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THE NEW YORK DRY DOCK NO. 3 has been suffl- 
ciititly exposed, under the work of Naval Constructor 
Howies, to show the true cause of failure. The chief trouble 
is found in the sheet piling of the coffer dam near the en¬ 
trance. The specifications called for 8-ln. sheet piles 
driven tightly together for a depth of 47 ft., or until hard 
liottom was reached. Mr. Bowles finds that some of these 
piles simply rested on the mud and others were driven from 
4 ft. 4 Ins. to 17 ft Into this mud, but allowed water to 
enter beneath them. Other piles were out of line, overlap- 
liing. or twisted out of shape and position In driving. 
.<ome of the concrete Is said to be shallow in depth and In¬ 
ferior in quality. The whole work, so far uncovered. Is 
charactcrUed as outrageously bad, showing rascally scamp¬ 
ing of work on the part of the contractor and culpable 
negligence on the part of the Inspectors. The history of this 
work is briefly as follows: The contract was first let in 
.November, 1802, but the contractor did not undertake the 
work and the contract was relet to John OUlles, of New 
York, (or $412,000; OUlles failed to. make the required 
lirogress, and in May, 1885, Secretary of the Navy Her¬ 
bert let the work remaining to be done to T. & A. Walsh, 
of New Y’ork, for $370,000. Under this latter contract the 
faulty work above noted was performed, Mr. A.a.Menoeal, 
t'. E., U. S. N., being the government engineer In charge. 
The dry dock was accepted as complete In March, 1887, 
with a total cost to the government of $555,033. The new 
dock was tested by the admission of the monitor “Puritan,” 
and then by the battleships “Iowa” and “Massachusetts” 
sui cesslvely. Excessive leakage was developed and the lat¬ 
ter ship was hurried out In time to escape possible material 
damage. Investigations followed and Congress finally ap¬ 
propriated $100,000 for repairs. In June, 1887, and Naval 
I'unsiructor Bowles was put in charge. The damage was 
at first charged to the operations of a dredge In lifting 
and breaking some of the sheet piling at the entrance; 
but this Is disproved by the emptying of the dock, made 
possible by the building of a strong coffer dam around the 
entrance. The additional sum of $50,000 la now asked for 
to continue rei>alra and the prospect Is that much more 
will be required before the dock is made perfectly sale. 
The report of Mr. Bowles Is fully sustained by the late re¬ 
port of a board made up of Naval Civil Engineers P. C. 
.Ysser.son, M. T. Endicott and Mr. F. T. Chambers. An ex¬ 
planation has been officially demanded of Mr. Menocal, who 
is now in Nicaragua with the Canal Commission. Since 
the above was written other and even more serious defects 
have been developed in this dock. Water is findin». i* 
way through the piling under the east entrance wing wall 
and Inside of the coffer dam constructed by Mr. Bowles. 
This last leak Is carrying quantities of fine sand and the 
surface ground has sunk about 18 Ins. under the armor- 
arrying track neat the dock entrance. As one result of 

this settlement the dock coping Is showing a widening 
crack, indicating a movement outward of the caisson abut¬ 
ment. As an evidence that It was known by some one 
that the lines of 8-ln. tongue and grooved sheet piling, 
acrou the dock entrance, were originally out of line. Irregu¬ 
lar and badly driven. It Is now found that the timber 
floors at this point were carefully cut to fit these irregu¬ 
larities. The Navy Department Is urging Ckingress to pro¬ 
vide the mesms tor meeting this emergency, which may 
i'lissibiy mean the reconstruction of a large part of the new 
dry dock. 

ENGINEERING NEWS. 

THE RECENT ACCIDENT TO THE BATTLESHIP 
“Iowa” Illustrates one of the effects of the modem In¬ 
tricacy of construction and design In the batteries of 
battleships, following their Increase In power and quick¬ 
ness of handling. During a sea-test of the 12-ln. guns, 
for rapidity of fire with smokeless powder, at the sixth 
shot the dashpot, used to relieve the cylinders in recoil, 
broke and fell, disabling the gun completely. This dash- 
pot weighs about 5U0 lbs., and while the damaged part 
can be easily restored in a navy yard, if it breaks in 
action the warship is practically at the mercy of the 
enemy. Naval officers call for a thorough investigation 
of this part of the gun’s equipment, and a new device that 
will bo safer and more durable uador tbo strain of 
service. 

THE COST OF A 3()-FT. CHANNEL IN THE DELA- 
ware River, as an entrance to the port of Philadelphia, Is 
estimated at $5,835,tXX) by Major C. W, Raymond, Engineer 
Corps, U. S. A., In charge. This Includes the cost of deep¬ 
ening the 26-ft. channel at low water, nearly completed, 
and for a width of tKH) ft., from Petty Island to deep water 
in Delaware Bay. Of this amount $(>44,()(K) Is for the re¬ 
moval of rock at Schooner Ledge and near Cramp's ship 
yard. The estimated quantity of material to be removed 
is about 32,375,(180 cu. yds. of mud and clay and 68,000 
cu. yds. of rock. The deeper channel is strongly urged by 
the Philadelphia Board of Trade and business interests 
generally. The estimated time of completion is six years. 

OCEAN TRAVEL FOR 1887 shows a decrease In west¬ 
bound cabin and steerage passengers. The figures for 
1887, as compiled by Mr. Wm. C. Moore, landing agent at 
New York, show 80,332 cabin passengers landing in 801 
trips, as compared with 88,223 in 1886, coming in 852 trips. 
The steerage passenger list, in 1887, numbered ISif.lkM; as 
comiiared with 252,350 in 1886, 258,560 in 1885, 188,164 in 
1881 and 364.700 in 1883. 

GERMANY’S COMMERCE, says U. S. Consul Waller 
Schumann, of Mains, has increased in the last few years 
as follows: In 1881 the foreign trade of Germany amounted 
in vplue to $1,508,206,000; In 1885 it was $1,772,621,080, 
an increase of $261,418,000. That this is not due solely 
to the general Increase in the world’s commerce is shown 
by the fact that in this same period England’s commerce 
decreased by about $180,400,000; that of France decreased 
by about $142,800,000; that of Russia by about $71,- 
400,000. During 1881-1883, Germany’s commerce with the 
United States increased from $83,300,(X)0 to $180,4O<'',00O; 
with Brazil, from $3,570,000 to $44,506,000; with the Ar¬ 
gentine Republic, from $8,8o6,000 to $36,414,000; with 
Chili, from $2,142,000 to $25,000,000; and with British 
India, from $5,117,000 to $53,800,000. 

THE UNITED STATES EXPORT TRADE, for the eleven 
months ending with November, 1887, is given as follows 
from the official figures at Washington, compared with the 
same period of the previous year: 

locomotive of the London ft Northwestern Ry. by Mr. F. 
W. Webb, its Locomotive Superintendent, and the list 
as published In London “Engineering” la as follows: 

Lbs. 
Coal . 118.HOO 
Steel scrap . 63.048 
Pig Iron . M,215 
Scrap, wrought iron . 16,36’2 
Swedish iron . 14,448 
Copper ingot. 11,137 
Coke. 10..3O4 
Spiegel . 6,373 
Cast-iron scrap . 8,403 
Limestone . 2,046 
Block tin . 646 
Lead . 88 
Tile zinc. 76 
Phosphorus bronze . '70 
Ferro-Manganese .... 132 
Red ore. 120 
Chrome. 80 
Aluminum . 13 
Antimony . 4 

Products. 1886. _ 
Agriculture.$578,682,078 
.Manufacturing.2'28,815,258 
Mining. 18.638,'218 
Forestry. 33,142,785 
Fishery. 5,875.(W7 
Miscellaneous. 3,378,566 

ToUls..$870,742,822 

The aggregate is nearly 138 tons for a complete locomo¬ 
tive weighing about one-third of this total. 

FORGED STEEL CAR WHEELS, manufactured by the 
Facer Forged Steel Wheel Co., at Perth, OnUiio, Canada, 
are made of solid steel ingots, the hub, plate center, tire 
and flange all being forged from one piece. The process 
Is as follows; A round steel ingot, about 18 ins. In di¬ 
ameter and 13 ins. thick, weighing about 900 lbs., U 
heated in a suitable furnace. It Is next placed under a 
steam hammer and flattened Into a disk about 6>4 ins. 
thick and 26 ins. In diameter. Next it is turned upon edge 
and the flange forged by means of dies with a V-shaped 
groove. The hammering necessary for the flanging reduces 
the diameter of the disk, and another set of dies thin up 
the wheel and form the hub and punchea the hole. 
Another hammering thins out the web and fits the wheel 
for boring and facing. 

THE SYSTEM OP FILLING LOCOMOTIVE TENDER 
tanks, described In our Issue of March 26, 1886, has been 
awarded medals at several recent expositions In Europe. Is 
on trial on the Hungarian State Railways, and has bien 
recommended for general adoption on the lines controlled 
by the Italian governmenL The system Is the invention 
of Coda Costa, Chief Engineer of the Mediterranean Di¬ 
vision Ry., with headquarters at Civitavecchia, Italy. 

STATISTICS OF RAILWAY CONSTRUCTIO.N In the 
ITilted State s in 1887 have been colli cted by the ’’Rail¬ 
road Gazette,” and the ’'Railway Age.” The construc¬ 
tion by states as given by these two Journals is as fol- 
l.iws: 

I-Miles.—, ,-Miles.-, 
States. “Ga- SUtes. “Oa- 

’]Ago.’’zette.” “Age “ setts.” 
Alabama .lll.«>7 114 New Jersey . 8..38 lo 
Arkansas . . .108 5 8 (..I New York . . 18.86 ’27.02 

1887. 
$635,782,488 

2.56,256.812 
18.2.'{3,8;i8 
37.868,468 

5.’22.'{,8.'58 
3.310.428 

THE MOST SERIOUS RAILWAY ACCIDENT of the 
week occurred Jan, 7 at Harvey, III., on the Grand Trunk 
Ry. According to reports, a suburban train had only a 
few minutes previous been shunted upon a siding. The 
switch must have been left open, for the following train, 
a freight, ran on the siding, injuring three men, two of 
them fatally. 

THE BURSTING OF A DRIVING WHEEL TIRE of a 
locomotive drawing the Royal Blue line train over the 
Central Railroad of New Jersey, at Netherwood, N. J., 
Jan. 8, Injured the fireman and two passengers. At the 
time of the accident the train was running about a mile 
a minute, but no derailment occurred. 

THE BOILER OF A TOWBOAT EXPLODED on the 
Ohio River, near Olenfleld, Pa., Jan. 8. Reports state that 
7 men were killed and 9 Injured. The cause is not known. 

BURGLAR-PROOF MAIL CARS have been built at the 
Topeka shops of the Atchison, Topeka 6 Santa Fe Ry. 
They have no end platforms, and the doors are fitted with 
heavy bolts, bars and chains, while the windows and ven¬ 
tilators are fitted with bars. A secret receptacle has been 
provided for the safe carriage of registered letters. Be¬ 
sides these precautions against the entry of unauthorized 
persons, the cars In equipment and finish are model rail¬ 
way postofflees. An extra amount of table room has been 
provided, the letter cases have patent roller label holders, 
and wire bottoms. The cars are lighted with seven Pintsch 
gas lamps and there are fittings for temporary lights in 
case of emergency. The cars are 60 ft. long and were 
built after designs furnished by the postolfice department 

THE RAW MATERIALS REQUIRED FOR A LOCOMO- 
live havs been ascertained for a typlesU 8-^iiver freight 

1 Okla. Ter. . . 0.8 27 
87.45 Oregon .. . . 51 81 
-2) Pennsylvania. 116.47 142.08 

116.8., So. Carolina . 10.6 10.5 
(».() So. Dakota. 1.25 0. 
8 Tennessee. . . 22 15 
1.73 Texas. . . . .103.6 87.45 

20 :r, Utah . . . . . 1 0 
12!»..5 Vermont . . . 3.25 3^5 

18.35 Virginia. , . . 65 18.65 
r» West Va ... . 6.5.86 61.5 

12,5.74 Wisconsin . .115 65 80.8 
42 82 Washington. . 1 0 
55.8 
8.3.2 

Ind. Ter. . . .. 0 0.8 

2 
13.8 

Total . . . 1827.82 1861..52 

Arkansas . . .Init Ji 81.5 New York . . 18.86 ’27.02 
California . .20;*.81 18‘2.fH! North Dakota. 37.5 36.'28 
Colorado ... 16 S.’i.lJ.’t North Carolina .32.2 62.:« 
Delaware . . 2o 25 Ohio. 6.3 6 28 
Florida. ... 17 1 okla. Ter. . , 0.8 27 
Georgia . . .118.25 87.45 Oregon.61 81 
., wt u- Pennsylvania. 116.47 142.0!) 

Illinois. . . . 02.2 116.8.> So. Carolina . 10.6 10.6 
Indiana. . . . 05 0.0 So. Dakota. . 1.25 0. 
.8 8 Tennessee. . . 22 16 

Kansas ... 0 1.73 Texas.103.6 87.45 
Kentucky . . 7 20:{.» rtah.1 0 
Louisiana . .11.5.3 12!»..5 Vermont ... 325 325 
Maine .... 30.65 18.3.-, Virginia. ... 6.5 18.65 
Ma.ssachusetts 6 25 5 26 west Va. 5.5.06 61.5 
Michigan . ..1,33.36 12;,.74 Wisconsin . .115 65 80.8 
Minnesota . . 4.,2 42 82 Washington. . 1 0 
Mississippi . .80 5 65.8 ind Ter. 0 0 8 
Missouri. . .110.5 8.3.2 — - 
Dlst of Col... 0.0 2 Total . . . 1827.82 1861..52 
Montana. . . 12 13.8 

In addition to the toUl given the “Gazette” estimates 
that about 110 miles of track have been laid on roada 
where tracklaying was In progress when the figures were 
compiled. 

THE BOSTON SUBWAY WORK Is nearly completed. 
The Boston Transit Commission, In its annual report, says 
that the work still to be done Ilea In the section in ScoIIay 
Square, the section in Adams Square and the section north 
of Haymarket Square. Chief Engineer Howard A. Carton 
reports that 87% of the whole work is finished and 7% 
more Is under contract or ordered. According to present 
prospects the total cost of the Improvement will fall con¬ 
siderably within the engineer’s estimates. The total coat 
of the subway to date is $4,043,313.17; the original estimate 
being $5,000,000. A tunnel under the harbor to East 
Boston Is again being dlscuased at an eatimated cost of 
$2,406,600. 

THE BIDS FOR THE EIGHT-TRACK DRAWBRIDGE 
over the Chicago drainage canal were given In oar iaaae of 
Dec. .30, 1887, but It should have been stated that the 
bid of 1254,000, made by Mr. C. L. Strobel, Included both 
substructure and superstructure. 

THE MICROSCOPIC STUDY OF STEEL U being put to 
practical use In the Investigation of a recent locomotive 
boiler explosion to determine whether the exploelon waa 
due to low water. The water line In the boiler at the time 
of the explosion Is to be determined, If possible, by mi¬ 
croscopic study of sections taken from different parts to 
detect evidence of overheating. 



and the compact and simple construct! 
trucks as well as the small size of the i: 
well shown in Figs. 2 and 3. 

In the test of Jan. 4 a train consist 
standard freight cars fully loaded and 
about 2115 tons was moved with ease. 

At present current for operating the Ic 
Is supplied directly to the No. (XJ troUe> 
the Hudson Electric Co. 

resistances, two more sand boxes and a suitable 
box for tools. The length of the body from plat¬ 
form to platform is 29 ft., the width 8 ft., height 
to trolley base is 13 ft., a distance from center to 
center of trucks 12% ft., and the total weight is 
57,000 lbs. 

In the interior of the cab and at one side is a 
single cylinder vertical air compressor driven b> 
a 3 HP. bipolar, slow speed, iron clad motor tak* 
Ing current from the trolley and operated auto¬ 
matically by a governor switch, which turns on 

MENT AT EXETER, ENGLAND. ■ By Albert 8. Crane.* 

Since the Liocal Government Board o ircdt 
Britain has taken the stand that the pui uiun 
of sewage effected by chemical precipitati.,. is in- 
sufflcient and is compelling nearly all tl. ■ . 
using that system alone to supplement it i,y fur¬ 
ther purification, various new methods ha-, b^eti 
devised. 

Among the many schemes of sewage d p.jsal 
now agitating the minds of English sanlta-y en¬ 
gineers the method invented and paten i by 
Donald Cameron, City Surveyor of Exeter, ■- per¬ 
haps attracting the most attention. Alth(,u.;h it 
has not yet received the sanction of the Local 
Government Board, which is still wedded to sew¬ 
age farming and intermittent filtration, tlie in¬ 
terest shown in it and favor which it has found 
with engineers cannot fail to cause that board to 
pass upon it. The writer in a recent trip thiouBh 
Great Britain, inspecting sewage disposal works, 
found many towns anxiously looking to the .septic 
tank system as a relief. 

The plant at Belle Isle, Exeter, was put in us*- 
on Aug. 16, 1896, and since that date has been 

-- purifying the sewage from about 1,500 inhabi- 
*• * .tants. It consists of two parts, the septic tank. 

' *** which the anaerobic bacteria act uprm the 
- - ' L ^sewage and prepare it for the second part, which 

consists of five filter beds in which the aerobic 
bacteria complete the purification. 

The septic tank is a reservoir made of con¬ 
crete, built in the ground, arched over and cov¬ 
ered with sod. It is 64 ft. 10 ins. long, is ft 
wide and varies in depth below the sewage lint 
from 7 to 7% ft. This tank is dark, air-tight and 
has a capacity of about 65,000 U. S. gallons. At 
the inlet end of the tank are two small grit 
chambers 10 ft. deep below the sewage line, sepa¬ 
rated from the rest of the tank by a wire, atid so 
arranged that one may be used at a time. Tlit 
sewage enters the grit chamber near its bottoiii 
and comes in with a considerable velocity, owing 
to the reduced size of the inlet pipe on the tank 
side. This velocity scours the heavy materials in 
the grit chamber and prevents any undue amount 
of organic matter from lodging there. The sew- 

AN ELECTRIC FREIGHT LOCOMOTIVE 

As briefly mentioned in our last issue the formal 
opening of the Hoboken Shore Road, Hoboken, 
N. J., occurred Jan. 4. This road, some two 
miles in length, forms a connecting link between 
the tracks of the various railways terminating in 
Hoboken and the docks and warehouses extend¬ 
ing along the Hudson River from Hoboken to 
Weehawken. For the past three months freight 
cars have been handled by an old electric repair 
car impressed to do duty as a locomotive, but on 

Pia. I.—A S40.H.P. ELECTRIC FREiaHT LOCOHOTIVE. 

Oeneral Elcctrk Co., 5chenectady, N. Y., Builders. 

the date mentioned a modern electric locomotive, 
built by the General Electric Co., at Schenectady, 
N. Y., was set to work in the presence of a num¬ 
ber of invited gentlemen. The machine is shown 
in Fig. 1 as it appears in actual operation and is 
in general design similar to the locomotives built 
by the same company for the Baltimore & Ohio 
R. R. and now in daily use in Baltimore, Md. 

The cab is of sheet iron, as are also the sloping 
tender shields at each end, and is almost square. 
Each side is provided with two drop windows af¬ 
fording an unobstructed view in all directions, 
while suitable sliding doors on the sides are also 
provided. The interior of the cab is finished with 
cherry and all fittings are of polished brass or 
nickel. On the top of the cab is the usual trol¬ 
ley base and pole. On both the sloping shields are 

current when the air pressure drops below a cer¬ 
tain point and cuts it off when it exceeds a certain 
value. At the opposite end of the cab is placed 
the controller corresponding to the throttle of a 
steam locomotive. This is technically known as 
an L-2 type series-parallel controller and is ar¬ 
ranged to operate the four motors in series or in 
two sets of two in multiple series. In plain sight 
of the motorman is a line ammeter of 500 amperes 
capacity, while Just below is an air brake gage of 
the usual type. Overhead is a Type L automatic 
magnetic blowout circuit breaker adjusted to 5<K» 
amperes and series with the main circuit. Besides 
the controller and within easy reach of the op 

FIQ. 2.—SIDE VIEW OF LOCOITOTIVE TRL'CK. 

Showing sinpllcity and small size of motors. 

FIG. 3.-GND VIEW OF LOCOnOTIVE TRUCK 
With 2 O. E.-2,000 BMtors-8S rated H.P. each. 

age, then relieved of sand and grit, rises aiul 
passes over the weir with greatly reduced ve¬ 
locity into the tank proper. The tank is designed 
to hold about one day’s supply of sewage, which 
gives the bacteria time to work upon it. In the 
center of the tank is an inspection well with glass 
windows in the sides through which the working 
inside the tank may be watched. A sketch plan 
of the tank and adjacent filter beds is shown by 

the accompanying illustration. 
At the time of the w'rlter’s visit, in the latter 

placed head lights and Just back of these are the 
usual whistle, on one end, and bell on the other. 
At the front and rear end a small platform and 
railing will be noticed, intended for the brakeman 
in charge of the trolley pole, for use when coupling 
cars. Suitable automatic couplers, buffers, air pipe 
connectors and wheel fenders are mounted upon 
the locomotive frame, leaving the trucks entirely 
free, as in the case of standard railway cars. The 
compressed air tank, equalising air tank, two 
sand boxes and four resistances built of German 
silver ribbon wound upon asbestos and packed 
between sheets of asbestos are placed under one 
shield, while under the other are located 8 similar 

erator is the usual engineer's valve for the air 
brake and two valves operating a blast arrange¬ 
ment, which causes sand to be blowm under the 
drivers. Near by is also another circuit breaker 
in series with the air pump motor and the auto¬ 

matic governor already mentioned. 
The locomotive is provided with two four-wheel 

trucks shown in Figs. 2 and 3. To each axle is 
geared a G. E. 2,000 motor of 86 rated HP., 
making a total of 640 HP. for the four, and a 
draw bar pull of about 10,000 lbs. Slow speed 
motors and a single reduction of a very low ratio 
give a speed, when fully loaded, of about 8 miles 
per hour. The wheel base of each truck la 5^ ft 

•Of the Department of City Works, Brooklyn, N. T- 
Crane’s article has been supplemented with later Info; 
tion from the Engllah engineering papers, as noted. 
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HE PEORIA WATER CO., PEORIA, ILL. 

c- M. E., Designing Engineer. 





• ,art of August, there was about G ins. of thick, 
dark brown scum on top of the sewage, and from 
(i to 12 Ins. of sediment on the bottom of the tank. 
Mr Cornmtn, Surveyor to the Patentees, and Mr. 
Martin. Assistant City Surveyor of Exeter, as¬ 
sured me that the tank had been in constant use 
for over a year, treating an average of about GO.- 
(KW U. S. gallons of sewage dally. From analyses 
made by W. J. Dibdin, Chemist to the London 
County Council, the crude sewage contained about 
_>4.5 grains per gallon of suspended matters, and 
the tank effluent 10.8 grains per gallon, so that 13.7 
grains per gallon must have remained in the tank. 
This quantity in a year would represent over 180 

tons of sludge of 90% moisture. 
Dr. Uideal, in a paper read Dec. 9, 1896, before 

the Sanitary Institute of Great Britain, estimated 
the daily amount of solids entering the tank at 400 
lbs., and that the minimum time required to flit 
up the tank would be nearly three years. 

In the “Lancet” of Dec. 5, 189G, a correspondent 
describes the action in the tank as follows; 

Soon a bubble Is formed and the little fragment is 
buoyed up to the underside of the crust at the top of 
the tank. Now the bubble gradually squeezes lU way 
through this crust and bursts under the dome of the tank. 
The little particle, having lost its airy support, falls once 
more down to the bottom. But so sure as it contains or¬ 
ganic matter this particle will be fastened upon by some 

. 64'l0‘ •— 

Septic. Tank 

//C ['TT'iiyi’T 
Filter VNo.I. Filter 

'/A 

! STilil^r; 

I NO :3l 

tHtg.Hftwe. 

SKfcTCM PLAN OF SEPTIC TANK PLANT AT EXFTER. ENGLAND. 
Taken from a sketch by F. J. Commin, Surveyor to Patentees. Exeter. 

more micro-organisms. Another bubble will be formed; made for treatii 
it will be carried up to the top of the tank again, and the x. Cnmeron 
process will be repeated till all the organic matter has • 
been consumed and dissolved and there remains nothing the Exeter tan 
but ash—inoffensive mineral ash—on which the microbes works to treat 
cannot feed. The deposit is very fine and inorganic. 

gallons of sew 
On top of the tank is a burner, from which the outfill sewer i 

gas generated in the tank may be burned. The tried for some i 
tiame is odorless, almost without color, and the minimum I 
gas, before burning, has only a slight musty smell. 42,000 U. 5 

The sewage, having been acted on for nearly 24 o-j ,jays of Aug 
hours in the septic tank, is taken out through a g^iions. Durin 
slotted pipe, which is about 16 ins. below the top average dal 
of the sewage in the tank. The effluent runs over jgj,g 

an aerator in a thin film and passes to the filter Au-^ust 1897 t 
beds. At this stage it has a very slight musty ^.^g round 

odor, a light yellowish color, and contains large being 371 tlmei 
quantities of small dark flocculent masses. average of aboi 

Mr. Dibdin, in a report made July 5, 1897, said: j^r. Cameron 

By the biological action In the septic tank Itself the mitterforthe 
organic matter In the sewage was so changed that the or 81% of the v 
amount of oxidizable organic matter In solution was re- /it xiim 
duced by 30.8%; the free ammonia by 26.9%; and the 
albuminoid ammonia by 17.6%; and the susitended solids pass to the filt< 
by 56%. The condition of the organic matter remaining . ereat nar 
was also changed, rendering it more easily broken up.’' ^ 

organic mattei 
The filter plant in which the purification is con- same and pass 

tinned consists of five beds of 720 sq. ft each, and (3) Methane oi 
5 ft. in depth. They are made water-tight and are the upper part 
filled with coke breeze and crushed cinders. One trogen are also 
of the beds is always resting for a week at a drogen is founc 
time. They are operated as follows: By a pat- the hearln 
ented automatic arrangement the effluent from above the tow 
the septic tank is first let into Bed No. 1. After rnent regarding 
this is filled, the effluent rune through a small pipe. Although the » 
shuts itself off from Bed No. 1, and begins to run into a stream wit 
on Bed No. 2. When this in turn becomes filled. rememl^red that 

the effluent goes to Bed No. 3, and so on around. land as an eaaei 
In each bed the sewage remains about two hours, Jl' 

. , provided for taki: 
when the valve in the underdrain is automatically ing it to the sur 
opened and the effluent passes out. Each bed in scree of this iai 
... ... . ... of coarse gravel, 
its turn rests two hours.* The operation is contin- flow off into thi 
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uuus, and is dune without the assistance of an at- 
ten-Jant. During the first rush of the effluent it is 
very slightly colored, but soon becomes remarka¬ 
bly clear and entirely free from odor. 

Mr. Dibdin also reports that: 

The result of the work done by the united pruceases 
of septic tank and coke breeze tlUers was an average dim¬ 
inution of dissolved oxidizable organic matter equal to 
bU.U%; of free amuiuuia, 64.1>vv: and of aiouminoid am¬ 
monia, ({3.2%, and practically the whole of the suspended 
matter was removed. Nitrous and nitric acius were aiso 
formtd, the consistent manner of their production show¬ 
ing the satisfactory conditions of work obtaining. 

The City Surveyor has prepared plans for dis¬ 
posing of the Sewage of the whole city. The popu¬ 
lation to be cared for is 47,(XM.), for which be pro¬ 
poses to use 37,000 sq. ft. of septic tank, and about 
2Vu acres of filter beds. 

Since Mr. Crane's article was submitted we have 
received additional information regarding the 
above plant, and also further particulars regard¬ 
ing the proposed works for treating the sewage of 

the w’hole city. This Information consists of a 
l»aper by Mr. Cameron, the Inventor of the system, 
entitled "A Year’s Experience of the Septic Tank 
System of Sewage Disposal at Exeter,” read before 
the recent meeting of the Sanitary Congress, at 
Leeds, England, and published in “The Contract 
Journal” for Oct. 13, 1897; also of a report in “The 
Surveyor,” for Nov. 26 and Dec. 3. of a hearing be¬ 
fore representatives of the Local Government 
Board on application by the City of Exeter for au¬ 
thority to borrow about $193,000 for improvements 
to the sewerage system. Including intercepting 
sewers, septic tanks and accompanying filter beds 

and land for sewage Irri- 
4 “I gatlon. From this last it 

^-111 be seen that land treat- 
Mam Colleti <rig Dram , • „ , 

■.- ment is proposed in con¬ 
nection with the septic 

No.4. Filter No.5. tank system. This we un¬ 
derstand the Exeter au¬ 
thorities claim to be un¬ 
necessary, but it seems 
they think it wise to defer 

--J to the well-known conser¬ 
vatism of the Local Gov- rTER, ENGLAND. oi i.ic xx 

... . _ . ernment Board; and, be- Patentees, Exeter. , . ' ’ , 
sides, provision must be 

made for treating the storm flow. 
Mr. Cameron opened his paper by stating that 

the Exeter tanks were designed as permanent 
works to treat a maximum of about 98,900 U. S. 
gallons of sewage daily, from the St. Leonards 
outf ill sewer, superseding an experimental plant 
tried for some months. During the drouth of 1893 
the minimum flow of sewage reaching the tanks 
was 42,000 U. S. gallons, the average for the first 
2.3 days of August, 1896, being about 43,600 U. S. 
gilions. During the latter half of February, 1897, 
the average dally flow was about 99,0(rt) U. S. gal¬ 
lons. For the year ending about the middle of 
August, 1897, the total quantity of sewage treated 
was, in round numbers. 24,000,000 U. S. gallons, 
being 371 times the capacity of the tank, and an 
average of about 66,000 gallons a day. 

Mr. Cameron states that the net loss of dry solid 
mitter for the whole year was about 26 long tons, 
or 81% of the whole. He accounts for this as fol¬ 
lows: (1) Minute particles of suspended matter 
pass to the filters, but they do not clog the latter. 
(2) A great part of the carbon and hydrogen of the 
organic matter combine with the oxygen of the 
same and pass out as carbonic acid gas and water. 
(3) Methane or marsh gas forms and collects in 
the upper part of the tank; free hydrogen and ni¬ 
trogen are also liberated, but no sulphuretted hy¬ 
drogen is found. 

In the hearing on the proposed loan, mentioned 
above, the town clerk made the following state¬ 
ment regarding land for irrigation: 

'According to the statement made in November. 1897, 
by the Town Clerk of Bzeter, and publlthed in “The 
Surveyor," of London, the beds are operated in pairs, 
each bed is six hours in filling; stands full six hours; 
and then has a rest of about six hoars.—Ed.) 

Although the council could have discharged the filtrate 
into a stream without any Injury to the stream, yet they 
remembered that the Local Government Board some time 
ago made It known that they would require treatment on 
land as an essential part of any scheme. The council 
had, therefore, provided 20 acres of land, and the scheme 
provided for taking the filtrate on to this land and apply¬ 
ing it to the surface of the land by irrigation. Over 10 
acres of this land was a natural filter-bed. constructed 
of coarse gravel, from whence the filtered water would 
flow off Into the river at a place where the river be¬ 
came tidal. This system provided an assurance of the 
prevention of any chance nuisance. 

Mr. Cameron, City Surveyor of Exeter, and in¬ 
ventor of tbe system, stated that the sewage on 
coming to the proposed works would first pass 

through one or all of three grit chambers, each 15 
ft. sq. and 15 ft. deep. It would then go to the 
six septic tanks, each 35 ft. 4*4 ins. wide, 181 ft. 
4^1* ins. long, and 7 ft. deep, having a total ca- 
i>aclty of 262.422 cu. ft., or about 1,965.000 gallons, 
and being covered with concrete arches on brick 
piers. The tanks may be used independently or 
collectively. Both the inlet and outlet will be sub¬ 
merged. 

From the septic tanks the sewage will go to the 
eight filters, each with 4 ft. of filtering material 
and an area of 13,613 sq. ft., or a total of 2^j 
acres. The effluent from these filters will go to 
the irrigation area of 20 acres. 

Like Worcester, Mass., the outlet sewers at Exe¬ 
ter are old water courses, enclosed with masonry, 
and like Worcester, also, Exeter proposes imme¬ 
diately to separate the stream flow from the sew¬ 
age proper. The English city also has the com¬ 
bined system of sewers, but does not propose, like 
the American, to put in the separate system. With 
the stream flow excluded, the amount of sewage 
to be treated at Exeter, allowing for an increase of 
10,000 over the present population, is assumed as 
about l,2i3,000 U. 8. gallons, for a population of 
47,000 tributary to the sewers. The rainfall in 
Exeter for the past twenty years has averaged 
.10.873 ins. per annum. The carrying capacity of 
the new outfall sewer will be about 6.86r>,(KK) gal¬ 
lons a day, giving a surplus over the above dry- 
weather flow equal to Vi-ln. rainfall in 24 hours 
over the sewerage area. With the ordinary How 
the sewage would remain in the septic tanks for 
43 hours, and with J/4-in. rainfall it would remain 
7Va hours. 

With the orJin.iry flow of sewage the filtering 
area will eventually work at the rate of SlO.iMXI U. 
S. gallons an acre. When rainfall increases the 
flow to exceed a total of 3.000.000 U. S. gallons, or 
l,200,tX)0 gallons an acre, the surplus will be di¬ 
verted from the filters. Just after leaving the sep¬ 
tic tanks, and piiss to the irrigation area, together 
with the effluent from the filter beds. The total 
volume to be applied to the irrigation area will 
then be 6,8<'i3,(Kl0 U. S. gallons, or nearly 330,0(XJ 
gallons per acre, of which nearly half will have 
had the septic tank treatment, followed by filtra¬ 
tion at the rate oi 610,(XX) U. S. gallons per acre. 

The sewage to be treated will be mainly domes¬ 
tic, but will include the wastes from two brown 
paper mills, tw o breweries and one tannery. 

In conclusion, it may be said that the septic 
tanks as tried at Exeter, are arousing great in¬ 
terest in England, and that some of the leading 
scientists of that country seem to be greatly Im¬ 
pressed with the work done by tanks, although no 
one, so far as we have seen, has yet made a care¬ 
ful study of the cost of this system as compared 
with intermittent filtration. We have commented 
on this and some other new English sewage purifi¬ 
cation projects in our editorial columns. 

The English papers report two explosions as 
having occurred recently in the observation cham¬ 
ber of the Exeter tank, but give no particulars, 
except that in one of them Mr. A. Creer, City En¬ 
gineer of York, “sustainel severe burns and a 
shock to the nervous system,” and required medi¬ 
cal attendance. 

SUPPLEMENTAL PUMPING PLANT OF THE PEORIA 

WATER CO., PEORIA, ILL. 

(With two-page plate.) 

By Dabney H. Maury, Jr., M. Am. Soc. M. E * 

In the summer of 1895 the Peoria Water Co. 
was compelled, in consequence of the unprece¬ 
dented drouth, and the excessive consumption and 
waste of water in Peoria, to increase Its water 
supply. The method adopted to secure the addi¬ 
tional water is described in this paper. 

The pumping plant of the Peoria Water Co. con¬ 
sisted, in 1895, of six 200-HP. Heine water tube 
boilers; three Worthington vertical compound du¬ 
plex high duty pumping engines, of 7.200,ii00 
gallons capacity each; and of 100,000,000 ft.-lbs. 
duty per 1,000 lbs. steam; and the necessary feed 
pumps, air pumps. Jacket pumps, and other aux¬ 
iliaries. The main pumping engines then took 
their entire supply from an open well, 63 ft. deep 
by 34 ft. in diameter, sunk in the gravel near the 
pump pit, or dry well. The water was, and Is, 

'Engineer and Superintendent Peoria Water Co., 
Peoria, III. 
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pumped against a pressure of about 130 Iba into 
the SO-ln. discharge main, which leads to the city, 
an open branch on this main leading up to a 10,- 
000.000 gallon reservoir on the “Bluffs," about a 
mile west of the pumping station. When the pumps 
are delivering more water than is being used in 
the city, the surplus goes to the reservoir. When 
the pumps are shut down, or the use exceeds the 
pumping, the reservoir makes up the deficiency. 
The general location of the original and supple¬ 
mental pumping plants is shown in plan and sec¬ 
tion in Figs. 1 and 2.* 

Water bearing gravel was known, from previous 
borings, to underlie the territory surrounding the 
main well, and lying between the Bluffs and the 
west bank of the Illinois River. A more careful 
survey of this gravel was made by means of ad¬ 
ditional driven wells, 4 and 0 ins. in diameter, 
which were sunk to bed-rock, and equipped, for 
test purposes, with short strainers. Samples of 
the various strata encountered were saved, and an 
accurate record of borings was kept. The water 
level In each well was noted, and by means of a 
series of many such observations, made on some 
35 wells distributed at advantageous points, much 
information was obtained as to the quality and 
quantity of the underground water, and its sur¬ 
face slope under various conditions of rainfall 
and pumping. These surveys showed that the best 
point for a new well was about 3,340 ft. above, 
or up-stream from, the old one. 

Several methods of bringing the water fiom the 
new well to the old one were considered. The 
first plan which naturally suggested itself wsis the 
establishment of a separate steam pumping plant 
at the new well; but the first cost, and the still 
greater subsequent expenses for engineers and 
firemen and maintenance, rendered this plan un¬ 
desirable. 

The various types of air lift were next studied; 
but the cost of the air compressors, and the very 
low efflcit ncy of the system, and the fact that. In 
order to get the submergence of the air pipes, 
requisite for Its proper working, wells would have 
to be sunk 50 to GO ft. into bed-rock, caused this 
plan to be rejected. 

Electricity was next considered. The large sur¬ 
plus of boiler capacity seemed to render feasible 
the installation of a generating plant at the pump¬ 
ing station, and of electric motors to drive the 
pumps at the new wells. The first cost of this 
system; the necessity of having to employ skilled 
electricians to run the generator, and the motors 
at the new wells; the liability of the motors and 
generator to get out of repair; and the fact that 
the dampness In the new wells would injure the 
motors, combined to cause the rejection of this 
plan also. 

The following system was finally adopted. An 
open well, 11 ft. Inside diameter, was sunk 3,340 
ft. from the old well. A 24-in. vitrified tile pipe 
line was laid from near this well, on a grade of 
5-100 ft. to 100 ft., to empty Into the old well. 
Parallel to this tile pipe, there was laid a 12-in. 
cast-iron main, connected with the 30-in. force 
main. In the new well were erected in duplicate, 
plants consisting each of two vertical centrifugal 
pumps, compounded, driven directly by a Pelton 
water wheel on the same vertical shaft as the 
pumps. The 12-in. cast-iron main delivers water 
from the force main at 120 lbs. pressure, to drive 
the motors. The centrifugal pumps lift the water 
from the well into the upper end of the tile pipe 
line, whence It flows by gravity to the old well; 
while the water used to drive the Pelton wheels 
Is also discharged into the same pipe line, and re¬ 
turned with the pump-water to the old well. 

In other words, the surplus power of the high 
duty main pumping engines Is employed to do the 
work of running the pumps in the new well; and 
the water, which Is used to transmit this power, 
is returned with the water pumped from the new 
well to the old one. no water being lost in the 
operation. The details of this plant as originally 
constructed in 1835 are shown in Figs. 5 to 0, 
Inclusive. 

The tile pipe line was laid with great care, the 
Joints being pointed Inside and out, and after¬ 
wards smoothed off and brushed on the Inside 

*For • fuller dfsciiption of tbU stsem plant, with an 
account of a duty test under ordinary working condltlona, 
see paper by the writer. Trana HI Boc. Bngra and 
Surr.. IWn. 

with cream of neat Portland cement. The entire 
line was afterwards tested for leaks under 2 lbs. 
pressure, and the leakage was found to be Incon¬ 
siderable.* 

The construction of the entire plant was at¬ 
tended with great difficulties. Quicksand was met 
In two-thirds of the length of the pipe line. The 
water supply was dangerously low, while the con¬ 
sumption and waste were larger than ever be¬ 
fore, and the work bad to be pushed with all pos¬ 
sible haste at consequently greatly increased ex¬ 
pense. In sinking the well, the excavation was 
first made as deep as the ground water would per¬ 
mit. The well shoe was then constructed, and the 
masonry built on as the shoe sank, the sand being 
excavated under the shoe by manual labor, and 
the water and some of the sand removed by ver¬ 
tical centrifugal pumps driven by a belt from a 
steam engine. A separate hoisting engine raised, 
in buckets, the sand which was not pumped out. 
The well sunk rapidly, from 2 to 3 ft. per day, 
to within 12 ft. of bed-rock, when its progress was 
suddenly diminished, and all efforts failed to get 
more than 4 ft. further. It was the intention to 
sink the well to bed-rock, and then to drive out 
horisontal “push-wells," to collect the water from 
as large an area at as low a level as possible; but 
It was found that at 8 ft. from bed-rock the sand 
ran in under the shoe faster than it could be re¬ 
moved. A steel ring 10 ft. diameter by 5 ft. high 
by ^-In. thick, was then started down inside the 
well in the hope that it might be sent to bed-rock, 
but after much time had been lost in trying to 
keip ahead of the Inflowing sand the attempt was 
abandoned. Oak wedges were then driven so as 
to close solidly the space between the ring and 
the wall of the 'well, the bottom of the well was 
closed sufficiently to prevent further inflow of 
sand, and four driven wells were sunk to bed-rock. 
Four push wells were also driven out through 
boles made in the wall of the well, and all eight 
of these tubular wells were equipped with 6-ln. 
Cook strainers and connected to the suction pipes 
of the lower pumps. 

As shown in Fig. 9, in the plant as first con¬ 
structed, the discharge pipe of the lower pump 
on each shaft is the suction pipe of the upper 
pump on the same shaft, or the pumps are “com¬ 
pounded," as this arrangement is termed. 

Water raised by the pumps Is forced through a 
12-in. cast-iron pipe to the measuring vault, 
shown in Figs. 7 and 8. Here it flows into a weir 
box formed by the bottom and sides of the vault, 
and thence, after passing over a 3-ft. weir, with 
end contractions, it continues, by gravity, through 
the tile pipe to the old well. 

The Pelton motors are 24 ins. in diameter, and 
are set In specially-designed cases, each equipped 
with four Independent gates and nozzles. The 
water used to run the motors is, after doing its 
work, discharged by gravity Into the upper weir 
box in the measuring vault, out of which it flows, 
over a 3-ft. weir, to Join the water raised by the 
pumps on its Journey through the tile pipe to the 
old well. A book gage is set at each of the weirs 
and measures the motor water and the water 
pumped. 

In addition to the plant Just described, three 
6-in. driven wells were sunk between the cast- 
iron and the tile pipe lines, at distances of 1,050, 
1,800 and 2,500 ft., respectively, frofn the old well. 
A brick masonry vault was built around each of 
these wells, the neck of the vault being carriea 
up above high water mark, and protected against 
ice by a rubble stone masonry tower. In each 
vault was set an 18-in. Pelton motor coupled di¬ 
rectly to a small centrifugal pump. Figs. 2 and 3, 
the pump drawing from the 6-in. well, and both 
motor and pump-water being discharged on to the 
floor of the vault. This floor is divided longitudin¬ 
ally by a vertical partition into two compartments, 
each of which serves as a weir box, and is equipped 
with a weir 1 ft. wide with end contractiona The 
motor water flows over one weir and the pump 
water over the other, and by means of a three- 
way cock, the depth of water over either weir can 
be measured by the hook gage set in the vault 

The plant at the new open well was finally 
started In October. 1895, and ran without Inter- 

*Por description of these tests, see paper by the writer, 
Trane. TTT., Roc. Bngrs. and Snrv., 189d. Eng. News, May 
21. 1886. 
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ruptlon, day, night and Sunday, until Janu i 
1896, when, the water supply having been r en- 
ished by rains. It was shut down. The only c re¬ 
quired during that time, was the occasional ..n 
cation of the bearings of the vertical shaft. .ir. 
Ing 1896, and for the first nine months of is.i i|,„ 
plant was not required, and for months ( 
period, it was entirely submerged by the w: 
the well-being almost entirely under wai f.,r 
the whole of the time. 

In October, 1897, the supplemental supply 
again needed, after it had stood idle 21 in 
the vertical shaft was turned a fraction of a 
lution with a Stillson wrench, one of the zi.. 
gates of the Pelton wheel was opened, an . 
machinery started off, working as smoothly, as 
though it had been shut down but a few nn ^ 
before. As the water in the well was lower by 
the pumps, the shaft was lubricated, and i,.^ 
whole plant was found to be in good workin r- 

der. It has been running almost continu. 'y 
since, such shut downs as have occurred bein. le 
only to outside circumstances, in no way a- 
nected with the working of the plant Itself. 

Within the last few months, several cha . s 
and improvements have been made In the i a- 
chlnery, which have resulted In a decided gah in 
efficiency, as follows: When the plant wa.s i.rst 

put in, the imminent danger of a water fatinne 
left no time for the construction, or even for iho 
selection, of the most suitable class a'nd typo .f 
pumps. As a result, the pumps used were bi>ii<-iit 
out of stock, with no further indication as to V. ,r 
proper speed and actual capacity than couM be 
gained from the by no means accurate table in 
the manufacturers' catalogue. Experience li.is 
proven that the efficiency of the pumps then 
bought was not as high as stated; and that their 
best speed was not, under the actual lift, the h st 
speed of the 24-ln. Pelton wheels under the actual 
pressure of the force main. For example em h 
pair of pumps, compounded, with the actual lilt 
of 28 ft., or 14 ft. to a pump, was found to lower 

the water in the well nearly to Its minimum level, 
at a speed of about 480 revolutions per minute. 
The best speed for the 24-ln. Pelton wheel under 
120 lbs. pressure Is between 610 and 640 revolu¬ 
tions. Consequently, the efficiency of the Pelton 
wheel was, at the working speed of the pumps, 
very much less than its maximum, and the com¬ 
bined efficiency of the plant proportionately 
smaller. 

For these reasons, it was decided to try the ex¬ 
periment of removing the upper pump. Accord¬ 
ingly, the upper pump on the north shaft was 
taken out of the well, and the shaft was at the 
same time made continuous, and guided and sup¬ 
ported by Improved bearings. The revolutions In¬ 
creased at once from 480 to between 600 and (iin 
per minute; and the single pump at the higher 
speed delivered the same amount of water that the 
two had previously delivered, but with an expen¬ 
diture of 30% less motor water. This gain in effi¬ 
ciency is due to the increased efficiency of the 
motor at the new speed; to the reduction in fric 
tion resulting from the use of improved bearings 
both for guides and supports; to the smaller num¬ 
ber of bearings on the shaft; and to the saving 
in hydraulic friction by not having to force th' 
water through the tortuous pasages of a second 
pump. Very little oil being required for the iin 
proved bearings, and there being no way in whic h 
the machinery can do itself any harm, the plant 
may be locked up and left to run alone for con¬ 
siderable periods of time. This is now actually 
done, and with the exception of an occasional 
perfunctory inspection of the plant and refilling of 
the lubricators by one cf the regular pumping sta¬ 
tion force no labor is required to run it. Th' 
machinery needs but little more care than is usu 
ally bestowed on the familiar and reliable countr.v 
house hydraulic ram. 

While the plant as installed in Peoria consists, 
as stated, of Pelton wheel driving centrifug.d 
pumps, the system is susceptible of broad varia 
tion, and any sort of water motor and any tyr 
of pump may be employed. It is the writer’s in 
tention in some future applications of the system 
especially in such as may involve greater lifts, t 
put in tubular wells, with deep well pumps driven 
by Pelton or other similar water wheels. 

As a general rule, the^total capacity of an un- 
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r, ;nd water supply can be rendered available 
/cheaply by a large number of driven wells 

by a smaller number of open wells, and the 
ulty of sinking the latter becomes very much 
ter with 4he Increase In depth. On the other 
1 the first cost of centrifugal pumps of any 
u capacity Is much less than that of deep well 
- s of the same capacity. In choosing the type 
ell and pump to be employed, the engineer 
t, in each case, be governed by the local con¬ 

ns. 
th Felton wheels, or others equally as good, 

> shaft with vertical centrifugal pumps, 
design, under lifts of not over 35 ft.. 

i,n me same 
of ;iiodern < 
i,:;; with Improved shaft and motor bearings, ex- 
1 rience In Peoria shows that the following effl- 

c . ncles may be realized: 
Per cent. 

[> n wheel. ® 
r. : .niugal pump. 

'umbtued efflclency . 55.25 
I . tor shaft frlcUon and friction In force main 

and suction and discharge pipes . 6.25 

N.t lombined efficiency. 60 

I'l.r water motors geared directly to improved 
dnuble-acting deep well pumps, the efficiencies 
iii.iv be estimated as follows: 

Per cent. 
I’clton wheel. 85 
Iniproved deep-well pump. 76 

Combined efficiency . 63.75 
I..(ss for frlcUon in gearing for friction in force 

main and suction and discharge pipes.... 7.75 

.Net combined efficiency . 56 

With a duty at the main pumping station ot 
liKi.iHio.OOO ft.-lbs. per l,0(i0 lbs. steam, these ef- 
tifieni'ies would be for the plants using centrifu¬ 
gal and deep well pumps, respectively, 50,00O,0(M) 
and ud.OOO.OOO ft.-lbs. per 1,000 lbs. of steam— 
which for small isolated plants of from 500,000 
to 1,000,000 gallons capacity, are much higher 
than could be obtained by any ordinary commer¬ 
cial steam plant. 

With main pumping engines of still more mod¬ 
ern make, and of, say, 140,000,000 ft.-lbs. duty, 
the net combined duty of the supplemental units 
wauld be from 70,000,000 ft. lbs. to 78,400,0(»0 
ft. lbs. per 1,000 lbs. of steam—which would prob¬ 
ably exceed the duties obtainable In any other 
way from plants of so small capacity. 

AN ELECTRIC RAILWAY TRESTLE AT LONG 

BRANCH. N. J. 

The illustration herewith shows a section of a 
trestle built by J. G. White & Co., New York city, 
for the Atlantic Highlands, Red Bank & Long 
Branch Electric R. R. to obviate a grade crossing 
near Long Branch, N. J., where Its right of way 
intersected the New York & Long Branch Ry. 

THE LIVERPOOL DOCKS. 

In the January Consular Reports, Mr. James 
Boyle, U. S. Consul at Liverpool, speaks of the 
improvements in the Liverpool dock systems now 
in progress and proposed. The estimated cost of 
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Tubea.—Material, brua; . 
Pitch. 
DUmeier, ouUida . 
Lecgih between tube platea .. 

Heati^ surface: 
Tubes, exterior . 
Firebox .. 
Total with exterior tube area. 

Mlacellaneoua: 
Exhaust Dozzle, diameter . 
Smokestack., smallest diameter . 

“ height from rail to top.. 
Capacity of tank.3,5UU imp. galls. 
Capacity of coal space. 

Brake fittings. 

dens, as is coamon in Knslish practice, so that 
the valve sea's are vertical. The four steam ports 
to each cylinder are 1% x 8 Ins., and the four ex¬ 
haust po-ts are '6^ x 8 Ins., the bridges being 
inx wide. Fig. 3 shows the form of the valve yoke 
and stem, and Fig. 4 represents the complete slide 
valve, with the four D-valves secured in place in 
the yoke. Fig. 5 is a side elevation of the valve 
seit, from which It will be seen that there are 
practically no steam passages, the steam ports 
being directly at the ends of the cylinders. 

The locomotive shown in Fig. 1 belongs to the 
oidlnary type of English freight engines, having 
six wheels, all coupled, and 30 of these engines 
have been built for the road during the present 
year by Messrs. Dubs & Co., of Glasgow. The 
engine has inside cylinders and Is severely plain 
In appearance. All the driving springs are below 
the axles, the main driving axle having helical 
springs, while the coupled axles have plate 
springs. There is a short smokebox, with peculiar 

It should be added that the Liverpool docks are 
maintained as a public trust; for the general 
bj leflt of the district and especially of Liverpool. 
The dock charges are s<> rated as to maintain the 
harbor and the ducks, pay interest on the in¬ 
debtedness and leave a stipulated annual deposit 
in the sinking fund. Under present efficient man¬ 
agement there Is a gradual reduction In duck 
and storage rates. The new elevated railway sys¬ 
tem in Liverpool Is closely Identified with the 
dock system, but is under an entirely separate 
nianagement 

cumt 

OPINIONS ON THE SAND BLAST FOR CLEt'lMj 
STRUCTURAL IRON. 

The application of the sand-blast, in rem n-' 
the old paint from the 155th St. Viaduct, in .y 
York city, preparatory to repainting the iron ^ .r- 
face, was fully described in our issue of Sept 

1897. This viaduct was greatly exposed t , he 
corroding action of hot gases from the le 
motives of the Manhattan Elevated R. R. sto;, .m: 
immediately beneath it, and all previous effuit. to 
keep paint upon the structure for any lengu, .f 
time bad failed. Though the iron work had - 
ceived four separate coats of paint in the i. in 
years that had elapsed since erection, this pmnt 
showed a decided tendency to scale off in an < \ 
ceedingly short time, and as a consequence the 
iron was badly rusted and pitted. 

The Department of Public Works took the mat 
ter in band, and Mr. E. P. North, M. Am. Soc. f 
E. and Consulting Engineer to the DepartniPn! 
concluded that the chief trouble lay in securing a 
thoroughly clean surface for the first coat or 
paint, and the insurance of perfect contact be 
tween the iron and the paint. As ordinary wir.- 
brush work would not satisfactorily clean tin 
surface the Tilghman sand-blast process was cat- 
fully tested. The Judiciousness of the application 
of the sand-blast to similar structures has bo i, 
publicly Questioned; and Mr. North has aske<l an 
expression of opinion on this head from a nuniboi 
of engineers competent to Judge, and who ex¬ 
amined the work In progress, and he has printo i 
the replies received in pamphlet form. 

The concensus of these replies, from about 
prominent engineers, is that the use of the sami- 
blast for the purpose intended was both wise an t 
Judicious. None of these men know of a beti-1 

method of removing scale, rust and paint from ali 
parts of an iron structure; and the most of them 
add that the wire-brush will not satisfactorily p i 
form this work. Mr. J. E. Greiner, Engineer m 
Bridges on the Baltimore & Ohio R. R., believes 
that the cleaning on this viaduct is so effective 
that the utimate success of the work will depend 
solely upon the qualitiy of paint used. Mr. Horace 
Andrews, City Engineer of Albany, N. Y., in ap¬ 
proving of the method, calls attention to the dif- 

LOCOMOTiVES WITH DOUBLE VALVES AM PORTS 
LONDON AND SOUTHWESTERN RY. 

Attempts have been made at various times to 
improve the steam distribution in locomotives, 
and in our issue of June 10 we made reference to 
some English locomotives having double ports, 
the slide valves being divided into two parts, for 

PREIUttT I.OCOnOTIVE WITH DOUBLE SLIDE VALVES AND PORTS. LONDON & SOUTHWESTERN RY 

Dugald Drummond, Locomotive Enflnecr; Dubs dc Co., Builders. 

the purpose of shortening the steam and exhaust 
passages. This arrangement, which Is discussed 
in our editorial columns, was designed by Mr. 
Dugald Drummond, M. Inst.C. E., and we have re¬ 
cently received from Mr. Drummond (who is now 
Locomotive Engineer of the London & Southwest¬ 
ern Ry.) a photograph of one of the latest freight 
engines of the L. & 8. W. Ry., which has this ar¬ 
rangement of valves and ports, and also drawings 

conical door, and the sandbox is formed in the 
foiward part of the splasher over the leading 
wheels. The dome is mounted at the back end of 
the barrel. The tender has heavy plate frames of 
the ordinary English pattern, and is carried on six 
wheels of much larger diameter than is usual in 
American practice. All the engine and tender 
wheels are fitted with brakes, and the engine has 
hose connections for the vacuum train brake. 

The lending dimensions of these engines are as 
follows: 

Freight Locomotive; London ft Southwestern Ry. 
Running (Tear: 

Driving wheels, diameter .5 ft. 1 in. 
Tender, wheels, diameter .4 ft. 
Journals, driving axle .SxttAlns. 
Journals, coupled axles . 8 x 7>4 •* 
Journals, tender axles .12x6 " 

Wheel Base: 
Leading axle to driving axle.7 ft 6 Ins. 
Driving axle to trailing axle.9 " 0 •• 
Total engine .16 “ 6 *' 

“ tender .13 •• 0 “ 
*• engine and tender .39 “ 1 “ 

Weight In Working Order: 
On leading wheels.29,792 lb*. 
On driving wheels .3.’i.Rlrt “ 
On trailing wheels.r-. ■. 
Engine, total .94 304 " 
Tender, toUl .82.208 “ 
Engine and tender, loaded.176 M2 '* 
Tender, empty .42.112 “ 
Of full water capacl^ of tank.35,000 •• 

Cylinders .18V. x 26 ins. 
Distance, center to center .2 ft. 3 ins. 

“ center to valve face.HH 
Piston rod. diameter .3 “ 
Crosshead.Forged solid with piston rod. 
Connecting rod, length between centers.6 ft. 6 ins. 

Valve Gear: 
Type .Stephenson. 
Poru (double), steam (4) .IS x 8 ins. 
Ports (double), exhaust (4) .3S x 8 " 
Slide valves. lap .1 in. 

“ ** lead .S-ln. 
" " maximum travel .4S ins. 

Boiler: 
Type.Telescopic. 
Diameter of barrel Inside (smallest ring).4 ft 4 ins. 
Thickness of barrel plates .9-16-ln. 

** of smokebox tube plate.S-in. 
Height from rail to center line.7 ft 3 ins. 
Length of smokebox .2 “ 6S‘‘ 
Working steam premare.175 lbs. 

Firebox: 
Length. Inside .. .top, 3 ft 5S ins.; bottom, 6 ft 9S Ins. 
Width, Inside.•• 3 " - - 
Depth at front. 
Depth at back . 
Thiekaeas of aide plates 

" back plate ... 
** crown sheet .. 
** tube sheet ... 

Orate area . 
Water apaoa, width .... 

Slid0 , Valtft 
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Fact For Sftam Chtat Cortr 

-Valve Yoke and Valve Stem. 

ficulty of having the metal well cleaned before it 
is first painted at the shops; and he, with many 
others, is convinced that all money spent in paint¬ 
ing a surface not previously cleaned from rust, i? 
wasted. As a competitive test of different paints, 
obtained from 17 firms, was one of the objects of 
the Department of Public Works, the majority of 
the replies refer to the absolute necessity of first 
obtaining a clean surface before any Just compar¬ 
ison can be made of the quality of the paints ap¬ 

plied. 
The sand-blast method of cleaning is admitted 

to be costly; but where thorough cleaning is de¬ 
manded it seems to be the only process that Is at 
all satisfactory. The statement has been made, 
says Mr. W. N. Riegner, Engineer of Bridges on 
the Philadelphia & Reading R R, that metal 
so treated will rust more rapidly when the hot 
gases once penetrate the paint, than If it had 

Piifon 

Pig. 3.—Qcncrsl Arrangement of Double 5llde Valves and 

Port.*. 

showing the details of the construction. The en¬ 
gine is shown in Fig. 1. 

Figs. 2. 3, 4 and 5 show the details of the valves 
and ports, not for the engine shown in Fig. 1, but 
for an eight-wheel passenger engine with cylin¬ 
ders 18 X 26 ins., and driving wheels 6 ft 6 Ins. 
diameter. Fig. 2 shows the general arrangement, 
the steam chests being between the inside cylln- 

.......9-16»la. 
.9-16-ln. 
.9-16-ln. 
,% and 9-16-ln. 
. .20.368 aq. ft 
.2 ins. 

truf Kr/nStai^ C 

Tjybkts h 
.1.' -yV 
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Fia. 4.-DETAIL5 OF COnPLBTED SLIDE VALVE. 
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with graphite paint and the other with oxide of 
iron, and the two sheets wiil be exposed one year. 
.No report has yet been made upon them. 

Mr. Layton F. Smith, Assistant Engineer in 
Charge of Bridges of the City of Baltimore, de¬ 
scribes a city bridge over the Pennsyivania R. R.. 
at Argyle Ave., which is situated between the 
portals of two tunnels and much exposed to escap¬ 
ing gas and steam. This bridge had not been 
painted since erection, 20 years ago, and was in a 
\ery bad condition. The scaie was over ^/i-in. 
thick and the iron and steel pitted to a depth of 
l-.!2 to 1-lG-in. Chipping hammers, steel scra- 
(lers and steel brushes were used to clean this 
bridge, at a cost of about 5 cts. per sq. ft., but 
the result was not satisfactory. Mr. Smith vis¬ 
ited the work in progress at 155th St., and was so 
convinced of the superiority of the sand-blast 
method of cleaning structures that he has advo¬ 
cated the purchase of a plant for the City of Bal¬ 
timore. Mr. Charles M. Mills, of the Department 
Ilf Public Works of Philadelphia, says that owing 
to the irregularity of the bridge members and fre¬ 
quent inaccessible surfaces caused by structural 
connections, it is practically impossible to thor 
oughly remove all rust by scrapers and steel 
brushes, without an expenditure of time and labor 
that would be considered prohibitory. He added 
that the cleaning by the sand blast was complete; 
and to approach the same degree of cleaning with 
the scraper, brush and chisel would now cost more 
than the sand-blast. 

THE VENTILATION OF THE SUB-SOIL ABOUT 
bouses is advocated by H. Koschmlder, In the “Oesund- 
helts Ingenlur." After referring to Improved health con¬ 
ditions resulting from the gradual purification of the sub¬ 
soil by mc'dern sewerage works, he describes a plan of 
his own for preventing the entry of vitiated air from the 
Bub-soll Into a cellar. This la practically a hollow founda¬ 
tion wall; or, a wall built inside so as to leave a dry 
area around the basement. This space takes up the bad air 
coming from the soli outside, and the air Is exhausted 
from It by a vertical pipe carried up In the center of the 
bouse, with branches leading Into the front and back dry 
areas. He claima that by Its situation the'air In the ver¬ 
tical pipe will be heated and an up draft will be formed 
whiih will carry sway the foul air and prevent It from 
entering the house. For the soli of European cities, satu- 
rattd by the accumulated filth of centuries, such an ex¬ 
pense might be warranted. 

THE value of the EXPERT.* 

Ony one who has attained to the capacity for exact obser¬ 
vation and exact description, and knows what It la to draw 
a correct inference froa vell-determlned premises, will nat- 
ortl’.y acquire a respect for these powers when exhibited 
by others in fields unknown to him. Moreover, any one 

•From an address by President Chas. W. Eliot, of Harvard 
Imverslty, on “The Function of Education In Democratic 

ficltvered at the dedication of the new Museum 
Building of the Brooklyn Institute of Arts snd Sciences 
vnd printed In "The Ontlook." 

things except in a very limited field. He will know that 
his own personal activity must be limited to a few sub¬ 
jects If his capacity is to be really excellent In any. He 
will be sure that the too common belief that a Yankee can 
turn his hand to anything Is a mischievous delusion. Hav¬ 
ing, as the result of his education, some vision of the great 
range of knowledge and capacity needed in the business of 
the world, he will respect the trained capacities which he 
sees developed in great diversity in other people; in short, 
he will come to respect and confide in the expert in every 
field of human activity. Confidence in experts, and w l i 
ness to employ them and abide by their decision, are among 
the best signs of intelligence In an educated Individual or an 
educated community; and in any democracy which is to 
thrive, this respect and confidence must be felt strongly 
by the majority of the population. In the conduct of private 
and corporation business in the United States, the employ¬ 
ment of experts is well recognized as the only rational 
and successful method. No one would think of building a 
bridge or a dam, or setting up a power station or a cotton- 
mill, without relying absolutely upon the advice of Intel¬ 
ligent experts. The democracy must learn, in governmental 
affairs, whether municipal. State or National, to employ ex¬ 
perts and abide by their decisions. Such complicated sub¬ 
jects as taxation, finance and public works cannot be wisely 
managed by popular assemblies or their committees, or by 
executive officers who have no special acquaintance with 
these most dilflcult subjects. American experience during 
the last twenty years demonstrates that popular assemblies 
have become absolutely incapable of dealing wisely with 
any of these great subjects. A Legislature or a Congress 
can Indicate by legislation the object It wishes to attain; 
but to devise the means of attaining that object In taxa¬ 
tion, currency, finance, or public works, and to expend the 
money appropriated by the constituted authorities for the 
object, must be functions of experts. Legislators and ex¬ 
ecutives are changed so frequently under the American sys¬ 
tem of local representation that few gain anything that de¬ 
serves 'o be called experience In legislation or administra¬ 
tion; while the few who serve long terms are apt to be so 
absorbed In the routine work of carrying on the government 
and managing the party Interests that they have no time 
either for thorough research or for Invention. Under pres¬ 
ent conditions neither expert knowledge nor Intellectual 
leadership can reasonably be expected of them. Democraclea 
will not he safe until the population has learned that gov¬ 
ernmental affairs must be conducted on the same principles 
on which successful private and corporate buaineas is con¬ 
ducted; and therefore it should be one of the principal ob¬ 
jects of democratic education so to train the minds of the 
children that when they become adult they shall have 
within their own experience the grounds of respect for the 
attainments of experts In every branch of governmental, in¬ 
dustrial and social activity, and of confidence in their ad¬ 
vice. 

A STANDARD SCALE OP PRICES FOR STRUCTURAL 

STEEL* 

At a meeting of manufacturers of structural material 
held in New York city on Tuesday, Dec. 28, a schedule 
of delivered prices was agreed upon for beams and ehan- 
nels, tees, zees and angles. These delivered prices are 
based on 1.15 ct f. o. b. can Pittsburg for beams and 
channels from 3 ina. to 15 ins., 1.25 ct for 18-ln., 20-ln. 
and 24-in. beams, 1.20 ct for tees, 1.15 ct for sees, 

*From "The Iron Age" of Jsn. it. 

days. No discount is allowed tor cash, except legal In* 
tereet—0%. We give below the delivered prices as adopted 
by the manufacturers, as follows; 

Points of delivery. 

New England States, polnla tak¬ 
ing Boston or Portland rate, or 

. Ml 
* h & <9 

. bc Ov bfl 
S a "Sa 
t— B — 
N < 
Cts. Cts. 

equivalent... 
New York (east of Rochester and 

Rochester), Pennsylvania (east 
of Altoona), Maryland, District 
of Columbia, New Jersey and 

..l.;$2t4 1.32'A1.1"V4 

New York (west of Rochester), 
Pennsylvania (west of Altoona 
and Altoona), except Pittsburg 
and points immediately adja¬ 
cent, Ohio and West Virginia 
(except to nearby points where 
freight is leas than 10 cts. and 
rate shall be Pittsburg price, 
plus actual freight). 

Pittsburg and Allegheny (for uso 
there). 
To points Immediately adjacent 

add actual freight rate to ob 
tain delivered price. 

Indiana, Michigan, Kentucky, 
citiesof Chicago and Milwaukee. 

Illinois (except Chicago), Virginia 

kee). 
All points on the Misslssipp 

River, excepting towns in Hlss' 

1.30 1:« 1.30 1.15 

1 

1 2."i 1.30 1.25 1.10 

.1.15 
t 

1 20 1.15 1.00 

1.30 l.iiO 1 30 1.15 

1.3,5 1.40 1.35 1.20 

1.40 1.45 1.40 1.25 

1.35 1.40 1.35 1.20 

Georgia, Florida, Tennessee, 
Alabama, Iowa, Mlaaouri (ex¬ 
cept Mississippi River {mints), 
Minnesota (except Mississippi 
River and lake (minta) and 
Kansas.1.50 

Lake points in Minnesota.1.40 
Louisiana and Mlssiaslppl (ex¬ 

cept Mississippi River towns), 
Arkansas and Nebraska.100 

Texas (common {mints).1.75 
Colorado, Texas (outside of com¬ 

mon points) and Wyoming_2.05 2.10 2.06 1.80 
All other States and Territories 

not covered above (except Pa¬ 
cific Coast States).2.55 2.6(1 
Pacific coast not to be covered. 
18-in., 20-in. and 24-ln. beams, 10 eta, 

more. 

1 55 
145 

1 05 
1.80 

1.50 1.35 
1.40 1.25 

1.00 1.45 
1.75 1.60 

2.55 2.40 

{>er 100 lbs. 

The following extras are to be added to base price (per 
pound) of beams and chamnels: 

Cts. 
For cutting to length with leas variation than %-ln.l-lO 
For plain punching one size hole in web only.1-10 
For plain punching one size bole in fiangea only.... 1-10 
For plain punching one size bole, both web and 
flange.2-10 

For plain punching each additional size hole.1-10 
For assembling into girders. Including bolta separa¬ 

tors and punching.. 
For coping, beveling, fitting enda. Including cutting 

to exact length, with or without punching; also In¬ 
cluding the riveting or bolting of connection plates 
or connection angles.j-lO 

For painting or oiling one coat with ordinary paint 
or oil...5-100 

For bending or other annsual work.shop’ ratsa. 
For chambering beems and channels for ships nr 

other purpoaes.. 
For fittings, whether looae or attached, such as 

angle connections, bolts, fe{>araters, tie-rods, etc....114 
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A problem which has attracted the attention of 
many locomotive designers has been that of im¬ 
proving the steam distribution, and this prob¬ 
lem increases In Importance in proportion to the 
spied of the engines, being specially important 
fur express engines, with high piston speeds. It 
wiuld seem, however, as though the problem 
proved difllcult of solution, or that most of the 
solutions thus far made have been found to effect 
but little practical Improvement over the ordinary 
system, since the old and ordinary system of 
using a single slide valve and three ports (two for 
steam and one for exhaust) continues to be almost 
universally used. The use of piston valves effects 
some improvement In this respect, but such valves 
are little used in this country except In compound 
locomotives. The Midland Ry., of England, how¬ 
ever, has had very satisfactory results with such 
valves on a number of simple engines. In a paper 
on "Piston Valves In Locomotives,” read at the 
Engineering Conference of the Institution of Civil 
Engineers, In June, Mr. Samuel W. Johnson, Lo¬ 
comotive Superintendent of the Midland Ry., 
stat(ul that by ihe use of such valves the steam 
passages can be made shorter and more direct, 
while the clearance spaces can be reduced. At 
the same time long steam ports can be put in, 
giving a good steam admission and a quick and 
fiee escape for the exhaust steam. They allow 
trapped water to escape more readily and they 
show much less wear than the ordinary slide 
valve. In six months eight engines with piston 
valves showed an average coal consumption of 29 
lbs. per mile, while 13 engines with slide valves, 
nirning in sinUlar service, but with slightly 
lighter average train loads, showed a consumption 
of 30.94 lbs. per mile. Piston valves were briefly 
referred to at the convention of the Railway Mas¬ 
ter Mechanics* Association in June, but Mr. 
Rhodes (of the Chicago, Burlington & Quincy 
R. R.), who has two simple engines equipped with 
these valves, referred in his remarks mainly to 
the greater ease of handling piston valves than 
slide valves on engines carrying high steam press¬ 

ures. On the European Continent this same 
problem has been tackled, but as foreign en¬ 
gineers are largely addicted to the use of com¬ 
plicated devices, the mechanical solution of the 
problem is usually a distressing collection of 
valves, operating rods, cranks, etc., the pra'^tical 

results of which would seem more likely to in¬ 
terfere with than to improve the steam distribu¬ 
tion. This side of the case has been presented in 
our issues of Oct. 26, 1893, and May 28, 1896, in 
connection with the application of the Bonnefond 
and Corliss valve gears to French locomotives. 

While English engineers are very generally con¬ 
servative. yet when they do make changes or de¬ 
vise new plans they are usually on lines of sim¬ 
plicity, which may account in part for the suc¬ 
cess of the piston valves on the Midland Ry., and 
we show in another column a simple and ap¬ 
parently effective means of improving the steam 
distribution of locomotives which has been de¬ 
vised and put in use by Mr. Dugald Drummond, 
Locomotive Superintendent of the London & 
Southwestern Ry. This arrangement was briefly 
noted in our issue of June 10, in an editorial note 
on Mr. Drummond’s paper on “High Pressures 
in Compound Locomotives." In place of one 
set of three ports, Mr. Drummond uses four 
sets of two ports each, two pairs of ports 
being placed at each end of the cylinder and sep¬ 
arated by a bridge over which is carried the yoke 
of the valve. This yoke is a rod or bar having two 
pairs of forks on each side, and between these 
yokes are secured four plain D-valves or slide 
valves. By this arrangement all the valves form 
practically one large valve, which is operated in 
the usual way, with no additional gear, while both 
steam and exhaust passages are made shorter and 
more direct than in the ordinary arrangement. 
On comparing the dimensions of two eight-wheel 
passenger engines, of approximately the same 
class, of the London & Southwestern Ry. and the 
New York Central R. R., we find that the former 
has two steam ports 1%X 8 Ins. (26 sq. ins.), open¬ 
ing directly Into each end of the cylinder, instead 
of one port IVa X 18 ins. (22tA sq. ins.) with a long 
steam passage, and the four exhaust porta, 3H y 

8 ins., of the former, have an area of 164 sq. ins., 
as ct:mpared with 4f)i4 ins., for the ordinary sin¬ 
gle port of X 18 Ins. on the latter engine. The 
arrangement Is so simple and promises such good 
results that It Is well worth the careful attention 
of locomotive designers In this country. 

Peveral new processes of sewage purlflcatlm 
have been announced in England within the past 
few years. The process which Just now Is at¬ 
tracting moat attention is the septic tank system, 
described elsewhere In this issue. It seems to 
have more that la really new, and perhaps promis¬ 
ing, than any of the other recent schemes. All 
plans now attracting so much attention depend 
unon bacterial action. In general, their design is 

to aid the bacteria in carrying on the work they 
are so ready to do by giving them the most favor¬ 
able environment possible, thus Increasing their 
numbers and their appetites, and. consequently, 
the amount jof organic matter which they reduce, 
to the greatest possible extent. Pome of the 
schemes have seemed to differ little, if any, from 
Intermittent filtration, as practiced and studied 
experimentally with so good results for the past 
ten years in this country. In others there has been 
a more decided attempt to Increase the amount of 
oxygen available for the bacterial and oxydising 
processes. 

The septic tank system differs from the other 
new English processes in that it attempts to bring 
an entirely new and different class of bacteria 
Into operation, the anaerobic. These bacteria 
thrive in the absence of oxygen, and are the or¬ 
ganisms that give rise to putrefaction. The bac¬ 
teria whose aid Is sought in the other processes, 
including the land treatment of sewage, are aero¬ 
bic. That is, oxygen, and plenty of it. Is essential 
to their life processes. They effect, under proper 
conditions, the decomposition of organic matter 
and Its change to stable forms without any offen¬ 
sive odors. 

The theory of the septic tank is that it. by 
means of the putrefactive bacteria, breaks down 
the suspended organic matter of the sewage, sedi¬ 
mentation carrying most of the suspended inor¬ 
ganic matter to the bottom of the tank. Of the 
broken down, suspended organic matter, some 
passes to the filter beds in solution, some In a 
finely-suspended state, and some is supposed to 
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escape as carbonic acid and marsh gas and 
nitrogen. 

Several eminent English authorities, like W. j 
Dibdin. late Chemist to the London County jn- 
cll, and Dr. O. Sims Woodhead, the bacter: 
seem to think that the process effects wo: riui 

results, but we have seen no expressions :!\,tn 
them regarding its cost The enormous ta . ca¬ 
pacity required, to furnish storage for al 1:4 
hours’ sewage flow, makes the expenses t on- 

struction heavy; but if the tanks can be op at‘ d 
for a year, removing some 80% of the sus; led 
organic matter, and practically all the other al¬ 
ter in suspension, and that with no expcr. for 
labor or chemicals, the system is certainly .-th 
looking Into. It must be remembered, ho -er 
that the tanks are supplemented by filters, tl ugh 
these work at a very high rate. If the Local :ov- 

emment Board insists on having the flltrat ‘ur- 
ther purified by broad irrigation, the treatm as 
a whole, will not be remarkably simple, and prob¬ 

ably not very cheap, especially where some < all 

of the three stages make pumping necessar; 

A very sensible proposition concerning .\ew 
York’s dilemma over its expenditure on uial 
improvements has been made by Hon. Ja- a. 
Roberts, the Comptroller of the State, who by 

virtue of his office a member of the Canal li (M. 
It is in substance that the State officers shoui>l ut 
once suspend work on such of the canal con¬ 

tracts as are not already substantially comiio ud. 
or at least on those for which contracts wei let 
during the past summer, but which are stilt pme- 

tcially untouched. It is conceded on all h:uid>> 

that little practical benefit will be obtained troni 
the improvement until the deepening is completed 

for the whole length of the canal; and as the 

question as to the appropriation of funds to com¬ 

plete this work must be submitted to a popular 

vote, the State would save about ^,()()0,()0(» in 
case the vote should be adverse. Mr. Rob-rt.s' 

argument for this course is so admirably char 

that we reprint part of it as follows: 

It would sppeAr to me that we have no right to asbume 
that the people would have sutboriEed the expenditure of 
SKI.OOO.OCIO for this improvement simply because they au¬ 
thorized the expenditure of |0,000,0(X); or that they would 
have authorized the expenditure of the $9,(XX),U(X> hud they 
realized that that sum would only half do the work. It 
follows, then, that they should now have an opportunity 
to express their wish upon the situation as it now appears 
before any further money is expended. That certainly would 
be the course taken in a private matter. If one Individual 
undertakes to work for another, with a clear understand¬ 
ing, that it can be done for a specified sum, it would clearly 
be the duty of the contractor to notify his employer a.s 
soon as he discovered that the cost would exceed the es¬ 
timate, to stop expenditures at once and take bis em¬ 
ployer’s directions. It that be honesty between individ¬ 
uals. why Is it not between public servants and the 
people? 

The Controller’s suggestion is receiving wide 
approval by the press of the State; and although 
some opposition is heard, the fact that he con¬ 

trols the purse-strings makes it possible that 

at least those contracts not yet under way may b.- 

cancelled by the State. Of course, contractors 
would be entitled to some recompense in sin h 

a case; but the State could better afford to pay 

it, than to expend the entire amount for work that 

may be of, no benefit whatever, if the funds to 
complete the deepening of the canal are not forth 

coming. There is, In fact, a general demand by 

the State press that a halt shall be called, a ml 
the whole matter of canal Improvement shall be 

carefully investigated before a decision is made 

as to the best course for the State to pursue. 

In the arguments presented by those who op¬ 
pose anything but the completion of the entire 
work as planned, no matter what its cost, one 
statement that frequently appears is that the 
canals are worth the million and a half, more or 
less, which the State annually expends on th ir 
account merely by reason of their Influencr* m 
keeping down railway freight rates; and that the 
State could well afford to keep them up even if 
actual traffic on them were to practically dis¬ 
appear. 

Very likely this was true twenty years ago; but 
It does not follow that it is true to-day; and we 
know of no one who has made any real investi¬ 
gation to see whether it is true to-day. Furtl r- 
more, even If it is the fact at the present tli. e 
that the canal exerts a considerable influence in 
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railway rates. It does not follow that It l 

■ • ,i.. so five years hence. ' 
"n;.. fact is. that the canal Is only one com- , 

factor in the business of transportation i 

' n the lakes and the seaboard. There are 1 
* jVIndependent and competing railway lines i 

teen Buffalo and New York, all of them hust- 
. for business. Last year, of all the grain going 
' from Buffalo the railways carried eleven 

is to every one that the canal carried. How- 
‘ - much these railways might like to raise their 
. , -s they cannot do so to any considerable extent 

’ut diverting traffic to other routes. The 
1 the Lackawanna, the Lehigh Valley and the 

..ierbilt lines are not going to put up the 
hi rates If to do so means the diversion of 

. . .. amounts to the rail lines which run to the 
i'...ard from Chicago. Cleveland. Erie and other 

ports, or to the Canadian water route 14 
ft deep, from Lake Superior to the sea. or to the 
I .ii! A ay'lines that reach the Gulf ports of New 

r. • ans and Galveston. 
i hese new avenues for traffic did not exist when 

(he late Albert Fink gave his much-quoted 
opinion respecting the Influence of the Erie Canal 
on railway rates. They must be taken Into ac- 
(Miint in considering what the value of the canal 
ni.iy be as a rate regulator at the present time 
ami what It Is likely to be in the future. 

Tn our last Issue It was stated that Mr. J. F. 
Wallace. M. Am. Soc. C. E.. late Chief Engineer 
of the Illinois Central R. R. Co., had been ap¬ 
pointed Assistant to the Second Vice-President of 
that company. Mr. Wallace was actually made 
A.'isistant Second Vice-President, a position of 
quite a different sort, as most of our readers will 

recognize 

an opportunity for the AMERICAN SOCIETY 

OF CIVIL ENGINEERS. 

The American Society of Civil Engineers will 
hold its annual meeting next week In its beautiful 
and spacious new house, in New York city, which 
was opened with appropriate ceremonies six weeks 
ago. The Society ranks easily as the largest, the 
most influential, the most representative, and, 
last, but not least, the wealthiest of the engineer¬ 
ing societies of this country. It has an annual in¬ 
come in the neighborhood of $140,000, and it is 
housed in a spacious building that has cost, with 
the land that It occupies, not far from $200,000. 

Now one of the chief duties of the engineer as a 
manager of enterprises is to see that the capital 
invested and the sums expended for operation and 
maintenance are made to yield the largest possi¬ 
ble return in production. It may well be expected, 
then, that a socety of engineers will put Its ma¬ 
chinery to the best possible use; and the question 
arises, then, how can this society be of the great¬ 
est possible use to its members and to the profes- 
.sion at large. Can the very considerable invest¬ 
ment that its members are making in the Society 
he made to yield them a larger return in the fu¬ 
ture than It has done in the past? 

We shall not attempt here to set forth every di¬ 
rection in which the Society is or can be of use. 
That were too large a task for our present space. 
Whqt we desire Is to call attention to one particu¬ 
lar field in which. It seems to us, this Society has 
an opportunity that Is presented to no other engi¬ 
neering society in this country, and one which It 
is especially desirable that the Society should cul¬ 
tivate. since it furnishes an answer to the vexed 
question: What can the Society do to make a 
more adequate return to Its non-resident mem¬ 
bers? 

The proposal we have to make is, briefly stated, 
that a very considerable extension should be made 
to the scope and usefulness of the Society’s li¬ 
brary. In Its new house the Society has such an 
abundance of shelf-room that the books and pam¬ 
phlets of Its present library, about 20,000 In num¬ 
ber, fill hardly a quarter of the space. In the old 

house, lack of space made proper classification and 
arrangement for convenient reference, a most dif¬ 
ficult task. In the new house every mechanical aid 
has been provided to facilitate this work, and the 
abundance of space and light are In pleasing con- 
tr.'ist to the old quarters. 

'\ith these admirable facilities, with the exten¬ 
sive collection it already posseses, and with the 
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funds at Its disposal to maintain a sufficient 
working staff to classify and index this mass of 
engineering literature, and to keep it at all times 
up to date by the addition of every engineering 
book, pamphlet, periodical or report that contains 
anything worth preserving for future reference, 
we see no reason why the library of the American 
Society of Civil Engineers should not be made 
the most useful engineering library in the world. 

It may be said that some of the public libraries 
with much larger funds at their disposal, should 
be able to do better work for the profession than 
the library of an engineering society; but even 
more important than ample funds is the knowl¬ 
edge of what engineers need, and the ability to se¬ 
lect and classify understandingly the literature of 
the profession. Doubtless many of our readers 
can testify from exiterience to the “rubbishy” 
character of much of the so-called engineering lit¬ 
erature, which is to be found in even the best 
public libraries. Engineering treatises of the 
“popular” sort are what usually appeal to the 
head of a public library; and these, as a rule, are 
of little practical account to the working engineer. 
Further, there is really no reason to expect that 
purely technical treatises, or at least those of in¬ 
terest solely to engineers, should be included in a 
library 8Ui»ported by general taxation. It would 
be more reasonable to maintain a medical library, 
for the benefit of the physicians in a community, 
for they are far more numerous than the engi- 

We repeat, then, that the library in the Civil 
Engineers' new house ou^ht to be the most useful 
engineering library in the world. Further, we see 
no reason why some system might not be devel¬ 
oped whereby this library should be made avail¬ 
able to engineers away from New York, through 
the furnishing of data and references on engineer¬ 
ing subjects by the working staff of the library 
upon requests from members, or, if thought best, 
from non-members as well. 

It is within the memory of men now in active 
service, and who do not call themselves old, 
either, that engineering literature was once so 
small in bulk that all that was of any consider¬ 
able value could be contained in the private li¬ 
brary of a working engineer. 

Engineering then covered a narrow field. To¬ 
day its field is so broad that no one man can pre¬ 
tend to more than a casual knowledge of ail its 
branches. Moreover, the development of new In¬ 
dustries, new methods of applying “the great 
powers of Nature,” new applications of her va¬ 
ried stores of raw materials, are all the time cre¬ 
ating new departments and new specialties In the 
profession. 

The bulk of technical literature has become so 
great that the busy engineer finds it a hard task 
to keep himself up to date in the special field of 
his own labors, and when a question arises in 
some other branch of engineering, he Is obliged 
to either consult the authorities, or run the risk 
of making a blunder. But how shall he consult the 
authorities? The average engineer’s private li¬ 
brary has to be in pretty compact form on ac¬ 
count of his frequent changes in location, to say 
nothing of the limitations which his purse may 
set. Even the engineer In consulting practice, 
who can accumulate a fairly extensive library, 
very frequently finds himself in need of more data 
for the solution of some vexed question. Where 
should the engineer look for the largest possible 
collection of data and records of experience If not 
to the library of a great national engineering so¬ 
ciety? 

A topic frequently discussed among engineers la 
the need of some comprehensive index to all ex¬ 
isting engineering literature. The need is univer¬ 
sally admitted, but the task involved in its prep¬ 
aration is so great that no individual and no pub¬ 
lishing firm could undertake it merely as a com¬ 
mercial venture. A great engineering society, 
however, might properly undertake such a work, 
and, if well done on a broad scale, it should be 
of Incalculable value to the entire profession. 

We realize that the preparation of such an index 
would be a labor of years, and that it would re¬ 
quire an engineer of the broadest attainments to 
plan and supervise It. But it is also evident that 
unless something of the kind is done by a power¬ 
ful organization of engineers, it will never be 

done; and until it is accomplished, a large part 

of even the best engineering libraries is left in 
great part useless to the profession. Time Is one 
of the most highly valued assets of the busy en¬ 
gineer; and time is not at his disposal to make 
the search for himself; so he is now forced to do 
without very valuable data; perhaps most per¬ 
tinent material of exceeding usefulness to him.self 
and to his clients. Not a day passes that letters 
do not come to us asking for information on some 
matter or other of engineering practice; and we 
fully believe that if once such a thorough and 
complete engineering index as we have outlined 
were made available, the fees that would willing¬ 
ly be paid for its use would be sufficient to provide 
for its maintenance. 

The first task for tlie .Vmerican Society of t'lvil 
Engineers, is manifestly to take advantage of its 
enlarged quarters and till up its library with all 
the best and latest books tliat come properly 
within its field, and with the reports and profes¬ 
sional papers of engineers and of engineering and 
technical societies that can easily be obtained for 
the asking, and which contain often information 
of great value. At the same time the cataloguing 
of all this material can go on, and at least a 
start could be made on such a broad and general 
Index as we have outlined. In fact the card cata¬ 
logue of the library Itself would be a proper 
nucleus for such an index. 

In conclusion, we .would lay emphasis on our 
proposition that the lilir.iry ouglit to be macle 
available to the non-resident members as well 
as to those in New York, or lielter yet, with suit¬ 
able provisions as to fee.s, to all practicing en¬ 
gineers. This, it seems to us, might be done ut an 
early day, with the aid of such catalogues and 
indices as at present exist. Two-thirds of the 
m 'mbers of the Society live so far from New York 
that they derive practically no benefit from the 
Society's house, and can attend few of the 
Society’s meetings. A large proportion of these 
members are so located that the maintenance of 
a private referen-e library comprising more than 
a few standard pocket-books, is impossible; and 
no public Mbrary available to them contains works 
of any practical value. If the Society were to make 
available to such of Its members, even in such 
measure as its present facilities render possible, 
the information in its library, it would confer 
upon them a benefit of more direct practical value, 
we believe, than all the Society now does for them. 

LETTERS TO THE EDITOR. 

A Misleading Circular. 

Sir: A circular signed by the Goheen Manufacturing 

Co., of Canton, O., has been sent to me with photographs 

showing the corrosion of the viaduct at ir>5th St. Under 

the photograph is a legend saying in part, ”lt is now 

being cleaned by sand-blast and painted with two coaU of 

carbonizing coating manufactured only by the Goheen 
Manufacturing Co., Canton, O.” 

Art this may be misleading I will be obliged to you If 

you will say for me that the Goheen Manufacturing Co's 

paint has been applied to less than 1% of the whole via¬ 
duct and to only l-17th of the area painted. 

Respectfully. Kdward C. North. 

Consulting iCngluecr. 
Dept. Tub. Works. l.V» Nassau St., New York, Dec. ;tl, 

1W7. __ __ 

Support of Double-Headed Rails. 
Sir: With reference to an article headed "American 

Ralls for India,” and more especially the second para¬ 

graph of the same, as printed on page 190 of your issue of 

Sept 16. 1807, I think it as well to remltd you that the 

greater part of the main line of the East Indian Railway 

is laid with Denham-Olpherts* cast-iron sleepers, and 

therefore your concluding remarks, about the lower heads 

of double-headed rails becoming indented at the points 

where they rest in the chairs, do not apply, as with Den¬ 

ham-Olpherts’ sleepers the rail is suspended and sup¬ 

ported by the Jaws, the lower bead being quits clear of 

the sleepers, and not resting on them in any way. 

Yours very faithfully, J. Scott, 

Res. Bngr. Sons Bridge, 
Mogbal Serai Gaya Extension, East Indian Ry. 

Debrt, Bengal, Nov. 18, 1897. 

(Our remarks as to the wear of the lower heads 
of double-headed rails referred to the ordinary 
construction of track with such rails, in which the 
lower heads of the rails rest on a seat formed in 
the cast-iron chair. In the construction with the 

Denham-Olpherts’ cast-iron plate ties the upper. 

t ^ 
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head of the rail rests on Jaws on the ties, the rail 
beinR thus suspended by its head. While this lat¬ 
ter system of construction is extensively employed 
in India, yet the generai system of construction 
wUh double-headed and bull-headed rails is to 
support theni in the way first mentioned, thus in¬ 
volving the objection referred to.—Ed.) 

Hiats oa Road Coaatractioa. 

Sir: What I Intend saying may not be new to many of 

your readers, but as the building of macadamized roads is 

tHK;oming quits a business, ws who have some experience 

strike something once In a while which may be useful to 

others. 
The quantity of rolling considered desirable is a serious 

question, and it Is bard to specify a certain number of 

hours, with a certain weight roller, for a certain number 

of square feet of surface, for all kinds of rock. 1 have 

lately drawn up my speciflcatlons to read that the founda¬ 

tion (I. e., the earth surface after having been cut to 

the proper depth and the soft places filled with sand or 

(Ins broken stone) and each layer ‘‘shall be rolled with a 

roller of not less than five tons weight snd sprinkled; 

and said sprinkling and rolling shall continue until a 

wagon with 2-Id. tiree and carrying not less than 2 cu. 

yds. of stone can be hauled over it without making an 

appreciable rut.” There is no mistaking the meaning 

of the clause. 
I always advocate a roller of not less than five tons 

weight, and prefer a horse roller. If the rock Is an ex¬ 

tremely hard material and does not bind well, then a 

heavier roller can be used. I may be peculiar in my pref¬ 

erences, but my experience with extremely heavy steam 

rollers has not been all that could be desired. In most 

rases there is too much crushing of the material. If 

the contractor poB8es8*-a a heavier roller than five tons, 

and, in my opinion, the material can stand it, he Is at 

liberty to go ahead. 
.My siHH-lflcations Insist upon an entire absence of clay 

and loam In the metalling, but there is such a thing as 

going to the extreme In screening. Doubtless. Macadam 

and some of the European euKlne<T8 could succeed in 

doing without binder. I suppose tires arc much wider 

abroad than In this country and loads are heavier, and 

under the Influence of the traffic and with constant repairs 

a road of fair sized stones without binder ultimately be- 

romes first-class. Hero, we must face the fact that tires 

are narrow, and the authorities will seldom spend ten 

cents for msintenance Inside of throe years. Binder Is 

therefore a neeeasity. But It Is best If of the same ma- 

tiTlal as tho macadam. My speeiflcationa generally call 

for three layers; the first of rock, not more than 4 Ins. 

and not less than 2 Ins. in any diinension; this layer is 

to be one-half the total thickness of the finished coat¬ 

ing. The second layer Is one-third the thickness of the 

coating, and of rock not more than 2 Ins. nor less than 

1 in. In any dimension. The third layer to complete tho 

coating must contain rock of the same dimensions as 

the second layer. With respect to the proportion of the 

sizes, the sperlflratlons call for "no more fine stuff 

and dust than is unavoidable and for not leas than 75% 

of the rock In the second and third layers to exceed 1 

In. in every dimension, and the pieces to be as nearly as 

practicable cubical In shape.” 

All Inspectors are not capable men, and I have never 

yet had one who was. Ocnerally. on each Improvement, 

the property owners who pay for it have a preference for 

some eertaln man as inspector. It Is not good policy 

to give way always; and yet. If the authorities cannot see 

that It Is for their own good to have capable men as 

overseers, they have to pay tho bills, and must suffer 

for their own misdeeds. It Is not meant that an entirely 

Incompetent Inspector will be employed, for no engineer 

would permit that on work he oversees; but some In¬ 

spectors must be engaged who would cool their heels a 

long time In front of a saloon before any engineer would 

tolerate them. If he were entirely his own master. But 

some concessions must be made, or the road will be built 

wlthotrt an engineer. 

With respect to trenches In the roadway, I have had 

poor luck with trenches In which the water was poured 

during the process of fltling. principally on account of the 

quality of the Inspection service. If the soil Is sandy. It 

will stand the wetting, and the subsequent settling will 

be slight. If It is all sand, then the more water the 

better. But If ‘.here Is no sand, or the material Is a clay, 

my spec I flea! ions provide that the material alongside tha 

trenehes must be wet thoroughly and allowed to stand 

for at least ten hours after the wetting before being put 

hack In the trench This gives an opportunity to permit 

surplus water to escape, and the quantity of moisture ap¬ 

plied does not depend upon the Inspector. The more water, 

the more It will cost to place the dirt In the trench, and the 

contractor soon learns to apply very little water. ~ The 

less water, the better, and yet we cannot dispense wholly 

with it. With some experience, the inspector can soon 

determine whether It is necessary to wet the filling, as 

oftentimes It is moist enough as it comes out of the 

trench and can be put back very soon. The object Is to 

get the material to pack well without future seltling and 

not to see that the earth is wet. simply because the spocl- 

fications provide a particular method of moistening It. I 

have never bad any appreciable settlement where the ex¬ 

cavated material was first moistened outside the trench. 

Specifying rigidly the size of the stone gives the In¬ 

spector an opportunity to bleed the contractor, and gives 

the contractor an opportunity to slight his work after 

submitting to the bleeding process. To permit a reason¬ 

able amount of selected sizes and not rigidly exclude line 

stuff, what the contractor and the inspector and the 

property owners term reasonable latitude la permitted, 

and a good Job is assured. In this way we can make an¬ 

other allowance for Inexperience, or incompetency (rela¬ 

tive terms). I have found that too rigid specifications 

have a tendency to either rattle an honest inspector, or 

they give a dishonest one an opportunity to strike a bar¬ 

gain with a contractor. In the first case, it either re¬ 

sults in a poor job, or a cinched contractor; and in the 

latter case we have both. Yours truly, 

Ernest McCullough. 

San Francisco, Cal., Dec. 23. 1897. 

Streim Flow li Rclatioa to Forests. 

Sir; In your issue of Jan. 6 you give a very satisfactory 

summary of the papers of Mr. Rafter and myself on the 

subject of stream flow In relation to forests, but In your 

editorial of the same date, while your statements cannot 

be said to be incorrect. I tbink possibly there may be a 

tendency to perpetuate one or two errors made by Mr. 

Rafter In relation to my own work. At present I have to 

deal only with two points. 

Mr. Rafter makes the error of stating that I have relied 

mainly upon the short records obtained in New Jersey. 

He says (p. 142. Proceedings of the American Forestry 

Association, Vol. XII.): “In proving this proposition Mr. 

Vermeule depends upon data derived mostly from obser¬ 

vations In New Jersey.” He criticises these records as 

being too short, and the area of the state as being too 

small for accurate conclusions to be reached, but In the 

Introduction to my "Report on Water Supply,” p. 1, 1 

fully set forth the fact that I did not rely on these short 

records for any conclusions, but merely used them for 

corroboration purposes and for ascertaining certain minor 

characteristics of the streams. Such l.s my attitude all 

through my reports. My conclusions are based on all 

the long series stream measurements of known accuracy 

which were available at the date of writing, for the East¬ 

ern United States, with some corroboration examples 

cited for Western streams. My general conclusions are 

reached on p. 100 of the report, before any New Jersey 

gagiugs are taken up for discussion, excepting the 17- 

year series on the Passaic, which, in my opinion, is as 

good as any of the others, excepting possibly the Sudbury. 

Continuing my studies In the “Annual Report of the 

State Geologist of New Jersey,” for 18!I5. p 147, It will 

he noted that I cite several long series gagliigs outside 

tbe State of New Jersey, and my analysis shows^ con¬ 

clusively that these long series gagings are the ones which 

show the closest agreement with my conclusions. 

It Is true that Mr. Rafter cites a longer record on the 

Sudbury than that used by me. but tbe average rainfall 

and runoff for this longer period are almost identical with 

the averages for the period used by me. Nor does his 

citation of the Mystic and Cochituate gagings In the 

slightest shake my conclusions. Certain well-known 

physical facts as to those water-sheds, if properly allowed 

for. account for most of the discrepancy between those 

streams and the Sudbury, and I wilt also call atten'lin 

to the fact that the gentlemen who are most conversant 

with tbe reliability of these three series of gagings, de¬ 

pend upon the Sudbury alone for their conclusions, usu¬ 

ally. I will also say that the increased length of period 

on the Croton is not conducive to increased accuracy, 

if used without proper allowances and corrections being 

made. Mr. Rafter seems to have used most of his data 

without such discrimination ns an intimate knowledge 

of the various streams would point out as absolutely 

necessary to correct conclusions. The Croton figures 

which he uses are based on 3.38 sq. miles of catchment. 

These are the figures taken from the old survey of the 

watershed made In 1R5S. and 1 presume the department 

has continued to use this area as a matter of conveni¬ 

ence until the proper time comes to make corrections, 

hut a careful geodetic survey of the Croton watershed, 

made under the direction of the late William E. Worthen, 

Is on (lie In the office of the Aqueduct Commission, and 

a reduced ropy of the same is print.Hl in their last general 

report. This survey makes the area 353.1 sq. miles, as 

stated in my report, or 4% larger than that given by the 

old traverse survey. To anyone familiar with large scale 

survey operations It la perfectly clear that a survey buKd 

on a careful trlangulation and laid down on a true geo¬ 

detic projection will give areas far more accurate than 

can possibly be ebtaincd by a mere traverse. This error 

alone gives a difference of 4% In the deplh of runoff ex¬ 

pressed In Inches, making a necessary correction of fully 

1 In. to the figures used by Mr. Rafter. It may be said. 

Incidentally, that the superior character of the surveys 

of the watersheds available for New Jersey streams, over 

these available tor many of the other strv. ns cited by 

Mr. Rafter, Is a decided advantage In their favor, 

area of many of his watersheds is quite impt-rf 

known, and an error of 5% or even 10% Is quite pos: 

I may also state, as illustrative of the need of car | 

discrimination in the use of records, that owing to 

rapid Increase of artificial storage on the Croton and 

exposure of larger areas of water surface and other c 

(yiug effects upon the runoff. It Is Impossible to in 
any satisfactory analysis, year by year, of the later 

Ings, or to draw conclusions which will be strictly a. 

rate when applied to watersheds in their natural 

dition. Furthermore, a careful analysis of some of 

earlier years of the series is enough to convince an> 

that the records for these years must be rejected. 

Tbe next point refers to the use which I have n 

of experimental determinations of evaporation abr 

Mr. Rafter takes the ground that I have wilfully igno 

all of these, and you say In your editorial: "On this „ 

count Mr. Vermeule Is perhaps at a disadvantage, r 

so much In tbe matter of records as In that he r- !i - 

wholly upon bis records, while Mr. Rafter takes into . 

count certain results obtained by experiment and ub- 

vation in fields which he believes to be allied clos. 

to the main subject.” Now, tbe facts are that pp. 32 u. • 

of my “Report on Water Supply” are taken up wit 

presentation of considerable data of this character, i:. 
eluding the same Rlsler table quoted by Mr. Raft i 

Again, on p. 330 of my report I refer the reader to t 

paper of M. Becquerel, and I say with reference to it. 

It may be said here that this paper admirably dig'.s 
and draws all the legitimate conclusions possible fro 
experimental data obtained under the usual condiiion- 
and we prefer to refer the reader to these and other p.u- 
of Mr. Hough’s report rather than quote extensively from 
experiments upon evaporation from soil in fonsU a n't 
open country, and similar observations which we do im 
believe are applicable to our problem. 

It is significant that this admirable “Report upon F t 

estry,” by Franklin B. Hough, of this state, summarir 

in a very practical way the more valuable European d.tt.i 

referred to by Mr. Rafter, and I think the ordinarv 

reader will not find tbe citation less useful from tbe fa'-t 

that it refers to a well-known and generally accessibi 

report. I again call attention to this cl'.ation on p. 

in the special chapter on the effect of forests upon stream 

flow. In view of all this It can scarcely be said that I 

have ignored such data. What I have done is to give It it- 

proper weight and value in reaching my conclusion- 

Booking broadly at the question, what we desire to kO'iw 

is the total evaporation from a stream catchment, or th 

total loss of water. I was driven to adopt this metho t 

of determining the runoff of a stream from the rainfall 

because evaporation follows fairly well ascertained laws 

BO that it is possible to deduce some general law covering 

evaporation from stream basins, whereas the runoff ol 

a stream is simply a residuary product or a means of 

providing for tbe surplus rainfall which Is nut evapora el 

The problem, therefore, with relation to forest areas is. 

What Is the total evaporation from such areas? Th' 

question as to how the evaporation beneath the treis of 

a forest compares with that In tbe open ground ouUid 

of a forest, is one which seems to me entirely foreign 

to our problem. Tho most ordinary observer knows, for 

instance, that a leafy forest when dry will drink hi> 

quite a shower of rain, and none will reach the earth 

at all. For our purposes all this rain is evaporated or 

lost. Again, while the evaporation beneath tbe trees is 

unquestionably less than It is In the open, how much 

water is taken up through tbe trunks of the trees to b 

exhaled from the leaves and branches Into the air abov. 

the tree tops? It ought to be evident without further 

discussion that there is a large amount to be added to 
tbe evaporation beneath tbe trees in order to ascertain 

the evaporation above the tree tops into the atmosphere 

To base conclusions upon this class of experimental data, 

therefore, would have been most unwarrantable and un 

scientific. As to the other class of measurements, such 

as those of Von Wex, giving the height of rivers lor long 

series of years, I have given a good deal of study tn 

them, and can only say that to my mind they are en¬ 

tirely inconclusive. They are certainly far less reliable 

than tbe better records of stream runoff with contempo¬ 

raneous rainfall which are available to us. In my "Ke 

port on Water Supply,” pp. 235 and 236 will be found 

an exposition of the fallacies growing out of a slmi'a'' 

attempt to compare the previous and the present height'* 

of the Delaware River. Again, turning to my diagram rf 

rainfall, p. 13, please note the long cycle from 1825 up to 

1869. during which, as a rule, tbe rainfall in tbe Eastern 

United States was gradually increasing, and this wa- 

followed by a sharp decrease ts 1880. Now, suppose th 

height of a river had been kept for this period from 1$2.'> 

up to 1869 without contemporaneous measurements of ral 

fall upon Its watershed, what conelusion could have been 

reached of any value? 

W'hen a favorable opportunity presents itself I shnil 

have very much more to say with/ reference to many 

points touched on by Mr. Rafter. I have for some tini 

intended to make a fuller exposition of this subject, such 

as you no doubt will recognize It would not have bce.t 

proper to enter into in an economic report. Intended as a 

band-book for the use of the people of New Jersey, and 

not as a treatise on the subject. C. O. Termeule. 

203 Broadway, New York, J^. T, 18B6. 



I-Compr«istoni In In*.-, 
No. 1. No. 2. No. 3. No. 4. No. 5. Noj, «. No. 7. No. S. 
0 on^ —0.0001 —0.0007 —o.of«o _o.nowt —o.oow* —f».ooo« —o oow 

No. 7. No. 8. No. 9. 
0.0O67 O.OOBS 0.0057 

.0200 .0109 .0200 

.0272 .0272 .0271 

.0345 .0845 .0345 

.0418 .0417 .0418 

.0400 .0400 .0490 

.0507 .0507 .0607 

Differences, 
Loads, 

No*. In lbs. ,- 
1- 0. 161,150 0.0091 
2- 1. 161.550 .0142 
3- 2. 80,675 .0071 
4- 3. 80.675 .0071 

4. 80,675 .0071 
•V-5. 80,675 .0073 
7-6. 118.320 .0107 

Loads, scale 
Nos. divisions, r 

Noa. dlvsn. Ions, ins of 
3-1. 40 0.00067 0. 

Notes Md Qacriet. 

w M B Newcomerstown, O., asks why all the silk mills 

ibe country are located in the East? So tar as our infor- 

c atlon extends, it U tor the same reason that Glovers rliie, 

• Y and Plymouth, N. H.. are the centers ot «Iove man- 

tiire. that a few MasaachusetU towns have up to a few 

are ago made a large proportion ot the booU and shoes 
»h;'h the country requires, that the wools grown in the 

ut West are used in the mills ot New England and the 

M'Jdle SUtes; and a number ot similar examples might be 
in. To the esubllshment ot such an industry as silk 

^nufacture, a prime necessity U a supply ot skilled labor; 

1 second necessity U men of enterprise familiar enough 

With the Industry to underUke iu promotion, and last but 

:.‘.i least Is sufficient knowledge of the industry by local 

,v. .stors to Induce them to furnish capital for it 

W. W. V. asks: 
\M11 you please advise me how much clearance there is 

111 iJcr the bridges over the Erie Canal; also what toll is 

il.arged on loaded steamers? 
The ilearance under the bridges ot the Brie Canal la 

ft. No tolls have been charged on the New York State 

I'anals since 1880. 

TESTS OF CAST-IRON COLUMNS BY THE DEPART¬ 

MENT OF BUILDINQS OF NEW YORK CITY. 

We present herewith a report of the tests of full- 
si z-d cast-iron columns recently conducted by the 
I». partment of Buildings of New York city at the 
ni.rks of the Phoenix Bridge Co., Phoenixvllle, 
I’a . under the direction of Mr. \V. W. Ewing, of 

Mass. On Dec. 30-31, 1896, a series of compres¬ 
sion tests was made at Watertown upon a soft 
steel Phoenix column built by the Phoenix Iron 
Co. especially for these tests. It was made of 
eight segments riveted together, forming a round 
column 21 ft. long, inside diam. 14% ins., thick¬ 
ness of metal 1^ ins., area of section 75.3 sq. ins., 
total weight of 5,485 lbs. The calculated safe load 
was 530 tons. The column was shipped to Water- 
town Arsenal and carefully tested In the govern¬ 
ment machine shops at that place (Fig. 1). Marks 
were made 26 ins. from the ends, that Is, 200 Ins. 
between marks, and a form of roller extensometer 
(Fig. 2), reading to 1-10,(X)0 in., was employed, to 
take all measurements. In applying the load con¬ 
stant increments were used. Certain additional 
loads were applied, corresponding with those to be 
applied later in the Phoenix machine. The column 
was then returned to Phoenixville, and the tests 
repeated in the Phoenix machine. The conditions 
were reproduced as nearly as possible; the same 
series of readings were taken, using the same ex¬ 
tensometer. The results of the two tests are 
shown in Tables I. and II. 

The gage used to calibrate the Phoenix machine 
was a mercury column instrument, manufactured 
by Thomas Shaw, of Philadelphia, Pa., and num¬ 
bered 5447, was calibrated to read in pounds per 
sq. in., and ranged from 0 to 220 lbs. Fig. 3 is a 
sectional vMew of the lower portion of the gage. 

wards by the maker of both Instruments. The 
values in Tables I. and II. have been corrected in 
accordance with the result of the calibrations. 

From the figures given in Tables I. and II. the 
following computation of the calibration of the 
Phoenix testing machine was made and included 
in Mr. Ewing's report; 

Let P = unit load in Watertown machine. 
1 = compression in ins. due to P. 
P' = unit load in Phoenix machine, 
r = compression in ins. due P*. 

P = 1 lb., 1 = .0000000891, and 1’ = .0002432916. 
If P : P' = 1 : r 

PI PI’ 
then — = —, and P' =-. 

P' 1' 1 
.0002432916 

P' --- 2,730.54 lbs. 
.0000000891 

This figure indicates that each unit on the gage 
must be multiplied by 2,730. to obtain the pres¬ 
sure exerted in lbs. 

We would call especial attention to the import¬ 
ance and value of the above test as furnishing for 
the first time, so far as we are aware, an accurate 
calibration of the Phoenix hydraulic machine. 

According to the illustration of the Phoenix ma- 
. chine in our issue of Jan. 10, 1891, the hydraulic 
-cylinder is bored to a diameter of 64.1 ins. This 
'is equivalent to an area of 3,227 sq. ins. If there 
were no friction in the machine and no error in the 
Shaw mercury column gage, then 1 lb. pressure 
per sq. In. indicated on the gage would represent 

irj 

TABLE II.—Test* of Same Phoenix Column in Phoenixvllle Ma¬ 
chine, Dec. 15-16, 18!>7. TABLE I.—Testa of Phoenix Column in Watertown Machine, Dec. 39—31, 1806. 

ToUl 
-Comp; colons in ins.— 
No. 3. No. 4. No. 5. No. 6. No. 1. No. 2. 

0.0001 0.0088 0.0084 0.0081 0.0085 0.0068 
.0226 .0221 .0220 .0207 .0233 .0229 

.0.304 .0302 
.0003 
.0060 
.0118 
.0181 
.0235 
.0292 

.0004 

.0061 
.0002 .0007 

.OOOTi 

.0131 

0006 .0003 .0005 .0002 
.0298 .G2a2 .0292 .0278 
.0.370 .0.366 .9364 .0349 

.0069 .0062 .0067 .0062 .0060 
.0117 0375 .0372 

0446 .0444 
.0122 .0118 ,0123 
.0186 .0179 .0187 
.0247 .0237 .0248 
.0303 .0288 . 

0123 .0117 .0122 .0117 .0131 
0187 .0180 .0187 .0182 .0188 
0248 .0238 .0247 .0240 .0247 

.0441 .0437 .04.35 .0420 

.0615 .0610 .0606 .0493 .0619 .0618 
.0(06 .0625 0622 .0617 .0613 .0600 0280 .0289 

Differences, 

csslon* in ins.— 
0.00?« 0.0068 

mpreaaions In ins 
0.0057 

.0143 

.0072 

.0073 

.0073 

.0072 

.0107 

0.0067 
.0143 
.0071 
.0074 
.0073 
.0072 
.0107 

00095 0.0001 0.0097 0.0090 0.0096 0.0089 
.0008 .0006 .0099 .0096 .0099 .0094 
.0066 .0067 .0067 .0067 .0064 .0067 
.0060 .0061 .0069 .0061 .0060 .0060 
.0083 .0064 .0061 .0084 .0063 .0066 
.0054 .0061 .0068 .0061 .0068 .0060 
.0067 .0066 .0061 .0061 . 

0.0068 
.0141 
.0073 
.0073 
.0072 
.0073 
.0107 

1-0. 60 
3-L 40 
3- 3 25 
4- 8. 26 
6-4. 25 
6- 6. 25 
7- 6. 20 

0.0096 0.0083 
.0098 .0096 .0142 .0141 

.0072 .0071 
.0135 .0139 
.0072 .0071 .0068 .0066 

.0067 .0069 .0072 .0073 
.0071 .0072 

(!Or2 .0071 
0071 .0071 .0066 .0006 

.0068 .0059 .0074 .0073 
.0107 .0107 

.0071 .0073 
.0107 .0107 

—Average differences__ 
Loads, Com- Compression In 
scale press- Ins. per unit 

-Average differences. 
Loads, Compress- 

lbs. ions, In*. 
161,560 0.014,006.66 
80,675 .007,177,77 
80.675 .007,211,11 
80.675 .007,177.77 

.80.575 .007.277,77 
118,820 .010,700,00 

Compression 
In ins. per lb. 

0.000.000.087.0 
.000,000.068.9 
.000,000.069,8 
.000.000,068.9 
.000,000.000.2 
.€^,000,090,4 

8-3 25 
4- 3. 25 
5- 4. 25 
6- 6. 25 
7- 6. 20 

ffi .00666 .009,226.00 
n .00696 .000,238.00 
25 .00639 OnO.286.6 
25 .00686 .000,234,4 
20 .00628 .000,264,0 

Averaga eompreaslon la las. par oalt of gags raadtag, 0.000,248,291.6 Averaga eompiaaston la to*, per Ib. ot load. 0.000,000,089,1 

Fia. I.—TESTING ROOn AND LARGE MACHINE, U. 5. ARSENAL, WATERTOWN 

nAss. 
PIG. 7.-COLUMN NO. 8. SHOWING BREAK AT BOTTOM AND PERMANENT SET 

IN UNBROKEN POSITION. 

the Department The tests began on Dec. 15 at 
1 p. m., and were finished on Dec. 21. The ma¬ 
chine used was the well-known hydraulic testing 
machine, at the Phoenix works, a full description 
of which was given in Engineering News of Jan. 
10, 1K91. It is the most powerful testing machine 
in the world. To ensure the accuracy of the tests 
the Building Department arranged a comparison 
of the Phoenix machine with the famous Emery 
machine in the U. 8. Arsenal, at Watertown, 

The pressure used In the cylinder of the hydraulic 
testing machine is received on a diaphragm (f) 
and transmitted to the lower end of the double¬ 
headed piston (h), whose upper end, of much 
greater diameter, is surmounted by another di¬ 
aphragm, above which is a reservoir of mercury 
(i), and a mercury column of small bore (g). The 
actual tests were made with a higher reading mer¬ 
cury column which was compared with instru¬ 
ment No. 5447 at the time of the tests, and after- 

a load of 3,2*27 lbs. on the testing machine. Instead 
of 2,7.30 lbs., the figure given by Mr. Ewing. The 
difference, 497 lbs., is 15.4% of 3,227, which may 
be taken as the average friction of the machine 
plus the error, if any, of the gage. 

In the tests made at Watertown (Table I.) there 
were 36 readings taken. In nine different tests. In 
wjilch the Increment of load was uniformly 80,67.'* 
lbs. The corresponding compressions ranged only 
from .0070 to .0074, a variation of .0004. An 



-CompmsIoD TesU of C4ut-Iron Column* made for the 
by Qus. C. Hennlnt. M. Am 

TAHLE III.—RESl'LTS OF BREAKING TESTS OF CAST-IRON COLUMNS. 

Column 
D-ngth. 

Outside 
1-Thickness, 
Maxi- Aver- 

Lncallon 
of 

Breaking 
load. Compress- 

Character 
of metal at Remark*. 

Sec. Breaking 
tional load oer 
area, sq.ln. of 
aq. In. area, lbs. No. diameter. mum. Least. age. break. Ibs. Ion. fracture. 

1. lt)(»<.4 Ins. 15 Ins. 1 1 1 About 3 ft. 4 
Ins. from bot¬ 
tom. 

1,356,000 Medium grain; 
blowholes and 
dirt. 

One place foundry dirt extended half 
way through; another place foun¬ 
dry dirt and honeycomb between 
Inner and quter surface. 

43.98 SO.StU 

II. IINM. In*. 15 in*. 15-10 1 Bet. land5 ins. 
froqj bottom. 

1..330.000 Medium grain; 
fairly unifrm, 
■pot* fdry drt 

At a pressure of 1,302,000 a slip of 
some kind (xx;urr^, which dropped 
the pressure to 1,275.000; again 
run up until break occurred. Upper 
portion sprung (4-ln. in 9 ft. 4 ins. 

48.03 27,700 

B 2. I'.Ki'i Ins. 15 in*. I'a 1 1% Bet. .3% ft.from 
bot'm and 6V^ 
ft from top. 

1,108,600 2(4 Ins., bet 
l.'iO.OOO and 
1.108,000. 

Coarse.but uni¬ 
form ; a few 
flaw*. 

At 1.108,000 column sprung badly. 
Fig. C; movement recorded under 
compression. 

48.03 24,906 

B 4. liMM, Ins. 15% in*. 1 7-32 1 Bet. bot'm and 
one - third up 
from bottom. 

1,'246,000 2>4 ins., bet. 
l.VI.OOO and 
1,246,000. 

Coarse In cen¬ 
ter; finer on 
outside; cin¬ 
ders and slag. 

Bad spots, cinder pockets and blow¬ 
holes near middle of column; small 
cracks in necking near top; column 
given a permanent set 

49.48 25,260 

5. I'.KBa iqs. 15 Ins. 1 11-16 1 1 11-64 At bot'm flange. 1,632.000 2 5-16 ins. In 
8 ft 3 ina. 

Fine grain and 
unifrm where 
no flaws oc¬ 
curred. 

Flaws and foundry dirt at point of 
break; load was carried as high as 
1,804.000. The dummy head against 
which column rested was found 
broken after the test; this mav 
have had something to do with 
character of break. 

50.84 32,100 

6. ll»6'4 In*. 15 Ins. IM. ihk 1.3-16 No break; per¬ 
manent set of 
1 .3-16 ins. in 
8 ft 

Over 
2.082.000 

%-ln. betw'n 
‘232.000 and 
1,108,000. 

No break. Pressure run up to 1,108,000 and re¬ 
leased. It waa again run up to 
2,082,000, released and run up to 
2,033,000. Column could not be 
broken; capacity machine reached. 

61.62 Over 
40,460 

XVI. Kk Ins. Bet St4 and 
74t ins. 

B4 % 1 Where chaplet 
waa placed at 
middle.and at 
ends. 

651,000 Metal g'd; me¬ 
dium grain. 

At time of breaking, column had a 
vertical deflection of 8 9-10 ins. and 
a borlxontal deflection of 1(4 ina.; 
fracture seemed due to flexture. 

21.99 81,960 

XVII. 16i> ins. S Ins. 1 3-32 1 1 3-64 At middle and 
ends. 

612.860 Fine grain, uni¬ 
form and free 
from flaw*. 

Vertical deflection, 4(4 io*-! horison- 
tal, 7-32-in. 

22.87 26.800 

'■ 126 Ins. 6 1-16 in*. 15-32 1 0-64 At middle and 
each end. 

460,000 Good even gr'n, 
no flaw*. 

Vertical deflection 3(4 Ins.; horixon- 
tal deflection, 1 ll-£l ins. 

17.64 22,700 

s. 1-26 Ins. 6 3-32 In*. B* 1 1-16 17-64 At middle and 
each end. 

4r.5.200 Pine grain, uni¬ 
form and free 
from flaw*. 

Vertical deflection, 3 ina.; horizontal 
deflectioa. %-in. 

t 

17.87 a6.3i>' 

ENGINEERING NEWS. 

Outiide I-TbU'kne**.-1 load, actual Sectional load per break- 
diameter, Maxi- Mini- Aver- gage-read- area. aq. In., Ing I’d per 

.No. Length. In*. mum. mum. age. Ing. lb*. *<1. In*. lb*. sq. In. 
1. \4T\ in*. 8 13-16 % \ .'Sw.OUl 17.68 30,400 25,840 
2. 15<» " » IVi % 1 tKW.Ot*! 25.14 25,100 21,340 
;{. 162 •• 12 1 1 1 1,230,000 34.55 36,200 30.770 
4. 15U-\ “ 14 % 1 1,226,000 J».84 30,700 26,100 

•The flgure* In thli column *re obtained by deducting 15% from tho*e In the preceding column, for friction of the 
mai hliie. _ 

Am. S^ M. E. 
Breaking Breaking •(Corrected 

load, actual Sectional load i>er break¬ 
gage-read¬ area. aq. In., ing I'd per 

ing. Ibs. ■q. ins. Ibs. sq. In. 
.'>20.UU» 17.08 30,400 25,840 
U.‘<0.6IXJ 25.14 25,100 21,840 

1,250,000 34.55 36,200 36.770 
1,226,000 89.84 30,700 26,100 

InHiicctlxn of the figures seems to indicate that 

I his variation was that of the measuring instru¬ 

ment and of the personal equation of the observer, 

rather than an error in the recording of the load 

by the testing ma<-hlne, or a variability in the ac¬ 

tion of the column l>eing tested. The differences 

in the ret’orded c<»mpres8lons due to the first ap¬ 

plied load, lt!l,]r><i lbs., in the nine tests, ranging 

from .iNCtT to .iHKil ins., is probably an error in the 

setting or in the zero reading of the measuring 

Instrument, which error remained practically con¬ 

stant during each one of the tests, and does not 

arte< t the increments of loads after the first lead. 

HIg. 2.—Reading End of the Roller Extensometer Employed 
Ih the Calibration Work. 

In the calibration of the Phoenix machine the 

c^jmpressions due to increiqents of 25 units on-the 

gage (or 25 x 2,720 = 08,250 ibs.),range from .0054 

to .(K8>5 in., a difference of .0011, which is nearly 

tl\’'ev times the range shown in the Watertown 

t-^ts for an increment of load of 80,()75 lbs. If we 

assume that the whole range of difference found 

in the Watertown tests, .(XXM In., is the error of 

t'te measuring instrument and the personal equa- 

tijii in reading it, and subtract it from .0011 in., 

tl»e difference, .(KH»7 in., seems to be due to a va¬ 

riable error, due to variable friction, in the Phoenix 

nwhlne. Taking the comprt'sslons due loan increase 

of the load from PMl to 2<H» cm the gage (Table II.), 

c>r 272,(MK) Ibs. In 10,000th8 of an inch, we find that 

Vol. XXXIX. 

tween tbi* layer and the two aurface*. the metal 
fectly *ound; thi* layer of foundry dirt contributed 
weakne** of the column a* waa evident from an i 
tion of the fractured aurface. 

In the eight ♦ests they we^e, respectively, 232, 24‘i 

2{5, 24:?, 235, 242, 2:?8, 240, averaging .02;?85 In.; 

the lowest figure (232) being .00005 In., or nearly 

3% below, and the highest (243), .00045, or 2% 
above the average. The figure .02385 ItMJ = 

.0J02385 In., seems to us to be a more correct 

figure for the average value of the compression 

due to the unit gage reading, than the figure 

.OIHI243 given in the report, and this figure gives 

2,675 lbs. instead of 2,730 lbs. as the load corre¬ 

sponding to a 1 lb. pressure per sq. in. per division 

recorded on «.he gage. Comparing this value with 

the area of the cylinder of the testing machine 

3,227 sq. ins., gives an average friction of 17.1%, 

instead of 1.5.4%, as computed above. According 

to the calibrations the friction may vary from 

the average as much as :?% in the case of loads 

of 27:i,l)0(> Ibs., the variable percentage being 

greater the smaller the load. The figure of 2,7.30 

Ib.s. given in the Building Department report, may 

be accepted as being probably the highest value 

of the actual load corresponding to 1 lb. per sq. 

in. indicated on the gage, the actual load in some 

in-«iances being probably .5% less than tiiat com¬ 

puted from the gage reading, in the case of the 

lighter loads, and, say, :?% less in the case of the 

heavier loads. 

We come now to consider the results of the 

breaking tests of the cast-iron columns. Ten col¬ 

umns were tested, six of them (Fig. 4) being 15 

ft. 10^ Ins. long, 15 ins. diameter, and from 1 to 

1 :?-16-in. thick; two (Fig. 5) were 13 ft. 4 ins. 

long, 8 ins. diam., and two were 10 ft. long and 6 

ins. diameter. A condensed table of results. 

Table III., is given herewith, the last two col¬ 

umns of which are from our own calculations and 

are not given in the Building Department report, 

which gives only the actual data obtained without 

drawing any conclusions. 

From the observations reported by Mr. Ewing, 

we quote as follows: 

ColuBiii I.—Ck>lumn *uddeDly broke under a total load of 
1,356,060 lb*. Into 10 pieces; the fractured aurface began 
about 3 ft. 4 In*, (average) from the bottom. 

The quality of metal was medium grain; foundry dirt 
and blowhole* were quite numerou*; in one place the foun¬ 
dry dirt extend)d half way through the metal; in another 
place, there was a thin layer of foundry dirt and honey¬ 
comb midwav between the Inner and outer surfaces; be- 

Top Plan. 

Bottom Plon, 
Pig. 4.—Details of the 15-In. Columns. 

The column sheared at an angle of about 30* with an 

element of the surface, and about 45* with a normal to the 
surface, inside of the layer of foundry dirt, above referred 
to only. This layer of foundry dirt extended about 6 in.s. 
around (circumference) on column. At another fractured 
surface where no defects occurred, the metal sheared along 

I 



for the 6-ln. and 8-In. columna (Fig. 5) were alao made 

by the Ib-parUnent. 

All the columna lirokt'n were, we utuleraiaiul. 

fair aamplea t>f the averaKe cast-iron column uscvl 

In buildintta in New York city, and regularly 

passed by tbe Huilding Department as coining 

within the proviai<>ns of the law. 

,,ril < ouraa about 45* with an element of the aurface, 

1 « in angle of 45* with a normal to the aurfaoe- this 

■U w** about 15 Ina. long. 
olumn n.—The column crushed near the lower end. 

,, j of the pieces being quite small: the bottom flange 

left Intact, the fraclured surface beginning at the tob 

I'le flange or 1% Ins. from the faced end of the column 

l’ extending around the shaft In an Irregutar manner 
lilng 5 ins. away from bottom flange in one place. 

at about 45*, similar to cases previously noted, at the 

bottom, where the column broke into small pieces. 

The total number of pieces was 1.*. 

The fractured surfaces revealed many cinder pocket-s and 

blowholes near middle of column. Small cracks were ob¬ 

served In tho necking near top of column. 

Column 5 (Kig. 7».—Column broke into 14 pieces; all 

frai-tures occurred below the lower necking on column and 

5noWINU BREAK AT L^DS AND MIDDLE OF 6 IN. 

couunN. 

FIQ. 6.-COLUMN B 4. SHOWINO FRACTURE NEAR CENTER FIO. 8.-COLI MN NO. 7. 

The ■Ruilding T«tw of the City of New York 

suys: 

The strength of all columiis atid posts shall be com¬ 
puted according to (lordon's formulae, and tbe crushing 
weights in pounds, to the square luch of section, for th<' 
following materials, shall be taken as the cocfllcient in 
said formulae, namely: Cast-Iron, Sli.tSKI. . . . The 
factors of safety shall be as one to four for all posts, 
columns and other vertical supports when of wrought-iron 
or rolled steel, and as one to five for other materials, 
subject to a compressive strain. 

Applying Gordon’s formula* with the foef- 

ficient .S(I,(K:(1, as above r«-i|uired. in the numera¬ 

tor. and 4<M» (which is not given in the law, but is 

given In Ilaswell’s Pocket Hook, to which refer¬ 

ence is made) in the denominator, we have 

80,000 

The .shaft of the column above the fractured portion was 

foiiiid to be permanently sprung V^-in. in a distance of 0 ft. 

r iii.s. along shaft. The quality of metal at bottom of 

column, where fracture occurred, was medium grain and 

quite uniform in grain. Considerable quantities of foun¬ 

ds dirt was found at fractured surfaces and where the 

coluinn crushed into small pieces, the foundry dirt extend¬ 

ed all the way through in many spots. 

The shaft sheared In several places at an angle of about 
I.T to the elements of the surface of the column parallel 

with its axis, the fractured surface following a sort of 

spiral path around tbe shaft. The metal at the same time 

sheared through at an angle of from 30° to 45° with a nor¬ 

mal to the surface of column. 

broke through bottom flange. The permanent set in the 

shaft between the upper and lower necking wa.s 2 5-lli Ins. 

in 8 ft. 3 ins.; the upper part of the shaft above the necking 

remained perfectly straight after the test. Flaws were 
found in fractured surfaces near bottom, of foundry dirt. 

One bad flaw about 5 ins. wide and 4 ins. high (long) on 

outside extending three-fifths of the way through. 
Quality of metal was rathe r fine grain and Very uniform 

where no flaws occurred. Part of the shaft remained In¬ 

tact to end. and part of flange was left on. After the test, 

it was found that a dummy head against which the end of 

the column bore, was broken In such a way that the load 

on the column was eccentric after the head gave out; the 

nature of the fracture sustains this belief. 

Column 0.—The test was discontinued when a load of 

■2,0(13.000 lbs. had been reached, the capacity of the ma¬ 
chine having been reached. The permanent set of the 

column after it was removed from tbe testing machine 

was 13-16-ln. in a length of 8 ft. 5 ins. The concave side, 

after the test, was about 90° from the Joints of tbe flack, 

and undoubtedly was tbe top of tbe column as cast in 

the mold. 

Column XVI.—One fracture occurred at a point where 
the chaplet for holding down the core was imbedded into 
tbe metal of the column. The metal outside of the chap¬ 
let was %-ln. thick, and the chaplet 3-16-in. metal. The 
cast metal did not adhere to the chaplet. 

The column broke into 6 pieces (at middle and at each 
end). The fracture at tho middle was nearly square off, 
and very near the exact middle point between the two 
ends. Tbe fractures were about 1 ft. from each end 
and irregular in outline. 

The metal was good, of medium grain. Wires were at¬ 

tached to the shaft of the column, 6 ft. 6 ins. from bottom, 

and ran perpendicular to the axis of the column, one hori¬ 

zontally and one vertically. These were carried to the 

outside of the building in which the tests were being made, 

and the actual vertical and horizontal deflections of the (»1- 

umn were observed in conjunction with the corresponding 

loads. 

There was no evidence of shear at the fractured sur¬ 
faces, as in the case of tbe larger columns. Failure 
seemed to result primarily from flexure. 

Column XVII.—The column broke Into 8 pieces, the 
fractured points being at tbe middle and near each end. 

Quality of metal at fractured surfaces was fine grain, 
uniform and free from flaws. 

Column 7 (Fig. 8) was broken into four pieces, the 
fractures being 3 ins. to one side of the middle of the 
column and near each end. Tbe quality of the metal was 
good, even medium grain, with no flaws. 

Column 8.—The quality of metal was line grain, uniform 
and free from flaws. Tbe column broke Into four pieces, 
fractures being at middle and near ends; broke off nearly 
square at each point; no signs of shear in metal. 

Two of the 15-ln. columns tested. Nos. B 2 and B 4, 
were taken from tbe Ireland Building, which. It will be 
remembered, collapsed Aug. 8, 1885 (Eng. News, Aug. 15, 
22, 29, Sept. 5, OcL 3, 1886). Tbe four remaining 15-in. 
columns were made from drawings prepared by the De¬ 
partment of Buildings of New York city (Fig. 4), and were 
as nearly as possible duplicates of tbe Ireland columns. 

The columns marked I. and II. were made by the 
Jackson Iron Works, 27th St. and East River, New York 
city, of their ordinary run of metal. They were cast while 
other columns were being cast, with no knowledge of their 
ultimate use. The two marked 5 and 6 were made by the 
Healy Iron Works, Brooklyn, N. Y., who were Informed 
of what the columns were wanted for. Tbe drawltgs 

400 d» 

in which S is the breaking load. A sectional 

area in sq. ins.. 1 = length, and d diameter of 

the column in inches. 

Fig. 3.—Sectionel View of the Shaw Mercury Qageused at 

Phoenixville. 

Elevations 

Sect. Plan. Bolt, FVn. 

Fig. 5.—Details of the 0-In. and 8-In. Colcmns 

For the 15-in. columns we have 1 = 11)*) ihs., d = 

15 Ins., S ^ 57,145 A. For the N-ln. columns. 1 = 

lf!0 Ins., d = 8 ins., S = 40,0(10 A. F'or the 0-ln. 

*Mechaiilc8’ and Engineers' Pocket-Book, Chas. H. 
Haswell, 1887. p. 768. 
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columns. 1 => 12U ins., d = 6 Ins., 8 => 40,000 A. 

That Is, by th« New York law, the 15-In. col¬ 

umns would be calculated to have a breaking 

strength of 57,14.*) lbs. per sq. In., while the actual 

tests show that their strength was only from 24,- 

1100 lbs. to something over 40,400 lbs. per sq. in. 

The U and 8-In. columns would be calculated to 

have a breaking strength of 40,000 lbs. per sq. in., 

while their actual breaking strength was only 

from 22,700 to 31,1X10 lbs. If such columns as these 

are loaded in buildings with the loads which the 

law allows, the factor of safety, instead of being 

as required in the law. Is actually in some cases 

little more than 2. This is also borne out by the 

that makes it so inferior for railway bridges. It is on ac¬ 
count of tbs bigb resilience of wood that it cannot, in 
many cases, bo supplanted by masonry, glass or other 
decay-proof material. A concrete railroad tie cannot take 
the place of the oak tie because it lacks resilience. 

Admitting the importance of a knowledge of resilience, 
a brief consideration of the diScuIties to be orercome 
in obtaining such knowledge is naturally to be considered 
next. It is at once found that they are of considerable 
proportions. To find tbe strength of a beam under given 
conditions it is only necessary to find Its weakest section 
and study that. To And the resilience of the beam all 
sections must be taken into account. If tbe beam is ir¬ 
regular in form, the problem becomes quite a dlfflcult one. 
If the final stress exceeds the elastic strength of the ma¬ 
terial, the difficulties are increased. 

results obtained during similar tests conducted 

about a year ago by the Department of Buildings 

with full-sized cast-iron columns. The dimensions 

and results of these tests are given in Table IV. 

The values given in the column headed “breaking 

load" are in round numbers, hence the breaking 

loads per sq. in. of area are correct to the hun¬ 

dreds as given. 

Further tests were made at Phoenixville to de¬ 

termine the supporting power of brackets, a full 

account of which will be given in our next issue. 

A NEW MACHINE FOR TESTING MATERIALS BY 

IMPACT.* 

By S. Bent Russell, M. Am. Soc. C. E.t 

When stress is applied to a solid body, tbe material is 
distorted and a certain amount of work or energy la ab¬ 
sorbed. The work thus absorbed in the deformation of 
the material is called resilience. If tbe stress changes 
from xero up to the elastic limit of the material, the 
energy absorbed during tbe change is tbe “elastic resili¬ 
ence” of the material. If the stress changes from zero up 
to the ultimate strength of the body, the energy absorbed 
is the “ultimate resilience” of tbe body.** The word 
toughness, as used by engineers. Is synonymous with 
resilience. In tact, tbe latter may be defined by aaytng 
that resilience is toughness reduced to measurement. 

Having defined resilience, It Is next found that, as it 
depends upon change of stress, different results may be 
look^ for when the stress Is applied suddenly, from those 
obtained when it is applied slowly. The resilience under 
impact may not be the same as tbe resilience under 
gradual load. Aga.n, tbe resilience of solids may be 
studied under the four principal kinds of stress, vii., ten¬ 
sion. compression, torsion and bending. The relative 
resilience under these different forms of stress can only 
be determined by experiment. 

A knowledge of tbe resilience of materials of construction 
Is of tbe greatest importance to the engineer. It is the 
great resilience of tbe battle ship’s steel armor that en¬ 
ables it to withstand the Impact of heavy projectiles with¬ 
out destruction. It is the low resilience of east-iron 

*Rstracts from a paper read Jan. 5 before the American 
Society of Civil Engineers. 

t77 Beat May St., St. L«uls. Mo. 
**Tbla use of tbe word reatllence will be objected to by 

some as not being in conformity with the original mean¬ 
ing of the word. It la sanctioned, however, by some au- 
therltlee (see Thurston’s ’’Materlala of Bn^eertng”). 
and, (or want of a good subetltute, may be eonsldered as 
a technical term. 

Pigs. I, 2 and 3.-An Impact Machine for Testing tbe 
Resilience of riaterials. 

8. Bent Russell, fl. Am. Soc. C. B., Designer. 

’The actual measurement of the resilience of a beam 
baa been found quite difficult. The load miMt be in¬ 
creased gradually and the deflection measured and re¬ 
corded with its corresponding load. As tbe breaking point 
is neared the difficulties of accurate work become im¬ 
portant. especially in the more ductile materials. If the 
determination of the resilience by impact or drop test is 
attempted, other complications arise. Tbe mass or weight 
of the beam Itself now becomes a factor in the teat. 
Tbe work absorbed by tbe anvil and hammer and that 
taken up In abrasion, etc., are difficult to estimate. 

To one who has a proper understanding of these diffi¬ 
culties in measuring resilience, it is not surprising that 
the subject is somewhat neglected In the studies of prac¬ 
tical men. At present it may be said that the knowledge 
of comparative resilience of materials is “appreciable, 
but not describable.” It is known that a cubic inch of 
oak has more resilience than a cubic Inch of white pine, 
but the value of either cannot be expressed in inch- 
pounds or foot-pounds. 

In modern practice, the testing of materials by impact is 
by no means uncommon. Such tests, however, are gen¬ 
erally made on the finished shape, as in the case of rail¬ 
way axles. In a code for testing materials, recommended 
by committee to the American Society of Mechanical En¬ 
gineers,* it was prescribed that drop tests should be made 
with a steel ball, weighing 1,000 to 2,000 lbs., having a 
clear fall of 20 ft. The anvil, block, frame, etc., should 
weigh not less than 10 times as much as the ball. Drop 
tests were recommended for rails, tires and axles. Again, 
tbe Master Car Builders’ Committee^t have recommended 
drop tests for railway axles. These tests were to be made 
with a trip, weighing 1,640 lbs. Tbe anvil should weigh 
17,500 lbs., and should rest on springs. The axle should 
rest on supports 3 ft. apart, (jast-steel drawbars are now 
regularly furnished by contract, under specificatlona which 
call for drop tests of sample drawbars, specifying weight 
of trip, height of drop and number of blows. Drop tests 
of steel rails have been in practical use for many years. 

Besides the above tests of finished shapes, the following 
methods, which are used in commercial practice, may be 
noted. These testa, while they do not measure the resi¬ 
lience so directly, are, nevertheless, intended to prove the 
toughness of the material. In testing cast-iron water pipe 
by hydraulic pressure, it la customary to strike the pipe 
smartly with a hand hammer while the pressure is on. In 
inspecting steel where a sample bar la nicked and then 
bent with the hammer, the behavior of the bar Indicates 
tbe degree of toughness which the material will have 
under Impact. A high percentage of phosphorus in steel 
is believed to reduce its ability to withstand shocks, while 
its strength and percentage of elongation remain un¬ 
changed.** So that it may be said that the specified 
chemical determinations of phosphorus in structural steel 
which are now in use are really indirect tests of resilience 
under impact. 

Users of structural steel will readily see tbe necessity 
which now exists for a definite physical test for tbe ultl- 

*See Engineering News, March 7, 1891. 
tSee Railroad Gazette, June 26. 1896. 
•*Ses Johnson’s “Materials of Construction,” pages 166 

and 167. 

mate resilience of steel under impact. It was this 
necessity which led the author into the study o( t... m),. 
Ject and suggested the experiments described in thl aper 

If, instead of limiting the percentage of phosph at 
the steel, a certain ultimate resilience per cubic h of 
the metal when tested by impact could be calle<l ,r a 
step would be made in advance. If a definite r-« ,eoc.e 
under Impact could be specified. Just as a definite 
and ductility are now called for, the proper Inspe .n o' 
steel would be much more simple and satisfactory 

Tbe difficulties of making impact tests have ready 
been suggested. Some machines which have be used 
for making such testa are of a type greatly op^^n t criti¬ 
cism. For example; In some machines the su; .rtiof; 
parts are either so light or so yielding that an in:; .-•aot 
part of tbe energy of tbe blow is absorbed by th and 
the test piece appears to sustain a much heavier bl hao 
it would In fact on the proper rigid supports. 

Two general forma of testing machine have been used 
in recorded tests. In Mr. Hodgklnson’s experlmcn the 
hammer used was in the form of a pendulum, s'- king 
with a horizontal blow. The weight of the hamn was 
concentrated in the head or ball, and the effect ct the 
rod or radius arm was probably neglected. Th most 
common form of impact testing machine is doubtless the 
heavy weight falling vertically, somewhat after th. fash¬ 
ion of the common pile-driver. In none of these m-. 'i.n.-a 
Is there any means for measuring bow much energy is 
left In the hammer after breaking the piece. 

A New Impact Testing Machine. 
The machine used in making tbe experiments giVen 

herewith was devised by the author and has some H;a.’cial 
features. 

In designing it tbe main Idea was to make a m.t.'hiue 
which would measure the energy actually absorbed lu 
breaking the test bar. This was to be done by us ng a 
hammer in the form of a pendulum, and so arranged 
that it would strike a horizontal blow, breaking clear 
through the bar and swinging freely up to the bciglit due 
to tbe velocity after the impact Tbe difference between 
the height to which it rose after striking would mr.-isurt 
tbe energy absorbed in breaking the bar. The test piece 
would rest against two vertical knife-edges and be struck 
in tbe middle by the falling pendulum, thus giving tbe 
ultimate reailience of the bar under transverse stress. 

In developing this idea it was found nest to make tb- 
pendulum or hammer of the very simplest form, so that 
the center of percussion and center of gravity could be 
definitely computed. Tbe hammer adopted was a rec 
tangular steel bar pierced by a shaft at tbe upp< r end 
and provided with a suitable striking edge near tbe 
lower end. 

Tbe hammer used weighed 103 ibs. Tbe fixed ki.if.-- 
edges were designed so as to allow tbe broken bar to 
swing out of the way of the moving hammer, and «. re 
secured in a manner which allowed them to be adjusted 
for spans of 8, 12, 16, 20, and 24 ins. The heavy acvil 
plates behind them were bolted to a large anvil block of 
concrete which was sunk in the earth. Adjustable sup 
porta were provided to hold tbe test bar in position. Tbe 
pivot blocks which support the hammer shaft are ad¬ 
justable to allow for test bars of different depths. At¬ 
tached to the hammer shaft is a registering device, on 
which the swing of the hammer is read. The pivot blocks, 
etc., are supported by a strong wooden frame. Attacb- 
ments are provided for raising and releasing tbe hammer. 

Figs. 1, 2 and 3 show the plans of the latest design which 
it is thought embodies some improvements in detail over 
tbe first machine, although the essential features are tbe 
same. In this design the frame is of iron and the operator 
has more room in which to work while setting tbe test 
bars in place. 

In using the testing machine the first point that comes 
up is tbe loss due to friction of the hammer in its b- ar- 
ings. In, practice it was found best to determine tbe 
friction anew for each set of experiments. If the bur was 
to be given a blow of 6 ins. the friction loss was d.br- 
mined by a fall of 6 ins. If the hammer rose 2 ins after 
breaking the bar tbe friction loss for a fall of 2 ins was 
determined by trial. The average of the two values was 
called tbe correction for friction. 

To test the rigidity of the knife-edges and their sup¬ 
ports, a nickel 5-cent piece was placed on edge on the top 
end of one of the knife-edges. A cast-iron test bar - ins. 
X 1 in. was then broken by a single blow. This experi¬ 
ment was repeated a number of times, and. In the 
majority of cases, the coin was not overturned by the 
shock. 

An effort was then made to measure the movem> nt of 
the knife-edge under a heavy blow. Tbe movement was 
found to be so small that in the case of a cast-iron test 
bar, the energy absorbed by the yielding of the kniff-'->lgea 
would be quite Inconsiderable. Every impact testing ma¬ 
chine should be tested in this way, to see if any con¬ 
siderable percentage of the energy is absorbed by tbe 
yielding of parts that support tbe test piece. 

In this method of testing materials some energy ie ab¬ 
sorbed In overcoming the inertia of the bar Itself. Tbe 
proportionate amount of this energy Is probably dep'^ndent 
on the weight of the test bar compared with the weight 
of tbe hammer and also upon the velocity of the 
hammer. 

Owing to the dlffleulUea of asoortalnlng how much 
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bfll-crank can be adjusted or altered as desired. 
If it should at any time become necessary to raise 
the foundation tas in the event of tainiiing or 
raising the tracks), the bolts can be removed, new 
concrete added, and longer bolts used to connect 
the base of the bell-crank frame with the iron 
piers. The same form of foundation may be used 
for pipe carriers, compensators, etc., and the cost 
of maintenance for this iron and concrete con¬ 
struction will, of course, be but little. 

Where It Is necessary to use timber foundations, 
the company employs the style of frame show n lu 
Fig. 2, which is considered much better and more 
durable than the ordinary style of fran^e in which 
the parts are dovetailed together, for the reasi ii 
that shrinkage and decay occur at the dovetailed 
joints. The foundation shown In Fig. 2 is that 
used by the company at the extensive interlocking 
pliint at State I.ine, Ind., which plant we shall de¬ 
scribe in a later issue. A general objection made 
against combination wood and concrete founda¬ 
tions is that, in consequence of the distrubance 
of the earth in excavating for the foundations, the 
concrete (which only surrounds the head of the 
wooden frame) is found to settle and thus break 
a .vay from the frame. This has occurred to such 
an extent as to lead to the designing of the solid 
and permanent type of foundation show'n In 
Fig. 1. 

This latter conclusioD iadicates that It may be apeclfled 

that ateel shall show a certain ultimate resilience per 
square inch, with a given form of nicked test-bar. Should 

this requirement prove satisfactory in practice, it may 

eventually be po.vslble to dispense with chemical tests of 

steel for structural purpose. 

When the proper values of resilience under inipait have 

been determined for structural materials, designers will 

be able to act with more Intelligence in p:anning struc¬ 

tures exposed to live loads and to shocks. They will be 

abl6 to substitute Iron or stone lor wood in certain cases 

with greater assurance of safety. The study of resilience 

will also lead to better designing in other ways. Useless 

material in a structure or member will generally decrease 

the resilience, which fact is airt-edy well known, but fre¬ 

quently lost sight of. The general use of resilience tesu 

would serve to keep such facts in mind, and make them 

more commonly understood. 

i this way. It Is best to use a test- 

small In comparison to that of the 
due to Inertia of the test 

tBtrgy 1* ' 
tar whose 
hammer. In thU way the error 
niece an be reduced, U not eliminated. 
^ The resulu of tesU made to determine the effect of 

- ane ng the Initial fall of the hammer are somewhat con- 
.Iktory but. in a general way. It may be said that the 

e'-linents Indicate that a small change In the Initial fall 

ihe hammer will not change the amount of energy ab- 

hed to any great degree. This conclusion may be re- 

,..rd. l as important, as upon It depends somewhat the 

roretatlon of all the experimenU. 
The machine having been described It only remains to 

- sent the experimenU themselves. Over 700 specimens 

Uve been broken, up to the present writing. In order to 
. 1 of the testing machine, the study 

_ continued only until It was thought 

principal dlfllcultles peculiar to such materials 

It is obvious that the resilience values 

different materials cannot be taken as Bnal, 

^rn the possibilities 

f each material was < 

that the V-- 
had been overcome, 

obtained for — 
and should only bo used by the designer in the absence 

ol more accurate determinations. 

The results of these are omitted here on account 

of their length, but such of our readers as are in¬ 

terested in obtaining them can do so by securing 

a copy of the Proceedings of the American Society 

of Civil Engineers for December, IhDT. Krielly 

:-uinmariaed, two classes of materials, viz., brittle 

materials, Including cast-iron, brick, etc., and 

lough materials, including soft iron and steel, 

wood, bronze, aluminum, etc., were tested. With 

the brittle materials it was a simple matter to 

break the test bars, but in the case of the tough 

materials to break the test bar successfully, It 

was necessary to nick the material. 

In making the Impact tests, the following values are ob- 

uined by observation: 

F Bs the Initial fall of the hammer in im bes. 
S the rise after the blow in inches. 
Cl » the correction for friction. 
L = the distance between aupports. 
h = the denth of beam, 
b <=> the width of beam. 

All the dimensiona are In inches. 

Then, by computation, when 10.‘( is the weight of the 

hammer In pounds, the resilience In inch-pounds per cubic 

Inch of the material; or 
103 [F — (S + Cl) ] 

Ri “-. 
L h b 

Table I. gives a comparison of the tests made with dif¬ 
ferent materials. The values cannot be taken as typical 

in all cases. It will be noticed that the tool-steel, which 

was of good quality, tested but little better than cast-iron, 

and was much below the oak in value. High-grade steel 

Is known to have little shock-resisting capacity. In low- 

grade steels, or steels low in carbon, it is a commoqiy ac¬ 

cepted theory that a high percentage of phosphorus makes 

steel brittle under impact* It may be from such a cause 

that some of the medium steel tested gave such low results. 

T.VHI.E I.—Resilience of Brittle Materials, in Inch-Pounds 
per Cubic Inch. (All tests made with rectangular 
beams, struck in the center and broken by a single 
blow.) 

,-Resilience. R,.-, 
Material. Maximum.Minimum.Average. 

I’ast-iron, rough .18 10 11.5 
t-’ast-iron, planed .22 lO 21 
Vitrified paving brick .. 3 1 1.6 
Face brick, red. .. .28 
Common brick, hard . .. .30 
CuiumoD brick, soft. .. .10 
Fire brick. .. .44 
Terra cotta, red . .. .33 

tiranltold 'iPort.cem. & ershd 
granite used for sidewalks) .30 .15 .20 

T.AHLE II.—Resilience of Tough Materials in Inck-Pounds 
per Square Inch of Section at .Nick. (All tests made 
with rectangular beams, nicked at the center and 
broken by a single blow.) 

I-Resilience. K*.-1 
.Material. Maximum.Mlnimum. Average. 

Cast-iron . .. 81.6 
White oak. .. 34;{ 
Tool steel. .. 1^ 
Aluminum . 408 500 
Uronze No. 8.'). 673 870 
Wrought-lron . .. 1.70 ) 
Plow steel . 1.625 1.870 
Medium ateel . 2.150 .600 .1)00 
■Soft steel . 3.600 .460 1.900 
Cast steel . 1.700 2.000 

From the values of resilience for materials, given In 
Tables I. and II., taken together with the known specific 

gravity of these materials, a comparison may be made to 

show the relative resilience of a given weight of the differ- 

ctit materials. Such a comparison made by the author showed 

that oak is the toughest msterial of all, where equal 

we ights sre taken. The materials may be arranged in 

FOUNOaiONS FOR PIPE CARRIES, ETC., IN SIGNAL 

WORK. 

In esttblisehing signal and interlocking plants 
it is very desirable that substantial and penna 

nent foundatietns should be provided for the pipe 
carriers, bell-cranks, horizemtal wheels, coni- 

Bel/ Crank 

A WATER POWER PROJECT at Anaconda, Mont., is 
being Instituted by the Anaconda Copper Mining Co., and It 

is expected to develop about 15,000 HP. There arc now 

two reservoirs, one of 750,0(KI.OOO gallons and one of 75.- 

oisi.tggt gallons, and surveys are now being made for a 

system of reservoirs to Impound water from mountain 

streams. Mr. Chester B. Davis, M. Am. Soc. C. E., Is 

Chief Engineer, and Mr. C. W. McMeekln. M. Am. Soc. C. 

E., has been appointed as his assistant In charge of the 
work. Vertical Section 

THE MENOMINEE RIVER WATER POWER project la 

said to have been successfully financed, and a contract haa 

been let to C. B. Pride, of Appleton, Wls., for the dam at 

the Chappie Rapids, which is to be built this winter. 

The dam will be seven miles from Marinette, 'WU., and the 

electric current from the power plant will be conveyed to 

that city and to Menominee to supply the street railways, 

the paper factories, etc. The cost of the plant Is esti¬ 

mated at The work will be done for the Marin¬ 

ette & Menominee Electrical Co., which has a capital slock 

of $2fH»,(K)0. John Spalding, of Chicago, Ill.; Fred Carney, 

of .Marinette, Wls., and S. M. Stephenson, of Menominee, 

.M:(h., are among the incornurators. 

Htad 

Tb^aflron 

AN 8-MILE ELECTRIC TRANSMISSION plant was re¬ 

cently put into operation in Wisconsin between the towns 

of Somerset and New Richmond. The power for operating 

the 2riO-K-W. three-phase Westiugbouse generator la ob¬ 

tained from the Apple River, at Somerset, where a dam 

and tailrace were constructed, which gave a working bead 

of 17 ft. Two 42-In. turbines built by the Dayton Qlobe 

Iron Works, of Dayton O., were Installed. To protect tba 

tailrace from high water a breakwater dam was construct¬ 

ed for about 5UU ft. down stream. For about one-third of 

its length it Is 12 ft. wide on top, the remainder narrow¬ 

ing to 8 tL From the bottom of the stream to the water 

surface the dam is built of white pine log cribs filled with 

bowlders. Above this squared timbers and quarried ruck 

form the body of the dam. The generator, which weighs 

25 tuns, furnishes current to the lines at 6,UU0 volts, at 

which pressure it is transmitted over tbree No. 5 B. 41: S. 

bard drawn copper wires. The polea used average about 

25 ft. long by 7 in. in diameter at the top. Imperial No. 2 

insulators, guaranteed to stand a pressure of 4U,0UU volts, 

are mounted on substantial pins and cross arms. At the 

receiving end the three-phase current is transformed duwu 

to a two-phase current at 200 volu. This drives a 100 

HP. Induction motor operating a 400-bbl. Hour mill, a 

30 HP. motor operating a pump supplying the water¬ 

works, a 20 HP. motor driving a 30-llgbt T. 4k H. arc 

light machine, one 15 and one 50 HP. motor, each oper¬ 

ating elevators. The current also feeds a number of 

street lamps. 

Plarv. 

-Iron and Concrete Foundation In Signal Work 

National Switch and Signal Co , Makers. 

pensators, etc., so as to maintain them in line 
and level, and thus prevent undue friction caused 
by distortion of the rods or pipes. Fipr. 1 repre¬ 
sents a style of foundation invented by Mr. 
Charles Hansel, -M. Am. Soc. C. E., of the National 
Switch & Signal Co., Easton, Pa., which is be- 

A STORAGE BATTERY, said to be the largest ever 

ui.ide. Is being built by the Electric Storage Battery Co., 

of Philadelphia, Pa., for the Chicago Edison Co., at a coat 

of $100,060. It will have 166 cells and Will weigh nearly 

500 tons. 
Fig. 2.—-Improved Wooden Foundation for Signal Work. 

THE WILL OF ALFRED NOBEL, of nitroglycerene 

fame, has been proved. Mr. Noble died at San Remo, 

Italy, on Dec. 9, 1896. Hla personal estate Is valued at 

$2,170,465. About half the estate goes to relatives. The 

interest on the invested remainder is to be annually 

divided Into five prises of $10,000 each. Of tbeee, prises 

1, 2 and 8 are to be awarded to persons making the most 

Important discoveries in physics, chemistry, physiology, 

or medicine. The fourth prise Is for ths best literary 

lieved to be In many ways superior to the ordin¬ 
ary style of wooden frame set In concrete. Two 
malleable iron supports or piers are embedded in 
concrete, and the tops of these are formed with T- 
shaped slots to take the heads of the anchor bolts. 
The figure shows a bell-crank on the foundation, 
and by means of these slots the position of the 
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• uniiMiaUluii on tbs aubjecu of pbyaiology or medicine, 

I be nrib Hr 111 go to ibe peraou wbu baa achieved the moat 

lu tbe direction of promoting peace tbrougbout tbe world. 

Tbe priaea are open to eoiupetltora of all natlona and will 

ba awarded by the aeveral Mwedlab Academlea; except tbe 

bfth, which will be In tbe banda of a committee elected by 

Ibe Norwegian I'arllameiit. 

i’ltK.MIt'.M8 FOR OUMBSTiC AKCHITBCTUKB, after 

Jan. 1, will be annually awarded by order of tbe 

.Municipal Council of I’arla. Thia award la open to arcbl- 

tecta and to tbe proprletora of bouaea built during tbe 

year. Tbe p-oprietora of the alx beat boua«‘a, from an 

architectural ataiidpoint, will be exempt from tbe regular 

lax on Ptw conatructlun; and to each of the architecta 

deaignlng tbeae alx bouaea a premium of 1,UUU franca, or 

yjtar, will be paid. Tbe Jury of award la to be made up 

of fire membera of the Municipal Council, tbe Director of 

Architectural Work of tbe City of Faria, tbe Inapecting 

Architect of the Uiatrict and two architecta aclected by tbe 

eompetitora. 

A NKW ilUILUlNU CODE for the City of New York U 
under coualderatlon by delcgatea from a number of trade 
aaa<K!lallooa auppoaed to be Intereated. A meeting waa 

held at the rooma of the liuildcri' Deague, 24 Eaat 12f>th 

SL, on Dec. :<U, to take atepa toward making a united ap- 

l»-al to the Muulcl|>al Aaaembly for the enaclm*nl of a 

new code. Mr. WillUm F, Fryer waa chairman of the 

meeting and Mr. Albert E. Davla aecrewry. Delegates 

were prewnt from the liuildera’ Deague, Society of Archi¬ 

tectural Iron Manufacturers, United Building Tradea. North 

Side Board of Trade, and Mechanics and Traders’ Exchange 

Another meeting Is to be held Thursday, Jan. 13, at 8.15 

p. m. According to a report In the dally press: 

Among the other organizations invited to send delegatis, 
most of which have res|)oiided favorably, are the New 
York Chapter American Institute of Architects, the Arc-hl- 
tiH'tural I..!ague, the Boaid of lire Underwriters, the I’De 
lieiMirtiuint, the Mason Builders’ Association, the Heal 

UwntTB’ aiid liuUdem’ Asaociation, the K<^al 
Estate Exchange and Auction Rooma, DimiUd, and the 
Association of .vtaater Flumbera. 

It is to be noted that In this long Hat of societies which 

are Invited to wnd delegates to the meeting the American 

.SiKletlea of Civil Engineers, Mechanical Engineers. Elec¬ 

trical Knglncera and Heating and Ventilating Eugiutera 

are not mentioned. It would seem that these are the very 

Bo< letlea that should be consulted In regard to the prep¬ 

aration of a new building code. 

THE ODD NEW YORK AQUEDUCT COMMISSION, re¬ 

moved by the administration, has decided to contest their 

removal as Illegal. The commissioners claim that the laws 

of l.vdv i.rovide that the Aqueduct Commliuloners may b«‘ 

remov.d for cause; but that Uiey shall not be removed 

without being heard in their own defence. 'Ihey were not 

even given the option of .eslgnlng by the new Mayor. 

WATER RATES AT UUFFADO have been lowered by 

the passage of an ordinance amending Chapter XXXli. 

of the City Ordinances, relating to water-works. The 

rales for dwellings are based partly on the frontage and 

number of storlea of the structure and parUy on the num¬ 

ber of Bxturea used. One rale covera all sinks, wash 

bowls and laundry tubs In a house, ranging from $2.50 

a year for a l-story house with less than a 25 ft. front to 

$11 for a B-story house with a front of from 46 to 50 fu 

For a S-story house with a frontage of from 25 to 30 ft. 

the rate for tbe above purposes is $5.50. Bath tubs, with 

shower baths If desired, are supplied at $1 per year, and 

self-closing water-closeU at $1.50. The meter rates are 

Bxed at (J cu. per 1,000 gallons for all quantities below 

’22,500 gallons per month and 2 cts, lor all above that 

amount, but no meter will be furnished for any purpose 

unless the annual amount per meter Is $24 or more. In 

order to make these low rates possible the ordinance pro¬ 

vides for the raising by taxation of $20 per fire hydrant 

per annum for water uschI lor Ore purposes, the amount 

so used to be credited to the water fund and chargtHl to 

the Ore fund. Other city departments arc- to pay 2 cts. 

per l.tKSi gallons for all water used by them. In our 

Issue of Dec. 2, 18l*7, we commented editorially on the 

then proposed reduction in water rates and briefly dis¬ 

cussed the proper division of the cost of city water sup¬ 

plies between public and private consumers. 

THE EDBE-TRAVE CANAD, whica Is to follow the 

general line of the 6t)0-yenr-old Stecknttz Canal, will con¬ 

nect Dubeek with Dauenberg on tbe Elbe. Tbe old canal 

was fli) miles long, with 17 locks; the highest being 40 

ft. above tbe level of the Elbe. Its average breadth was 

only 40 ft, with a couple of feet depth of water. The new 

canal will be stralghter, and shorter by about 20 miles: 

it will have a bottom width of 70 ft. and a top width 

of about 100 ft, with 6H ft. depth, or deeper If the river 

is deepened. The locks will be reduced to seven In num- 

Ix'r, and their maximum dimensions will be 250 ft. long, 

35 ft. wide, 7 ft. deep, admitting vessels of about SOii 

tons. The estimated cost of tbe new caaal is $6,750,000, 

of which sum the City of Dubeek will provids about $5,- 

OOO.Oik), and the Prussian government the remalndor. 

THE UHIO STATE CANAD SYSTEM, and what U to be 

dune with it. is one of the most Important questions be¬ 

fore tbe Ohio legislature. The canals of tbs state are 

over tiuu miles in extent, and cost originally $14,34U,UUU. 

The sum of $lU,it24,tNJU has been expended on their re¬ 

pair and maintenance. This makes the total cost $25,- 

2t>4,UUU, and the receipts from tolls, etc., have amounted 

to $lii,340,UUU. Tbe canals have deteriorated In recent 

years and the Uatllc has fallen off to a trifling amount 

on the Ohio canal last year, the tolls amounted to $24,14)0, 

and the expenses of operation were $7S,UUU. The canal 

system was recently investigated by a commiaslon ap¬ 

pointed by the Governor, but it recommended simply that 

the state decide upon a definite policy and either Improve 

the canals or else entirely abandon them. It favored, 

however, the former course. Un the other hand, tbe farm¬ 

ers of the state generally favor tbe abandonment of tbe 

canals; large tracts of land are injured by tbe seepage 

from reservoirs, etc., auU tbe maintenance of bridges 

and repair of damage done by the canal waters in times 

of flood form quite a large item of expense. 

THE BIDD FOR THE PROTECTION OF THE Missis¬ 
sippi Valley, introduced Into Congress by Gen. Catchings, 

of Mississippi, makes tbe Mississippi River a national care 

and provides that tbe government shall acq lire ownership 

and control of all slate and other levees; and puu these 

in charge of tbe Mississippi River Commission, under 

the direct supervision of tbe Chief of Engineers, U. S. A. 

Congress is also asked to appropriate $2o,OOU,0u0 for this 

work, not more than $5,UtH),uuu to be expended In any 
one year. 

GRAIN FREE ON BOARD AT NEW YORK EDEVA- 

tors is demanded from tbe railway companies by some of 

the largest Western shippers of grain from tbe port of 

New York. The railway men uudersUnd this to mean 

that they must transfer grain from cars to the steamers 

without charge, as it is claimed Is done at other ports. 

The Erie elevator Is said to be performing this service, 

in connection with canal boats, in competition with float¬ 

ing elevauirs, but it makes some charge for the same. 

This rivalry, however, can only exist, says ’’The Com¬ 

mercial Advertiser," during an active and large move¬ 

ment of grain, when regular line steamers cannot load at 

tbe railway grain elevators. At all other times tbe busi¬ 

ness will be controlled by the floating elevators, as In 

ordinary years the grain capacity of the regular line 

steamers is sufficient to move the grain that comes to New 

York. The Erie, West Shore, New York Central and the 

Pennsylvania railways all have grain elevators at this 

port; but at all of these, except the Erie, considerable 

dredging wou.d have to be done before large vessels could 

use them. If the demands of the shippers are to be complied 

with and the shipment of grain by ’’tramp" steamers is 

to be developed, very considerable building of new eleva¬ 

tors would be required; and the railway people are said to 

be seriously considering this work. 

THE GREAT DENSES made for the Chicago Exposition 

by Henry Depaute, of France, and purchased by the U. S. 

Dighthouse Board for $10,000, are being tested at Tomp- 

kiusville, Staten island. These lenses are 9 fU in di¬ 

ameter, and each la made up of a central disk, two pris¬ 

matic rims and 190 prismatic segments of rims, all made 

of carefully ground optical glass. I’be prisms of each 

lens are mounted In a brass framework, made In 1!) 

sections. The three lamps are of a specially designed arc 

type, with two of them interchangeable by simply turning 

a wheel, and the third can easily be substituted for either 

of the other two. With 1-In. carbons the light equals from 

S.tStO to lo.titto c. p. Each lens gathers nearly half of this 

light and projecu it In a beam 9 ft. In diameter, which 

has an estimated intensity of 90,000,000 c. p. On a suffi¬ 

ciently elevated ligbtbouse this light could be seen IG) 

miles away. Though the lamps, lenses and supporting 

framework weigh 20 tons, the light can be made to re¬ 

volve six times a minute. The plant will include two 

General Electric alternatinr generators, operated by a 25- 

HF. Ideal engine and Fltzgibbon boilers. All parU of the 
plant are In duplicate. 

BIDS FOR A NEW WA’TER SUPPDY for Jersey City, or 

for filtering water from the Passaic River, at the old pump¬ 

ing sutlon in Belleville, will be received until Feb. 23. by 

the Street and Water Commissioners. Bids may be sub¬ 

mitted for a gravity supply delivered at an elevation of 

either 210 or 127 ft. The estimated quantity of water re¬ 

quired is 2O.0o0.000 gallons a year the first year, with an 

increase of .3% per annum thereafter. The main features 

of the specifications were outlined in our issue of Sept. 30, 

1807. Messrs. C. C. Vermeule, of 203 Broadway, New 

Y’ork city, and Garwood Ferris, of Jersey City, are con¬ 

sulting engineers for the proposed new supply. 

ANNUAL MEETING OF THE AMERICAN SOCIETY OF 

NAVAL ENGINEERS. 

The annual meeting of the American Society of Naval 

Engineers was held in Washington. D. C., on Jan. 7 and 

8. Thia society has been In existence for several art, 

Its chief business being the collection and publ .jod 

in its “Journal" of professional papers on Da.a eui). 

Jecta, but it has not heretofore held open meet.r fur 

the presentation .and discussion of papers accord ' fg 

the usual custom of engineering societies. It ha iiu« 

taken a new departure and has held a convention the 

usual fashion, with the common accompaniments ex¬ 

cursions to points of interest and a banquet. 

The first session was held at the Columbian Univ ity 

on Friday afternoon, Jan. 7. About 50 members a as¬ 

sociates were present, many of the former being en^ trg 

In tbe U. S. Navy. After the reading of the rej. t of 

the Council it waa announced that the winner of tb> nz* 

medal, which is yearly awarded for the most merit ,u, 

paper, waa Past Asst Engr, W. W, White. His .gr 

was entitled "Steam Consumption of the Main and m- 

iliary Machinery of the U. 8. Steamship “Minneap u." 

We shall publish an abstract of thia paper at at. aiy 

date. The paper was printed in advance of tbe m ,g, 

and proofs were In tbe hands of the members. Tb< her 

papers bad not been printed. In this matter tbe s ety 

may well take a lesson from the practice of other .^i- 
neering societies. After the presentation of the per 

by its author It was discussed by several of the mem . rs. 

Mr. P. Merriam Wheeler, of New York, discussed at ,iue 

length tbe auxiliary machinery and Its wasteful ^i hq 

consumption, and pointed out that tbe greater part oi the 

heat wasted by this machinery on war vessels coul: be 

saved by tbe use of a feed water beater into whic uli 

tbe exhaust steam from the auxiliary engines shuulJ be 

discharged. The next paper read waa entitled "Arne: i an 

Steam Yachts," by Mr. Irving Cox, of New York, lie 

expressed the opinion that tbe reason why many Am< ri- 

cans go abroad to purchase yachts is because Amnn. au- 

built yachts have been defective in many details of tbur 

construction and consequently unsatisfactory to their 

owners. When the paper is printed it will probably be 

answered by some of the American yacht builders, and 

if tbe author’s criticisms are Just, it may lead to an im¬ 

provement in the method of tbe builders. The paper gives 

some figures of the cost of running a steam yacht wbicb 

will be of Interest to those of our readers who expect to 

become yacht owners. For a first-class cruiser, enter¬ 

taining ten guests, the cost of maintenance is from $.i.t!A) 

to $4,t)UU per month. 

Two papers on water-tube boilers were then presented 

and discussed together. The first was “Test of tbe .Nic- 

lausse Safety Water-Tube Boiler," by J. M. Whitbaiu. of 

Fhiladelphia, and the second was “Water-Tube Boilers,’’ 

by Darwin Almy, of Providence, R. L A long dls ussiuii 

followed, emphasizing the general opinion that water-tube 

boilers are likely In time to supplant tbe old forms of 

boiler, which have reached their limit of weight and size. 

The last paper of tbe session was by Mr. David P. 

Jones, on tbe subject of “Boiler Testing, with Various 

Fuels." Mr. Jones has made a specialty for tbe past few 

years of testing boilers with Western fuels, and bis paper 

contained much information of interest. The discussion 

was postponed till tbe next day. 

In the evening a business session was held in the Navy 

Department, in the rooms of the Chief of the Bureau of 

Steam Engineering. The treasurer’s report showed a 

satisfactory financial condition fur the society. Officers 

for the ensuing year were elected as lollows: President. 

Chief Engineer Harry Webster, U. 8. N.; Seer, ury- 
Treasurer, Past Asst. Engr. Walter M. McFarland, U, 

S. N.; Members of tbe Council, Chief Engineer T. W. 

Baird, U. S. N.; Passed Asst. Engr. W. W. White, U. S. 

N.; and Passed Asst. Engr. E. Tbeiss, U. S. N. 

Saturday morning was spent in sight-seeing, visits to 

the navy yard and to the Congressional library, lu tlis 

afternoon a second professional session was held in Co¬ 

lumbian University. After a discussion of Mr. Joues’ 

paper on "Boiler Testing," a paper on “Speed of Construc¬ 

tion, a Vital Factor in Naval Strength," was read by 

Mr. Frank B. King, of Washington. It was followed by 

a paper by Col. E. D. Meier, of SD Douis, on “Tbe Diesel 

Motor.” This motor is an improved oil engine. Invented 

by a German mechanic, which is soon to be manufactured 

in this country. It is claimed to have a higher efficiency 

than any other heat engine, whether steam, gas or oil. 

“Oil Fuel Trials on the Hydraulic Dife Boat ’Queen.’ ’’ 

by John Platt, of New York, was the last paper read. 

The paper describes a life boat propelled by Jet pr..pul- 

sion. We shall publish this paper in an early Issue. 

Other papers were read by title and will be published in 

the "Journal.” In the evening a banquet was held at the 

Maison Rauscher. Mr. John C. Kafer, of New York, was 

toastmaster. It was a highly successful and enjvyable 

affair, and some of the speeches, made by old naval en¬ 

gineers, describing how things were done in the old navy, 

with steam pressures of 10 lbs., were of unusual Int r et. 

The following are the tities of the papers which were 

"read by title:" “The Submarine Boat ’Plunger,’ ” bv J. 

Alvab Scott, of Baltimore; “Entropy and Temper .turs 

Entropy Diagrams,” by Prof. W. P. Durand, of Ithaca. 

N. Y.; “The Status of Boards on Changes as U-'i 'HT 

Constituted Under the Contracts for the Construction of 

Our New Nsvy,” by W. W. Varney, of Baltimore; ’’Pro¬ 

pulsive Power,” by James N. Warrington, of Chicago. 




