlH with more consideration as to 
cheapness in flrst cost than to future needs and are thus 
made only of strength enough for the existing depth of 
water, and are accordingly subject to undermining, when¬ 
ever the channel is oonsiderahly deepened. An exten¬ 
sive deepening, even If the obetructive tunnels did not 
exist, would accordingly Involve great expense to Individual 
owners. In addition to the direct Improvement by dredging, 
and to make such Improvement practically permanent It 
will be necessary to dispose of the sewage by a different 
method from that now employed, or provide for continuous 
maintenance by dredging. 

Let us next look at the dUBcultles we encounter In plan¬ 
ning to widen the channel. Vessels of even the greatest 
dimensions in use until about 1880, and which still con¬ 
stitute the great part of the lake fleet, easily pass any 
part of the navigable river, but some of those hulK within 
the last few years And It Impracticable to enter either of the 
branches of tbs river, or, when loaded, to pass the flrst of 

numerous docks have since that time been constructed 
without the least regard to the dock lines so established. 
Judging by the conditions now existing. 

By an act of congress of June 8, 1886, making an sp- 
proprlatloa of 180,000 for improving the Chicago River 
“from its mouth to the stock yards on the south branch 
and to Belmont Avenue on the north branch as far as may 
be permitted by existing docks and wharves," the work of 
Improving this river by the United States government was 
inaugurated. 

The only work that could be done, however. In com¬ 
pliance with the wording of the bill, was dredging. Bids 
srere advertised for and received, and contracts let for the 
execution of this work, which commenced in November, 
1886. Tbe project approved by the Secretary of War con¬ 
templates the deepening of tbe channel to 17 ft. below the 
chy datum, the bill providing for dredging to admit pas¬ 
sage by vessels drawing 16 ft. of water. The existence 
of the tunnels would make a greater depth useless. 

The work of dredging has been done from the month to the 
stock yards In the south branch, and a part thereof has 
been redredged, vis.: Prom the south limits back to 
Twelfth St., and this work la now nearing completion to¬ 
wards the harbor. In the north branch the work has been 
done from the Junction to Fullerton Ave., and when the 
northerly limit is reached the whole of that branch will 
also be redredged. 

Up to May 1, 1888. there have been removed from the 
main and south branches, in round numbers, 540,000 cu. 
yds. and from the north branch 658,000 cu. yds., or a total 
of 1,180,000 cu. yds. The sum of $113,000 was appropriated 
in a later act of congress, for the completion of this part of 
the river improvement, and authority was by this later 
act also granted for entering into contracts for work In 
widening the channel, such work to be limited by the sum 
provided for that purpose, to-wit: $700,000, Including the 
amount required for the dredging. This work Is thus con¬ 
fined to the removal of only the most obstructive of the 
many protruding dock comers. 

Tbe greatest obstruction to navigation are the tunnels and 
bridges, which are corporate property, and It is questionable 
whether the government would ever consider the navigation 
In the liver so necessary to the general commerce of the 
nation to condemn such valuable property, and either to 
compel the removal of tbe obstructions caused thereby, at 
the expense of the owners thereof, as can be done under 
existing laws, or to undertake the enormous expense of 
rebuilding or remodeling the structures at the expense of 
the public treasury. 

To decide upon a plan of Improvement, which will fur¬ 
nish tbe greatest relief to navigation, authorised by tbe 
bill and at tbe same time keep the cost within the pre¬ 
scribed limits, a study was made, on the maps, of the 
various comers and bends in the river to learn to what ex¬ 
tent these would Interfere with the passage of a vessel of 
the type described. Tbe vessel was represented by a 
pasteboard model made to the same scale as the map. In 
this manner the most obstructive dock comers were se¬ 
lected and improvement of these places recommended, con¬ 
sisting in the removal of a sufllcient amount of the pro¬ 
truding land to facilitate the passage of the largest vessel. 

Examples of this work are shown in Figs. 2 and 3. At the 
so-called "Collision Bend,” some 700 ft. east of Halsted 
St. bridge. Fig. 2. 15,865 sq. ft have already been re¬ 
moved by the Sanitary District and 7,702 sq. ft. are to be 
removed by the government. Tbe name of this place is a 
brief but fair intimation of the conditions here. Fig.. 3 
shows tbe Illinois Steel Co.'s property, tbe north part of 
which forma an obstruction to the passage of vessels 
through the west draw of Archer Ave. bridge, and Is to be 
removed. Tbe river Is furthermore very narrow all along 
this property and in all 18,780 sq. ft are to be taken off 
therefrom. Across the river from the steel company's land 

THE DURABILITY OF MARBLES AND GRANITES. 

At the meetlns of the Civil Engineers' Club of 
Cleveland on July 12, Mr. Oliver S. Hubbell read 
a pa]>er on the above subject, in which he described 
his investigations as architect for the Wade Me¬ 
morial Chapel and Receiving Vault. His Instruc¬ 
tions from his client were to find a building stone 
which would last for 600 years. We abstract the 
paper as follows: 

The surface of marble soon disintegrates in the climau 
of Cleveland, and becomes granular as well as discolored. 
O'.d tombstones in the city graveyards show this. How- 

Fig. 1.—Course of a Large Steamer in Crossing the 
La Salle St. Tunnel; Chicago River. 

the ''artiflciaily constructed reefs," the La Sal'.e Street tun¬ 
nel. The manner in which a tong vessel has to move to 
make this passage possible Is illustrated in Fig. 1, showing 
the river between Clark and Wells Sts., with the tunnel 
halt way between. Tbe available channel is here In the 
middle of tbe stream. A vessel 48 ft. beam and 432 ft. 
long (which is the length of the longest boat now navigat¬ 
ing tbe lakes) represented as coming through the north 
draw of Clark St. bridge, turning to the deeper channel in 
the middle, over tbe tunnel. It Is compelled to proceed 
thenoe across to tbe south draw of the bridge at Walls SL, 
because the turn to the north draw of that bridge Is practi¬ 
cally impossible, for there is only 500 ft between the two 
bridges, and the center channel has a depth of 17 ft at 
low-water over the restricted width of only 62 ft on the 
line of the center piers of the bridgea Center piers and 
projecting docks obstruct the channel at numerous points. 
The Chicago A Alton R. R. bridge, north of Archer Avs., 
la a striking example of how some bridges gre constructed 
without the least regard for the demands of navigation. 
Too narrow are also the draws of the three bridgea In close 
proximity at KInsie 8t., in the north branch of the river, 
as well as at the Indiana St. bridge. Nothing larger than a 
tug can pass the east draws of the flrst named three bridgea, 
which, in faot, had never been dredged until in April of this 
year. At the Division Street bridge neither draw can be 
used, nor can those of the North Ave. bridge be* used by 
such large vessels. 

One of the worst places on the north branch Is the sharp 
bend forming an 8-curve at the crossing of the C., M. A St. 
P. Ry. bridge, south of Clyboum Place, and nothing but 
tbs most radical alterations can make this part of the 
river, or that above, accessible to vessels of the type here 
represented, and It Is therefore thought unnecessary to 
occupy more time and space In describing the obstructions 
found above this place, which are generally equally bad, 
and some perhaps even worse. 

The chief reason for the deplorable condition of the liver, 
as regards Its many obstructions. 1 consider to be the total 
absence of any well deflned system of Improvement, by 
way of legally eatabllsbed dock, or channel lines. Tbe 
owners of water front along the river seem to have built 
their docks with the sole consideration for their own in¬ 
dividual advantage, in such manner as to make as much 
land as possible, out of what should properly be the chan¬ 
nel, apparently In utter disregard of the demands of navi¬ 
gation. Dock lines have been established, to be sure, in 
detached places, but as far as I have been able to dis¬ 
cover. not in conformity to any general systeod. By an 
ordinance passed June 11. 1868, or 29 years ago. there were 
established certain dock lines along a portion of the south 
branch. ProvIsionB were made in this ordinance for as¬ 
sessments to pay for the condemnation and purchase of 
land, required to comply with the tsmu of this doeumsnL 
but nothing further baa bean dons in the mattar, and 

Fig. 2.—Improvement of the Chicago River at “Col¬ 
lision Bend." (U. S. Government Work.) 

is a protruding comer, where 1.6B3 sq. ft. are to be re¬ 
moved. as shown. 

The whole project contemplates the purchase and removal 
of 123,100 square feet of land and the construction of 4,790 
linear feet of dock. In front of the removed land. 

All the principal preliminaries for this work have been 
completed. All that is needed for commencing active op¬ 
erations la the necessary appropriation: and Congress holda 
the etectrie button, a touch upon which will set tbs wheals 
of sctivMy la mtlsa 

ever, a protective fluid may be used, with which the mar¬ 
ble may be saturated, so as to become weather-proof and 
thoroughly durable. South Dover and Tuckahoe marblea 
are used In New York city. Tbe Lee marble Is largely 
used in Washington and Philadelphia, but this has a 
bluish gray tinge. It has certain detects called “Shakee.'' 
and containa some particles of magnesia, which dissolve 
in wet weather and leave the^ surface pock-marked. The 
Vermont marbles were examined also. In tbe quarries and 
in buildings. No old marble was found In New York city 
that is not more or less discolored and disintegrated. The 
top surfaces are both rough and dark, while the under 
sides of projections are In good order. The Vermont 
quarries are probably the largest marble quarries in the 
world. These are at Proctor and Blast Rutland. The 
buildings of the Quarry Company are built of marble 
taken at random without selection. They are Uierefore 
quite mixed In color, and give a really line architectural 
effect. The Rutland marble is easily cut into fine lines 
and ornanoental flgures. On tbe other hand, Qeorgla mar¬ 
ble is hard to cut, and unless greeft care is used large 
crystals will break out In cutting. 

Granite is refractory and has to be tooled by hard and 
patient labor. Pneumatic tools have been Invented for 
under cutting, but plain surfaces are generally worked by 
hand. Granite does not lend Itself to fine ornamental 
lines, and its gray color prevents the beet effects of light 
and shadow. 

Of all tbe granites, the North Jay seems to have the 
lightest color. Grant's tomb and the new Bowling Greeu 
Building, New York, are built of this. It la, however, 
rather porous and soft, and occasionally discolored by 
Iron. A few defective blocks may qwll the effect of an 
entire building. Westerly granite is the darkest of all. 
The Concord granite la used in tbe Library Building at 
Washington. It contains some particles of magnesia. The 
Troy, N. U., granite is light and sound and of good qual¬ 
ity. The Halllwell granite was used in building the State 
Capitol at Albany. Barre has the most prolific quarries 
in America, but the product la liable to have Iron in it 
at least In the sap. Small specks of Iron hardly detected 
In the first Instance wl.l later dissolve and streak tbe 
whole surface. However, it has been used for twenty-flve 
years, and some monuments built of it are still as good 
as new. The Halllwell granite Is the best and most ex¬ 
pensive, and is largely used fw monumental work. It 
la homogeneous, all sections presenting tbe same appear¬ 
ance in whatever direction they are taken. 

it was finally decided to use either the Troy or the Barre 
granite In the Memorial Chapel. 

In conclusion Mr. Hubbell stated that although 
Mr. Wade was recommended by friends to go to 
New York, or even to Europe, to select bis archi¬ 
tect, he nevertheless decided that this building 
should be designed and constructed by Cleveland 
architects. 

The speaker exhibited one sample of white Ital¬ 
ian marble, which had been exposed to the Cleve¬ 
land climate for years, till its surface was black, 
and it had so far disintegrated that it could be 

crumbled between the thumb and Anger. 

A NOVEL EXAMPLE OP CONCRETE AND METAL 

BRIDGE CONSTRUCTION. 

The accompanying cut Illustrates a novel man¬ 
ner of employing concrete and metal in tbe con- 
Btruotlon of a foot bridge, which la deawlbed In 

Fig. 3.—Improvement of the Chicago River, near 
Archer Ave. (U. S. Government Work.) 



a recent issue of the “Zeitscbrift des Oesterreich- 
iichen iDgenieur und Archltekten Vereins." This 
iTidge serves the purpose-of carrying a footpath 
across a double-track railway In the vicinity of 
t'openhagen, Denmark, and It has a clear span of 
•.’1.S5 m. (71.7 ft.), with a rise of 2.58 m. (8.45 ft.). 
The depth of the arch ring at the crown Is 25 cm. 
(9.8 Ins.), and at the springing lines 36 cm. (14.2 
Ins). The Intrados of the arch has a radius of 
23.54 m. (77.23 ft.) at the crown which Is in- 

on the hoisting drum. The friction lever latch 
(Fig. 1) enables the englneman to hold the drum 
In any desired position, as, for example, when tak¬ 
ing up a load with the hoisting fall and desiring 
to lower the boom at the same time. In such a 
case the friction is thrown In on the hoisting drum 
and It is impossible through any slip or inattention 
for the load to drop, and the operator may give his 
whole attention to the lowering of the boom. 'With 
the safety lever lock (Fig. 2) on the foot brake of 

horse-car linea So far as poeatbie the old' cable conduit 
will be uUliaed, and th« old 7-in. rails will be taken up 
and new rails welstilns 104 Iba. per yd. will be laid. The 
new portions win employ the system srhlrh Is provInR so 
aatUfartory on Madison Are. Cuirent will be supplied 
from a temporary plant until a larae three-phase system 
can be Installed. The power bouse for this will be at 
KlnRsbridKe. from which current will be transmltUd to 
a number of transforming sub-stations. 

THE CO.vnUIT electric system Is to be adopted by 
two more of the surface street railways of New York city. 
On July 20 cars will stop running on Sixth and Eighth 
Avenues and the roads will be turned over to the con¬ 
tractors. It It expected that by Sept. 15 both linea will be 
ready for operation by electricity. 

THE .STREET RAILWAYS of Raltimore paid the city a 
total of $*n).5'J0 for the quarter ending June .SO. 1.SII7. 
This sum Is 0% of the grosi receipts of the company and 
goea to the park fund of the city. 

SEATS FOR ALL PASSENGERS, In elevated or aurfae^t 
street cars and stages witMn the limits of New York city, 
is the requirement of a resolution now before the Munici¬ 
pal Assembly and referred to the Law Committee. This 
ordinance, if passed, would require the transiMirtallon 
company to display a sign when the car Is filled, and 
would impose a penalty of $25 for each offence for taking 
aboard more patwengera than they could seat. No pas¬ 
senger need pay unless a seat were provld«>d. Couacll- 
man Christman, in introduring this resolution, said that 
It was in response to popular demands; but if passed 
It will be very unpopular with those who have to wait on 
the sidewalk for a car having empty seats. 

eN<a.NCW%. 

Sketch Showing Method of Employing 
Concrete and Metal for a Foot Bridge 
at Copenhagen, Denmark. 

Fig. 1.—Lidgerwood Friction Lever Latch for Hoisting Drum of 
Derrick Engine. 

A COMPARISON OF GROSS RECEIPTS for ISOB and 
1897 of a number of American street railways ta made 
in the "Street Railway Journal" for July, the figures for 
which were obtained from the 1898 edition of the "Ameri¬ 
can Street Railway Investments." Of the 175 roads con¬ 
sidered 2tl bad a gross Income for 1897 of $1,<I9(MIIN) or 
over; 19 earned between $.'i00,(l()0 and $l.(KX).0im; 4(» from 
$109,000 to $500,000; 51 from $.'>0,000 to $1(N),IXM>, and :» 
from $25,0110 to $50,000. Four systems, the Union Trac¬ 
tion Co., Philadelphia; Manhattan Ry. Co., New York; 

creased to 26.68 m. (87.53 ft.) at the abutments. 
The concrete arch la stiffened by five parallel ribs, 
spaced about 0.75 m. (2.5 ft.) apart; the ribs being 
bent rails Joined together longitudinally and 
weighing 28 kg. per m. (18.8 lbs. per ft.). The walk 
across the bridge, which is 3.14 m. (10.3 ft.) wide, 
is carried by Monier arches 5 cm. (2 ins.) deep, 
and having spans of 2.24 m. (7.35 ft.) These 
arches are supported by pillars only^ 10 cm. (4 
ins.) thick, standing upon the main arch ring. 

The Iron net in the Monier arches is made of 
wires 5 mm. (0.2 in.) thick, spaced 10 cm. (4 
ins.) apart. In each of the pillars there are two 
nets composed of 10 mm. (0.4 Ins.) square verti¬ 
cal rods, tied together by 7 mm. (0.275 In.) thick 
horizontal wires. As shown in the cut, these nets 
are secured at the feet of the pillars to the Iron 
rails by wire wrapping, while at the top they are 
connected with the net in the main arch. The 
proi>orUon of concrete used in the main arch, the 
small Monier arches, and the pillars, was 1 part 
Portland cement to 3 parts of gravel. For the 
abutments and the filling over the small arches 
the proportions were, 1 part cement, 4 i>arts sand 

and 7 parts gravel. 
The bridge was built in the spring of 1870, and 

cost about 8,000 marks, or about $1,900. It is 
stated by our contemporary that a similar but 
larger bridge, designed by Mr. Melan, Is to be 
built In Austria. This bridge will have a road¬ 
way 6 m. (19.7 ft.) wide for street traffic. The 
span will be 42 m. (137.8 ft.), with a rise of only 
2.85 m. (9.35 ft.). The main arch will be re¬ 
inforced by lattice girders, and will be binged 

both at the center and at the ends. 

the boom fall drum one motion of the foot sets 
the brake, which cannot be released without 
throwing the friction in position, and when this is 
done it automaUcaily releases the foot brake and 
holds the catch away from the brake till the boom 
is put in the desired position, when the brake is 
again set with the foot. By the old method the 
engineman had to give his attention to the two 
frlciion drum levers, two foot brake 
levers, two ratchets and pawls, and 
the steam lever, gathering himself 
Into an awkward position In which 
it was almost impossible for him to 
follow the load,^nd watch the signal 
man at the same time. In operating 
a double drum derrick engine, where 
the safety appliances have been at¬ 
tached, the engine man stands erect, 
and in a natural and easy position, 
and is thus enabled to see every sig¬ 
nal whether given from the pit or 
from the point where the load Is 
dumped, both hands and feet being 
available for handling the boom 

while the load is being hoisted. 
We are indebted to the Lidger¬ 

wood MTg. Co. for the Illustrations 
and for information from which this 
description has been prepared. 

THE PNEUMATIC MAIL TUBES acros* 
the Brooklyn Bridge are practically com¬ 
pleted. and it is expected that a test w.ll 
be made before the end of the week, al¬ 
though It will be several weeka before the 
line will be put In continuous operation. It 
will be remembered that this installation 
consists of two 8-ln. pipes between the New 
York and Brooklyn post offices, together 
with the compressors and other auxiliary 
apparatus. 

TWO NEW SAFETY APPLIANCES FOR DERRICK 
ENGINES. 

We illustrate herewith a safety lock and a friction 
clutch recently applied, by the Lidgerwood Mfg. 
Co., New York city, to the derrick hoisting engines 
which It builds. These devices are attached re¬ 
spectively to the foot brake of the boom fall drum 
and to the hoisting drum and are designed to en¬ 
able the operator to control the hoisting and boom 
motions more certainly than with the ordinary 
appliances. It is claimed that with these attach¬ 
ments the engineman can handle the engine with 
much more rapidity and with perfect safety to the 
men below the derrick. 

The new engine is substantially the Lidgerwood 
standard friction drum engine with the addition 
of the safety lever lock attached to the foot brake 
of the boom fall drum and the friction lever latch 

THE USE OF DRY PAPER INSULATION p. 
for telephone eablea In Part*, France, to 
cheapen the cable inveatment, baa made It 
necesaary to adopt means to keep the paper 
dry. This la done by closing the ends of the Iead-enc*aed 
cables and forcing air, which has been passed over calcium 
chloride, through opening! In the easing. This pressure U 
kept at about 45 Ibi. per aq. In. and the air bMidea keep¬ 
ing the paper Insulation perfectly dry acts aa a safety de¬ 
vice elnce a puncture la at once shown by a drop In the 
preseure gage. 

Lidgerwood Safety Lever Lock for Foot Brake of Boom 
Fall Drum of Derrick Engine. 

the Metropolttaji Street Ry. Co., New York, and the West 
Ekid Street Ry. Co., Boeton, have iooomes ranging from 
$10,480,646 in the first case to $8,719,062 In the latter. 
The total Income for tbeee 175 companies baring net earn. 
Inga above $25,000 was $113,694,906, which waa an In¬ 
crease of 1.9% over 1806. 

THE CONTRACTS FOR A MUNICIPAL BLBCTRlC 
lighting plant which were awarded by the Board of Public 
Works of Grand Raplda, Michigan, on May 12, were vetoed 
by Mayor Perry on July 6. The reason given for this 

THE THIRD AVB. RY. CO., New York city. Is about 
to adopt electricity on its 74 miles of track. At present 
29 miles of this are operated by cable, the rest being 
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artkiD I* Ibst ■ufflclrat oomideraUon bad not b«*n glTon 
the qupation; that the engineera dealKnins the plant were 
regarded by aome aa Inexperienced; that tha apeciflcationi 
were an worded that rotnpetlOon waa Impoaaible, and tliat 
It waa eatlmated the coat would exceedr the appropriation 
from $8,000 to $10,000. 

TllK COST OF KLKCTRIC CURRENT In the caae of aev- 
eral itrect railways which buy the "Juice” to operate their 
lines, was Kiren In a recent Issue of the "American Blec- 
trldan” as follows: 

.—No. of—, Miles 
lyx-aMon of MotorTrall- of 

road. cart. era. track. 
Georgia. . 24 9 18 
Ohio. 4 3H 
Ohio. n At times 6 

Kentucky. 
Maryland.. 

10 
5 " 

6 

New York. 10 << 
Texas.. 11 ** 
Texas. 
Maasaehuietta... 
Masaarhusetts... 

14 2 • 7‘4 

2(H .New Hampshire no 12 
Pennsylvania... 14 8 

Pennsylvania... 7 7 

Vermont. 3 
iWA Michigan. 5 

Michigan. 
Florida. *2 's 
Alabama. 4 7% 

Nebraska. 3 m 

Tennessee. 2 4 

Price paid. 
$0,011 per K-W. hour. 
$12.!M> per mo. per car. 
$2.10 per car day (18 

hours). 
(4) K. (8) Jl fiO 
$12.SO for 5 cars or less, 

$2 eaoh addit'n'l car. 
$0,015 per car-mile. 
$0,015 per K-W. hour. 
$.‘1.00 wr car per day. 
$0.02125 per car-mile. 
$0,^1 per car-mile. 
$0.0.1 per K-W. hour. 
^1.00 per car per day; 

$2.50 p'r car p'r dsy. 
$2.75 per car per day 

(18 hours). 
$0,023 per car-mile. 
$2 per iR hrs. each car, 

$1.85 each ad't’1 car. 
$2.50 per car per day. 
$3.25 per car per day. 
$3 per car per day (10 

hours). 
$4 to $4.60 per car per 

day. 
$3.00 per car per day 

(15 hours). 

A UOILER EXPl/)SION at the National Starch Mf*. Co., 
niifralo, N. T.. on July 15. killed 7 persons and Injured 
n.'*. Roth the eniflneer and flreman were killed and the 
Are tu)>ular bollera were completely destroyed. 

THE PRICE OF STEAM COAL IN ‘THE EAST has 
Kr««tly derreased In the past half dosen years. The fol- 
lowlnic figures show the arerage New York selling price 
for the years given: 

Year. . 
Bltumlnoua 

coal. 
.$2.60 

Anthracite 
steam coal. 

$2.07 
.2.75 2.5.3 . . .2 66 2 18 
.2.25 2.12 . 
.2.60 1.93 
. 1.97 1.91 

1898 . . 1.75 1.82 

THE NEW YORK, WYOMING * WESTERN RAILWAY 
Co. Is a new company Incorporated In Pennsylvania to 
carry anthracite coal from the Wyoming. Scranton, Wllkes- 
Rarre and Lackawanna coal fields to tidewater at or near 
New York. The detailed plans are not yet made public, 
but It Is reported that the company Is to acquire the 
I^ehlgh (k Hudson Railway, running from Belvldere. N. J.. 
to the Poughkeepsie bridge over the Hudson, and thus 
gain an entrance Into New England. It la to be a coal 
road only, paasengers and other freight than coal being 
refused: and the rale Is to be 60 cU. per ton to tidewater. 
The estimated cost of the road la $10.000.()()(), and the ofll- 
cers named are as fallows: President. B. V. Sturges; Vice- 
President. L. A. Waters: SecreUry, Thos. E. Jones: Treas¬ 
urer. Thoa. H. Watkins. All of the officers, Including di¬ 
rectors, are Individual coal producers. 

ANOTHER DECISION In favor of the Denver Union 
Water Co. has been rendered In the lower court in the suit 
of the city of Denver against the company. This time the 
court holds that the purity and pressure of the supply fur¬ 
nished by the company are up to the standarda named In 
the contract. These standards were a chemical analysis 
of the supply furnished In 1880 and a hydrant "preasure 
equivalent, taking the elevation of the surface of the ground 
into account, to 115 Ibe. at the hydrant In front of the Union 
depot In said city, provided; The city shall not be In de¬ 
fault with said company upon any of Its agreements.” The 
company did not deny that the stipulated preasure had not 
been maintained, but urged that the introduction of a 
gravity system. In which the city acquleeccd. and the sub¬ 
stitution of larger distributing mains, gave a far more 
abundant and regular supply, affording be<ter fire protec¬ 
tion than could have been given at the contract pressure 
with the old system. The Judge accepted this view, al¬ 
though his language Is a little at fault In using pressure 
as he did when he said the company "has and does sup¬ 
ply a pressure fully as adequate for fire purposes as that 
provided for under the contract.” The only testimony 
infroduced regarding pressure showed that it was but 90 
lbs. at the Union Station, Instead of 11.% lbs. We leave it 
to our readers to decide whether a contract provision call¬ 
ing definitely for 11.% lbs. presaure Is satisfied by 
90 lbs., simply bet'auae the quantity of water avail¬ 
able Is greater at the lower than at the higher 
pressure? The previous decision of the court In this Denver 
r.vse declared that the rates charged by the company were 

not In ezcaas of the provision of the contract on this point 
(See Engineering News. Feb. 24 and March 8, 1808. for 
editorial discussion.) It Is said that the city will appeal 
the caae. 

BIDS FOR A .NEW ORAVITTf WATER SUPPLY for Jer¬ 
sey City will be received on Aug.18. The bids are to be made 
on the basis of first constructing works of sufficient capacity 
to deliver .lO.OOO.OOO kallons of water daily at the Bergen 
reservoirs. In Jersey City, at an elevation 210 ft. above 
mean high tide, through a single pipe line, but the drainage 
area must have a capacity of 70,000,000 gallons a day. If 
the city so orders at any time during the contract the ca¬ 
pacity of the reservoirs and conduits must be Increased to 
be able to supply 70,000,000 gallons and in case a mason¬ 
ry conduit or tunnel is provided for the original supply It 
must have a capacity of 70.000.000 gallons, but If this con¬ 
duit Is of steel It may be of 50,000,000 gallons capacity, to 
be supplemented. If so ordered, by a .30.000.000-gallon steel 
pipe. The city will buy water by the million gallons, with 
the option of purchasing the works at the end of 5, 10 or 
15 years. Mr. Oeo. T. Bouton is Clerk of the Street and 
Water Board. 

A JOINT OUTLET SEWER is proposed In New Jersey for 
South Orange, Vallsburgh, Irvington, a portion of Newark, 
and possibly West Orange. It is stated that an engineer 
will be employed to make a report at an expense not to 
exceed $1,250. South Orange bought land for sewage dis¬ 
posal by Intermittent filtration several years ago, but the 
land was located in another township, the people of which 
opposed the plant and secured general legislation prohib¬ 
iting the location of a sewage disposal plant In any muni¬ 
cipality of the state without firet securing permission from 
the authorities of such municipality. The courts upheld 
the act, Newark has already constructed one outlet sewer 
Jointly with East Orange, after the- completion of which 
that township abandoned Its sewage disposal works. The 
cHy of Orange, together with Montclair, Bloomfield and 
Glen Ridge, use a Joint outlet sewer discharging Into the 
Passaic River. 

mitnicipal ownership of the water-works 
of Des Moines. la.. Is to be voted on at an election to be 
held Aug. 19 The proposition la to buy the plant of the 
Dee Moines Water-Works Co. for $K%0,000, this price hav¬ 
ing been agreed upon by representatives of the bond¬ 
holders. the city council and the Cltiiens’ Association. If 
the purchase Is made, a long controversy between the city 
and the company will be ended. 

THE THEORY OF THE DIESEL OIL ENGINE, *aa 
given by Mr. Diesel, has been criticised In a paper read by 
E. Capitalne at a meeting of the Verein deutscher In- 
genleure, at Frankfort. In April. He also attacks Diesel 
on the ground of priority of invenUon. DJpoel's patent is 
dated February, 1892. In May, 1891. CaiMtaJne took out 
two patents for an engine burning heavy oil injected Into 
compressed air, and In the same year be built an engine, 
but Its development was hindered by want of means. 
Diesel was fortunate, not only In obtaining pecuniary 
support, but In obtaining a pressure of 30 atmospheres 
In his engine, while Capitalne obUlned only 15. The com- 
prrseion space in Diesel’s engine In only half that In Capi- 
taine’s engine, and this, says Capitalne, constitutes the 
role difference between the two motors. "The Engineer," 
which discusses Mr. Capitaine’s paper at length, sums up 
the matter as follows: 

To sum up the matter, the novel points in the Diesel 
motor are perhaps not so many as its admirers claim for 
It. To start an explosion engine by compressed air Is a 
method familiar to most engineers, as also to regulate its 
working by injecting varying quantKies of combustible 
Into compressed air, thus varying also the amount of 
air In excess. But It Is scarcely correct to assert, as 
Capitalne does, that Its sole claim to originality consists 
In diminishing the compresson space of an oil engine. 
We cannot go Into the question of the commercial compe¬ 
tition between these well-known Inventors. But the fact 
must not he overlooked that Diesel has produced a practi- 
c.al engine, giving the highest heat efficiency and lowest 
consumption of combustible yet realized, namely, 0.52 
lb of oil per brake horse-power per hour at full ^wer 
with a 20-HP. engine; actual best turned Into work on 
the brake. 26%; and heat turned into indicated work 
34^;%. 

THE KOCH HEAVY-OIL MOTOR-CtARRJAGE, lately 
tested at the Paris motor-car exhibition, is thus described: 
The motor can be used equally well with crude petroleum, 
or with distillates like kerosene or naphtha. The two cyl¬ 
inders are placed end to end. with one explosion chamber 
In the center; the one explosion operating both cylinders. 
The piston rods are each connected by cranks and con¬ 
necting rods to the fly-wheel shaft, which Is fixed centrally 
below the cylinders, and the engine is thus exactly bal¬ 
anced. The motor runs at 600 revolutions, develops 6 brake 
HP. and weighs, with Its fiy-wheel, about 3H cwt. Power 
Is transmitted from the motor-shaft to a Jack shaft by 
spur-wheels running In an oil-bath, and from the Jack 
shaft to the rear wheels hy the usual chain and sprocket 
gear. There are three forward speeds, of 5, 10 and 18 
miles per hour, and one tmekward gear. This carriage, 
carrying four passengers. Is said to be capable of mount¬ 
ing 10 to 12% grades with ease. The steering Is done with 
the forward wheels, operated by a standard with a long, 
single handle. 
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A BUILDING ON CAN'HLBVBRS. of pecuUar d( 
has lately been erected In Birmingham. England, to v 
lie a valuable frontage that overhung the tunnel of 
Great Weotem Ry. This tunnel waa no near the sur* 
as to forbid the use of girders spanning it, and the h< 
oould not be bulH upon the tunnel masonry. Iq • 
emergency Mr. R. Heaton, architect, devised a sys 
of cantilevers to support, a three-story warehouse witl. 
front overhanging the tunnel 25 ft at one end and 4 
at the othm-. The building is 44 ft. deep, and thus 01 

19 ft rests upon the ground at the point of greatest ov 
hang. The steel girders which support the building r 
upon a pier, with its face 25 ft. from the frontage i: 
and as the overhang part of the girder in front is long 
than the rear portion, a concrete counterweight Is su 
pended from the rear member. The first cantilever, of tl' 
six used, supports 270 tons, and carries 160 tons of su- 
pended load. The second cantilever carries the great* 
load of 375 tone, and from this point the load deercu.- 
with the decrease of the overhang to 4 ft 

BOOK REVIEWS. 
HISTORY AND DESCRIPTION OP THE WATER SUPPI.Y 

OF BROOKLYN.—Prepared and Printed by Order of th 
Commissioner of City Works. I. M. de Varona, Engi¬ 
neer of Water Supply. Cloth: 12 x 15 ins.; pp. 31«; 
and 81 tables, unpaged; 104 plates, some folding. Citv 
Document 

This very handsome volume contains a vast amount 0 
useful and interesting information regarding the water iu;>- 
ply of the former city of Brooklyn, now a part of th* 
Greater New York. It la, of course. Impracticable to enii 
raerate In detail the contents of the volume, as It inclu.les 
as the title states, a "History and Description of the Water 
Supply of Brooklyn.” Many tables, reproduct'ona of thn 
tographs, maps, diagrams and other drawings contrib :t 
their part to make up a book which does honor to thos- 
who prepared and published It, as well as to the city fur 
which it was designed. 

The Brooklyn water-works possesses many Interisting 
features. One of these Is the large number of driven-well 
stations. Intended originally only as temporary means if 
supplementing the surface supplies. 

The volume contains biographical sketches of the \aricu< 
chief engineers of the works, up to but not Including Mr 
de Varona, and a good portrait of Mr. Jas. P. Kirkwood. 
Chief Engineer of the Brooklyn works during their con¬ 
struction. The various rules and regulations of the works 
are given. Including those for the sanitary protection of tt-e 
water supply. One of the most Interesting of the many 
Ubles In the book Is one giving a detailed sUtement of the 
yearly receipts and expenditures of the works. The total 
cost of construction up to the close of 1895 was $2J,10‘J.7i'l 
Other valuable tables are rainfall records for Brooklyn at d 
vicinity, and deUiled statistics regarding the various pump 
ing plants and their operation. The consumption of water 
was 12 gallons per capita In I860; 47 In 1870 ; 54 In 
67 In 1890; and 75 In 1805. The first figure should not he 
given much weight, as the works wera completed In 18V'. 

THEORIES DE L'BLECTROLYSB.—Par Ad. Minet, Ing' n 
leur-Chlmlste. Dlrecteur du Journal L’Electrochimjc. 
Paris: Masson et Cle. Paper; 7H 414 Ins.: pp. Ii-' 
One of the scries of “Encyclopedle Sclentlfique dcs 
Aide-Memoire.” 

The author takes up the history of electrolysis from 
1772, when Paets, of Troostwyk, discovered that he waa 
able to decompose water by means of the current fur¬ 
nished by the great static electric machine at Harlem. 
But Investigators were then studying the mechanical 
rather than the chemical effecU of apparatus of this kind, 
and Paeta’s discovery of the electrolytic phenomenon waa 
regarded as of secondary Importance. Faraday, later, 
laid down the broad law, and the Investigations of Weber, 
Mascart, Kohlrausch, Lo^-d Rayleigh and Sedgewlck defi¬ 
nitely fixed the quantity of electricity necessary for the 
decomposition of an amount of electrolyte equal to Its 
equivalent expressed In grammes, and according to Bei- 
querel’s law. The author broadly defines electrolysis as 
the phenomenon of decomposition engendered by the pat-- 
sage of an electric current through certain chemical com¬ 
pounds of determined function: and all substances sus¬ 
ceptible of being thus decomposed by the current arc 
known as electrolytes. The latter must fill two conditions; 
they must be conductors of electricity and be sufllcieDtly 
fiuld. The general laws and physical theory of this phe¬ 
nomenon are then discuesed at length. The second part 
deals with the constitution of electrolytes, and the mod¬ 
em chemical theories as here applied; and the next di- 
vlsloa dlscuases tbe electrolytic constants, methods of 
measuring the reelstance and conductivity of electrolytes, 
effect of saline mixtures; and the electrolytic transport 
of the Ions. The work closes with a very full biography 
and an excellent table of contents. 

ANNUAL MEfmNQ OF THE AMERICAN INSTITUTE OF 

ELECTRICAL ENGINEERS. 

The 15th general meeting of the Institote was called to 
order In the Bee Building. Omaha. Neb., on the morning 
of June 27 by Mr. A. B. Kenneally. the president. Mr. W. 
W. Bingham. President of the City Council; Mr. O. W. 
Wattles, President of the Exposition; Mr. B. Rosewater 
and Col. J. J. Dickey were introduced aq^ made appro- 
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remark*, to which the president replied and then 

>■ s addre**. The growth of the electrical Industry 

a' k the U*t 15 year* wa* traced, and the progress in 

ll o ndustry which. In 1884. Involved only $1,000,000. and 

, » vtr $!K<0.000.000 was Interestingly outlined. 

‘■‘yr c. P. Stelnmetx then read a paper entitled “Dl- 

- v.;r!c Strength of Air," which was a description of a 

^T-ed of tesu of striking dlsunce* In air with different 

j^^rnis of terminals and a mathematical discussion of the 

ja-j, obulned. In ooncluslon Mr. StelnmeU said: 

^ 1 \t constant voltage and constant wave shape, that is 
''»'iDt ratio between maximum and effective E. M. F., 

- trlking distance is a constant, especially between sharp 
1' . It*, where the tests have been repeated over and over 

' a and Independent of the atmospheric condition, the 
fr-Quency, etc., to ouch an extent that the striking dls- 
mwe between needle points offers the most reliable means 
to determine very high voltages. 

> No physical law nas been found to represent satlsfac- 
toTily all the observation*. Some point to the existence of 
cjaitsnt dielectric strength of air. analogous to the ten¬ 
sile strength of mechanics. Others point to the existence 
of a spurious counter E. M. F. of the spark or transition 
resistance from electrode to air. 

.S Constant dielectric strength. Cylinders of 1.11-ln. di¬ 
ameter give an average disruptive strength of air of BO 
kilovolts per In. Cylinders of .315-in. diameter, an aver¬ 
age dielectric strength of 77. Spheres at very small distance 
point toward the latter value. As a disturbing factor in 
this case, enter* the electrostatic brush discharge, which 
by a partial breakdown of the air surrounding the elec¬ 
trodes changes and increases the site and decreases the 
distance of the effective terminals. 

4 Counter E. M. F. of the sparks. The tests with sharp 
polnU give 22 kilovolts, or 11 kilovolts for a single transi¬ 
tion from terminal bo air. Spheres give curves pointing to 
a similar phenomenon. Electric conductors inserted at right 
angles Into or parallel with the discharge, point to the ex¬ 
istence of a counter B. M. F. of the same magnitude. The 
beginning of the electrostatic brush discharge la at a po¬ 
tential of this magnitude also. 

Potentials of 160,000 volts effective and even up to 
170,(100 volts have been experimented with. They are prob¬ 
ably the highest voltages ever reached by man at ordinary 
frequencies with alternating currents of considerable 
power. 

Mr. John W. Howell read a paper entitled ‘‘Two-Wire 

Distributing Systems and Lamps at 220 to atO volts.” 

This paper described the saving in copper resulting from 

the use of a two-wire system in connection with the higher 

voltage lamps and recounted some of the troubles en¬ 

countered In the use of 220-volt, lamps. The statement was 

made that the future of 200-‘240-volt systems depended 

upon the development of a more economical lamp, as all 

other elements of the system were already provided or 

could be produced with the means or knowledge now at 

our command. 'The third paper, ‘‘A Capillary Electrometer 

for Electrical Measurements.” by Mr. Charles F. Burgess, 

was read by the Secretary. Mr. Burgess’ instrument de¬ 

pends upon the change of surface tension of two liquids 

(preferably mercury and dilute sulphuric acid), which are 

In contact In a capillary tube. The meniscus which is 

found at the separating surface moves upon the application 

of a potential to the liquids. This movement can be 

measured, as can also the potential producing it, and the 

instrument Is In this way calibrated. The methods of 

measuring insulation and electromotive force were de¬ 

scribed. 

The afternoon and evening were given up to visits to the 

Grant Smelting Works and the Union Pacific Shops and 

the night illumination of the Exposition Grounds. 
The morning session of June 28 was devoted to papers, 

the first of which, entitled "A Modern Central Station,” 

was read by Mr. Geo. A. Damon (Eng. News, July 14, 

1898). Dr. Francis B. Crocker followed, reading the Pre¬ 

liminary Report of Committee on Standardization, a com¬ 

mittee appointed some time ago to draw up a code to 

govern the construction of certain electrical apparatus. 

Such quantities as efficiency, rise of temperature, insula¬ 

tion, regulation, variation and pulsation, rating, classi¬ 

fication of voltages and frequencies, etc., are included in 

this report. The report is a tentative one, and was pre¬ 

sented to give members an opportunity to criticize and sub¬ 

mit suggestions. The afternoon and evening were devoted 

to sight-seeing. 

The first paper the next morning, June 29, was by Mr. 

Ernest J. Berg, on “Transmission and Distribution of 

Power for Railway Service.” This was a somewhat mathe¬ 

matical discussion of alternating current systems for rail¬ 

way work with especial reference to generation and trans¬ 

mission, and the available means of regulation from the 

generating station. 

The next paper presented, "Some Phases of the Rapid 

Transit Problem.” by Mr. Albert Armstrong, dealt with 

train acceleration, train energy and breaking. A number of 

curve* plotted from certain average assumptions were In¬ 

cluded with accompanying explanations. Mr. D. C. Jack- 

son's paper “The Dommutated Curve of a Composite 

Wound Alternator” was read by title. 

The morning of the last day, June .30, was devoted to 

the following papers: “The Graphic Treatment of Alter¬ 

nating Currents in Branch Circuits,” Henry T. Ekldy.; 

“Air Core Distribution,” Prof. W. E. Ooldaborough. and 

“High Voltage Power Transmission,” Chas F. Scott. 

The attendance at the convention was small, as was to 

be expected by .eason of the long distance from the elec¬ 

trical centers of the EMst. The papers are published in 

full In the May number of the Society's “Proceeding*,” 

which can be obtained from the Secretary, Mr. R. W. 

Pope. 28 Oortlandt 8t. New Tork city. 

SUMMER MEETING OF THE AMERICAN SOCIETY OF 

HEATING AND VENTILATING ENGINEERS. 

The first summer meeting of this society was held at the 
Hotel Irvington, Atlantic City. N. J., July 15. Two sewsions 

were held, one beginning at 2.5U p. m. and the other at 8 

o'clock In the evening. The attendance was disappointingly 

small. 

The afternoon session was called to order by President 

A. R. Wolff, with few appropriate Introductory remarks, .n 

which he explained that the summer met tlng was intended 
to be largely of a social nature. 

The first paper, “Some Accepted Tests of Ventilation- 

Are They Reliable?” was resul by the author, .Mr. T. C. 

Northeutt. We condense it as follows: 

as some manufacturers of regulators were doing, that one 

type was suitable for alt purposes, gnd all systems of heat 

liig. With steam heaters the changes were apt to be rapid 

compared with hot water systems. It was therefore nec«‘*- 

sary to employ special forma of regulators each suitable fur 

a certain set of conditions. 

Others stated that hot water regulators were slow to 

operate, all closing too slowly and opening too quickly. As 

an example of the uncertainty of automatic regulate re. the 

case of the operating room of a hospital was mentluntd. 
Th.a room had a large skylight and the sun's passing under 

a cloud would cause a variation of the room temperature of 

0*, notwithstanding the au'omatlc regulator In use. 

A paper on "Boiler Furnaces," by Mr. M. C. Huyett, of 

Detroit, .Mich., was read by the secretary. The following 

Most of the methods and Instruments by which we meas¬ 
ure the results of ventilation have come into use within a 
geooFatlon. They are comparatively new and to some ex¬ 
tent defective. We are not to abandon methods of testing 
because they are defective until we have found other meth¬ 
ods that are less defective, but 1 think it important to 
recognize their shortcomings. 

Carbonic Acid Gas Tests.—To discover the degree of Im¬ 
purity of air In occupied rooms It is usual to determine the 
proportion of carbonic acid gas. The excess of this gas 
over that which is normal to outside air in a clean locality 
Is taken as showing the degree of Impurity. This test is 
only approximate. 

Carbonic add gas is not the only, nor the worst, poison 
discharged Into the air of an occupied room. An eminent 
authority states that “a man of average weight throws off 
through the skin during 24 hours about 18 ozs. of water, 
.390 grs. of solid matter and 490 grs. of carbonic acid gas.” 
This is nearly 3 lbs. of poisonous matter discharged into 
the surrounding air by every vigorous adult In each '24 
hours. But less than one-third of this Is carbonic acid gas. 
It is well known that the solid matter of excretion in an 
occupied room Is a most deadly poison. We have no ac¬ 
curate means of testing Kk volume, except by laborious 
processes in the laboratory not available or practicable for 
general use. Yet the test for carbonic acid gas in vitiated 
air is, under carefully guarded circumstances, approxi¬ 
mately correct, and, if rightly used, is of great value. This 
Is true because an excess of carbonic acid gas is ordinarily 
a close companion of all other forma of crowd poison. Its 
presence indicates the presence of Its ally. 

Lime Water Test.—This test aims to determine the pres¬ 
ence of carbonic acid gas. It does not, except by inference, 
determine the presence of other forms of crowd poison. 
It depends upon the fact that carbonic acid gas passed Into 
and through lime water will precipitate the lime in the 
water, making the water which was at first absolutely clear 
to be more or less clouded and dense with chalky matter. 
The amount of carbonic acid gas discharged through the 
water determine* the degree of densl^. 

With the Wolpert Air Tester, for example, you are to 
determine the volume of carbonic acid gas that is passed 
through the water by the number of times you have dis¬ 
charged a bulb full of contaminated air through the lime 
water before the water becomes so dense that a black spot 
at the bottom is obscured. It Is evident that the experi¬ 
menter may. or may not, exhaust the bulh, or air pump, to 
the last degree at each filling. He may, or may not. fill 
the bulh from that limited area of air immediately sur¬ 
rounding his own head, and Into which he has Just that in¬ 
stant discharged the contents of his own heated lung*. 
This does not impeach the honesty of the operator. It is 
simply a question of his knowledge, his skill and precision. 

Again, to determine when the black spot can no longer be 
seen through the lime water Is a question of vision, and 
everyone who has made use of this teat knows how diffi¬ 
cult it is to be quite sure when the vanishing point is 
reached. The various lime water tests in popular use are 
thus defective. But this test is not without great value, 
and we must continue to use it until something better is 
known. We should look with some degree of skepticism, 
however, upon any such teat made by the Inexperienced. 

The Anemometer.—The anemometer Is the most useful 
instrument in determining the results of ventilation. I mean 
a good anemometer. I have seen some that are no better 
than an old-fashioned fanning mill. It should be carefully 
kept in adjustment. Ventilation Is, more than anything 
else, dilution, and so after all the best test of a(]equate 
ventilation is the anemometer test. And yet the anemo¬ 
meter. even If a good one, in the bauds of an Inexperienced 
or Injudicious person. Is an unscrupulous liar. 

We must continue to use tests which are recognized as in 
some measure defective. We continue to use them because 
they are the best known. We must be careful, however, to 
make these tests with a full knowledge of their shortcom¬ 
ings, and a disposition to carefully watch for every affecting 
circumstance. In the meantlno we will urge Inventors to 
find better instruments for our purpose. 

is an abstract: 

Boiler Furnaces for Steam Power Instailailuns. 

The Central High-School Building, Detroit, Mich, has been 
used two winters. The power plant has four horizontal 
tubular boilers, aggregating 42b HP. The furnaces were 
plain grates, band find, hrom Stpiember, IMHt, to .March 
1, 1897, 1,993 tuns of soft coal were burned, costing $2,81*’2. 
From March 1 to the end of st bool term, llNl tuns of soft 
coal were burned at a cost of 

The building Is In a fine residence part of the city, and 
complaints of "smoke nuisance," and thriats of suits w< re 
frequent. The use of anthracite coal was consida-red favor¬ 
ably and the consulting engineer fur the board estlmatid tl,at 
1,999 tuns wouid be requirid. Propotuls wtre adverti.ved 
for, and the iowest bid was $4.ss a ton. At the same l.me 
proposais were asked (or Jackson Hlil (Uhlu) nut and slack. 
The lowest bid was $l.ii9, delivered in the building. 

Mechanical furnaci's were Installed in August, 1897. From 
September, 1897, to .March, ibitb. .'stai tons Jackson Hill nut 
and slack were burntd at a cost of $l.3ti2.14. The engintH'r 
then estimated that l.'iO tons would complete the school 
term, at a looi of $2.'>;:.."ai. Total $1,615.94. 

If the engineer’s estimate for the incomplete, part of the 
term proved to be correct, the economy in favor of the me¬ 
chanical furnaces and cheap bituminous coal would be 
$1,811. 

The known quantity Is the two school terms to .March 1— 
$2,891, $1,.3(>2 or $1,529 economy. 

It is safe to assume that had anthracite been used l.tski 
tons would have been required, and fuel cost have been 
$4,889. 

There has not been a single complaint of smoke nuisance 
whilst burning the l.tNiO tons of bituminous nut and slack 
coal. Almost continuously the chimney top ha* been ab¬ 
solutely smokeless. 

When working a boiler at full duty rating of 1(H* sq. ft. 
of heating surface per horse-power with a mechanical fur¬ 
nace .'i.lB lbs. Pocahontas R. M. was burned per HP. hour; 
:{.74 lbs. Jackson nut and slack was burned pi r HP. hour: 
4.4 lbs. Hocking Valey slack was burned per HP. hour; 
lbs. Belmore pea was burned per HP. hour; 4.1 lbs. Cher¬ 
okee, Kan., slack was burned per HP. hour. 

I have test data with slack coal, hand fired, and like coal 
mechanically fired. The economy favored the mechanical 
furnace 2(K^. 

.Mechanical furnaces require alack or nut and slack, or nut 
sizes of coal, and with only reasonable attention for some 
types, and no attention for another type, will consume such 
sizes of bituminous coal with stack conditions rang.ng from 
tome smoke—but no smoke nuisance—to absolutely smoke¬ 
less almost continuously. At no time will chimney gas 
escape be opaque. 

Bituminous slack and screenings coal can be burned so 
saiisfactorily as to not cause a nuisance to occupants of 
adjoining properties, and with such economy as to fully 
Justify the large money Investment requlnd (or a modern 
mechanical furnace plant. 

.Mr. A. Harvey mentioned the case of the .Michigan Cen¬ 

tral R. R. station at Detroit. Mich., In support of the auto¬ 

matic stoker as against hand firing. In this plant, l.’2iH) 

tons of hard coal were formerly required, while with me¬ 

chanical stoking l.(H)9 tons of slack were used, thus effect¬ 
ing a saving of about $.'>,090 a year. 

. Mr. Jellett called attention to the fact that the economy 
resulting from the use of mechanical stokers di pended upon 

the locality In which they were employed, the entire ques¬ 

tion binging on the relative cost of hard and soft ccal, and 

while stokers made such a fine showing in Detroit, 

where hard coal cost so much, the saving would be greatly 

reduced in a place like Philadelphia, where hard coa: is 
cheap. 

In opening the evening session, the President announced 

Mr. Jellett, in the discussion, said that his experience dem¬ 

onstrated the approximate nature of tests made with the 

anemometer. In one case where a delivery of 40,9(X) cu. ft. 

per minute was called for in the specifications, his test gave 

41.000, while that made by the engineer in charge gave 47,- 

000, and someone else might have obtained 37,000. In the 

case in question the flue velocities were found to vary con¬ 

siderably, ov Ing to offsets <n the flues, and the delivery was 

altered by the opening or closing of dampers In side flue*. 

Attention was called to the fact that all 3-ln. anemomentera 

seemed to have the same friction coefficient (30) and the 

reason (or this was briefly discussed without arriving at 
any conclusion. 

Mr. Henry C. Meyer, Jr., questioned the accuracy of the 

author's statement that the carbonic acid gas would rise, 

and the other exhaled material would settle. It was ex¬ 

plained that the separation was only temporary and resulted 

from a difference of temperature, the COi being hotter 
than the other product* when exhaled. 

The Secretary then read Mr. McClellan Davidson's paper, 

“The Use of Draft Regulators,” which was intended to epen 
a topical discussion. 

This paper considered in a general way the question of 

draft regulators for domestic service, stating that any regu¬ 

lator to bo of service must be simple, quick to respond to 

temperature changes, and thoroughly reliable, conditions not 
completely fulfilled by any regulator In the market as far as 

his experience went. The beat system at present in use em¬ 
ployed a thermostatic device, bat It was a mistake to claim. 

the following as members of a committee to collect data con¬ 

cerning school-houFe heating and ventilation in their respec¬ 

tive cities: A. E. Kenrlck, Boston; Geo. I. Rockwood, Wor¬ 

cester; Ernest Giantzlong, Springfield; Mr. Strangerland. 

New York; Wm. M. Mackay, Newark; T. C. Northeutt. 

Syracuse, Rochester, Elmira and Buffalo; H. R. Harvey, 

Detroit; John Oormly, Philadelphia; B. H. Carpenter. 
Wilkes Barre, Scranton; Henry Adams, Baltimore and 

Washington; J. A. Larydon, Pittsburg; H. D. Crane, Cin¬ 

cinnati; D. M. Quay, Chicago; Prof. J. H. KInealy, St. 

Louis; Chstrles T. Tay, San Francisco; David N. Nesbitt. 

London, England, and A. B. Reck, Copenhagen, Denmark. 

The first paper of the evening, “A Suggestion for Deter¬ 

mining the Heating Surface of Indirect Radiators,” by Mr. 

H. Eisert, was read by title only, owing to Its terhnical 

nature, which would require some personal explanation hy 

the author. It will be published in full In the annual pro¬ 

ceedings. 

A topical discussion, “What is the Beat Means of Advanc¬ 

ing the Interests of Our Society?” was taken up and con¬ 

siderable time was devoted to considering the objects of the 

Society, the classes of engineers eligible to membership, 

and the number of Mich engineers. Entrance rc^qulrements 

were discussed and the resulting feeling was that everything 

considered, for a young Society with a high standard for 

admission, the American Society of Heating and Ventilating 
Engineers was holding Its own. 

The fourth topic. “The Consulting Heatirg and Vcntllstlng 

Engineer—His Relation to Owner and Contractor,” was dls- 
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cunw^ by Mr. Jellrtt who quoted from a paper on tke same 
■ub)ert read by Mr. Wm. H. Bryan before tbe meotlng ot 
the American Society of Mechanical Bnclneere, held at 
N'lagara Falls in June (tCng. News, June 2, 1898). He 
sutrd that the coniultlng engineer bore tlM same relation to 
the owner that the architect did, and at the same time, 
like the architect, must have the confidence of the contract¬ 
or. The duties of a consulting engineer were outlined, and 
the common practice of accepting bids in which it was quite 
certain the contractor had made some mistake, afterwards 
holding him to his contract and thereby nsaklag him lose, 
was condemned. Such action usually resulted In poor work 
somewhere which would eventually bring the cost up to 
what should hare been allowed. 

The consulting heating and rentilating eng'neer is a recent 
growth. In most cases he is oualified to do what Is claimed 
by hie title. There are. It Is true, many equally compe¬ 
tent engineers connected with manufacturing firms, but these 
from this business connection are not In a position to oc¬ 
cupy a proper relation to the customer, and hence could not 
he called consulting engineers. 

ANNUAL MeeriNO OP THE INTERNATIONAL MINING 

CONGRESS. 

The first annual meeting of the Congress was held at Salt 
tdike City, Utah, on July fi, 7, 8 and 9. 

This organisation Is a result of the gold mining con¬ 
vention which met a year ago In Denver, at which It was 
decided to extend the scope so as to Include all mining and 
to adopt the more comprehensive name. 

At the first session on Wednesday, July 8, there was a 
rather small attendance. Addresses of welcome were made 
by the governor of Utah and the mayor of Salt Lake City 
and were responded to by Col. B. F. Montgomery, of Colo¬ 
rado. The president of the Congress, sx-Oov. Bradford T. 
Prince, of New Mexico, gave an able address, In which hs 
pointed out that by extending the latitude of the conven¬ 
tion to include all mining Interests. ITnO.OOO.flOO In annual 
product was now represented Instead of only 860,000,000 for 
gold alone. 

It was also pointed out that of the five principal metals— 
gold, silver, copper, lead and Iron—the United Staites to¬ 
day produces more than any other country. Her copper 
production Is greater than that of all the rest of the world. 
At the aftemoon session J. W. Neill, mining engineer of 
8alt Isike City, read a paper on “Advances In Methods of 
Concentration." At this session was presented the report of 
the committee on revision of the Federal mining laws, the 
most Important matter brought before the Congresa. TTie 
chairman, Chas. J. Moore, mining engineer, of Colorado, 
presented the majority report and made a strong speech 
in support of It. 

The report was very voluminous, but the principal change 
recommended In the existing law was the entire annul- 

'ment of the so-called "apex law" at present applied to lode 
claims. 

By this law the owner of a mining claim Is allowed 
extra lateral rights, that is, he has the right to go beyond 
the side lines of his claim in following the vein on which he 
has located. Mr. Moore aald In part: 

In the year 1879, only seven years after the paassge of 
the present mining law on May lA, 1872, the evils resulting 
from Its operation had become so great that Congresa ap¬ 
pointed a public land commission, which Inveatigated most 
thoroughly the causes of tbe troublea arising from tha 
preaent law, and made an exhaustive report This testimony 
before this commission showed great evils then existing; 
and they nave grown worse during the IS years alnce that 
commission's report. 

To eliminate the "apex-law” would be to return to the 
common law. which declares that the owner of any portion 
of the earth’s surface is entitled to everything encloaed by 
vertical lines or pisnea reaching from his surface bound¬ 
aries down to the center ot the earth, bnt to nothing out¬ 
side of them. 

By the abolition of the apex law we destroy at once the 
principal source of the most expensive, harassing and dis¬ 
astrous litigation In our Western States and Territories; 
but we would compensate those who think they should have 
possession of every vein throughout Its entire depth wh*n 
its apex is within the surface boundaries of their location, 
by doubling the else of the maximum location over that of 
the preaent law. making It 40 acres Instead of 20 acres; 
snd further by expanding the manner of discovery and per¬ 
mitting a location to be taken In any form, thus eliminat¬ 
ing all difference between side lines end end lines. Tha 
apex law was a legacy from Spain, which we inherited 
when we acquired the Spaniah colony of California, and 
all the Spanlsh-Amerlcan countries except Bolivia hare now 
abandoned It 

Another principle advocated in the report is that of en¬ 
tirely segregating as eoon as possible any portion of the 
public domain upon which a discovery of precious or use¬ 
ful minerals may be made, by requiring the owner of a 
mining claim to patent his ground within five years from 
the date of location. Adverse claims are to be adjudicated 
at tbe time of location, the original survey of the latter to 
be now made an official act. and to serve without any sub¬ 
sequent survey as thst upon which the patent shall ulti¬ 
mately issue. 

In the proposed new law the tunnel-site feature is rs- 
talned, but its provisions are limited to the ownership ot 
veins tot previously covered by surface locations, and ars 
expanded to include the right of possession of the under¬ 
ground places on the beds of ancient rivers, such as ars 
called in California "deep placers." 

The discussion of the majority and minority rsports of the 

committee was undertaken at the afternoon session on 
Thursday, July 7. 

Ths two rsports had been printed for distribution among 
tha members, and the minority report was presented by 
Judge W. B. Heybum, of Idaho, who made a vigorous 
speech In its support. 

This report recommended the retention ot the apex law 
and of practically the present system of laws, with ths 
abolition of local rules. 

The speaker asserted that the "square" claim law (verti¬ 
cal sides) had been In effect In British Columbia since 1891, 
but that they now desired to change back to the American 
system. He claimed that the recommendations of the ma¬ 
jority report. If enacted Into law, would work untold hard¬ 
ship on the prospector who was generally of bumble means 
and who could never begin to comply with the seven notices 
requlrtd, and with the 860 preliminary deposit which the 
U. S. Surveyor-Oeneral required at the time of making the 
location. He gave examples of ths location of certain 
claims that had laid the foundations of some of the greatest 
camps In the world, where the locators had barely enough 
money to pay the recorder’s fees. The minority report 
recommended the establishment of a base line for every 
ledge as follows; 

to the sulphides of base metals with which they nuy be u. 
soclated. Is so wonderful that, from a chemical point of view 
we may say that it la poaelble to extract tbe gold from ^ 
low-grade ores by means of cyanide, with the excp; tlon ^ 
ores containing copper, sine and antimony comblnallonx 
In these cases the treatment becomes difficult, ti not 
possible. 

On first thought one is Inclined to believe that the finer the 
ore Is crushed tbe better it Is for leaching purpoiee.but tbia 
very often a wrong conclusion. It may be all right tor verv 
bard sllicious ore, but not for an ore containing for in¬ 
stance, alumina and magnesia, which are very apt u> f >nn 
slimes when coming in contact with the cyanide solution 
and thus render tbe ore Impenetrable. A very go ,d ex¬ 
ample Is tbe experience of the now world-renowned Mercur 
mine In Utah. Some six or seven years ago when th> pro¬ 
cess was being developed at the plant of this mine- which 
by the way, was the first cyanide extraction plant 1.; this 
country for the treatment of ore—the managers were ad¬ 
vised to grind the ore to about 600-mesh In order to a'tain 
the highest possible extraction. The result was the savinx 
of only about 40% of the assay value of the ore. After many 
attempts and experiments to solve this perplexing problem 
it was decided not to crush the ore so fine, on account of 
its porous nature and Its considerable percentage of talc and 
alumina, which latter rendered tbe ore difficult of p* retra- 
tion by the cyanide solution. The result was that the 
coarser the eve was crushed the higher the extraction be¬ 
came. and now it Is found that the highest extraction—about 
8.%%—is obtained when the ore Is crushed to about ^-in 
CUlMS. 

The end lines of the first location made upon any ledge 
shall govern as to the direction of the end lines of all sub- 
sequeqt locations upon the same ledge. 

In concluding. Judge Heyburn urged that, though there 
had arisen many difficult questions in the past In connec¬ 
tion with our mining Uws, that they had stood the test of a 
quarter of a century during which they bad been Interpreted 
at a cost of millions of dollars, and that It was unwise now 
to enact any new ones. 

Prof. W. 8. Keyes, geological expert of California, made 
an argument for the majority report. Among other things 
ha said: • 

I look upon the extra-lateral permission of the law as the 
chief vice of our present mining code. It has caused 
more heartaches, more law suits and more rascality and per¬ 
jury than any dosen laws upon our sUtute books. On the 
authority of a former Surveyor-Oeneral of Nevada, Mr. 8. H. 
Marlette, there was expended In litigation on the Comstock 
l«lejluring the years of 18«V’6.6 Inclusive, not less than 
89.000,000—one-fifth of the total product of the mines and 
considerably more than was declared In dividends during 
the same time. Senator William Stewart estimates the 
cost of litigation carried on by the Chollar and Potoal min¬ 
ing companies, prior to 1866. at 81..T00.0n0. and the expenses 
of the Ophlr-Moscow war at nearly 8800.000. The toul 
costs of lltigaHon in the Washoe district up to Jsn. 1, 
1806. he computes at 810.000.000. As a part of the litiga¬ 
tion there sprang up a horde of greedy, consciencelees 
standing wltnesaea." ready, for pay, to swear to anything. 

Dr. Raymond, la “The Mineral Industry,” says; “The full 
development of the mineral resources of the West will never 
come to pass until the capital It requires is belter protected 
by definiteness in title and boundaries of mining property. 
And that cannot be done, in my Judgment, by any amend¬ 
ment of the present law, which shall leave In It the pres¬ 
ent abnormal. Irregular. Indefinable, precarious snd mis¬ 
chievous extra-lateral right." It is .bad enough to he 
obliged to Uke the usual mining ehanedi. bnt when In addi¬ 
tion to this—to use the words of Chief Justice Beatty of 
Callfomla. long on the bench in Nevada—we have the cer¬ 
tainty of a law suit, provided the mine proves to be of anv 
value, the outlook for the legitimate miner and investor is 
far from encouraging. , 

Professor Keyes then answered the objection that the adop¬ 
tion of the "square” claim would tend to the monopolisation 
of a district by asking why it was that all the other nations 
of the earth used the system; and why It was that the sys¬ 
tem was used in all the states to the east that produced the 
commercial metals. 

Among the lawyers, he asserted that the gianU at the bar 
were a unit on the question, and that the "BngIneertng and 
Mining Journal.’ of ’New York, and the "Mining and Scien¬ 
tific Press,” of San Francisco, were both enthusiastically In ' 
favor of reform. In closing, he asserted that under the 
square or surface location no disputes could arise except 
such as could be determined by a competent surveyor. 

The discussion of the reports was not concluded at this 
session, and It went over until Friday morning, July 8. It 
was evident that neither report could be aopcoved. and ex- 
Congreasman C. F. Allen, of UUh, offered a resolution as a 
substitute for both, which was adopted. This simply stated 
that It is the sense of the Congress that the mineral laws 
should be so amended as to do away with extra-lateral rights 
in mining claims, and Instructed the President and Secre- 
Ury to forward to the proper committees and officers at 
Washington, when Congress convenes In December, copies 
of the resolution. The main fight against any change in the 
laws was made by the prospectors. 

At the Thursday morning session. Manuel Blquera, sec- 
reUry of the Peruvian Legation at Washington, and a min¬ 
ing engineer, read an interesting paper on “The Mineral Re¬ 
sources of Peru.” Mr. Blquera described the geographical 
situation and topography of Peru, and explained that of the 
vast mineral wealth of the country but little is really 
known. He had traveled a great deal In Peru In the prac¬ 
tice of hIs profession snd had Journeyed for days at a time 
through regions where the earth at any place could be taken 
and washed, and would show particles of gold. 

This paper was followed by one entitled "Some Remarks 
on the Cyanide Process,” by Louis Fade, chief chemist and. 
director of the Raessler A Hssdecker Chemical 0>., of New 
York. Among other things the speaker said: 

So-called coarse gold Is acted on by cyanide so very 
slowly that the process Is applicable only to ores which con¬ 
tain Uie metal In a verv flnriy divided state. The selective 
action ot a Mints cyanide solution on gold ores la pretsrenee 

At Friday morning’s sesslon,a paper on the mineral reeources 
of Venesuela was read by Francisco Yanes ot that country. 
Sefior Yanes gave an interesting topographical deeiTiption 
of that country. He said that notwithstanding mining was 
still In its Incipieney there were 226 mines which furnish 
42 different metals. Attention woe called to the rich cop¬ 
per mines of Aroa and B1 Callao,which have proved astoniih- 
ingly productive. Ths richest gold-bearing region is that 
of Quiana, where the fabulous land of "El Dorado" was lo¬ 
cated, which attracted so many adventurers to the coast of 
Guiana In the fifteenth century. There are 62 gold mines in 
Venesuela, all of which are high-class producers. There 
are also coal and asphalt mines and petroleum deposits, 
which have been worked at a profit. 

Mr. Yanes was followed by T. W. Gibson, Secretary of the 
Bureau of Mines and Mining of Ontario, Canada, who, took 
occasion to preface his talk on the mineral resources of On¬ 
tario, by referring most feelingly to the sympathy of Can¬ 
ada for the United States In the present war. and to the 
close relationship between the two countries. 

At the afternoon session on Friday, a paper entitled 
"Official Geology and Its Relation to the Mining Industry,’’ 
prepared by H. H. Stoeck, editor of “Mines and .Minerals," 
of Scranton, Pa., was read by Prof. Arthur Lakes, of Colo¬ 
rado. Tbe writer told of the first established geologiesl 
survey—that of North (^rolina—begun in 1823, from whii h 
the idea developed in different states. The Association ef 
American Geologists was formed In 1840. For years In dif¬ 
ferent states the surveys dragged on, often crippled for 
want of funds, until after the Civil War. Then came a re¬ 
vival of geological activity until work along this line is 
done In nearly every state of the Union. 

A paper on "Mine Legislation and Mine Inspection in the 
Anthracite Coal Region of Pennsylvania,” was then read by 
Mr. G. M. Williams, of Pennsylvania. 

The speaker told of the beginning of all mine lnsi>ec;lon 
in this country at the anthracite mines; of the opposition of 
the mine owners at first, and how much benefit It had 
caused, not only In saving of life and limb, but in the more 
vigorous health and increased capacity for work of the 
miners. 

At this session Milwaukee was chosen as the place for the 
next annual meeting, getting about 70% of tbe vote cast, 
and Sept. 7 to 10 Inclusive, 1899, was fixed as the time. 

Mr. Richard H. Terhune, superintendent of the Hanauer 
smelter, near Salt Lake, read a paper on “Recent Advances 
In Silver-Lead Smelting,” In which he gave the results of 
numerous experiments be had made. 

At Saturday’s session a resolution, offered by Prof. S. B. 
Christy, of California, ,waa adopted, which recommended a 
liberal Increase In appropriations for carrying on the U. S. 
Geological Survey, and also the co-operation of surveys now 
carried on by the states Independent of the national sur¬ 
vey. A vote of thanks to Director Walcott and his assistants 
was Included. A resolution petitioning Congress (or the 
creation of a Department of Mines and Mining, was aleo 
passed. 

It was decided to establish a headquarters for the Congress 
at Salt Lake for the coming year, until it becomes time to 
remove them to Milwaukee to begin tbe preliminary work 
(or next year. Mr. W. D. Johnson, of Salt Lake, the Sec¬ 
retary-elect, is to be In charge. (JoL B. F. Montgomery, of 
Cripple Creek, Colo., was chosen President for the ensuring 
year. 

The sessions were pleasant and (airly harmonious, not¬ 
withstanding the hot weather, which deterred many from 
sitting through them when there were more attractive re¬ 
sorts outside and at the lake. There were 28 states and 2 
foreign countries with delegations In attendance. The great¬ 
est attendance at any one time was about 130. 

A mineral exhibit was made at a hsdl near by, at which 
were shown some of the choicest products of some of the 
principal mines of Utah, and also some mining machinery. 

On Saturday, an excursion vras run to Bingham to inspect 
the Highland Bay (principally copper) mine and others 
On Sunday excursions were run to Park City, to Tlntlc and 
to Mercur. At the latter place they had the rare privilege 
of going through the great Golden Gate cyanide mill, lllua- 
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