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THE WARSHIP CONTRACTS, covering eleven armor- 

clads. were awarded on Dec. 19 by Secretary of the Navy 

Long, as follow*: The Cramps, the Newport News com¬ 
pany. and the Union Iron W’orks. each secured one 

sheathed and one unsheathed cruiser of 22 knots speed, at 

the following prices: Newport News company, sheathed 

cruiser, $3,885,000; unsheathed cruiser, $3,776,000. For 

the same class of ships the Union Iron Works, of San 

Francisco, will receive $3,800,000 and $3,750,000; and the 

Cramps. $3,890,000 and $3,780,000 respectively. For the 

five battleships, the bid of the Fore River Engine Co., of 

Quincy, Mass., is accepted for two unsheathed battleships 

at $3,405,000 each; for the three sheathed battleships the 

lowest responsible bids are: Bath Iron Works. $.3..V.K),000 

each: the Newport News company. $3,.593.000 each, and 

fhe Cramps, $3,600,000 each. The latter sum is the limit 

of the appropriation for these battleships; and with gov¬ 

ernment equipment added all three bids exceed the sum 

appropriated. Other bids were ruled out as coming from 

concerns which practically had no existence as bnilders 

of warships of this class. The Fore River Engine Co. 

has built two 30-knot destroyers and is building a 17-knot 

protected cruiser; it is also constructing an enormous 

ship building plant, especially designed for warships. 

OIL-FUEL FOR TORPEDO BOATS Is said to be less 

effective than coal for producing speed, as a result of 

the experiments conducted lately by the U. S. Navy De¬ 

partment. The experiment was made on the torpedo 

boat “Talbot,” at the New York Navy Yard, under the 

direction of Lieut. John S. Doddridge. While no official 

report has been seen, it is understood that orders have 

been issued to remove the fuel-oil apparatus and sub¬ 

stitute coal. The only reason stated is that oil did not 

Increase the steaming radius of the “Talbot.” 

THE MISSOURI RIVER COMMISSION may be abolish¬ 

ed If a provision In the present River and Harbor Bill 

becomes a law. The general opinion seems to be that 

the navigation on that river is too limited to warrant a 

special commission; and any absolutely necessary work 

in bank protection, etc., can be as well done under the 

Secretary of War. This commission was created In 1884, 

and at present consists of Lieut.-Col. .\mos Stlckney, 

Major Thos. H. Handbury and Major W. L. Marshall, all 

of the Engineer Corps, U. S. A., and Charles O Brodhead 
and C. L. Chaffee. 

THE KILIA DELTA DANUBE CANAL was completed 

by the Russians In October last. With the Sullna delta 

branch of the Danube, lying wholly In Roumania, this 

makes a second navigable entrance to that river, and this 
last It In Russian territory. Of the three deltas, the Su¬ 

llna, the first improved and carrying 20 ft. of water, only 

discharges 8% of the water of the Danube; the St. George 

arm, still unavailable to commerce, discharges 21%, and 

the Kllla branch discharges 63%. The dredging of this 

latter branch Is said to have cost $1,7.50,000; but, as the 

Danube is the boundary for about 40 miles and the Kllla 

for 50 miles, Russia now has 90 miles of navigation in her 
own waters. 

THE PROPOSED GRAVITY W’ATER SUPPLY for St. 

Louis, Mo., has been disapproved by a unanimous vote of 

the Board of Municipal Improvements. The grounds for 

this action are: Alleged inadequacy of proposed supply to 

meet future needs; excessive cost over filtered water from 

the present source; less satisfactory quality than the 

present source of supply, after filtration. 

BIDS FOR THE CONSTRUCTION of mechanical filters 

at Louisville, Ky., will be received by the Louisville 

Water Co. on Jan. 26, 1961. Proposals may be based on 

specifications drawn by the company, dividing the work 

into 24 separate parts, as set forth In our advertising 

columns, and permitting bids on one or more of the parts, 

or filter companies may present and bid upon their own 

designs. Mr. Chas. R. Long Is president of the company. 

SEWAGE DISPOSAL AT WATERBURY, CONN., has 

assumed an Interesting phase. Four years ago Mr. Ru¬ 

dolph Hering, M. Am. Soc. C. E., of New York city, sug¬ 

gested the alternative of chemical precipitation, followed 

by Intermittent filtration, or of Intermittent filtration, 

alone, on a larger but more remote tract. The city took 

no action, perhaps because It wished to await the results 

obtained by new processes of treatment. During the past 

summer, Mr. R. A. Cairns, M. Am. Soc. C. E., City Engi¬ 

neer of Waterbury, and Mr. Hering, visited some of the 

European sewage purification plants, and Mr. Hering has 

just made a second report on sewage disposal at Water¬ 

bury. Mr Hering suggests that the smaller of the two 

tracts formerly proposed for intermittent filtration might 

be used, when needed, at as high a rate as 4tl0,U60 gallons 

per acre, provided the sewage was first subjected to sedi¬ 

mentation and to septic action; also that for a number of 

months In the average year the sewage might be turned 

Into the Naugatuck River without treatment. 

JAPANESE RAILWAYS, on March 31, 1900, says the 

“Japan Times,” aggregated in length 3,635 miles, of 

which 832 miles were government lines. In the year end¬ 

ing with that date 223 miles were built, of which 64 miles 

were constructed by the government. The 14 private com¬ 

panies have a total capital of $84,610,000 gold; and with 

the government cost added the total amount invested in 

Japanese railways is $124,000,000 gold, or 250,000,000 yen. 

The total income from these lines, in the fiscal year end¬ 

ing March 31, 1900, was $19,0‘28,580 gold, an Increase of 

$3,237,000 over the preceding year. Of the 1900 Income, 

$12,27)0,800 came from passengers, $6,319,620 from freight 

In Income Is due to lengthened line and a raise In fares. 

THE MOST SERIOUS RAILWAY ACCIDENT of the 

week occurred on the Pennsylvania R. R., near Kit¬ 

tanning, Pa., on Dec. 15. An empty locomotive ran into 

the rear end of a freight train, killing one man and in¬ 

juring 13. The accident was due to the disregard of a 

signal by the engine-man of the locomotive. 

A DRAWBRIDGE ACXIIDENT was very narrowly avert¬ 

ed in Chicago on Dec. 16. An electric car was just running 

on to the Randolph St. bridge when the bridge began to 

swing, with the result that the car was derailed before the 

bridge tender could stop the bridge. The front wheels of 

the car were on the bridge, and the car was thrown 

against the steel column which supports the trolley lines 

on the abutment. Chicago drawbridges are no'u>riously 

dangerous on account of the entire absenpe of gates or 

proper signals. Most of them have bells which are rung 

when the bridge Is to be opened, and some have hinged 

signs which are displayed at the portal at the same time. 

The bells are not sufficient warning and the signs are of 

very little use. At several of the bridges a light chain Is 

drawn across the approach roadway, but this Is no pro¬ 
tection to pedestrians, who crowd to the edge of the 

abutment ready to Jump on the bridge as It closes. 

CHICAGO’S DEFECTIVE BRIDGES and vladucU are a 

byword, and the latest instance of gross neglect Is the 

death of a woman who fell through a hole in the Ogden 

Ave. viaduct and struck on a rail of the tracks beneath. 

The viaduct was a handsome and substantial structure, 

but the fioor is In a dilapidated condition. The side¬ 

walk planks are loose and broken and the roadways are 

also In bad condition. Quite recently two persons have 

fallen, but were both able to save themselves from 

dropping through. About two years ago a person injured 

in this way was awarded $2,000 damages. The city claims 

that the viaduct should be maintained in proper condition 

by the railways which it crosses, but apparently very 

little Is done to enforce the requirements. It appears, 

however, that the Pennsylvania Co. has rebuilt the floor 

of the span crossing Its tracks. On other viaducts the 

floors are In a similarly dilapidated condition. 

TENEMENT-HOUSE FIRES in New York city have 

been reported upon by the New York Tenement House 

Commission. The report covers all the tenement-house 

fires which have occurred within a period of 2H years, 

which number 7,943 altogether. It appears from a study 

of these statistics that of these 7,943 tenement-house fires, 

7,614 were confined to the point of starting, while 329 ex¬ 

tended through the building; that is, 4% of these fires 

were serious In their consequences. Of the 329 fires 

which extended tbrc'Ugh the bnUdlug, 76, or 26%, spread 

by means of the light shafts; 29, or 10%, through the 

dumbwaiter and elevator shaft; 59 of them, or 20%. 

through the halls and stairs; 14, or 5%, through the light 

shaft combined with the halls and stairs; 70, or 24%. 

through the flooring or partitions; 14. or 5%, through the 

spaces around pipes; 16, or 5%, through windows outside 

the building, and 18. or 6%. in other various ways. Tiiat 

is, approximately speaking, one-fourth of all the fin's 

went through the light shafts, and one-fifth through the 

halls and stairs, while another fourth spread by means 

of the partitions and floorings. 

THE SL'M.M1T HILL CO.AL MINE FIRE, in the I.a'high 
coal regions, near Taiuaqua, l*a., is said to be under cuu 

trol after burning 42 years; aud it may be extinguished 

within the next two years. This fire has cousumeil 

about 35 acres of the finest coal laud in the anihracltt 

regions. Two enormous drills have honeycombed the 

ground to the west of the fire and the holes made have 

been filled with uon-hurniug material, and it Is believe<l 

that this will stop the fire. 

CIVIL SERVICE EXA.M1NAT10NS will be held by the 

New York City Municipal Civil Service Commission ou 

Jan. lU, 1901, at 346 Broadway, to fill positions of shop 

inspector of steel, and also mill inspector of steel, for the 

Rapid Transit Railway. Caudidates must have complete 

and accurate knowledge of these two branches of the work 

of steel inspection. The subjects of the examinations are 

experience, handwriting, arithmetic and technical knowl¬ 

edge. For further information as to the character of 

the examination apply to K. O. Ireland, Chief Examiner, 

and for applications address Lee Phillips, Secretary. 

A NEW RAIL-ROIJ^I.NG PROCESS, having for its ob¬ 

ject the finishing of rails at a lower temperature than is 

now common, is being experimented with at the Edgar 

Thomson Steel Works of the Carnegie Steel Co., of Pitts¬ 

burg. Pa. The process is the Joint invention of Mr. Julien 

Kennedy, M. Inst. M. E., and Mr. Thomas Morrison, 

General Superintendent of the steel works named. The 

process, as briefly described in the "Iron Trade Review," 
la as follows: 

After the steel ingots have been rolled in the blooming 
mill and sheared Into blooms, they are conveyed to the 
Siemens beating furnaces in the rail mill and allowed to 
remain there until they are sufficiently hot to be rolled 
into rails. The rail mil), as It Is now equipped, con¬ 
sists of three trains of rolls. On the roughing train the 
bloom is passed forward and backward through five 
passes. It is then run to the intermediate or "short" 
rolls, where It is given five passes in the same manner. 
The partially roiled rail, which baa been elongated until 
It Is now about 90 ft. in length, is then run to the special 
cooling table, which is but a few feet to the right of the 
main run. ’This affords an Interval of time between the 
intermediate and the finishing rolls, during which every 
individual rail can be brought to the same temperatuie, 
this temperature being that which has been found to pro¬ 
duce the best results. On account of the greater amount 
of metal and heat contained in the head of the rail. It 
would be drawn In cooling into a curved shape, were it 
not for the precautions which have been taken. These, 
while very simple, are quite effective. The rail is laid on 
the cooling bed on Its side with the bead close up to the 
flange, or bottom, of the rail In front of it, so that the 
metal in the combination of two rails Is about equally 
distributed. This allows the rails to cool gradually with¬ 
out causing them to become distorted. A great deal of the 
heat which leaves the bead of the rail Is absorbed In the 
flange of the rail adjoining it, thus keeping the tempera¬ 
ture of the flange from being unduly lowered while the 
bead is cooling. This is done without Interfering with the 
rapidity or continuity of action of the mill, and it results 
in improving greatly the quality of the product. 

THE NICARAGUAN STATE RAILWAYS and river 

steamers are for sale, and the New York “Herald” re¬ 

ports that the British consul at Greytown, representing 

an English syndicate, baa offered $7,.'><)0,(XX) fur them. 

THE 94 STREET RAILWAY CO.MPANIES in Pennsyl¬ 

vania have been reported upon by the State Bureau of 

Railways. For the fiscal year ending June .30, 1900, their 

total income was $24,447,1.81; the total amount of out¬ 

standing stock was $103,176,1'21; and the taxes paid were 

$1,579,284. Of the 94 operating companies only 20 pay 

dividends. The total expenditures for the year were $23,- 

976,312, as compared with $21,788,683 In 1899. The total 

of employes is 14,798; wages paid to them amounted to 

$8,043,589. In the year 538,194,532 passengers were car¬ 
ried, and of these 1,582 were killed by various accidents. 

THE HOOK MOUNTAIN TUNNEL on the pipe line of 

the new water-works for Jersey City, was cut through on 

Dee. 14. This is the shorter of the two tunnels on the 

line, one of which penetrates Watchqng Mountain and Is 

7,212 ft. long, and the other of which passes through Hook 

Mountain and is 1,094 ft. long. The Hook .Mountain tunnel 

penetrates rock and when lined with brick will have an 

interior diameter of 8Vi ft. The two gangs working from 

opposite portals met at about the center of the tunnel; the 

allnement was almost perfect The work was done with 

power drills operated by eompressed air and using dyna¬ 

mite as the explosive. The work was under the direction 

of Mr. Cyrus F. Sproul for the Jersey City Water 

Supply (3». 
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THE FAILURE OP A CONCRETE-STEEL GRAIN ELE¬ 

VATOR AT DULUTH, MINN. 

A concrete-Bteel grain elevator recently com¬ 
pleted by the Peavey Grain Co., at Duluth, Minn., 
failed on Dec. 12 by the bunting of one of the 
blna while it was being tested by Ailing it with 
grain. As shown by Fig. 1, the elevator consist¬ 
ed of a house for the elevator machinery connect¬ 
ed with a group of tanks for storing the grain. 
There are In all 15 circular bins, 33% ft. in diame¬ 
ter and 104 ft. high, with 0 ft. connecting walls 
between them to form a number of star shaped 
Itins as shown by the part sketch plan Fig. 2. 

medial* bins. The writer's figures Indicate that the 
arched side of the interior bln is sufficient to withstand 
the thrust or pressure of the grain if given a rigid skew- 
back, and that the cause of failure Is to be found in the 
latter, which consists of the two 90* segments of the thin 
shell of the circular bins, which would evidently be sub¬ 
jected to bending by action of the thrust at the skewback, 
and would deflect outward, causing the arch to tall at the 
center and at the skewback. The cracks In the upper 
portion of the structure clearly indicate the accuracy of 
the above analysis. Yours truly, 

C. A. P. Turner, C. E. 
Minneapolis, Minn., Dec. 15, 1000. 

The sketch. Fig. 2, shows by means of the dotted 
lines the action Indicated by our correspondent’s 

FIG. 1.—VIEW SHOWING THE BREAK IN CONCRETE STEEL ELEVATOR BINS AT DULUTH, MINN. 

One of the star-shaped bins was being filled when 
the accident occurred, with the results clearly 
shown by Fig. 1. The following details of the bin 
construction were obtained by a member of the 
staff of this Journal from Mr. E. Lee Heldenrelch. 
civil engineer, of Chicago, Ill., for whom a report 
on the accident was made by Mr. F. W. Cap- 
pelen, M. Am. Soc. C. K., of Minneapolis, Minn. 

The contract for the construction of the elevator 
was let to Mr. C. F. Haglin, of Minneapolis, Minn., 
who seems also, so far as we oan find, to have 
designed the structure. As designed the circular 
bins w'ere provided with imbedded hoops of %x 
1%-in. steel bars, spaced f»x)m 12 Ins. to 18 Ins. 
apart vertically. The concrete used was com¬ 
posed of 1% parts Portland cement, 2 parts sand 
and 5 parts gravel. According to Mr. Cappelen’s 
report, the upper edges of the concrete tank wall.-; 
were tamped down and smoothed off at the end 
of each day’s work, and the next day’s work was 
started on this smooth, hard surface, thus Intro¬ 
ducing planes of separation. While this was evi¬ 
dently a faulty mode of procedure, it should be 
noted that so far as the photograph of the break. 
Fig. 1, show's, these planes of fracture do not ap¬ 
pear to have played any important part in 
causing the failure. Besides the information col¬ 
lected by our representative, and given above, we 
have received the following letter from Mr. C. A 
P. Turner, civil engineer, of Minneapolis, Minn : 

Sir; I send you herewith a brief account of the failure 
of the concrete steel wheat bins at Duluth. The bins 
were approximately 104 ft. h'gh by 3H ft. 6 Ina in dlan.eler 
for the circular bins, and 15 In number. The apace be¬ 
tween the circular bins was designed to be utilised for 
storage by building a connecting wall betweeu each pair 
of bins 0 ft. in length, making 12 additional bins, the 
main sides of which are convex Inward and must act as 
arches in resisting the thrust of the grain when the cir¬ 
cular bins are empty. The wall* run from 12 ins. in 
thickness at the bottom to about 9 ins. at the top, and 
are strengthened by horizontal bands of 1% %-ls. steel 
spaced 12 ins. c. to c. at the lower part of the wall. Fail¬ 
ure occurred upon filling one of these star-shaped inter- 

calculations. In conclusion it is only fair to point 
out that the concrete and embedded steel con¬ 
struction used In the bins which failed is radically 
different from the Monier system which has been 
employed abroad and is being promoted in this 
country for elevator construction. 

MODERN LOCOMOTIVE DESIGN.* 

By Waldo H. Marshall. M. Am. Soc. M. E.t 

In the last ten years the locomotive has undergone a re¬ 
markable development. Ten years ago an eight-wheel 
locomotive with 18 x 24-in. cylinders and a boiler having 
about 22 sq. ft. of graU area and about 1,200 sq. ft. of 
beating surface was in quite general use for first-class 
passenger service; the weight on drivers seldom exceeded 
05,000 lbs., and the total weight of the engine was usually 
within 100,000 lbs. in working order. In freight service, 
engines weighing between 100,000 and 1*20,000 lbs. on 
drivers were considered powerful locomotives. 

To-day heavy passenger locomotives it provided with 
two pairs of drivers have from 8.5,000 to 105,000 lbs. 
upon them, and if of the ten-wheel type, they have from 
100,000 to 135,000 lbs. upon drivers: the cylinders are 19 
or 20 ins. in diameter; the heating surface is from 2,200 
to 3,000 sq. ft., and the grate area Is from 30 to 36 sq. 
ft., unless wide grates are provided for burning some 
special grade of coal. A freight locomotive with a weight 
of 150,000 lbs. on drivers is not considered a large loco- 
moUve for ordinary road work, and for mountain service 
and for pushing on heavy grades, engines have been built 
with as much as 225,000 lbs. on drivers. The tendency 
everywhere Is towards heavier locomotives, and the rea¬ 
sons for building them are not difficult to find. 

ECONOMY DUE TO INCREASED WEIGHT OF TRAINS. 

Assuming a railroad with freight business represented 
by a certain number of ton-miles of revenue freight an¬ 
nually, it Is clear that fhe fewer the trains required to 
handle it, the less will be the cost of transportation and 
the greater will be the average revenue tonnage per train. 
Revenue tonnage is, of course, much less than the total 
tonnage per frain, as the latter Includes the revenue 

*Slightly condensed from an address before the stu¬ 
dents of Purdue University, Lafayette, Ind. 

tSuperintendent of Motive Power; Lake Shore & Mlcbi 
gan Southern Ry., Cleveland, O. 

freight, also freight for the company's use a- j 
which the freight is carried. 

There are two way* In which the revenue „ 
be increased. One is by making it a larger p-r (-i 
the total weight of the train, and the other Is i v i- ^ 
Ing the weight of fhe entire train. The firs- 

method involves a reduced mileage of empiy 

heavier average load in all the cars and the c( - \ ‘ 
of large capacity equipment in which the dea.; -■v.'gb- 

is a smaller percentage of the carrying capacity • .- sec 
ond method, namely. Increasing the total average vs-ghi 

of trains, calls for a more uniform loading of e« to 

their maximum capacity and also engines of grea- haul- 

ing power. Both phases of this second method have 

their Influence on locomotive design, for the ! ■ : g o: 
engines to their maximum capacity searches out . the 
weaknesses of detail, while the demand for greater p.,wrr 
brings up the problem involved in the constr ■. o( 

large engines of oizes and types best suited to i:. 
ditlons peculiar to each road. 

I have stated, as in the nature of an axiom, -i.at the 

greater the average revenue tonnage per train, •... 
the coat of transportation, and yet no one not a taally 

engaged in railroad wora can hardly realize the m.por- 
tance of this subject to the average road. The t.. lemy 

of freight rates is to steadily decrease, and this m-a.et be 

met by reduced cost of the service performed. Now. while 

economies are possible in all directions, it is a fact that 

nowhere in all the field of railroad expenditures is it 
possible to effect savings equal to those that can I.e ob¬ 

tained through the increase of revenue train Ina i. and 

this is becoming so thoroughly recognized fb.at the man¬ 

agements of railroad properties are in many Instan-e. 
being Judged to-day by the showing they are making in 
this direction. 

It is true that in the operation of a railroad there are 

numerous items entering into the operafing expenses that 

are independent of the weight of the trains hauled, but, 

on the other hand, there are several large items that are 

almost Inversely proportional to the average train load, 

and fbere is a third group that is influenced by it to a 

smaller extent. Engine and train crew wages amount to 

from 10 to 12% of gross earnings, and these are the items 

that are reduced in inverse ratio to the increase in train 

load. Repairs of locomotives and fuel equal 8 to 1<% of 
gross earnings and will be reduced to some extent p.r 

unit of work done as fhe average train load is Increased 

.As the total operating expenses are usually between *>> 
and ('>5% of gross earnings, there is about 15% of the en¬ 
tire operating expenses on which a large saving can be 
effected by increasing the average revenue train load, 

and another 10% on which a smaller but by no tmans 
inconsiderable economy will result. 

This being the direction in which large economies are 

to be effected, it fully explains the wonderful incrca.-^e in 

the size of locomotives witnessed in recent years, and it 

fflso points to a important work in which those respon¬ 

sible for the design of locomotives should have a share. 

If the motive power officials perform their full portion of 

this work, they will accomplish more in the reduction of 

expenses for the companies they serve than can be 

achieved through shop practices and routine work of their 

departments, important as these are. 

LOCOMOTIVES FOR FREIGHT SERVICE. 

When large freight power is wanted, the first question 

is, how heavy shall the engine be? In the majority of 

cases the answer to this question is found in the limits 

imposed by the strength of bridges and track. Even If 

% #" 

^'T’pfy 

Fig. 2.—Part Sketch Plan Showing Arrangement of 
Bins and Probable Mode of Failure of Concrete- 

Steel Elevator, Duluth, Minn. 

the advantages oi heavier engines than the present 
bridges will carry are fully realized, not every road can 
meet the expenditures necessary for a wholesale renewal 
of bridges or Improvement of tracks. Sometimes an en¬ 
gine of the maximum weight allowable under existing 
conditions may be needed to obtain Increased revenue out 
of which to pay for the bridges and track that will carry 
a soil heavier engine. But if the finances will permit it. 
the spirit of conservatism should not prevent the transi¬ 
tion by a single step to the most powerful engine the road 
can use. Unless the physical condition of the road estab¬ 
lishes other Itmlu, 1 would say as a general proposition 
that the road should not only build the largest engine 
that could be used advantageously to-day, but if posst- 
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bie should meet the condltJon* that will prevail Id the 

future, say. five or ten years from to-day. 
To Illustrate, let us assume a low grade road whose 

business is largely general merchandise. Also, that an 

engine with 140,000 lbs. on drivers can haul ail the ton¬ 

nage that ordinarily can be put in 70 cars, and It Is noi 

, onsldered pracOcablt to haul longer trains. Five or ten 

years from now. the 30,000, 40.000 and 50,000 lbs. capae- 

iiv cars will nearly all be out of service and with trains 
.-omposed of 60,000, 80,000 and 100.000-lb. cars, and 

possibly conUlnlng more than 70 cars, the tonnage will 

require an engine weighing, say, 170,000 lbs. on drivers. 

•Surely the engine that will meet these conditions Is the 

one that should be built. Add to these considerations the 

fact that every one is endeavoring to load freight cars 

better than they have in the past, and It would seem a 

rertainfy that within a few years the tonnage that is now 

carried in an 85-car train will be brought within the 

length of a 65 or 70-car train. Consequently, long before 

the locomotive is half worn out, the conditions ought to 

be such that Its full capacity could be utilised. If we 

consider the average modern locomotive as good for 20 

years of service, we certainly ought not to build for to- 

Jay but for years in advance. 

TYPES AND WHEEL LOADINGS.—The type of 

freight engine to be selected is next In Importance to 

the question of weight; in fact, it really goes hand-in- 

hand with it. Eight-wheel engines may be considered as 

entirely out of the question for freight service to-day and 

the choice will be confined to types in which three, four 

or possibly five pairs of drivers are used. If the size of 

the engine does not warrant more than three pairs of 

drivers, the choice will lie betwen the mogul engine hav¬ 

ing a two-wheel leading truck and the ten wheel engine 

having a four-wheel leading truck. If four pairs of driv¬ 

ers are necessary to carry the weight there will be the 

same choice as far as the leading truck is concerned. In 

years past there have been many wordy battles over the 

relative merits of mogul and ten wheel engines, the most 

.sharply contested points being those pertaining to the rel¬ 

ative safety of the two engines and of their freedom from 

flange wear and damage to track. All such considerations 

may be safely swept aside and to-day the selection of the 

type should depend entirely upon the manner In which 

allowable weights are specified by the engineering depart¬ 

ment and upon the conditions of service. If the engineer¬ 

ing department places a limit only upon the total weight 

of the engine, it is evident that the two-wheel truck will 

permit a greater percentage of that total weight being 

placed upon drivers, and if the boiler capacity can be 

made sufficient to furnish steam for the larger cylinders 

that must be provided to take care of the increased tract¬ 

ive weight, the mogul or consolidation engine should be 

the choice. On the other hand, if the limit is the total 

weight on the drivers and not the total weight of the en¬ 

gine, it is apparent that by using a four-wheel truck the 

total weight and also the boiler power can be Increased. 

Where the ruling grades are heavy the mogul or consol¬ 

idation engine is naturally preferred. 

A few years ago it was not unusual to find the limiting 

weights to be those permitted on drivers instead of the 

total weight of the engine. As engines have become 

heavier, however, the limit is more frequently the total 

weight and it is customary for the motive power depart¬ 

ment to furnish the chief engineer a diagram of the pro¬ 

posed wheel bases and wheel loads from which he can 

determine whether the weights can be permitted. One 

should bear in mind that the longer the wheel base is 

in his proposed design, the more weight can usually be 

allowed. Let us assume that a proposed freight engine 

can weigh 170,000 lbs. in a wheel base of 25 ft., what 

type should be selected? If the 10-wbeeled engine is 

chosen it will have about 40,000 lbs. on the truck and 

130,tKiO lbs. on drivers. But an engine of the consolida¬ 

tion type might be adopted with four pairs of drivers hav¬ 

ing upon them 150,000 lbs. and with 20,000 lbs. upon 

the engine truck. The greater weight on drivers would 

require a larger cylinder and the necesslfy for ample 

boiler capacity must be kept in mind. It is quite possi¬ 

ble, however, by careful designing to get sufficient boiler 

power and the result is an engine capable of rendering 

15% greater service to the company than the 10-wheel 

engine. If our example had been of a larger engine, we 

might have had to choose between a consolidation en¬ 

gine, an engine with 5 pairs of drivers and a two-wheeled 

leading truck, or the 12-wheeled engine having four pairs 

of drivers and a 4-wheeled leading truck. If a sufficient 

percentage of the total weight of the engine could be car¬ 

ried on either 4 or 5 pairs of drivers, so that only a two¬ 

wheeled truck would be required, the 12-wheeIed engine 

should not be selected. As a general proposition, a four- 

wheeled leading truck should not be used in any modern 

design of a heavy freight locomotive unless it Is employed 

to gain increased boiler capacity through additional 

weight that cannot be placed upon the driving wheels. 

The question of boiler power is always present with the 

designer, and if the engine is to be one of moderate 

we.ght, it is a very serious problem. Fortunately, how¬ 

ever, the larger the engine, the easier It is to provide the 

required boiler power, for the weight of the machinery 

and accessories does not increase in proportion to the 

cylinder power; thus a larger percentage of the total 

weight of th% engine is available for the boiler. 

LOCOMOTIVES FOR F.AST FREIGHT SERVICE.—An¬ 

other question which will arise in connection with the 

Introduction of large power is its ability to handle fast 

freight trains successfully. The increase in the num¬ 

ber of bearings and in the number and weight of mov¬ 

ing parfs makes some people skeptical regarding the per¬ 

formance of these large engines at speeds above 25 or 30 

miles per hour, and as nearly all roads have more or 
less fast freight business, provision must be made for 

handling it saii-sfactorily. This cannot only be done 

as well with the large engine as with a smaller one, but 

can actually be done better, if proper care is exercised 

in the details of construction. The size of the 

driving wheels has an important bearing on this question 

and I am of the opinion that for all around work where 

grades are moderate, the wheel centers should be about 

.56 Ins. in diameter,maklng the diameter oufslde of tires 62 

or 63 ins. Until last year wheels as large as these had never 

been used in engines with four pairs, so it cannot be said 

to be general practice, but the Lehigh Valley and the 

Lake Shore roads had consolidation engines built in ISIK) 

with wheels 62 ins. in diameter, which give excellent ser¬ 

vice. The larger wheel requires a larger cylinder to fur¬ 

nish a given tractive power, and the larger cylinder de¬ 

mands greater strength in the engine frames, axles, 

crank pins and rods, so there is a tendency towards in¬ 

creased weight in these parts. On the other hand, the 

motion of all the machinery is slower tor a given speed 

which results in a considerable saving in maintenance 

and also in the reduction of machinery failures. On the 

whole, the advantages are very much in favor of the 

larger wheel. 

LOCOMOTIVES FOR PASSENGER SERVICE—What 

I have said regarding weights and types has concerned 

freight engines only. Let us turn our attention for a 

short time to engines for passenger service. The 8-wbeel 
locomotive has been the standard passenger engine on 

American railroads for a great many years, and until 

recently the demand for more power was met by the pro¬ 

duction of many magnificent engines of that type. It is 

safe to say, however, that for the heaviest of fast pas¬ 

senger service, the 8-wheel type will soon be considered 

obsolete. The demands of the service are fast becoming 

such that the weight which can be placed upon two pairs 

of driving wheels and a 4-wheeled leading truck Is not 

sufficient'to give the boiler capacity required. But after 

the eight wheels engine, what next? 

The answers fo this question are numerous and it is too 

early to say whether any one type will ultimately meet 

with general acceptance. The 10-wheel engine, the Co¬ 

lumbia type with two pairs of drivers and leading and 

trailing 2-wheel trucks, and the Atlantic type with two 

pair of drivers, a 4-wheei leading and 2-wheel trailing 

truck, are all in more or less favor. Those who believe 

that the amounf of weight which can be placed on two 

pairs of drivers is sufficient for tractive purposes natur¬ 

ally turn to the Columbia and Atlantic types to obtain 

the required boiler capacity. In the Atlantic type In par¬ 

ticular, the additional weight carried upon the trailing 

pair of wheels permits a great Increase In the boiler ca¬ 
pacity. 

The first engines of this type that were built (except 

those built with Wooten or wide fireboxes for the burning 

of anthracite coal) had the fireboxes on the fop of the 

frames and of the usual width, in fact the box was far 

enough forward to come between the main wheels. It Is 

hard to understand why an engine of this construction 

was ever built. The long narrow firebox to which every¬ 

one objects was retained, when the box might have been 

placed entirely behind the wheels and made wider and 

shorter, thus obtaining any desired area of.grate and ail 
the advantages of a short box. 

But if this possibility was not realized in the earlier en¬ 

gines of this type in which soft coal was used, It is fully 

appreciated now, and unquestionably an Atlantic type en¬ 

gine so constructed is in many respects an admirable one 

for passenger service. As excellent examples of this de¬ 

sign may bo cited the engines built by the Schenectady 

Locomotive Works for the Chicago & Northwestern Ry. 

These engines have 20 x 26-in. cylinders, 80-ln. driving 

wheels, 45 sq. ft. of grate, and over 3,000 sq. ft. of heat¬ 

ing surface. The weight on drivers is 90,000 lbs., and 

the total weight of engine is 168,000 lbs. The Brooks 

Locomotive Works have recently built several engines for 

the Burlington, Cedar Rapids & Northern Ry. of the same 

general design. The Pennsylvania R. R. has also turned 

out of lU shops within the last 60 days an engine of this 

class, and the New York Central will have engines quite 

similar to those of the Northwestern running next Jan¬ 
uary. 

SIX-DRIVER ENGINES FOR HEAVY PASSENGER 

SERVICE.—Admirable as is this type for nearly all kinds 

of passenger service. I beUeve that ulUmately the limited 

amount of weight for tractive purposes will lead to the 

adoption of some other type of engine for the heaviest of 

passenger service. For this work three pairs of drivers 

are needed. You may ask, as others have done, why it is 

necessary to have so much weight on drivers when it can 

be utilized to the utmost only in getting away from sta¬ 

tions, the mean pressure on the pistons being too small at 

high speeds to require great tractive weight. The reasons 

are simply these: Without it the engines cannot start 

from 12 to 15 cars without taking slack; and to back one 

of these heavy engines against a passenger train until all 

the draft springs are compressed and then reverse it sud¬ 

denly, allowing it to surge ahead, is not only destructive, 

to the couplers throughout the train, but la very unpleas¬ 

ant to passengers. Furthermore, after the train Is in mo¬ 

tion the weight on two pairs of drivers is not sufficient to 

utilize the full oyllude: power for the first quarter of a 

mile from the station if the rail is slippery. 
These two conditions oi casionully involve serious loss of 

time in getting away from stations and the time so lost 

must be made up after the train has re'uched high speeds. 

It might be said, as many do say, that we should not haul 

such heavy passenger trains and that high-grade service 

cannot be rendered where the trains arc so heavy. Such 

an argument, even if it is presented by those who have 

more or less control over the weight of the trains, should 

be taken with some caution. The fact is that when the 

grades are low the trains will not be confined to any mod¬ 

erate length, say eight or ten cars, nor do 1 believe they 

should where passenger travel is lieavy. To place a limit 

of teu cars on a passenger train and to split it into two 

sections when eleven or twelve cars must be handled, is a 

piece of extravagance If passenger locomotives can be 

built that will handle the greater number of cars. I'ariic- 

ularly is this true if heavy freight power has been intro¬ 

duced on the road and the track and bridges are capable 

of supporting the weight of a powerful passenger loco¬ 

motive, for then it is only a question of putting enough 

money in the first cost of an engine to get one that will 

haul from twelve to fifteen cars. Then if the power of 

this engine is exceeded and the train must be split in two 

sections, each section will be a good sized passenger train 

in itself. 

For these reasons, I believe it is necessary to have three 

pairs of drivers for heavy work. If correct In this, what 

form should the engine take? One's thought naturally 

turns to the lo-wheeled type, and if it were not for the 

question of providing sufficient grate area, 1 would assert 

without qualification that no belter type of engine could 

be built for the service we are considering. But if the 

driving wheels must be more than 72 ins. in diameter, fhe 

firebox will have to go between the wheels In the usual 

way, and as it should not be more than It) ft. long (on 

account of the difficulty of firing a lunger box) the gate 

area is limited to about 36 sq. ft. This is less than desir¬ 

able though many successful designs have no mure, and 

some have as little as 30 sq. ft. If 72-ln. wheels arc 

adopted, the firebox can be placed over them and any 

desired grate area obtained. But should wheels larger 

than 72 ins. be required, it would appear as If some other 

than the common 10-wheeIed type must be considered. 

So convinced am 1 of the desirability of combining 

greater tractive weight with large wheels and the wide 

firebox that the Lake Shore is now having built two pas¬ 

senger engines in which it is believed this will be done 

successfully. These engines will have three pairs of driv¬ 

ing wheels 80 ins. in diameter, a 2-wheel leading truck 

and a 2-wheel trailing truck of the English radial type. 

The total weight of the engine will be 175,000 lbs. of 

which 126,000 ibs. will be upon the drivers. The grate 

will be 7 ft. square (giving 41» sq. ft. of area), and the 

beating surface will be about 3.300 sq. ft. 

THE DESIGN OF LOCOMOTIVE DETAILS.—While we 

will always have fo force a locomotive boiler much be¬ 

yond anything dreamed of in stationary practice, it cer¬ 

tainly behooves us to obtain all the boiler capacity pos¬ 

sible In any design of locomotive. Some years ago at¬ 

tempts were made to establish ratios between grate areas, 

beating surfaces and cylinder rapacities, but now there 

is only one common-sense rule and that is to make the 
boiler as large as you can. 

The weight of the machinery should receive close atten¬ 

tion for several reasons: First. The lighter it can be 

made the less destructive it is to Itself. Second. A reduc¬ 

tion in the weight of all the machinery below the springs 

will reduce the effect upon fhe tracks. Third. The 1ms 

the weight of the machinery, the mure weight is available 

for the boiler. The weight which bears directly upon the 

track, without the intervenfion of springs l.s a considerable 

portion of the total engine, and at high speed the effect 

of this weight upon the track Is cerCalniy much more se¬ 

vere than equal weight placed above the springs, hence 

every pound that can be taken out of this portion of the 

engine represents some saving in track maintenance. The 

saving may not be great, but it is worth considering. The 

chief reason, however, for keeping the weight of ma¬ 

chinery down to tbe minimum la the great advantage that 

arises in being able fo put the weight so saved into the 

boiler, and it Is needed in the latter. Those who are fa¬ 

miliar with tbe daily operation of locomotives, know that 

in the majority of cases, tbe failure to "get there," if I 

may use the expression, can be traced directly or indirectly 

to the heavy demand made upoir the boiler. 

Tbe locomotive of some years ago was made almost 

wholly of cast Iron and wrought iron, and 1 am sorry to 

say that I have s'.en some recent engines of which the 

same thing can be said. The modern engine should be 

largely of steel. Pressed steel and cast steel permit of a 

large reduction in tbe weight of many details formerly 

made of cast iron and even when used to replace wrought 

iron, the saving is considerable. As an indication of tbe 

extent to which high-grade materials will enter Into tbe 

tonsfruction of the modern engink, 1 will give you some 

figures from the design of a large passenger engine weigh- 



440 ENGINEERING NEWS. Vol. XLIV. No. 26. 

Into th« soarcM of Iota In locomotlTo performance be 
much more common than at present. 

The allowable atresa In materials varj greatly lu f. 
ent parts of Che engine, and the same Is true of pr 
upon bearlnga On drlTlng boxes the pressure seld. , j* 
ceeds 200 Iba per sq. in. of projected area. On tb - 3 
pins this pressure may be as high as 1,600 lbs. per t‘i 

and no trouble from heating or excessive work will / •' 
The pressure upon the cross-head pins may rise to • 
lbs. per sq. In. The allowable stresses, as far as they -.n 
be calculated, cover almost as wide a range as do bt. g 
pressures. The only stresses that can be calcula: - 
locomotive frames are those due to steam pressure on he 
piston, and these may be as low as 2,000 to 3,00u lbs ; r 
sq. in. in some portions of the frames, and yet the la.' r 
be none too strong to stand the other stresses to a'. 

they are subjected; in fact, locomotive frames can te 

correctly proporOoned only through experience with eau r 
designs. In the main rod strap the fiber stresses sh .u.d 
not exceed 5,000 to 8,000 lbs., whereas in the mam ^ 
body the maximum stresses can go to 10,000 lbs. per .-1 
in.; and so throughout the entire locomotive the limus ,, 
calculative stresses has been found by actual experience 
No greater mistake can be made in the design of dctn.is 
than to materially exceed the stresses that have b c 
found to be satisfactory in service. 1 have in mind tbe 
case of a number of locomotives built some years ag ) m 
which the main crank pins were entirely too small m 
diameter. They ran for several years without any frai - 

tures, and then in one week five main pins were bruk'o 
on 11 engines. Calculation showed that the maximum 
fiber stresses were more than 2o,U00 lbs. per sq. in. Oi.e 
ought to make it an inexoiable rule not to increase iim r 

stresses or decrease bearing areas in essential parts be¬ 
yond the sale limits established by experience. 

A handsome locomotive hauling at high speed and appar¬ 
ently with so much ease a long passenger train, or drag¬ 
ging with slower motions many hundreds of tons of 
freight, is a sign which pays the designer for all of bis 
labor, and it we reflect upon the great work which the lo¬ 
comotive is doing and will yet do for mankind in the de¬ 
velopment of the resources of nations, and the extension 
of the bounds of civilisation, we find inspiration for care¬ 
ful, conscientious work in the assurance that whatever 
can be contributed to tae perfection of the locomotive is 
worth the best efforts of the mechanical engineer. 

ing about 176,000 lbs. and having three pairs of SO-ta. 
drivers. Some of the small details have not been esU* 
mated, and others I have omitted from these figures be* 
cause of their miscellaneous character, such, for instance, 
as the brass work about the engine, cab fittings, the pip¬ 
ing, boiler lagging, boiler Jackets, etc. Exclusive of these 
the amount of wrought iron In the engine is 16,860 lbs., 
cast iron, 10,660 lbs., of which 11,360 lbs. are in the 
cylinders, and 1,700 lbs. in the grates; cast steel, 27,660 
lbs.,of which about 16,000 Iba. are in the driving and truck 
wheels: pressed steel, l,6.'iO lbs.; rolled steel plates and 
shapes, 3,770 lbs.; forged steel, 11,270 lbs.; tire steel, 10,- 
600 lbs.; malleable iron, 1,300 lbs., and wood 4.100 Iba 
The boiler weighs 47,860 lbs., and the water in the boiler, 
22,600 lbs., making a toUl of 167,100 lbs. 

When high-grade materials are employed, full advantage 
should be taken of the higher tensile strength and other 
superior qualities possessed by them. Unfortunately, 
some people are going into the use of cast steel without 
making any changes in the patterns that were used for 
cast iron. 1 recently saw a cast steel-cylinder head for 
a 20-In. cylinder that was not less than IVk ins. thick in 
any place. It could have been made not more than %-in. 
thick In the center, and 9i-in., or %*ln. thick at the bolt 
flange and strengthened with ribs not more than %-in. 
thick in any place. On all four cylinder heads it ought to 
have been possible to save several hundred pounds. Even 
where cast steel Is used intelligently, designers have not 
always reduced the weight as much as practicable. A re¬ 
cent case came to my attention In which the drawings of 
the driving wheels of a consolidation engine were revised 
and 1,000 lbs. of material taken out of the eight wheels. 
The hubs were reduced materially; considerable material 
was taken out of the spokes and rims, and the balances 
were set out as close to the rim as practicable; they 
were made as thick as clearance for the side rods would 
permit and the height of the balance was reduced to a 
minimum. This carried the center of gravity farther 
from the center of the wheel and required les weight. In 
such work as this, one has the satisfaction of knowing 
that he is not only saving weight to be used where it 
counts for more, but he Is adding to the beauty of the en¬ 
gine, and Is also making the machinery more accessible, 
an advantage of no small Importance where everything Is 
crowded as In a modern engine. 

When proper attention is given to details, we find cast 
steel quite generally used for driving boxes, crossheads, 
rock shafts, rock-shaft boxes, foot plates, frame braces, 
equalisers and equalizer fulcrums. The material Is also 
used occasionally for eccentric straps, engine truck swing 
bolsters, driving-box saddles, reverse shaft arms, guide 
yokes, guide-yoke knees, cylinder heads, steam chests and 
steam-chest covers, etc. In fact, as already Intimated, it 
is used in almost every place where cast iron was common 
a few years ago, the only exception of any moment being 
the cylinders and the grates. Pressed steel should be used 
for boiler fronts and boiler front doors, cylinder-head cast¬ 
ings, steam-chest casings, sand box and dome casings. 
Some railroads favor metal cabs or a combination of metal 
and wood. Unless the climate is unusually destructive, 
wooden cabs are good enough for any one. A wooden cab 
was recently substituted for a design calling for part wood 
and part metal with a saving of 600 lbs. 

Cast-iron cab brackets supporting the rear end of the 
running board and cab can be replaced with steel plates 
% to 6-16-in. in tbickness, and strengthened with angle 
Iron edges with a saving of about 300 lbs. in weight. The 
cast-iron steam pipes in smokeboxon a locomotive are usu¬ 
ally none too heavy in the flanges, but much heavier in 
the body than necessary—300 lbs. was recently taken out 
of a set of these pipes wtfh no disastrous results. If they 
had been made of malleable iron another 100 lbs. could 
have been saved. The sand box base, which is usually 
of cast Iron ran be made of pressed steel with a saving of 
about 160 lbs. On engines standing too high to permit 
the safety valve to be placed In the dome, it is customary 
to rivet a cast-iron turret on top of the boiler onto which 
the safety valves are screwed. The cast-iron turrets can 
be thrown away and the safety valves put directly into the 
boiler, saving 260 lbs. There Is a difference of more than 
1.000 lbs. in tbe welghU of well-known boiler coverings 
on the market and as some of fhe best boiler coverings 
are also among the lightest, there is no need of sacrificing 
uuy weight In this direction. 

Grate bars and the aide frames supporting them are so 
heavy that the designer wbo must save weight looks at 
ihem with longing eyes. There does not seem to be much 
chance of saving weight in the grate bars themselves 
where the pstteru is a reasonably good one, but I have 
seen patterns so unreasonably heavy that 1,000 to 1,500 
lbs. could be saved by changes in them. Grate side 
frames on some recent engines have been made of pressed 
steel instead of cast iron and a saving of about 400 lbs. 
effected. The fire door is usually a heavy affair hinged 
to a cast-iron frame bolted to the boiler. A pressed steel 
door with a cast-iron liner can be hinged directly to the 
boiler head with a saving In weight of, say, 260 lbs. 

The supporU between boilers and frames usually afford 
some opportunity for a saving. Heavy brackeU on the 
sides of the fireboxes having a sliding contact on sup- 
poru bolted to the frames are surprisingly heavy. In a 
case that recently came to my notice a pair of them 
weighed 750 lbs., and yet they did not look excessively 

heavy. Heavy knees bolted to the back boiler head and 
bearing on tbe foot plate also run into weight rapidly. 
Among the lightest forms of supports between boilers and 
frames are plates of steel from % to V4. or 0-16-In. in 
thickness; they are secured vertically between tbe frames 
and the boiler, and they have the advantages of dispens¬ 
ing with all sliding or pin connected supports, the expen¬ 
sion of the boiler simply deflecting the plates slightly. 

It may seem to you that many of these items represent 
comparatively small savings and yet In a recent case where 
it was necessary for me to fake three tons of weight out 
of a proposed consolidation freight engine, the weight of 
whose details had already received considerable attention, 
we were enabled to get all of it out of the machinery and 
the many small accessories of tbe locomotive and not one 
pound of it had to be taken out of tbe boiler. Of course, 
every detail has to be scrutinised carefully and many 
little items too small to mention here had to be taken care 
of, in addition to the larger ones to which I have referred. 

In fhe design of the boiler itself, weight is often added 
without a aufficlent return. The shape of the boiler should 
be carefully considered. The boiler barrel, which will 
provide the greatest amount of tube-beating surface with 
the smallest weight, is one which is smaller at the front 
end than at the rear; consequently, a straight boiler rep¬ 
resents an excess of weight. The reason why the two 
ends of tbe boiler should be of different diameters will be 
clear on reflection. The front end can be filled with tubes 
up to the dry pipe. The back tube sheet. In order to con¬ 
tain this same numbei of flues, should be about as wide 
as tbe diameter of the front tube sheet, but as tbe back 
tube sheet is a part of the firebox and must have the 
water space arouuc it, the shell at this place must be 
approximately equal to the diameter of the front end, plus 
the sum of the two water spaces at tbe sides of the back 
tube sheet. This will mean that the back end will be 
from 8 to 10 Ins. greater In diameter 'than the front end. 
Tbe barrel, which is usually made in three courses, should 
be straight In the first two and all of the taper put in the 
third sheet; but appearances, the necessity of distributing 
tbe weight on tbe wheels properly, and other considera¬ 
tions usually modify the shapes somewhat. The Belpalre 
and radial stay fireboxes weigh much less than the crown-bar 
type, and have other advantages. With these boxes the 
dome, of necessity, must be placed ahead of the firebox, 
and it is, therefore, usual to build what is known as the 
extended wagon-top boiler instead of the old fashioned 
wagon top. 

The long, narrow grate placed first between tbe frames 
and later made somewhat wider and placed on top of the 
frames and between the driving wheels, weighs very much 
more for the same grate area than do the wider fireboxes 
that are now coming into favor. Whether the long, nar¬ 
row box or the wider box is used, it Is possible to save 
weight by reducing the diameter of Uie shell over tbe fire¬ 
box from throat sheet toward tbe back head. Theoreti¬ 
cally, the boiler of least weight is one with a square fire¬ 
box and with fhe greatest diameter at the back tube sheet, 
with the shell reduced in diameter each way from that 
point 

What 1 have said regarding the saving of weight in ma¬ 
chinery and other details, the use of high-grade materials, 
tbe correct proportions of boiler, etc., apply to both pas¬ 
senger and freight locomotives, and In these days when 
so much Is desired of both classes, as great care is neces¬ 
sary In designing one as the other. 

FUEL ECONOMY.—Some of the matters mentioned have 
more or less bearing upon the fuel economy of tbe engine. 
This feature should, of course, be kept In mind constantly 
for not only will money be saved in operation, but the fire¬ 
man's duties will be lightened, or a greater service ren¬ 
dered for the effort on his part. I believe piston valves 
will accomplish something in this direction, some of the 
economy resulting from a reduction of the internal friction 
of engine, but most of it being accomplished through tbe 
reduction of cylinder clearance, which is possible with this 
valve. The valve can be made as long as the cylinder, 
the steam porta short and straight, and the clearance as 
low as 5 or 6%. Much less than this cannot be used In 
conjunction with the link motion. The piston valve must 
have internal admission if the clearance is to be reduced. 
This construction also has the advantage of keeping the 
live steam passages In tbe cylinders and saddle away from 
the outside walls so that the loss from radiation is re¬ 
duced. 

Internal admission reverses the direction of motion of 
the valve as compared with common slide-valve practice. 
Consequently, If no other changes are made in the valve 
motion, the eccentrics must be set directly opposite their 
present position with relation to the cranks. This in¬ 
volves crossed eccentric rods and a very unequal distribu¬ 
tion of steam in tbe cylinders. The remedy is to do away 
with the rock shaft or use what is commonly called the 
“marine” link, in which the eyes for the eccentric rods 
are at the ends of Instead of on the back of the link. The 
“marine” link requires a larger eccentric throw for a giv¬ 
en valve travel, and It would seem as If the omission of 
the rock shaft Is fhe easiest solution of the difficulty. 

Compounding is also a possible means of economy of 
fuel, but that subject is so broad that it cannot be en¬ 
tered upon at this time. However, matters pertaining to 
economy are certain to become more and more prominent 
in the future, and undoubtedly scientific investigations 

THE CASCADE ROCK-PILL ON THE ERIE R. R. 

We illustrate In the accompanying sketch plan 
and elevations, and the photographic view. Figs 1 
and 2. the somewhat celebrated permeable em¬ 
bankment of loose rock filling located on the Erie 
R. R.. and known to those familiar with its ex¬ 

istence as the Cascade Rock FllL This piece of 
construction has been so frequently cited as a 
precedent for a rock-fill dam that it is worth re 
cording in some detail in this connection, as well 

as for being an unusual example of railway con 
stiuction. We are indebted to Prof. Lewis 51 
Haupt, M. Am. Soc. C. E.. for tbe information 
from which this description has been prepared. 

The location of the Cascade rock-fill is on the 
Erie R. R., within a few miles of the famous Star 
ucca viaduct, and 184 miles from New York city 
It serves to carry tbe traffic across a deep and 
narrow gorge, which was formerly spanned by a 
bridge, of 275 ft span, located at a height of 17o 

ft above the bottom of tbe ravine. The drainai;' 
area above this crossing Is about 5 square mi'ie.-. 
but no reliable data as to tbe rainfall and run-off 
is available. The Division Road-Master, Mr. £. T. 
Relsler, says, however, that “The heaviest flow I- 
from a warm rain on deep snow, with the ground 
frozen; and this may be equivalent to 2 ins. per 
hour for four hours.” The pool formed is usually 
10 to 20 ft. deep; and in high water the pool rises 
to the tunnel. Fig. 1. Mr. Relsler says that this 
range in water level through the entire area of 
the fill probably tends to decay, in dry times, and 
wash away in high water, any vegetable matter 
carried into the loose rock filling, which might 
block the water passages if left under a constant 
head. The foundation of tbe fill is presumably 
rock, with perhaps some rock detritus at the 
edges. Mr. Relsler also states that there has been 
no change in the passage of water through the fill 
since 1888; and that it still carries the drainage, 
except after heavy rains or rapid thaws. The fin 
was probably constructed in 1850. In 1875, the 
bursting of a dam further up the stream filled the 

tunel, or spillway, and cut the toe of the fill; but 
tbe damage was not serious, and the original fill 

is otherwise intact. 
The sketch plan and sections. Fig. 1, show a 

deep pocket, about 160 ft., below grade, where the 
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population and area than the same siihdlTlslons In this 
country. The counties and townships are reepeetlTely 
under the control of a commissioner and his deputies. The 
Public Works Departmest, which Is one of the grssit ad¬ 
ministrative departments of the general government, sup¬ 
plies civil engineers to the governors, who assign them to 
the subdivisions according to thetr requirements. The 
engineers are Independent of the commissioners and 
deputy commissioners and are subject only to the pro¬ 
vincial chief engineer, who resides at the caplttl of the 
province. At a stated time each year, each commissioner 
holds a convention with the deputies and engineers of his 
county, when the requirements In regard to new roads and 
maintenance are discussed In detail, and suitable ap¬ 
propriations are made, within the limits of the taxable 
assessment of the county. The commissioner and the 
county engineer form, as It were, a committee of arbitra¬ 
tion between the conflicting claims of the Individual town¬ 
ships, and all the proceedings of the convention are sub¬ 
ject to the supervision and control of the governor and 
the chief engineer, so that full Justice Is meted out to all. 
according to the necessities of their trafllc. 

NOTES FROM THE ENflINEERiNQ SCHOOl S. 

MASSACHUSETTS INSTTTT^TE OP TECH¬ 
NOLOGY.—A base measurlngr Instrument which 
has been perfected in the Department of Civil 
Engrlneerlngr, was recently tested by the Coast and 
Geodetic Survey In Washington, D. C. Satisfac¬ 
tory results were obtained and further testa will 
be made on the survey of the T.,ami>aaa.» Base In 
Texas. Professor Burton, under whose direction 
the apparatus has been worked out, has been In 
vlted to accompany the expedition. 

PURDUE UNIVERSITY.—The Trustees are en¬ 
deavoring to establish a locomotive museum, to 
consist of a collection of typical machines. Rail¬ 
way companies having machines which are to b'- 
sent to the scrap-heap are asked to first consldei 

the advisability of having them preserved at Pur 
due. The University Is prepared to meet transfei 
charges, to house and otherwise care for engines 
thus deposited, and to hold the same at all times 
subject to the order of the owner. The engine, tf) 
be desirable, must be distinctively different from 
others of the collection. Three engines have al 

Ped of the original channel turns at right angles, 
iischarglng under the railway bridge Into the 
Susquehanna River. A wooden bridge was eroot- 
,.l here about 1837; and Instead of rebuilding It 
Ihe roadmaster In charge of the line concluded to 
ri-k a loose rock-flll. believing that the loose rock 
v'.uld pass the drainage of the tributary basin 
u ihout risk to the railway, and with slight cost 
f, r maintenance. The results proved the sound- 

pointment, and all necessarily graduates at a elTtl engi¬ 
neering college. This has given the great Public Works 
Department of India (Into which only such men as I have 
mentioned are permitted to enter) an excellent system 
of road making. In efficiency of construction and economy 
In expenditure. The general result of the 100 years* ex¬ 
perience may be summarized as follows: (1) Por all coun¬ 
try roads a width of 18 ft. of macadamised surface Is 
sufficient; (2) with good drainage, a thickness of 5 Ins. of 
good road material Is sufficient;* (3) the grade should not 

exceed 3% except under extraordinary conditions; (4) it 
is more economical to keep the road surface In constant 
repair than to put off repairs until a certain season; holes 
and ruts should he repaired promptly, small quantities of 
road material being kept for this purpose at Intervals on 
the earth portion of the side of the road; (5) the earth 
portion should be 18 ft. wide, on one or both sides of the 
hard road, and should be kept in good condition for driv¬ 
ing in dry weather; (6) complete renewal of the road 
surface should be made When It is reduced so that the 
wheels of heavy vehicles are likely to break through; the 

The greatest and most perfect system of good roads in 
the world, both as to construction and economical ad¬ 
ministration, Is that of British India. One of the secrets 
of the commercial success of Great Britain Is her recog¬ 
nition of the fact that an uninterrupted and easy access of 
products to market, whether Internal and local or to the 
seaboard for exportation, means a steady trade with the 
least uncertainty of quantities and consequent fluctuations 
of prices. Therefore among her first efforts In all lands 
and dependencies that come under her control are the 
construction of good macadamized or other hard roads, 
both to stimulate agricultural production and to facilitate 
the carriage of the products to the railways. 

India, Including Burmah, though not quite as large as 
the Vnlted States, has about tour times its population, and 
;he total length of the macadamized country roads is over 
2<i0,<i00 miles, all efficiently drained and bridged, and 
every mile kept In thorough repair. The term macadam 
la there applied to all roads built with a hard surface, 
whether of stone, gravel or coarse sand. The latter is 
well rolled In 2-in. layers to insure a compact and hard 
surface. Nearly a hundred years of experience has been 
iianded down through a succession of civil engineers, all 
thoroughly tested both mentally and physically before ap- 

of a paper iwepared for the Road Improve- 
'"fgl.Conwentlon held in Chicago, Nov. 10 to 21. 

L Adams St., Chicago, Ill. Late of the Public 
works Department of the Oovemment of India. 

FIG. 2.—VIEW OF DOWNSTREAM FACE OF CASCADE ROCK FILL AND OUTLET OF SPILLWAY 
TUNNEL. 

fig 1 —SKETCH PLAN AND SECTIONS SHOWING CONSTRUCTION OF THE CASCADE ROCK 
FILL ON THE ERIE R. R. 

nt-ss of his Judgment: the pool Is almost dry at 
times; and at other times the water rises to thi* 
level of the spillway, located 53 ft. above the or¬ 
dinary water level and runs through It, almost 
full. This spillway has a cross-section of 13.'> 

sq. ft. 
The bottom part of the fill, according to Prof 

llaupt. Is a slaty rock, cut from the bluffs, and It 
is faced with earth at the top, gravel at the mid¬ 
dle, and with cinders near the bottom of the slope. 

The down-stream face slopes 1 to 1.44 for the cin¬ 
der, and 1 to l.G for the gravel; the bottom width 
through the embankment Is 480 ft., and the totai 

height above the pool-level Is 160 ft. The view 
given in Fig. 2 shows the down-stream face of the 
fill and the mouth of the spillway, with Its guard 
wall. Prof. Haupt concludes that this structure Is 
no precedent for a rock-flll dam; as it was not 
constructed for that purpose, and does not per¬ 
form that function. As a permeg-ble embankment, 
to serve as a causeway. It has fulfilled Its purpose 
almirably for years; but It has not been “practi¬ 
cally watertight since 1888;’’ nor does It “dis¬ 
charge through the tunnel,’’ as has been stated, 
except under the conditions noted. 

r^dy been secured. One of these, the donors of 
wmich desire to remain unknown. Is of the eight- 
wheel American type as built thirty years ago. 
The second engine Is to be the gift of the Balti¬ 
more & Ohio Ry., and represents the “camel- 
back’’ type which has so long been In service upon 
that road. The third is the English engine “James 
Tolman,” which was exhibited at the World's 
Fair In Chicago, and which has since been In the 
keeping of the Chicago, Milwaukee ft St. Paul Ry 
There Is needed of the old class of engines one of 

new surface should be at least 3H Ins. thick, and laid so 
as to Interfere with traffic as little as possible; (7) narrow 
Urea should be prohibited for heavy vehiclea. 

With regard to the admlnlstraUon of the roads, India 
Is pollUcally divided into provinces, each having Its own 
governor, and all under the control of the governor-gen¬ 
eral. A province corresponds to a state in this country, 
except that the average population la about 20,000,000. A 
province is subdivided Into what may bore be termed 
oounUes and townships, though they are much larger in 

*It is to he noted that Indian roads do not have to en¬ 
dure frost—Ed. 
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the Blngle-drlver type, and one having inside cyl¬ 
inders, and, also, types of switching engines. Con¬ 
solidation and mogul engines will doubtless be ob¬ 
tainable as time passes. 

LOWKLL TEXTILE SCHOOL.—Plans for the 
new buildings have been accepted by the trustees 
It is intended to have a square of buildings about 
an enclosed court. The main building will be 80 y 
2011 ft., and will be two and three stories high 
When all the buildings are completed they will 
cover an aiea of 2<i0 x 355 ft. 

CORNELL UNIVERSITY.—The mechanical en¬ 
gineering students have organized a society to bo 
known as the Cornell Society of Mechanical En¬ 
gineers. The membership at the start is about 60 
It is Intended to secure prominent engineers from 
various places to deliver addresses before the So 

clety. 

lensively practiced, often causes serious difflcul- 
tles, especially when dealing with water at high 
heads. Any sudden restriction of the stream Is¬ 
suing from a nozzle gives rise, firstly, to water- 
hammer in the pipe-line, and, secondly, to an in¬ 
creased velocity of the Jet, which in a measure de¬ 
feats the object of the throttling. Both of these 
difficulties may be more or less overcome by the 
use of air chambers and relief valves. It may be 
added that unless throttling is accomplished by a 
specially designed valve or unless the regulation 
is so effected that one Jet after the other is com- 

dellcacy and range of adjustment. The weightv 
may be so fixed that when the wheel commenre- 
to open it wrill open entirely, or so that it will opt-; 
only in proportion as the speed is increased. 

The chief advantages of this wheel over whee, 
regulated by independent governors operating d - 
fleeting nozzles or hoods and throttling devices li 
in its sensitiveness and quickness of action a: > 
its comparative simplicity. It is compact aie: 
self-contained and requires no mechanism out 
side of the wheel. As regards economy of water 
however, it is of course on exactly the same fool 

AN ASIMIALT WAR is on in Venezuela, Involving the 

uwnerzhtp and control of the Bermudez asphalt lake, 20 

miles from the Venezuelan coast. This enormous natural 

deposit of aspha.t naa been in the possession of (he Na¬ 

tional Asphalt Co. for over 12 years. On Dec. 13, Presi¬ 

dent Castro is said to have arbitrarily cancelled this com¬ 

pany's concession to work the lake; a.'id to have then 

awarded control over one-third of the lake to a rival syn¬ 

dicate. This new syndicate is claimed to have secured its 

rights by the payment of and is to work under a 

concession granted In 18$t7, and then decided against by 

the courts in favor of the National Co. It Is this decision 

that President Castro now reverses. Mr. Charles M. War¬ 

ner, of Syracuse, N. Y., one of the syndicate referred to, 

claims that he has a valid title to certain asphalt deposits 

In Venezuela; and the present attempt of the National Co. 

to flght him and to Induce the Ignited States to coerce the 

Venezuelan government In its favor, is the work of the 

asphalt trust, of which he Is nut a member, having sold 

bis property to Mr. Charles R. Flint, the organizer of the 

trust. 

.TiKiO MILES OF RAILWAY IN JAVA are to bo built 

In the coming year, according to a Pittsburg press item, 

and the same authority says that representatives of the 

iiolland government have purchased 12,0(10 tons of steel 

rails from the Carnegie Steel Co. for this purpose. The 

representatives named are: Gerard Alpberts, Chief of the 

Technical Bureau of the Department of the Colonies, and 

C. W. Weys, Engineer of Water-Works in Indla-Neth- 

erlands. They are said to be in the United States Inves¬ 

tigating water-works machinery and railway equipment. 

Holland Is alleged to be starting a new system of devel¬ 

opment in railways and water-works in its colonies in In¬ 

dia and Java, involving the expenditure of a very large 

sum of money. The Great Northern A Western Railway, 

of England, is also said to have placed, through John 

Price, an order (or 3,000 tons of steel rails with the Mary¬ 

land Steel Co., and the London, Brighton & Southern Ry. 

is reporitsl as having virtually closed an order with the 

same company (or 3,000 tons of rails. 

FIG. 2.—THE CASSEL WATER-WHEEL, TRANSVERSE SECTION, 

pletely shut off, a serious waste of power results. 
Throttling by a valve in the supply pipe, foj ex¬ 
ample, causes loss of head by friction and eddying 
and this loss continues as long as the wheel runs 
under partial load. 

Governing by diverting or deflecting the im¬ 
pinging stream may be done in three ways. First¬ 
ly, the nozzle may be so hinged it can be turned 
aside in such a way that part of the stream will 
miss the buckets, or, secondly, a hood may be ar¬ 
ranged to cut off part of the stream. The third 
method involves the use of the special type of 
wheel which we are about to describe. 

A perspective view of the wheel Is shown in Fig. 
1. The buckets are similar to those generally 
used on impulse wheels, except that they are split 
through the middle dividing wedgj by a plane 
perpendicular to the shaft. Elach half Is mounted 
upon a separate disk, which can slide longitudi¬ 
nally upon the shaft. The turning moment is 
transmitted to the .sITaft by rollers running upjn 
projections upon a central hub fastened rigidly to 
the shaft between the two first meiitlone.l lisk« 
This arrangement is shown in detail in Figs. 2, 3 
and 4 

The two outside disks are pulled together by two 
spiral springs SS placed one on each side of the 
shaft. When the wheel is standing still, these 
springs hold the two parts of the buckets firmly 
together. But there are also mounted upon the 
middle disk two sets of fly balls or governing 
weights. When the wheel is running the action 
of these weights is to spread the halves of the 
wheel apart, thus allowing a part of the Jet to 
pass through without touching the buckets. By 
properly adjusting the position of the weights the 

governor may be made as sensitive as desired. 
The device of having a large weight partly coun¬ 
terbalanced by a small one, both being so ar¬ 

ranged that they may be shifted, admits of great 

ing as a wheel provided with a deflecting nozzle 
or hood. 

Where economy of water is important a wheel 
may be provided with a number of nozzle.'^, which 
may be opened or fhut off one after another by 
hand to take Care of variations in the load whlcii 
continue for a considerable time. It may be 
pointed out that with any water wasting system 
of governing, enough water must go to waste at 
ordinary loads to cover any probable momentary 
increase in the load. For while a water-wasting 
governor is able to take care of any decrease in 
the load, it can take edre of an Increase only as 
long as the increase is within the capacity of the 
Jet. 

Where economy of water is an object, the ideal 
system of governing would appear to be a com¬ 
bination of a water-wasting with a throttling sys 
tem, so arranged that with any decrease of the 
load the former would act quickly, to be followe'l 
slowly by the latter. For an increase in load the 
throttling governor should act quickly. If the 
throttling valve were of the central pin type, tike 
that used at the Snoqualmle Falls plant and il¬ 
lustrated in our issue of Dec. 13, the water would 
be used at maximum efficiency at all times ex¬ 
cept during changes of load. If the above de¬ 
scribed wheel formed part of the combination the 
buckets would always be closed when the load 
was uniform and they would open only during the 
period of adjustment with a decrease of load. 

The self-governing wheel .above described is the 
Invention of Mr. E. F. Casscl, of Seattle, Wash. 
His present address is care of Assl & Genez, (i 
rue de Havre, Paris, France. The wheel has been 
patented in all the principal countries in the 
world, and Mr. Cassel is now seeking to Introduce 
it commercially in Europe. We are Indebted to 
him for the Information here presented concern¬ 

ing It. 

A SELF-OOVERNINQ IMPULSE WATER-WHEEL. 

The speed regulation of an impulse water-wheel 
may be accomplished in two ways. The Jet of water 
issuing from the nozzle may be varied in quan¬ 
tity and velocity by throttling, or the quantity of 

Fig. 1.—The Cassel Self-Governing Water-Wheel. 

water striking the buckets of the wheel miy he 
varied by deflecting the nozzle so that part tif the 
stream i.«sulng from it will miss the buckets. 

The first method of governing, although ex- 
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posited on the sides over the sludga In a layer about 1-64- 

in. In thickness. 
A C-ln. pipe connection at Court St., entering the sewer 

above the spring line, was nearly half full of lime de¬ 

posit. which projected Into the Intercepting sewer and 

formed a deposit down the sides of the sewer 9 Ins, In 

width for 13 ins. 
Toadstcols. up to 3H Ins. in diameter, in all stages of 

growth and decay, were found on the sides and top of the 

sewer in abundance, and under the part having a cover of 

about 40 ft.. In the vicinity of State and Town Sts., 

the mycelium of a fungus common In coal mines, which 

resembled the tough fibrous rtM)fs of a 

tree, was found 9 Ins. In length, grow- ^.. 

Ing In patches from the top of the sew- //r 

er; and In one place a thick bunch or [ j 

cluster, IM) ins. In diameter and 30 ins. i j 

in length, was attached to the side of | 

the sewer above the spring line. j 

As the sewer diminished in diameter / 

and the deposits increased in depth, /J 
the labor of inspection was quite fa- yc 

noted. In places mortar that dropped on the Invert dur¬ 

ing construction was not always cleaned off as carefully 

as could have been desired, thus producing an unneces¬ 

sary roughness. 

North of and near Moler St. there are three depressions 

In the Invert, 1 ft. wide by 2 ft. in length, where brick 

for the top courses of the Invert seem to be gone. 

The cleaning of the sewer was begun Sept. 21 and has 

continued uninterruptedly to date of Jan. 1. 19l)t); 2.2H 

miles have been cleaned. 

In cleaning, four men to a gang and six gangs were 

employed, each furnished with 20 stout, wooden buckets, 

a fiat-bottomed boat 2 ft. wide by 

..10 ft. long, capable of holding ten 

'NX loaded buckets, an ,s-ft. tripod wlfh 

; a pulley at the apex over the man- 

I 1 hole, and rope with books on each 

; end over the same and Into the 
. y , sewer. With wages at l."> cts. per 

i hour, the labor cost of cleaning has 

\\ langed from $l.:t: 

\ aging $1 tlfi per 

ISSPECTINO AND CLEANING AN INTERCEPTING 

SEWER AT COLUMBUS, 0. 

Some interesting newer Inspection and cleaning 
work Is described In the last annual report of Mr. 
ju'-an Griggs. M. Am. Soc. C. E.. Chief Engineer 
of -he Department of Public Works, Columbus. O. 
An intercepting sewer, from 2% to 6 ft. In diame¬ 

ter and 6.8 miles long, was built between June. 
INSO and Aug. 22, 1892. About twenty 3 to lo¬ 
in sewers discharge their dry weather flow Into 

aver- 

FIG. 3.—BUCKETS 
FIG. 4.—BUCKETS 

CLOSED UP. 
SPREAD APART. 

FIGS. 3 AND 4.—LONGITUDINAL SECTIONS OF THE CASSEL WATER-WHEEL. 

tiguing, and required a crawling position and progress for¬ 

ward on hands and feet. 

In the construction of the sewer provision was made for 

Intercepting connections by Inserting a stone In the side 

at the spring line, about 24 x 30 Ins., in the shape of a 

cross, with a 12-in. hole In the center, and another stone 

on the opposite side of the sewer and in the invert to re¬ 

ceive the force of the falling stream. None of the open- 

basis of the number of bucketfuls removed multiplied by 

the cubical contents of a bucket, which was 0.53 cu. ft. 

The cost per lineal foot of sewer cleaned has been .30 cis. 

It Is believed that no tar has gotten into the intercept¬ 

ing sewer from the Columbus Qas Co.’s works, as none 

has ever been observed In the Spring St. sewer Into which 

It drains. There Is, however, a large quantity of tar In the 

intercepting sewer above the Spring St. sewer. 

A tar collecting chamber was constructed In West St. 

on the Penitentiary sewer. In December, 1899, toward the 

cost of which the State paid the city $75. By a careful 

watching of this chamber the sewer and drainage depart¬ 

ment can know In the future whenever tar Is escaping, 

and take measures to prevent Its entering the city sewers. 

To the date of December 31, 1899, there had been spent 

on the cleaning of the intercepting sewer $3,608. 

At our request, Mr. Griggs has very kindly sup¬ 

plemented the foregoing by an account of the con¬ 

tinuation of this work in liKK), and a summary of 

the cost of the whole work, as follows; 

The cleaning of the intercepting sewer was prosecuted 
continuously from the beginning of the year until June 
1, 1900, covering In that time a distance of 2,922 ft. 

This portion of the sewer was so nearly full of deposits 
that it could be attacked only from the lower end, thus 
limiting work to a day and night gang, and materially 
increasing the distance to be traveled. The diameter was 
from 414 to 4 ft., requiring the narrowing of the boats, 
so that their capacity was reduced from ten to six buckets. 

For these reasons the labor cost per foot of sewer 
cleaned In 1900 was $0,987. The number of cubic yards 
removed was 1,596. 

Cost of labor, per cu. yd. $1.80 
Cost of tools and supplies, per cu. yd.O-'i 

Total cost of labor, tools, and supplies, per cu. yd. $1.8.') 

Expenditure for cleaning intercepting sewer from 8ept. 
21, 1899, to June 1, 1900: 

For labor. $6,300 
For tools and supplies. 259 

ToUl. $6,56.' 

Total number of cubic yards removed, 3.677. 

Cost of labor, per cu. yd. 
Cost of tools and supplies, per cu. yd 

Total. 

The upper part of the sewer was found to be In no 
■pedal need of cleaning, as the inlets are small and oateh- 
tMsins on tributary sewers less frequent. A suitable fiush- 
Ing stream at Us upper end would clean It effectively,' 
which can be arranged by constructing 120 ft. of 21-ln. 
sewer and a controlling head gate at the river. 

this sewer, most of the connections having been 
made in 1804, the last one in August of that year 
The sewer parallels the Olentangy and Scioto 
rivers, discharging Into the latter by gravity, 
through an Inverted siphon. For a number of 
years past the Intercepting connet tlons have been 
getting badly clogged with sand, boulders, brick 
and rags. One of the connecting sewers, receiving 
gas wastes from the State Penitentiary gas works 
has been the cause of much obstruction, throug'i 
deposits of tar. 

In August, 1899, the deposits at one point in the 
intercepting sewer had so nearly filled the latter 
that cleaning was necessary. Before beginning 
that work, Mr. Griggs and two other men passed 
through 2.26 miles of the sewer, on a tour of in¬ 
spection, beginning above backwater, near the 
lower end. The results of the Inspection and the 
work of cleaning the sewer are described by Mr. 
Griggs as follows: 

The air was good at all points, and there was little or 

no odor; water was found from 12 to 15 Ins. deep, and 

mud and water from 24 to 27 tna.; the deposit was mostly 

load detritus, mixed and stratified with layers of tar from 

lit to 14-in. thick, from 1 to 2 Ins. apart; where the larger 

sewers crossed, gravel and boulders from 2 to 10 Ins. In 

diameter were mixed with the detritus for a distance of 
about 200 ft. 

The sides of the sewer above the water lines. In places, 

were slimed with sludge from 14 to 4 Ins. thick, the thick¬ 

est depo.sits being irregular In location and In thickness; 

occasionally the sludge would extend to the roof of the 

sewer, but usually this did not occur. 

The seepage of the ground water Into the sewer was 

not great, the roof being usually only damp and not wet; 

spurting streams were very infrequent except between 

State and Capital Sts., where perhaps 50 Jets of water, 

none larger than about 3-16-in. in diameter, were found; 

the seepage, such as It was, usually came in below the 

spring line of the arch. 

From Peters Run to Mound St. the seepage water car¬ 

ried iron In solution, and from Mound St. to Capital St. 

lime or magnesia were In the seepage water, so that a 

scale of the tame, which glistened like marble, was de¬ 

i*^';rNevir6. 
■Kt ■ 

Fig. 5.—The Cassel Water-Wheel with the Lower 
Part of Casing, Showing Halves of Wheel Sep¬ 
arated. 

Inge so provided have been used—the intercepting pipes 

which were laid enter near the top of the sewer or at some 

manhole. 

The brick work of the sewer Is generally In excellent 

condition; the mortar Is good, the Joints sound; no soft 

bricks were found. In three places south of Peters Run 

cracks In the roof 14-ln. In width for 50 ft in length weie 

ILTIS 
.070 
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"Where combination is possible, competition is 
impossible." A new illustration of the truth of 
this familiar saying in the field of natural 
monopolies Is furnished by the recent purchase 
of the Pennsylvania Coal Co., by interests closely 
identified with the Erie R. R. Co. This absorp¬ 
tion means the abandonment of the Delaware 
Valley & Kingston R. R., the projected independ¬ 
ent railway line, for the carriage of anthracite 
coal to tidewater on the Hudson River at King¬ 
ston, N. T. As our readers will remember, this 
proposed road was projected by the Independent 
anthracite operators, who have long protested 
against the exorbitant rates charged by the rail¬ 
ways for the transport of anthracite to market. 
The enterprise secured abundant financial sup¬ 
port, and was formally approved by the New 
York Railroad Commission, notwithstanding the 
protests of the railways whose traffic the new 
road would divert. As It was evident that those 
back of the new road were in earnest, and were 
able to carry the enterprise to completion, the 
purchase of control in the new enterprise was de¬ 
termined upon by financiers identified with the 
principal coal carrying railways, and the price of 
the stock was run up on the New York exchange 
from 425 to 740 in a single week. The final trans¬ 
fer was made at a price which nets the stockhold¬ 
ers about 752% of the par value of their holdings 
As the capitalization of the Pennsylvania Coal Co. 
was $5,(X)0,000, it will be seen that the transfer 
involves about S3S,0tK).lHH), and is somewhat in¬ 

structive as to what It was worth to the anthra¬ 
cite roads to prevent the entrance of a competi¬ 
tor Into the field they have so long monopolized. 

We have long maintained that the remedy for 
exorbitant railway rates must be sought in direct 
Government control, and that the attempt to In¬ 

troduce competition to protect the public against 
extortion was doomed to certain failure. The fate 
of the Delaware Valley & Kingston Ry. enter¬ 
prise furnishes new proof of this. It Is true that 
the projectors of the competing road have reaped 
handsome profits; but the public is worse off than 
before, for a new burden of interest-bearing and 
dividend-bearing securities has been or will be 
created for the anthracite traffic to bear. The 
public will doubtless be officially informed at a 
later date that the price of coal has gone up on 
account of higher wages to the miners! 

The paper on the design of locomotives, by Mr. 
W. H. Marshall, published in this Issue, is the 
best general statement of present-day practice 

in the motive-power department of American rail¬ 
ways of heavy traffic that has appeared In a long 
time. It Is worth especial notice that the present 
limit to the size of locomotives, the length of 
trains, and reductions In the cost of moving heavy 
freight, is fixed by the condition of the permanent 
way, and not by the rolling stock. In other words, 
Mr. Marshall indicates that the designers of loco¬ 
motives are prepared to build as large engines as 
the track and bridges will carry, and be does not 
at all overstate the economies which result from 
recent advances in locomotive practice. 

On the other hand. It should be clearly under¬ 
stood that Mr. Marshall’s paper relates only to the 
class of railways which he specifies; and while it Is 
an admirable statement of up-to-date practice on 
such roads as the Lake Shore and the trunk line 
railways generally, and Edso of the coal-carrying 
roads and some parts of the transcontinental roads; 
It does not apply at all to a large proportion of the 
mileage of American railways, such as the 
branches and feeders of the trunk lines, the nu¬ 
merous roads of only local Importance and many 
main lines In thinly-populated districts. Rail¬ 
ways of this latter class are under entirely dif¬ 
ferent conditions from the roads whose annual 
traffic is counted in millions of tons, and the 
heavy locomotives which have so cut down ex¬ 
penses on the trunk line roads would be of ni. 
benefit on their local branches and feeders. Prog¬ 

ress In this field will probably lie in the direction 
of making the locomotive lighter rather than 
heavier, and enabling the necessary train service 
to be maintained at a smaller cost. 

SOCIAL ENQINEERINO. 

At this Christmas season, we know of no more 
appropriate subject for discussion In this column 
than the betterment of conditions of life among 
the world’s workers, and the growing extent to 
which systematic work of this character is being 
carried on. 

Some typical examples of this work have been 
presented with much Interesting detail in some re¬ 
cent publications,* and we strongly advise their 
careful perusal by all who have responsibilities In 
connection with the conduct of manufacturing or 
other enterprises Involving a large labor force. 

The work for the benefit of employees described 
in these publications varies all the way from 
mere contributions made by employers to social 
clubs or similar organizations among the work¬ 
men, to the remarkable system of social improve¬ 
ment developed by the National Cash Register 
Co'., of Dayton, O. 

At this establishment, and at some others which 
are following along somewhat similar lines, the 
various schemes undertaken require so much 
thought and attention that one or more men or 
women are required to devote their whole time to 
this work. It is even said that there is growing 
up a demand for trained workers in this field. Mr. 
Tolman, In the December "Century” (see foot¬ 
note), tells bow he was consulted by a man who 

•‘■The Betterment of IndustrlRl Conditions," by Victor 
H. Olmsted, BulIeOn, U. S. Dept of Labor, November, 
1900. "What More Than WagesU’ by Wm. Howe Tol¬ 
man, "Century Magatlne,” December. 1900. "The Better¬ 
ment of Social Life," by R. E. Phillips, “The World’s 
Work," December, 1900. The two magazine articles are 
profusely Illustrated with excellent reproductlona from 
photographic views. The Labor Department bulletin is a 
much longer and more detailed work, being the result of a 
careful sctenUflc invesUgatlon. It can be obtained free 
by addressing a request to the Department of Labor.Wasb- 
ington, D. C. 

desired to do something for his employees. After 
some conversation between the two, during which 
the employer exclaimed that the plans outlln-1 

by Mr. Tolman would require more time than 
could be given to the work by his executive sUfi 
Mr. Tolman said; 

ness win be the planning and direction of movements m 
improve industrial condlUons. In other words you na. i 
a social engtreer. 

Social engineering (Mr. Tolman then adds In his srtlc • i 
is a new profession, and the above facta show that th - • 
is a demand for experts In this line. Will the members , 
the profession be recruited from our colleges? 

The lines of work already undertaken for th 
betterment of employees’ welfare, as found In sue 
cessful operation In the establishments visited b. 
Mr. Olmsted In behalf of the U. S. Departmen- 
of labor, are summarized as follows: 

(1) Club organizations In which employees are bandert 
together for social, educational, recreative and other pur¬ 
poses Incident to such associations. 

(2) The encouragement of physical culture by means of 
gymnasiums, calisthenics, baseball, bicycle and similar 
clubs. 

(3) The Improvement of Intellectual conditions by means 
of free lectures, libraries, kindergartens, and educational 
classes. 

(4) Tbe Increasing of Industrial efficiency through In- 
dustrlal schools and manual-training classes. 

(5) The advancement of spiritual life by means of Sun¬ 
day-schools and general religious work. 

(6) The cultivation of musical taste and ability by 
means of concerts and musical entertainments for em¬ 
ployees, and the encouragement of musical clubs and or¬ 
ganizations among them. 

(7) The promotion of Improved social conditions by 
means of social gatherings, summer outings, meeting 
places, and game rooms (or employees, banquets, dances, 
etc. 

(8) The sharing of profits with employees. 
(9) The promotion of employees’ personal interest in the 

successful conduct of the business by encouraging and as¬ 
sisting them to purchase shares in it, thus. In effect, tak¬ 
ing them Into partnership 

(10) The improvement of domestic conditions by means 
of improved dwellings. Instruction in sewing, cooking, and 
housekeeping, and in landscape and kitchen gardening, and 
the exterior and interior decoration of homes. 

(11) The care for employees' health and comfort by 
means of bathing facilities, dining and lunch rooms, the 
furnishing of hot lunches to female employees, and by 
improving sanitary canstruction and appliances. 

(12) Tbe care of sick and disabled employees and their 
families by means of free insurance, free medical attend¬ 
ance, or hospital facilities, and by tbe encouragement of 
beneficial organizations. 

(13) The cultivation of thrift through savings bank fa¬ 
cilities, building associations, or provident organizations, 
and by tbe giving of prizes for valuable suggestions of 
employees and rewards tor faithful service or the manifes¬ 
tation of zeal and interest In their employment. 

(14) Tbe rendering of b vandal aid to employees In cases 
of hardship or distress. 

(15) Tbe manifestation of interest In the personal at- 
fairs of individual empicyees, tbe cultivation of cordial 
and even confidential relations with them, and the promo¬ 
tion of their welfare In all possible ways. 

All the plans and Ideas outlined above have been tested 
and are now in successful operation. Tbe experience of 
the employers who have adopted such of them as tbe ex¬ 
igencies or tbe character of their business would permit 
proves that they are worthy of more general adoption, not 
only because of their beneficial effect upon the employed 
but also for the reason that they result in decided busi¬ 
ness improvement from a purely financial standpoint. 

We desire to call particular attention to the last 
clause of the closing sentence of this quotation, 
for It Is emphatically the economic aspect of thl.s 
subject which argues most eloquently for the ex¬ 
tension and permanency of the movement. Thl- 
is particularly true of those lines of Industry in 
which intense competition and low margins of 

profit are the rule. 
We do not mean by this that the employers 

who are engaged In putting these schemes for In 
dustrlal and social betterment Into effect are 
actuated by sordid motives. On the contrary 
we fully believe In the philanthropy of these men 
What we do maintain Is that better care for the 
world’s workers Is not only good morals, but goo i 
business policy. As a cold-blooded business propo 
sitlon, there is quite as much reason for increas 
ing the efficiency of a man as of a machine; of 
seeing that one is kept well-housed, well cared for 
and In as good working condition as the other 
There are. It Is true, old-timers who go on In th-* 
old way, believing that anything Is good enough 
for the workingman. Wht^ii he falls to show up 
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or leave* the shop, are not there plenty more to be 
had to Uke hla place? Doubtless there are. but 
of what class are they? Are they the best men 

the poorest? Does not such reasoning fail to 
Jlke account of the Importance to any business 
enterprise of a well-organized, faithful and effi¬ 
cient set of employees? Plenty of concerns have 
eone to shipwreck through failure to secure this. 

Plenty of others have made the port of success 
because a working force has been built up and re¬ 
joined which gave the output a name and reputa¬ 

tion for good workmanship. 
And there Is a great deal In that phrase. Is 

there ever anywhere any “good workinanshlp’ ex- IZ It comes from the hands of a good workman? 
tve doubt If there Is any question more Important 
o the industrial world to-day than the question 

how to obtain good workmen. The old-time ^Ucy 
of ricking up a working force from the chance 

wort .h.t in 
much regarding past conditlons-ls being dis¬ 
carded. "We train up our own men to our work 
m more and more commonly heard. "You can’t 
do good work with poor tools," was the old 
adage; but we add to it nowadays, “neither can 

you do good work with poor men." 
Another old-time theory-and still too common¬ 

ly held-ls that the employer of labor discharges 

his full duty toward his men when he pays them 
good wages for their work. It Is unfortunately 
the case that high wages have too often conferred 
as much injury as benefit upon the men who re¬ 
ceive them. In many a mining camp, for exam¬ 
ple, a large proportion of the workers who receive 
high wages spend the bulk of their money In drink 
and debauchery. Pittsburg has long been the 
center of perhaps the highest wage scales paid In 
the world; but one can go Into many small factory 
towns In New England and see examples of w'ork- 
ers who have reaped more benefits from much 
lower scales of wages than have the average high¬ 

ly-paid workers In Pittsburg's mills. 
For the real benefit of the workers increased 

Incomes must go band In band with in¬ 
creased desires for better living. Five dollars a 
month raise to a man who blows It In on a spree is 
a curse. The same amount to a man who uses It 
for the betterment of his home conditions Is a 

blessing. 
There Is another aspect of this question of labor 

betterment which deserves notice here. That Is 
its influence on the standing of the United States 
in international competition. England has long 
held the lead In International trade, and one great 
reason has been that English mechanics were bet¬ 
ter paid, better fed and more efficient than those 
of any other nation. The United States, however, 
has "seen England's hand and gone one better." 
It is not alone cheap Iron and steel and coal that 
is giving us the mastery over our foreign com¬ 
petitors. We have and must have, to utilize our 
wealth of raw materials, a more efficient labor 
force than those in foreign shops and mills. 

The century just closing has witnessed an Im- 
lirovement In the conditions of life among the 
great mass of humanity In civilized countries 
which transcends by far all that had been done 
in this direction in all the preceding centuries since 
the dawn of civilization. And who that looks out 
upon the century Just dawning can doubt that 
this movement Is only Just beginning? Shall not 
the new years before us be marked by changes 
that shall make life for the millions better worth 
the living? Surely such work as this—the field of 
the social engineer—may well enlist the energies 
and enthusiasm of men. 

Men are learning that there are nobler pleas¬ 
ures in life than mere money-getting and money 
spending. It is a worthy ambition to found or 
build up a great Industry which shall furnish 
profitable employment to many. It Is a higher 
ambition to seek to create such conditions among 
these workers as shall make their lives happiest. 
What does the term “factory town” suggest to¬ 
day? Does It not call to mind grimy, old build¬ 
ings, crowded with tired workers, rows of slattern¬ 
ly tenements. Interspersed with saloons—rags and 
offal strewn in the streets. What may It be made 
to mean In the light of a new century? Can we 
not foresee improved workshops, cleaner, better 
lit, better ventilated, better fit for human beings 

to use? Cannot the cottage take the place of the 
tenement, the social club that of the saloon? If 
the social engineer can bring about such trans¬ 
formations, is there not a large place awaiting 
him In American Industry? 

LETTERS TO THE EDITOR. 

Rapid Earthwork Calculation. 

Sir: The excellent article on this subject In your liaue 

of Dec. 13 by Mr. H. P. Gillette fumtshee a rapid and 
almost accurate method of calculating the volume betweeu 

Irregular eectlona. One point not brought out was, when 

should this method be used? Most of the sections given 

were five-level sections and the method of average end 

areas Is, of course, greatly in error. In a fairly level 

country a good share of the sections are three-level, read¬ 

ings on the rod only being taken at the center and at the 

sides where the slope stakes are set. The most rapid way 

to calculate the volume between two such sections, and the 

usual method taught Is to get the approximate volume by 

average end areas and apply the correction to It ae 

given by the formula on page 144 of Godwin’s "Railroad 

Engineer's Field Book," or a similar one on page 234 of 
Searles’ "Field Engineering," which is 

L 
C — (H-H') (W—W') -: where 

12 X 27 
C«»the correction In cubic yards. 
H = the center height at first station. 

H'»»the center height at second station. 
W — sum of distances out of slope stakes at the first 

station. 
W’-= sum of the same at the second station. 

L = distance between the stations or sections. 

This correction should always be subtracted from the 

approximate volume except when the araaller center height 

is at the same end of the solid as the greater distance be¬ 

tween slope stakes, when it la added. This necessitates 

but one set of multiplications for each volume after the ap¬ 

proximate volume has been obtained. As the quantities in 

this formula and also those in Mr. Gillette's are small, the 

use of the slide-rule will help materially and will give no 

appreciable error? The end areas being found by sub¬ 

stituting In the formula for the area of a section In terms 

of the center height, the width of roadbed, the side heights 

and disrtances out to slope stakes, no plotting will be 
necessary. 

With five-level or Irregular sections this correction can¬ 

not be applied, and the true middle area has to be found 

and used In the prismoldal formula. This means a con¬ 

siderable amount of work, a large part of which Is avoided 

by the use of Mr. Gillette’s correction formula. As ho 

states, no correction Is necessary where the ground Is 
approximately level. 

Then, with these two simple correction formulas, the one 

given by most of the Held books for three-level sections 

and his for Irregular sections, there ought to he no hesita¬ 

tion In applying them to the average end area volumes, 

although the law In some of the states sanctions the use 

of the average end area formula on public works. 

Tours truly, H. C. Tvea 

Worcester Polytechnic Institute, Worcester, Mass., 

Dec. 15, 1900. 

Modem Railway Locations Are Well Made. 

sir: Referring to Mr. Barr’s criticism of railway loca¬ 

tions in your Issue of Noy. 29, and admitting justification 

for much that he says, his arraignment Is neyertheless too 

severe and is applicable In a limited extent only to our day 

Whatever the character of locations 30 or even 15 years 

ago, the writer’s obsenratlon and experience as a locating 

engineer in the present decade are that such work Is now, 

as a rule, intelligently and well done. As Intimated In 

your editorial comment, the railways now accept nothing 

less, and even promoters of new projects must satisfy their 

financial backers that the engineering work Is up to date 

and reliable. This has raised the standard of railway 

location. There la no longer a place for the county sur¬ 

veyor. 

Again, Mr. Barr has taken too pessimistic a view of the 

locations of the past. While they Involve much of now 

unnecessary grades, curvature and other defects, they 

were made and the roade were built under conditions very 

different from the present; and what now appears inex¬ 

cusable was then, doubtless. Justifiable economy more 

often than the results of downright Incompetency. The 

great trunk lines are now spending millions to improve 

their locations, it Is true; but It was originally a financial 

Impossibility to build the roads as they are being re¬ 
constructed. 

If Mr, Barr means that 80% of the railway mileage was 

improperly located and. originally, could have been put 

on what would now be the beet location, for the original 

coat or even within the limit of then Justifiable expendi¬ 

ture, the writer believee be is mistaken, and that not even 

one road of any great length or importanca has ever 

found it deeirable or possible, on the score of economy, to 

improve that portion of Its location. 

U “th# firat-claas locating engineers of the world are 

bom and not mads,” there ware probably about as many 

40 years ago as now. Indeed. I am sure that an attempt 

to Improve the early locations as a whole, keeping In mind 

the conditions under which they were made, will generally 

result In Increased respect for the sbllltles of our pre¬ 

decessors of the generaUon gone. It la easy to tee the 

defects In the physical layout of our railways, but by no 

means always possible to remedy them within the limit 
of economy. 

Last year the writer was engaged on the main line of the 

Atchison, Topeka & Santa Fe Railway, between Kansas 

City, Mo., and La Junta, Colo., making surveys for grade 

reductions from O.C and 0.8 to 0.3 and 0.4. This required 

In nearly every case Increase In curvature, distauce and 

quantities, and while the enormous business of the Santa 

Fe now Justifies a very large expenditure to secure lighter 

grades, the original location was the proper one for the 
new country traversed. 

In a mountainous country there are opportunities to 

Improve allnement, but invariably at a heavy Increase In 

cost, while the shortening of the line generally prohlblu 

grade reduction. This is the case with the Arizona A New 

Mexico Ry., on which the writer Is now engaged. Here, in 

12 miles, the line has been shortened, taking out about 

1,200* of curvature and reducing It from a maximum of 

29* to 15*: but the maximum grade could not be reduced 

and this Improvement Involves heavy tunnel and bridge 

work. For 20 years this road has served its purpose ad¬ 

mirably and while the old line looka like a winding ser¬ 

pent as compared to the new, I have only reaped for 

my predeceesor who made the orifcinal lay out, thereby 
revealing and suggesting poasIblliUea for the Improve¬ 

ment the company now finds desirable and economical to 
make. 

Over against “the hundreds of millions of dollars that 

have been worse than thrown away because of bad loca¬ 

tions," let us set the thousands of miles of road that 

would not have been built on an Ideal location and the 

case against the locating engineer will not be nearly 
so bad. 

In revising old lines, places will occasionally be found 

where the new and proper location will be better and 

more economical than the old, viewed even from the 

original standpoint, but this is not the rule. 

J. L. Campbell. 
Clifton, Arizona, Dec. 5, 1900. 

(It may be of Interest to recall In this connection 
a remark of the late A. M. Wellington, to the ef¬ 
fect that some of the best locations had been made 
In the early days of railway construction upon 
lines In the Eastern United States. Here the very 
rugged country necessitated a study of the topog¬ 
raphy and a search for the best line. Some of the 
poorest locations, on the other hand, were made 
on the level prairies of the West, In the days of 
boom railway construction during the ’70’s and 
early '80’s. Here It was so easy, apparently, to 
run a railway anywhere, that the Importance of 
good location and of keeping down the grades, was 
lost sight of by the early railway promoters. 
—Ed.) 

Empirical Formulas for Steel Beams. 

sir: In the current issue of Engineering Newa I notice 

an empirical formula for the strength of steel beama. 

Permit me to submit some formulee upon the same subject, 

which are much simpler than the one noted, and which 

are sufficiently accurate for practical use. 

d »> the depth of the beam In Inches; 

w the weight per foot of the beam In pounds; 
I » the Lpan of the beam in feet; 

S = the section modulus of the beam; 

L •• the safe load, uniformly distributed. In pounds; 

L' — the safe load, uniformly distributed. In tons. 

Then 
d w 

(1) 
10 

1,000 d w 

d w 

(2) 

(3) 

Formula (1) gives results substantially correct for th* 

smaller beams, about 5% too large for 12-In. beams, and 

about 10% too large tor beama over 12 Ina. deep. 

Formulas (2) and (3) are derived from (1), by using 

an extreme fiber stress of 15,000 lbs. per sq. la. 

The results, however, agree very closely with the safe 

loads as given in Carnegle’a "Pocket-^ook," which are 

figured with an extreme fiber atreas of 16,000 lbs. per 

sq. in. 
For Example: From (3) the aafe load on a 6-ln. 1214-lb. 

I-beam having a span of 0 ft. la 4.08 tons. Aa given by 

Carnegie It la 4.81 font. From (3) the aafe load on a 

12-!n. 40-lb. beam having a span of 15 ft. la 16 tons. As 

given by Camegl* It is 16.94 tons. From (8) the safe 

load on a 24-tn. 80-Ib. beam having a apan of 20 ft. Is 4b, 

tons. As given tn Carnegie it is 46.40 tons. 

The above toranlss bold good only for what are termed 

la the 1900 Carnegie, "Standard Weights," 1. a., th* light- 
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eroment ought to make large appropriations for 
construction of good roads.’’ No member ot the coo\ 

tlon expressed such an opinion, and I question if a e.i 

delegate entertained such. Knowing well what the att! 

of all good-roads advocates Is on this question, ani 

nothing contrawise appeared in discussion at the cun^ 

tlon. It thus seems to the writer that your little sermon 

ginning with "The idea that the national governo 

should undertake the Improvement of common roal 
based, etc.,’’ was quite inopportune. 

In concluding your report of the work of the cor 

est scx'tiou rolled from each set ot rolls. But the for- 

inuls can easily be applied to rolled-up sections by re¬ 

membering that the metal added to make a "rolled-up'’ 

section Is practically one-balf as efficient, pound for pound, 

as the metal In the original "standard" section. 

For Example; A 12-In. 5!>-lb. beam is a 12-in. 40-Ib 

l>eam "rolled-up." The added 15 lbs. is equivalent to 7*4 

lbs. of the original beam; or, the whole beam would be 

equivalent to a tTVi-lb. beam of the same efficiency, pound 

for pound, as the original 40-lb. beam. Substituting 4714 

llte. in formula (3), and using a span ot 15 ft., we get 
IP tons as the safe load for a 12-in. 55-Ib. beam, with the 

given apan. Figured from Carnegie's "Pocket-Book,” the 

safe toad is 10.02 tons. Respectfully, 
R. W. Carter. 

.'1053 Michigan Ave., Chicago, Dec. 8, 1900. 

(That portion of the report referred to above by 
Mr. Freeman, which relate.s particularly to the 
failure of the tank. Is given below. The tank be¬ 
longed to the mills of the Bamford Bros. Silk 
Mfg. Co., of Paterson, N. J.—Ed.) 

Gentlemen: This tank was the primary source of supply 

to the automatic sprinklers, and held with the ordinary 

depth of water 8,000 gallons. It was 11V4 ft. in diameter 

by 11 ft. 2 ins. deep, and was supported by a 12-ft wooden 

trestle. Inside of the trestle and about level with the 

Sir; Having noticed a letter published In your issue of 

Hoc. 0, entitled "An Empirical Rule for the Strength of 

I-Heams," I send you a much simpler rule, which 1 

discovered several years ago, and which I have never 

seen published This rule Is simply the fact that 

the coefficient of strength of an I-beam for a fiber strain 

of 16.000 lbs. is approximately 1,000 times the product 

of the depth of the beam in Inches and the weight of the 

beam per foot. 
Taking a 10-In. x 25-lb. beam, for example: 10 x 25 

X l.OtK) — 2.*>0.000. From the Table of Properties of 1- 

Heanis, as given in the Carnegie Hand Book, the coeffi¬ 

cient of a 10-ln. X ‘25 lb, beam for a fibre strain of 16,000 

lbs. is 260.O00, a varlaUon of 4%. Having the coefficient, 

which is the safe uniformly distributed load on a span of 

one toot, the safe load for any apan is easily found by 

dividing the coefficient by the span in feet. 

The accuracy of this rule can readily be verified by in¬ 

spection of the Table of Properties of I-Beams in the Car¬ 

negie Hand Book. It will be seen from such inspection 

that this rule Is more accurate for the minimum sec¬ 

tions than fur the heavier sections. In beams 12 ins. and 

under, of mimimum section, the above product is. In all 

cases, slightly less than the actual coefficient, the great¬ 

est variation being 6.Z5% in the case of 3-ln. beams. In 

beams over 12 Ins., of minimum section, the above pro¬ 

duct is, in all cases, slightly greater than the actual co¬ 

efficient, the greatest variation being 6% In the case of 

1.5-ln. X SO-Ib. beams. For 12-ln. x 31V4-lb. beams the 

t-ariation is l..'i%, and for 15-in. x 42-lb. beams the varia¬ 

tion is but 0.25%. 
This rule also applies to channels, the product being 

in all cases slightly In excess of the actual coefficient, the 

variation being less than 6% for any channel of minimum 

section except 15-in. x 33-lb. channel, in which it is 11%. 

\ formula expressing the above relations may be put into 

several forms, but I think the fundamental fact given 

above Is the easiest to remember. On account of its sim¬ 

plicity, I have found the above rule very useful, and trust 

it may be so to others. 

Yours truly, Luther Twlchell. 

Sales Agent, American Bridge Co. 

.Vlinneapulis, .Minn., Dec. 14, IIKM). 

(Two other correspondents send us letters giv- 
Ing Mr. Twichell's formula, which they highly 
commend for its practical convenience.—Kd.) 

En&.News 

-VIEW OF SECTION OF RUSTED IRON HOOP FROM COLLAPSED WATER TANK, 
BAMFORD BROS. SILK MILLS, PATERSON, N. J. 

ridge of roof is a 7,000-gallon tank which supplies water 

for sinks, closets, etc. The tank which burst by failure 

of hoops on Nov. 27, 1900, was erected in 1892, and had 

been painted four times, the last being in May or June of 

this year. The next previous painting was in 1898. 

The staves and bottom were 2% ins. in thickness and 

held together by nine bands or hoops 3-16 x 3',4 ins. In 

section, aranged as shown in the sketch. Fig. 1. 

The falling hoops broke two skylights and allowed water 

to enter and wet down about one-fourth of three upper 

floors of the mills. The main 

body of water descended dl- - 

rectly to the yard. 

tlon, you assert without qualification that after the read¬ 

ing of Mr. E. G. Harrison’s paper the rest of the session 

of the 21st was wasted in matters having no relation to 

the objects of the convention. Whether the time allotted 

to Mr. Patullo was wasted or not was for the convention to 

pass judgment—rather than a paper depending upon th' 

local press for its information, or If having a representa¬ 

tive, he was most successfully conspicuous in the proverb 

iai way. This judgment was passed by the convention 

both in granting Mr. Patullo the 30 minutes for his ad¬ 

dress and again after the address by a hearty vote of 

thanks for the inspiration his words had been to the con¬ 
vention. 

It is our own conviction that the time of the conven¬ 

tion gdven to Mr. Patullo was not wasted though having 

nothing to do with good roads—if we except the common 

avenues of kinship and good fellowship. If it did no good 

to the cause it is a reasonable guess that it did no harm, 

which cannot be safely said of the slurs appearing in your 

columns relating thereto. Vide "* • • but a majority 

seemed to be willing to take anything that came along.’’ 

If you are an earnest advocate of reform relating to the 

conduct of our public highways your methods of showing 

such advocacy are likely to be misunderstood, for they 

have the outward appearance of being unkind—to give it 

the most charitable interpretation. If you differ with the 

recognized leaders in this movement as to plans or meth¬ 

ods, the cause will surely profit by a dignified presenta¬ 

tion of such issues. 

And now a word in answer to your argument or rather 

your admission of “seeing no reason why public educa¬ 

tion in methods of road improvements cannot be as well, 

or better, conducted by the separate states as by the gen¬ 

eral government.” About 10% of our public highways are 

essentially state and interstate in character and might 

come under the supervision of the federal government b.« 

logically as our rivers are now treated for purposes of 

navigation. What country in the world has been able to 

construct and maintain an acceptable system of highways 

without government aid? 
And, further, it does not appear that any of these coun¬ 

tries, having once abandoned the local plan for that of 

national supervision of the state roads, have returned to 

the plan once proven inadequate and expensive. 

For the best supervision of our state highways, when we 

are once entered upon some plan which will lead to the 

construction of permanently good roads, the slate is gen 

erally conceded to be, in this country, the best unit 

But during the period of education, upon which we are not 

more than well entered, the plan of directing these initial 

movements, of encouraging local activity, of furnishing 

small object lessons, in the several states where the con¬ 

ditions are suited to receive the greatest benefit. Is meet 

Ing with marked success. 

Indeed, It is recognized by all who have watched the 

good roads movement during the past few years that 

among the four great forces at work, viz.: The wheelmen 

the manufacturers of road machinery, the National Office 

of Road Inquiry, and the maker of automobiles, the nat 

lonal agency has been the most economical and helpful. 

W. R. Hoag. 

University of Minnesota, Dec. 10, 1900. 

(In reply to the third paragraph of our corre¬ 
spondent’s letter, we may remark that the report 
which he criticises was not compiled from local 
newspaper reports, as he surmises, but was writ¬ 
ten by a member of the editorial staff of this jour¬ 
nal who was in personal attendance upon the ses¬ 

sions of the convention. 
As for the editorial “sermon," the corapari.son 

made In the opening speech-^ of the President be- 

No dam¬ 

age was done fo trestle, mill- 

supply tank or sprinkler pipes, 

and apparently little to the 

root except the breaking of 

two skylights referred toabove. 

Seven hoops, all except the ex¬ 

treme top and bottom ones, 

parted, and right or ten staves, 

distributed at four different 

points in the circumference, 

were broken 7 to 8 ft. from the 

top. The tank did not fall, 

but was taken down the fol¬ 

lowing day. 

.\n examination shows the 

inside of ail hoops to be cov¬ 

ered with a scale of rust of 

varying thickness, extending 

in some places entirely 

through the metal (Fig. 2). 

This undoubtedly caused them 

to fail, except one which 

sheared off the 2 rivets bolding 

it together. The outsides of 

the hoops appear reasonably 

smooth and the scale of rust 

maintains the apparent thick¬ 

ness of the metal, so that the Fig. 1.—Sketch Show- 
defect would hardly be dlscov- ing Arrangement of 
ered except by a careful ex- Hoops on Collapseo 
amination. There is no paint ^gter Tank of Bam- 
inside of the hoops. The tank » . r, 

was apparently well cared for S'"‘ 
and ordinary precautions tak- Paterson, N. J, 
en for its preservation. It 

has never given trouble by leaking. The staves are sound 

but, being water-soaked,kept the inside surface of fhehoops 

continually moist, which evidently accounts for the rapid 

corrosion. If this Inside surface could be treated in such 

a manner as to prevent this action, the main difficulty 

would be overcome. The need of careful inspections of ail 

tanks is also evident. .K further defect in construction 

appears in the weakness of the joints of the hoops which 

in this Instance caused one to fail by the shearing of the 

rivets. It will be noted from the sketch. Fig. 1, that the 
hoops were not properly arranged. 

Respecfully submitted, William E. Stanley, 

Inspector Factory Mutual Fire Insurance Companies. 

Boston, Mass., Dec. 3, 1900. 

Starts broke 
about here 

Hoops A arid B 
did not break. 

Fillure of an Elevated Wooden Water Tank By Rusting 

of Hoops From the Inside. 

Sir: I have noted with interest in your columns descrip¬ 

tions of several cases where water tanks have burst by 

reason of the rusting and breaking ot the hoops, and 1 

enclose a description ot another case, which is par¬ 

ticularly noteworthy from the fact that the tank and its 

hoops bad been frequently painted and that the rusting 

of the booi>8 proceeded mainly from the inside surface next 

to the wood, which was, of course, not reached in the 

process of repainting and which was furthermore hidden 

from observation. On receiving notice of the failure, I 

had one of our Inspectors immediately visit the mill, and 

I enclose a cojiy of bis report. 

Wooden tanks have a wide field of usefulness, because 

of their remarkable cheapness and ease of erection, but 

this failure, together .with several others that have re¬ 

cently occurred, gives strong emphasis to the belief that 

for tanks on top of high buildings with valuable con¬ 

tents susceptible to water damage, true economy will be 

found in tanks of riveted steel plates, which can be both 

inspected and thoroughly repainted inside and outside, and 

which, if penetrated by rust, will fail slowly, instead of 

by an inslantaiitous collapse. 

These failures of tanks w-ith flat hoops from rusting ot 

the hidden inside unpointed surface Indicates the superior 

durability of hoops made ot round rods with upset ends 

and united by screw-nuts held off from the wood by well- 

designed iron shoes; since these round rods expose com- 

isaratlvely less surface to corrosion in proportion to net 

area and can be inspected and painted over a larger pro¬ 

portion of their entire circumference. 

Very truly yours, John R. Freeman, C. K. 

Room 812, Banigan Building, Providence, R. I., 

Dec 10, 1900. 

Stite Good Roads vs. Government Ronds. 

Sir: In your issue of Nov. 29ih, in referring editorially 

to the recent Good Roads convention, held at Chioago, you 

make statements somewhat at variance writh the facts, at 

least as observed by one who was present at every ses¬ 

sion of the convention. 

You say "The feeling was freely expressed that the gov- 
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1 )i ccniber 27. 1900. 

■eei the National Government’s appropriation 

for ‘good roads” and for river and harbor Im¬ 

provements, and the ebullition of the delegate 

* ho favored a combination of Good Roads and 

greenbacks as a national policy, appeared to us at 

least to show which way the wind was blowing. 

Our correspondent asks, “what country in the 

world has been able to construct and maintain 

an acceptable system of highways without gov- 

t-rnnient aid?” The Identical fallacy which we en- 

ileivored to expose is that the government has no 

money to spend in aid of road improvement or any¬ 

thing else,other than that drawn from the pocket.s 

of the people. No; the people must pay for good 

roads when they have them, in any case, whether 

the county, the state or the nation does the work. 

The real question, then, is, under what adminis¬ 

tration can the taxes paid for highways be 

most economically and efficiently expended, and 

under which wdll we be most certain that the 

burdens of taxation will be borne by those who 

derive the benefits? No one who knows and un¬ 

derstands the evils attendant upon Congressional 

appropriations for Rivers and Harbors and for 

public buildings would ever wish to see huge ap 

propriations for “good roads” added to the list of 

things for which it is a Congressman’s duty to 

scramble to get his district’s share. 

We might make reply to our correspondent’s 

claims for the work of “public education” carried 

on by the National Office of Road Inquiry; but the 

defects in this work have been already shown in 

these columns.—Ed.) 

Assessing the Cost of Good Roads Upon Their Users. 

Sir: I have read with more than usual interest the re¬ 

cent articles in Engineering News on the subject of “Good 

Roads,” and was especially pleased with your editorial on 

the subject in your last Issue. In this I think you hit the 

nail squarely on the head, only you did not hit it hard 

enough, and stopped too soon. Of course there is no sense 

or Justice in asking our general government to go into the 

road building business and construct roads all over the 

country, as you say, nor can I see that there is any Jus¬ 

tice in even asking the Individual states promiscuously to 

build roads within their bounds, as is customary now, I 

understand, in some of the Eastern states. 

As you stated in your editorial mentioned above, road 

Improvement conditions vary greatly, not only within the 

bounds of the United States, but within the bounds of each 

Slate, county and even township, so that the benefit is 

purely local and hence the assessment should be purely 

local, or as nearly so as possible. The question of who 

should pay for the construction of good roads Is one that 

certainly is open to much argument. In the case of im¬ 

proved streets in cities or towns, there is in the majority 

of cases a great amount of benefit derived by the construc¬ 

tion of the same to the abutting property along the line, 

much more, in fact, than to any other section or class of 

ptople. (it is a wonder that some one has not proposed to 

construct streets in some of our principal cities with some 

of Uncle Sam’s surplus millions.) In the case of rural or 

country districts, however, the conditions are entirely dif¬ 

ferent and the benefit to abutting property by the con¬ 

struction of a paved road along the same is nowhere near 

as great in proportion as in the case of city streets. 

The method employed in most cities of assessing the 

whole or at bast the greater portion of the cost of any 

improvement against the abutting property is certainly 

about as Just a one as can be gotten, but to follow this out 

in the case of country highways would be most unjust and 

would work a hardship on most land owners that they 

would be unable to stand. The benefit to any farm may 

be said to be only such as is derived by all farms that are 

tributary to the improved highway whether they are di¬ 

rectly on the same or are one, two, three or more miles 

away from it The road will be used as much by the 

farmer three miles away from it as it is by the one di¬ 

rectly on it, providing it Is the shortest and easiest road 

to his market On account of this fact it is often cus¬ 

tomary to assess the cost of road Improvement upon cer¬ 

tain tributary districts, or for each township or county 

to build the roads within their bounds. In forming these 

arbitrary bounds, however, and in determining which 

roads shall be improved in any township or county, there 

is always dissatisfaction and certainly much injustice done 

to certain owners and where the matter is sometimes 

brought before the people to be decided by popular vote, 

as the law requires in some states to determine whether a 

certain district shall construct a road or not, it is more 

often defeated than otherwise simply because certain num¬ 

bers of the people protest against paying for an improve¬ 

ment that is at a distance from their own property and 

from which they receive no benefit whatever. 

In the case of country highways the benefit is almost en¬ 

tirely to those who use the road and little or no benefit is 

derived by any one rise, and hence the users are the ones 
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that should pay for the cost of construction. The only 

possible way that the users can be assessed for the whole 

cost and each user assessed his Just proportion, which, of 

course, is proportionate to the number of teams and the 

distance traveled by each, is by the method of toll col¬ 

lection, such as was in vogue many years ago all over the 

country and is to-day in many sections. The public toll 

road under private ownership was a godsend in its day 

and probably had as much to do with the settling up and 

development of our western country as any other single 

enterprise, but of late it has grown much in disfavor on 

account of the general change in conditions and public 

sentiment in regard to the private ownership and control 

of public franchises. So that all toll roads are gradually 

being bought up by the township or counties in which they 

lie and are thrown open to free public travel. 

Still I think the toll-road solution is the only feasible 

one of this very difficult “good roads" problem. It is all 

well enough to talk about the construction of highways by 

state and national help, and to talk of fine rock or brick 

paved driveways across the continent from one end to 

the other, but when one stops to think that there is prob¬ 

ably something over 10,000,01)0 miles of public roads in 

this great country of ours and that at the low figure of 

$."1,000 per mile it is likely to take something over 60 

billion dollars to make bard roads out of them, one can 

understand that it would require at least a year or two to 

complete this great work, and by the time the last one is 

finished it will be nearly time to start on the first again 

and build it over. It Is rather more than likely, however, 

that before the last one is completed we will have no fur¬ 

ther use of “good roads,” but will be hustling around in 

flying machines propelled by perpetual-motion machinery! 

The great trouble is that most of our hardest workers 

and most earnest advocates of the cause of “good roads" 

are men who are enthusiasts on the subject of cycling or 
automobile propulsion. Their sole aim and endeavor is to 

get good roads particularly in the district they are most 

interested in, and incidentally all over the country, so 

that locomotion may be easily bad to any point they might 

desire. They are very hard and earnest workers in their 

particular way, but everything that is attempted by them 

is done without any consideration of the one great eco¬ 

nomical feature of the case, that is, as to who should 

properly pay for this road Improvement. That it will have 

to be paid for is self-evident. They are as a rule ready to 

stand their Just proportion of the cost, but for them to do 

it all is out of the question, so they very naturally look to 

where the money is apparently moat plentiful—to their 

state or national government. They lose sight of the 

fact that the use to which they would put the road Is but 

a very small proportion of the use that would be made of 

it by the farmers and those whose busine.ss necessitates 

daily trips back and forth along the highway. Certainly 

the only way to make each one of these bear his Just pro¬ 

portion is by the system of toll collection. The plan I 

would suggest Is to apply the toll system without the ob¬ 

jectionable feature of private ownership and control, or to 

go more in detail, my idea la as follows: 

Let the state government pass a law authorizing town¬ 

ships to construct hard roads within their bounds to be 

paid for by toll collection. At the same time the gov¬ 

ernor should appoint a State Highway Commissioner, who 

should be a competent civil engineer, experienced in gen¬ 

eral road construction, paving and such matters. In any 

township where it is desired to construct a hard road, a 

petition signed by say 20 residents along the highway 

wanting the improvement must be presented to the town 

clerk, who will immediately call an election of all voters 

of the township to vote on the question of whether the 

road shall be constructed or not. If It carries, then the 

State Highway Commissioner shall be notified and he will 

visit the locality and thoroughly acquaint himself with 

the amount of travel and all the conditions of the sur¬ 

rounding country and everything thatmay have any bearing 

on the matter. From these facts then he will decide what 

shall be the character of the improvement. To this end to 

insure a certain amount of uniformity throughout the 

state, he shall have certain prescribed rules to follow in 

deciding as to the character of the improvement, the idea 

being always to put down the very best pavement that 

the prospects of the tolls paying for the same in a period 

of 10 years will warrant. He will then issue a permit for 

the construction of the road and authorize the township 

to issue bonds to pay for same, the road to be constructed 

under plans and specifications furnished by the State 

Highway Comni'issioner, who shall have supervision of the 

work till ft is finished. The road is then to be operated 

for a period of 10 years as a toll road. At the expiration 

of that time the township may elect to pay the residuary 

debt, if any, by raising money by general taxation, or 

may extend the toll system for a period of five years 

more, at which time it must all be paid or the township 

will have to pay the balance. The road will then be a 

free road, to be maintained by the township. To provide 

against overburdening the township, it should not be per¬ 

mitted to have road bonds outstanding at any one time in 

excess of 10% of the total value of taxable property in the 

township. With such a law as this in operation It would 

be an easy matter to induce property owners or voter# to 

vote for road improvement; and this under existing laws 

Is the most difficult matter of all in starting work of this 

kind. It would Insure the best possible improvement that 

was admissible under the existing conditions and would 

give the btst guarantee possible of the work being done 

properly and in a thorough manner, which is one great 

drawback In present methods. Of course there are many 

details not mentioned that would be necessary in order to 

make the law operate satisfactorily and to the best ad¬ 

vantage. The above, however, are the main features of a 

bill that will probably be submitted to the general .A.ssem- 
bly of this state this coming spring. 

It is not the intention that this law should repeal pre¬ 

vious laws, or prevent road construction by special as¬ 

sessment, or general taxation, or any other method now In 

vogue, but It is Intended only as another help to steure 

this much-needed improvement Perhaps there are some 

roads that It would be Impossible to construct by this 

method, but by making it a practice to construct high¬ 

ways in certain groups so as to have each group include 

one or more main highways, and all or as many tributary 

roads as could be consistently brought in, this factor of 

Impossibilities would be reduced to a minimum. 

The value of well-paved roads all over the country la 
certainly beyond estimate, and when we once get them we 

will wonder how we got along without them before. 

Yours truly, 

E. O. Helm, Assoc. Vi. Am. Soc. C. E. 

134 Collinsville Ave., East St. Louis, Ill., Dec. 3, 11¥X). 

(It seems to us that one serious objection to the 

toll-road plan is the cost of collecting tolls. The 

annual cost of maintaining a single toll-gate and 

toll-house and providing for Its attendance would 

pay the Interest on the cost of a mile or two of 

good roads.—Ed.) 

Notes and Queries. 

Our attention has been called to a misstatement in the 

article on the failure of the water tank at Ced.ar Falls, la., • 

in our issue of Dec. 6. lt)00. Mr. H. C. Hemenway is not 

now the city attorney of Cedar Falls and did not so sign 

himself In the letter which we printed. The words were 

added by the editor, in the belief that Mr. Hemenway still 
held the office named. 

Through an unfortunate slip of the pen, the title of the 

paper describing the septic tank experiments at Paw¬ 

tucket, R. I., on p. 43.^ of our last issue, located the work 

at Woonsocket, instead of Pawtucket. Woonsocket has 

sewage receiving tanks and filter b»'ds, but has not. so far 

as we know, made any experiments with the septic tank. 

BOOK REVIEWS. 

THE LAW OF OPERATIONS PRELI.MINARY TO CON- 
STRUCTIO.N IN ENGINEERING AND ARCHITECT¬ 
URE.—By John Cassan Walt. M. Am. Soc. C. E., As¬ 
sistant Corporation Counsel, New York city. .New 
York: John Wiley & Sons. Cloth; 6x9 ins.; pp. I’sW; 
illustrated. Cloth, $.>; sheep, $.5.60. 

As the author well says in his preface, this book might 

consistently have been made a second volume of bis ex¬ 

cellent treatise on “Engineering and Architectural Juris¬ 

prudence” (Eng. News, Feb. 10, ISOS). Briefly deflned, 

the present book treats of the law attending those opera¬ 

tions which precede construction, while the earlier book 

was a presentation of the law of construction. Us charac¬ 

ter and scope is indicated by the chapter headings, which 

are as follows: Introduction—Property Deflned; Owner¬ 

ship of Lands—Estates; Title to Property—How Acquired; 

Conveyances of I..anda—Essential Elements of Deeds; Wa‘er 

-Riparian Owners—Appropriation of Water; Waters for 

irrigation in Arid Countries; Detention of Waters of 

Streams—Mills and Mill Rights; Diversion and Obstruction 

of Waters—Streams; Protection of Banks and Structures 

from Water; Supply of Water and Ice—Water Companies 

and Water-Works; Water-Rights in Regard to Surface 

Water; Fouling and Pollution of Surface Waters and 

Streams; Navigable Waters—Public and Private Rights In 

Navigable Water; Subterranean or Underground Waters; 

Oil and Gas—Ownership and Appropriation of Oil and Gas; 

Electricity-Property Rights Affected by the Use and Dis¬ 

charge of Electricity; Light and Air Incident to Lani; 

Property Rights Deflned by Boundary Lines—Lateral Sup¬ 

port; Interference or Invasion of Property Rights by Sur¬ 

veyors; Boundaries in General-How Described. Estab¬ 

lished and Maintained; Boundaries on Waters—Shifting 

Character—Accretion, Erosion, Reliction and Reclamation; 

Boundaries on Waters-Land Bounded by. Along, Upon or 

On a Stream or the Bed, Bank, Beach or Shore; Boundar¬ 

ies On Lakes and Ponds; Boundaries On Islands; Bound¬ 

aries on Streets and Roads; Boundaries Determined by 

Arbitration; Boundaries Established by * Agreement or 

Acquiescence; Adverse Possession—Title and Boundaries to 

Land Affected by It; Construction. Interpretation and Ap¬ 

plication of Descriptions; Description—Conflict of Calls; 

Determination and Proof of Boundaries; Easements in 

General; License—Revocable and Irrevocable; Prescription 

and Prescriptive Rights; Dedication of Rights in Land to 

Public; Easements-Rights of Way in General; Right of 

Way vt Railroad; Rights of Way of Street Railways; Right 

of Way for Telegraph and Telephone Lines; Rights of Way 
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in Condulta, Pip* L>Idm, (te., for Wnt«r, Oil, Air, Qm 
■ nd Elrctrldtr: Cbtrartor and Kinds of Pranehl*«a. 

In Ita treatnirnt of tbeaa numorotia aubJecU tba present 
book. Ilk* Ita predeeeaaor. Is clear and oonrtse, and, as w* 
r«r<ommended tbst the former book sbould be owned and 
used b7 eeery enslneer In Independent practloe and ererr 
contractor, ao we recommend tbe present rolum*. 

TTIP rONQrEST OP ARID AMERICA.—By Wm. E. 
Smyth*. New York? Harper * Broa. Clotb; 5x7 Ins.; 
pp. 5311; 9 lllnstratlooa. 9150. 

This Tolnme deals with tbe economic and sodoloslcal 
phases of Its subject rather than those pertalnInK to aert* 
culture or enilneerlnit. Bueb a plan Is well adrlsed. alnce 
the encineerinit side of Irrlcatlon Is far In advance of Ita 
economic, aodologlcal and legal aspects. A large part of 
the arid west Is suffering from arrested development, due 
to the legal complications over water rights and the fail¬ 
ure of those concerned to appreciate tbe proper relations 
between land and water and also between capital and 
labor. On tbe other band, the most notable achievements 
thus far wrought have rested on a proper appreciation of 
these factors and also of tbe advantages of recognising 
and supplying tbe social and Intellectual wants of man¬ 
kind. 

If there is any on* thing that Mr. Smythe brings out 
with more clearness and emphasis than others It Is tbe 
large part which the small farm, of 5 to 20 acres, plays 
In the successful development of tbe arid region. Next 
to this It Is hard to say whether he puta more emphasis 
on the advantages of dlverslfled crops or the necessity ol 
associative effort. Including In tbe latter the bringing to¬ 
gether of unemployed, or partially employed, capital and 
labor While dlverslfled farming does not yield such bril¬ 
liant results as sometimes are shown where all Is staked 
on one crop, yet for certainty of upward progress on the 
part of the Individual and the community, the small, 
dlverslfled plot of land la far ahead of tbe huge wheat 
ranch or orange grove. In addition, diversified crops en¬ 
sure moat of tbe chief food necessities of life without 
rash expenditures. All these points and many more of 
great Importance are brought out by the author. 

The scope of the book may be conveyed In more detail 
by a glance at Its contents, which are In four main div¬ 
isions: Part I., "Colonial Expansion at Home,” outlines 
some of the marked features In tbe past and possible 
future development of what the author calls "the best 
half of the United States." Part II. describes such "Real 
Utopias of the Arid W'est," as the Mormon settlements In 
Utah, the Oreeley Colony in Colorado, and some of tbe 
famous Irrigated sections of Southern California. "Un¬ 
developed America" Is tbe subject of Part III., and In¬ 
cludes brief but pretty comprehensive reviews of the 
natural resources of tbe various Western states and what 
each has done or may do towards the Increasing great- 
nesa of tbe nation. In Part IV., "The Army of the Half- 
Employed." the author sets forth hla Ideas regarding 
associative or co-operative effort. He would utilise Idle 
or poorly letnuneratlve capital In the development of 
homes and Industries In tbe arid West on somewhat the 
same plan as has been so successfully practiced by tbe 
building and loan associations of the east, only the bulk 
of tbe capital. In this case, might be furnished, it neces¬ 
sary, by other than home-seekers. 

. The volume closes with a brief appendix on the best 
means of applying water to land, or irrigation proper, as 
distinguished from the development of water. 

The book deserves, as we presume It will have, a wide 
reading. It Is particularly desirable that It be read ex¬ 
tensively In the East; not because the West ha* nothing to 
learn from it, tor It has great need of taking Its teachings 
to hiwrt, but because It would do much to help the East 
to a better understanding of tbe West; not alone tbe ma¬ 
terial or the social possibilities of tbe West as a place 
for Easterners to go to Improve their conditions, but also 
Its alms and Ideals as a portion of the American republic. 

NOTES PROM CITY eNOINBERS’ AND OTHER 

MUNICIPAL REPORTS. 

BOSTON, MASS.—The first annual report of the 
Boston Department of Baths contains a historical 
review of the development of municipal bath 
houses in Boston, written by Mr. W. I. Cole. In 
1800, the city established what Mr. Cole believes 
was the first municipal baths in this country, 
oomprisinK five floating baths and one beach bath. 
These were for summer use only. The first all- 
the-year bath house, erected with city funds, was 
opened In October, 181)8. on Dover St., in a crowd¬ 

ed residence section of the city; but in 1807 a com¬ 
bined bath house and Kymnasium, formerly pre¬ 
sented to an athletic association, was turned over 
to the city. Since 1808 the development of bath¬ 
ing facilities by the city, under the direction of 
the bath department, has proceeded rapidly along 
many lines. The second annual report of the bath 
department (covering the year 1809-10<10) shows 
that the department had in its charge 13 floating 
OAths, U salt and 3 fresh water beach baths, 2 

swimming pools, 2 combined baths and gymna¬ 
siums, and 1 all-the-year bath house, making a 
total of 2fi bathing establishments, at which 2,- 
003,718 baths were taken during the year. In ad¬ 
dition, "the department has charge of twelve con¬ 
venience stations in various parts of the city, in 
addition to those on the Common and Public Gar¬ 
den." Mr, Chas. F. Morse Is secretary of the de¬ 
partment of baths. 

A general review of the main sewerage works 
carried out by the Metroimlltan Sewerage Com 
mission, including the investigations prior to the 
creation of the commission, was published last 
summer. It Includes maps, typical sewer cross- 
sections and a number of half-tone reproductions 
of interesting photographic views. Mr. Wm. M. 
Brown, Jr., M. Am. Soc. C. E., is chief engineer of 
the commission, the offices of which are at No. 1 
Mt. Vernon St., Boston, Mass. 

The last report of the Boston Street Department 
is a notable example of the effective use of half¬ 
tones to illustrate the points which need to be 
brought home to the attention of the city authori¬ 
ties and the taxpayers. Some of the views show 
the beneficial character of improvements already 
carried out, and others show the necessity or ad¬ 
visability of continuing the good work. Mr. BenJ 
Wells was superintendent of streets during the 
year covered by the reiKirt, but he has been suc¬ 
ceeded by Mr. Bertrand T. Wheeler. 

The last published report of the Boston Transit 
Commission includes some tests of air from the 
Boston subway, made by Prof. Henry Carmichael. 
Samples collected on week days in January and 
February, 1899, contained from 6.62 to 9.45 parts 
per 10,000 of carbon dioxide (carbonic acid gas). 
Samples taken above the street In the central part 
of the city, about the same time, contained 4.5 to 
5.9 parts, and air from the center of a car having 
65 passengers, about to enter the subway, con¬ 
tained 24.97 parts per 10,000. Similar tests of air 
from various public buildings in Boston, made by 

Prof. Homer S. Woodbridge, showed 

that tbe air taken at the busiest bour In tbe most crowd¬ 
ed station In tbe subway is superior to that usually pro¬ 
vided in balls, tbeatres, eburenes, schools, etc. In this 
connection It may be remarked that people remain several 
hours In tbe room* referred to, while a passenger remains 
In the subway but a few minutes. 

Mr. Howard A. Carson, M. Am. Soc. C. E.. is 
chief engineer of the Boston Transit Commission, 

NEWTON, MASS.—A statistical summary for 
Newton, Ma.'s., giving a great variety of useful 
information relating to municipal improvements 
and expenditures, is included in the last annual 
report of the city engineer. It occupies only two 
pages, but presents, in handy form, figpires which 
it would take several hours to secure from most 
reports, supposing they could be found after la¬ 
borious search. It is a pity that more work of this 
sort is not done by city officials, for the good of 
their own colleagues and public, primarily, and for 
fellow officers in other cities, as well. Mr. Henry 
D. Woods, M. Am. Soc. C. E., was city engineer of 
Newton until recently, when he was succeeded by 

Mr. Irving T. Farnham. 

SPRINGFIELD, MASS.—A 24-in. cypress wood 
submerged sewer outlet was laid in the Connecti¬ 
cut River, at Springfield, Mass., in 1898-9. The 
work was done by contract, but the first con¬ 
tractor gave up the attempt after finding that the 
cofferdam method did not work well. The coffer¬ 
dam had double walls of 3-in. matched spruce 
sheeting, the rows being about 3 ft. apart and the 
walls about 7 ft. apart. Inside. The pressure of 
water on the fine sand of the river bottom forced 
the sand in about as ftist as a steam pump could 
remove the sand and water. The first 80 ft. of the 
pipe was placed inside the cofferdam after the ex¬ 
cavation was partly made, and was left for the 
winter with the shore end at grade and the river 
end about 1% ft. above grade. A spring freshet 
carried away a part of the cofferdam, and the new 
contractor concluded to complete the work by low¬ 
ering the pipe into a submerged trench. Two 
scows were fastened together and on them a 
boiler, hoisting engine and derrick were placed. 
The remainder of the cofferdam having been re¬ 
moved, the trench was excavated by an orange 
peel bucket dredge, the depth averaging about 4 
ft. The section of pipe partially in place was then 
lowered to its bed and a 96-ft length, on shore, 
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was launched, taken out to position by rroa- » 
a scow, and sunk with the aid of railway iro- 
connections being made by a diver. At th* o t 
end of the pipe a special %-bend casting v. ^ 
placed as to discharge the sewage down-s'- 
but in a slightly vertical direction. A basin 
20 ft. in diameter was dredged around this ,• 
let. This method of discharge was recomm-^ 
by the State Board of Health, in preference to 
earlier practice at Springfield of using a i^-'. i 
placed vertically, and surmounted by a 

length of pipe, so as to discharge 3 to 5 ft. ,t 
the river bed. Mr. Simon C. Fraser, of New \y 

don, was the contractor for completing the w rk 
Another interesting piece of work at Sprlne»^n 

was the conversion of a section of street rallo, ->v 
track, with an ordinary girder rail, into t-i-k 
with a grooved head, at the same time ralsine ; • 
pavement between the rails to the same lev* a- 
that outside. This was accomplished by taklnv mt. 
the brick between the rails, laying iron castln-p l 
ft. in length on the inner fiange of the rail, In P. r* 
land cement mortar. Before the brick were rf-la! i 
they were cleaned and turned and the sand cusi' 
ion was made deeper, so as to bring the new s i-. 
face to the desired level. About 2.000 ft. of doui i.. 
track was treated in this way in some ten d,ay<! 
Mr. Geo. N. Vaughan being the contractor. Th* 
plan followed was devised by Mr. Seth Bucklar.d 
a member of the Springfield city council. An r 
perlmental section was relaid in 1898 and th* w rk 
described was done in 1899. The specification? fo 
the work were drawn by Mr. Chas. M. Slocum M 
Am. Soc. C. E., City Engineer of Springfield. Th 
plan is virtually the laying of cast-iron pavinu 
blocks, with beveled inside Joints, next to the Ir. 
ner side of the old rails. 

WORCESTER, MASS.—A Ferguson autornati 
recording rain gage has been in use at the sewag. 
purification works at Worcester, Mass., since July, 
1895. The dally totals for 1898-9 are given in the 
last report of Mr. Harrison P. Eddy, Superin¬ 
tendent of Sewers, and in addition details of all 
falls of rain and snow from July 15. 1895, to Nov 
15, 1899, are presented, including dates of precipi¬ 
tation, duration in hours, total precipitation and 
hourly rate of same, rate per hour for 20 minute* 
of maximum precipitation, and period and rale 
of greatest precipitation. Mr. Eddy says: 

It is InteresUog to note that usually there are several 
storms annually in which there Is a maximum intensify ol 
from 1 to HA ins. per hour for at least one 20-mlnute 
period; that there are a few periods In whleh the intensity 
runs between IVA and 2 ins., and that there were two 
periods in the 4)4 years when an intensify- of 2.25 ins. was 
reached. 

In addition to the periods of maximum precipitation a 
further selection has been made of tbe duration of periods 
of greatest precipitation and the intensity of rainfall dur 
ing these periods. It will be noticed that, except in rases 
of very short showers, tbe Intensity throughout these pe¬ 
riods is very much reduced, and that it rarely exceeds 
1 in., and that when )A-in. is exceded it is during a 
shower of leas than one hour total duration, with three 
exceptions, namely, Aug. 31, 1805, Nov. 14-15, 180.'), and 
.lune 15, 185)9. 

Mr. Eddy’s report contains an interesting de¬ 
scription of the work thus far done toward.? sep¬ 
arating the sanitary sewage and storm water, in¬ 
cluding the building of a separate conduit in the 
trunk sewer leading to the purification works, and 
storm and sanitary sewers throughout the city 
The report also contains descriptions of the new 
sludge treatment plant and filter beds, the former 
comprising sludge storage basins, stone ejectors 
presses and a small electric railway for haulii.g 
sludge a mile away, to the dump. Finally, ther- 
is a "Resume of the Studies and Prog^'ess Mad- 
Toward the Solution of the Sewerage Problem.' 
covering the period from 1865 to 1899, inclusive 

PHILADELPHIA, PA.—Protective sheathing fo 
bridges, crossing over steam railways in Phila 
delphia, has given good results. Two bridges wer- 
treated in this manner in 1894, one being the 
Girard Ave. bridge, over the Philadelphia & Rea l 
ing Ry., and the other at 49th St., over the We.si 
Chester & Philadelphia Ry. The method employed 
and satisfaction given are set forth In the lasi 
annual report of Mr. Geo. S. Webster, M. Am. S 'c 
C. E., Chief Engineer of the Bureau of Surveys, a 

follows: 

The sheathing applied has been of 1-ln. pine dreis-eil 
boards, painted on the under side where tightly eovericK 
the entire structure, and painted both sides where place- 
only over the several tracks. 

The sheathing of Girard Ave. was opened for examina 
Uon In the summer of 1889. afv-r live years of service, ana 
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h,(h th* 8te«l work mnd the sheatbloK were found In ex- 
i iPDt condiuon. The latter recelred four coaU of aa- 

brno* pMnt the last two coaU having been ■P^le'I three 
^. nt hi after the flrat two. The experience with wooden 
h«thlnx thur far promlaea reaionable durability to re- 

. ^locomotive exhauaU with the fuel used In thla locality, 
„ < juitlflei lU application In contemplated bridgea. 

The Public Batha Aasoclatlon of Philadelphia, 
al'nuugh a voluntary organization, haa maln- 
1 nod a combined public bath and wash house 

. e early In 1898. Mr. W. L. Ross, Gaskill and 
I, ithgowSts-.is superintendent. The city of Phlla- 

,t. i hia, it appears from the city reports for 1899, 
maintained nine public baths during the summer 

ir.oinhs of that year. 

iTlOVIDENCE, R. I.—The cost of 6-In. house 
( i.miections and of 6 to 32-in. sewers at Provl- 

(ii-nce, R. I., In 1899, Is given In the last report of 
.Mr. Otis F. Clapp, M. Am. Soc. C. E., City Engi- 
i: r. as shown in the accompanying table: 

Colt of Sewer Work at Providence, R. I., in 1899. 
Average-! 

Average nature Depth Cost, 
Kind. Etc. of of cut. lin. 

,—excavation—, ft. ft. 
Drains Co curb lino Fine sand; dry... 8.00 $0.50 

*• t( •• Sand, gravel; dry 10.50 .48 
•* S4 •• Sand, gravel; wet 10.50 .75 
•» • < •• Filling; wet. 10.50 1.00 

''•In. connections.. Fine sand; dry... 8.00 .30 
•* Sand, gravel; dry 8.00 .47 

•• •* Sand, gravel; wet 8.00 .45 
• Fine sand; dry... 9.20 .45 

Sand, gravel; dry 11.67 .67 
Sand, gravel; wet 11.67 1.00 

•• Rock. 11.67 .50 
Fine sand; dry... 6.20 .40 
Sand, gravel; dry 12.00 .73 

*• Sand, gravel; wet 12.00 1.23 
** Rock. 12.00 .65 
«• Filling; wet. 12.00 1.25 
** Fine sand; dry... 6.10 .30 

l.vin. *• Sand, gravel; dry 12.25 .83 
ir*-in. Sand, gravel; wet 12.25 1.50 

*• Rock. 12.25 1.00 
Brick (single c’rse) Sand, gravel; dry 12.33 1.50 

»* 12.60 1.65 
** * 4« 44 44 12.67 1.61 

2ii-in. *• (d’ble Invert) “ “ wet 12.33 4.75 
22-in. *• (single c'rse) “ “ dry 12.83 1.68 
24-ln. ** 13.00 1.50 
28-ln. ** (double “ *• 44 *4 13.33 2.00 
;’,0-ln. *• 44 44 44 13.50 3.00 
:!0-ln. ** with 8" rider 44 44 44 26.50 7.00 
:)0-in. Iron, with 8" rider 44 44 44 6.00 5.00 
:t2-ln. Brick (d’ble c’rse) 44 44 44 13.67 3.00 
Ave. cost building 237 manholes, each. 13.05 

•• “ 100 catchbasins, each. 12.94 
“ " 31 extra inlets, each. 7.13 

•Sires of pipe sewer. 

NEW YORK, N. Y.—Two lines of sewers In 
streets occupied by electric and street railways 
in New York, borough of Manhattan, are suggest¬ 
ed in the last report of the department of sewers, 
owing to the difficulty of getting at sewers In 
the center of the street. Mr. Jas. Kane is commls- 
.sloner of sewers. 

ALTOONA, PA.—A handy little manual Is is¬ 
sued yearly by the city of Altoona, Pa., in vest 
(locket size. The manual for 11K)0-1, complied by 
Mr. W. J. Hamor, City Clerk, contains a wide 
range of useful Information about the city. Its 
officials, public works and finances. Mr. Harvey 
Linton, M. Am. Soc. C. E., is city engineer. 

WASHINGTON, D. C.—A brief historical sketch 
of the pavements used at the national capital up 
to about 1890, written by Mr. Geo. H. Bailey, for¬ 
merly in charge of the street department, is given 
in the report of the engineer department of the 
District of Columbia for 1898-9. The report also 
contains tables showing, by streets, the cost per 
sejuare yard of repairing asphalt pavements each 
year after the expiration of the guarantee, the 
period running as high as 21 and 22 years, in a 
few cases. 

f^OLT^MBUS, GA.—Shell rock macadam was put 
down on one street in Columbus, Ga., in 1899. The 
same material has been used two or three years at 
Macon, Ga. It is quarried at a point on the 
fleorgia Southern & Florida R. R., about 30 miles 
■south of Macon, crushed and shipped by rail. The 
stone was placed on a subgrade previously com¬ 
pacted by means of heavy steam rollers. A 7-ln. 
layer of loose stone was compressed to 6 ins. by 
'■oiling, a light horse roller being followed by a 
12'.j-ton steam roller. The cost of this macadam 
in place was 49.52 cts, per sq. yd., of which 41.05 
(ts. was for railway transportation and 8.47 cts. 
for unloading, spreading and rolling. The rock 

was unloaded from the cars "right alongside the 
raodway where It was laid," and “the excavation 
for the road bed was very light." The rock com¬ 
pacts readily and solidly, "presents a smooth and 
even surface to traffic, does not become slippery 

In wet weather, is not so noisy as macadam or 
brick, and is not easily eroded or washed on steep 
slopes.” Mr. R. I. Johnson is superintendent of 
public works at Columbus, Ga. 

DETROIT, MICH.—Street paving guarantees, on 
all classes of new work except asphalt, were aban¬ 
doned in Detroit, beginning with the fiscal year 
1899-1900. The board of public works states that 
with close Inspection it looks for better results un¬ 
der the new plan, particularly as contractors, 
when urged to do better work, cannot plead that 
they have given a guarantee. Cedar blocks are In 
favor, more particularly for residence streets, both 
with the board and with citizens. This la pwir- 
tlally due to their cheapness in Detroit. During 
the year, 34 streets were paved and 27 were re¬ 
paved with cedar blocks on a concrete foundation, 
the cost for new work averaging $1.52, and for re¬ 
paving, $1.18 per sq. yd. Not a yard of sheet as¬ 
phalt was laid during the year, owing to the con¬ 
tinued high prices bid, the board advertising seven 
times for the same work, in the hope of securing 
what it considered a fair bid. 

Three quick repair wagons were used by the 
sidewalk department of the Detroit board of 
works in 1899. "Whenever the police or citizens re¬ 
port defective wood sidewalks one of the wagons 
hurries to the spot and puts in a new plank or 
fastens down a loose one. Repairs are thus a mat¬ 
ter of hours. Instead of days, as formerly, and 

many damage suits for personal Injury are avert¬ 
ed. It seems a pity to have to record that 40Mi 
miles of wood sidewalks were laid In 1899-00, 
against only 14 miles of stone walks. Mr. Robt 
H. McCormick, M. Am. Soc. C. E., Is city engineer 
of Detroit. 

The gross cost of arc street lighting in Detroit 
Is given in the last report of the public lighting 
commission as $66.45 for an average of 1,963 
lamps for the,year ending June 30, 1900. This 
Includes interest at 3% and depreciation at 4% 

on the Investment, and also an estimate ot 
taxes lost, or the amount of taxes that would 
be paid under private ownership. It will 
be noted that there is no allowance for sink¬ 
ing fund charges, and that 3% depreciation is low. 
It also appears from the report that there is no 
Are insurance on the plant, provision for such be¬ 
ing contemplated for 1900-1. On the other hand, 
the Interest and depreciation cover the whole un¬ 
derground conduit system, of which only about 
one-fourth is used by the lighting department, 
provision having been made for the wires of pri¬ 
vate companies, but the city not having forced 
those wires underground, as yet. Allowing for 
these items, for certain revenues of the depart¬ 
ment and for services rendered other branches of 
the city government, the commission is able to 
deduct $4.65 from the $66.45 already given, leav¬ 
ing its figure for the net cost of street lamps 
.*61.76 per year. Mr. F. F. Ingram is president 
of the commission and Mr. Wm. M. Daly is city 
electrician and general superlnterdent of the lighb^ 

ing plant. 

PEORIA, ILL.—A good point relating to trench¬ 
ing streets prior to laying pavements is made by 
Mr. A. D. Thompson, City Engineer of Peoria, 
Ill., in his report for 1899. He suggests that all 
such work as laying water, gas and sewer pipes 
should be done a year before a pavement is put 
down, In order to allow time for settlement of the 
trenches. Where notice is served shortly before 
paving work begins It is often difficult to get the 
different private companies and city departments 
to do their trenching and pipe-laying until the 
sub-grade has been formed, the delay being due. 
In part, to the desire to save excavation. The 
back-filling has no time for settlement before the 

paving is done. 

MILWAUKEE, WIS,—Sweeping 677,211,171 sq 

ft. of paved streets In Milwaukee in 1899 cost 
$23,371, Including $1,181 for inspection fees. This 
is about 3% cts. per 1,000 sq. yds. Mr. Chas. J. 
Poetsch, M. Am. Soc. C. ’E.. is city engineer of 

Milwaukee. 

MONTREAL, P. Q.—The cost of removing snow 
from 36.64 miles of streets containing street rail¬ 
way tracks at Montreal in 1898-9, was $57,916. The 
total snowfall was 116.4 Ins., “but It fell in small 
quantities, from 1 to 12 Ins. at a time, with nu 

merous slight rainfalls between, so that tho 
amount to be removed was considerably reduced." 
The work was done by the city, but under a con¬ 
tract with the Montreal Street Ry Co., the com¬ 
pany agreed to pay the city $1,656 per mile of 
street cleaned. The city therefore made $2,546 oti 
the year’s work. This contract was for the five 
years ending Nov. 1, 1899, and in three of the 
five years the work cost largely in excess of the 
sum paid by the company. For the whole period, 
snow removal cost $364,.5l»7 and the company pjild 
$’.^66,236, leaving the net cost to the city $98,361. 
The mileage cleaned ranged from ‘28.5o In 1891-6 to 
36.64 in 1898-9, averaging 32.‘J3 miles. The depth 
of snowfall (not depth removed) ranged from 84.9 
ins. in 1896-7 to 169.7 ins. in 1897-8. The figures 
for each year are given in the accompanying table. 
In 1892-3 the cost of snow removed was divided 
equally between the city and the company. The 
total expense was $2*1,467, but the snowfall and 
mileage cleaned are not given. 

Cost of Removing Snow from Streets Having Klectrlc 
Hallway Track in Montreal, P. Q., for the Five Years 
Kndlng Nov. 1, J8t*U. 

Av’g cost 
Depth Paid Net r-per mile,-! 

Length, in Total by com- cost to Act- P’rin. 
Year, miles, ins. cost. pany. city. ual. Uepth. 

lvu-r>.. 28..’i3 89.2 |7!M$H2 $47,108 |3-.>..574 |:2.7U3 $31.31 
l»lC>-6,. 31 80 114.8 72,210 52,470 10,740 2,271 10.78 
lVHi-7.. 32.00 84 9 62,373 6’2,SOO Gain.* 1,«1.37 10 28 
lv.t7-8.. 32.20 l*i0.7 102,41« 63,402 40,014 3,181 18 74 
1SU8-0.. 30.04 116.4 67,910 60,4.'>0 Qoln.t 1.681 13.68 

Total..101.17 ,175.0 $304,.607 $2fd>.230 $08,3011. 
Average 3’2.23 116.0 72,010 53,247 10,072 $2,202 $10.43 

Profits to city: *$127, and t$2,r.40; toUl of $2,007. 
tThe net profit to city ($2.0*17) has be< n deducted from 

this sum. 

In 1893-4 a contract similar to the five-year 
contract was made. Under It 20.02 miles of street 
were cleaned of snow, at a total cost of $62,489, of 

which the company paid $46,237, leaving $42,6.'»8 « 
to be borne by the city. The snowfall for that year 
Is not given. Mr. Percival W. St. George la city 
engineer of Montreal. 

SARAWAK, BORNEO.—Some of the difficulties 
encountered by engineers in distant and partially 
civilized countries are brought out in the last re¬ 
in >rt of Mr. H. D. Ellis, Commissioner of Public 
Works and Surveys for the British Protectorate of 
Sarawak, Borneo, one of the largest of the East 
Indies. Mr. Ellis appears to hall from Canada, 
judging from the fact that he Is a member of the 
Canadian Society of Civil Engineers and of the 
associations of Dominion and Ontario Land Sur¬ 
veyors. A year or so ago we noted the obstacles 
Mr. Ellis had to overcome through lack of a pile 
driver, he being compelled to utilize native labor 
as best he could in sinking piles. During 1899 he 
secured a steam pile driver from England, but he 
found it “too cumbersome' to conveniently 
handle.” His experiences are best told In his own 
language, as follows: 

The boiler la much too high, and the bolating apparatus, 
instead ot being the usual double or triple hoisting drum 
type. Is apparently a ship's winch adapted to the purpose 
by some person quite Ignorant of pile driving. The result 
Is that only one hoisting line ran be used at a time and 
for handling piles or timber the hammer has to be taken 
off the hoisting rope each time. A carriage bad to be 
constructed to enable the boiler and winch to be trans¬ 
ported from place to place, these with water and coal com¬ 
bined weigh approximately lovi tons. The extreme weight 
for boiler and hoisting drums with coal and water should 
not have exceeded 6 tons. In the absence of any proper 
appliances or draft animals It was no easy matter to deal 
with a weight of this kind. To enable the machine to get 
round corners a carriage had to be constructed In two 
parts, revolving on a center pin, the whole weight being 
jacked up and the lower part of the carriage revolved to 
the proper direction and then rails put In place. Sixty to 
00 ft. of track are laid at a time with a cross bar at the 
end, the machine hauling Itself along by a rope attached 
to the cross bar. The leads of the old driver are getting 
shaky and will have to be rebuilt soon: this can be done 
as soon as the driver has completed Its present work. 

In spite of the weight and difficulty of handling there is 
still a very great saving In the cost of driving, the price 
varying from 60 cts. per pile to 80 cU. (induing cost of 
fuel), according to the depth driven, whilst previously It 
cost from $5 to $6 per pile, and then they were not prop¬ 
erly driven. 

At places where there are many piles to drive, now that 
the men are more expert In handling and moving the ma¬ 
chinery and are daily becoming more accustomed to work¬ 
ing it, the price per pile will be reduce<l 

During the year the course of a drain was 
changed at the request of one Seng Huck, who 
was afraid its location in front of his house door 
“would affect the luck of the building." The ex¬ 
pense of the change was met by Mr. Huck. 
construction of a telephone line between Kuching, 
the capital of Sarawak, and Busau was delayed by 
the Dyak chopi>ers who were clearing the line "res 
fusing to’ work because the omens (birds) were 
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unfavorable." After this telephone line wa« In use 
a 8\vlt 'h box “had to be taken out and sent to 
SlnKapore for repairs, a temporary one being made 
at the Government Machine Shop to do duty In 
Its place.” 

OLAStJOVV, SCOTLAND.—Coming somewhat 
nearer home than the wilds of Borneo, we find by 
examining the report of the Tramways Commit¬ 
tee of the Town Council of Glasgow, Scotland, 
that the busl.ieas for the year ending May 31, 
IIMK), was sufficiently good to enable the council 
to i>ay all exp^mses. Including interest, sinking 
fund and depreciation, and to contribute some 

to the "Common Good" fund, after all of 
which there was about ^lJ2i»,000 to transfer to the 
General Reserve Fund. The contracts for chang¬ 
ing the street railways from horse to electric 
traction had all been let at the close of the year 
and some flve miles of double track was being op¬ 
erated by electricity. The town owns 37 miles of 
double and one mile of single track and leases 
four miles of double track, laid in 42 miles of 
streets. Mr. Walter I’aton is Convener of the 
Tramways Committee and Mr. John Young Is 
general manager of the tramways. 

THE PRELIMINARY REPORT OP THE ISTHMIAN CANAL 

COMMISSION. 

(Concluded from p. 427.) 

THE PANAMA ROUTE. 

The old Panama Canal Co. projected a tide-level 
canal 47 miles in length; but there are two great 
physical difficulties In the way of such a construc¬ 
tion: (1) The line In the valley of the Chagres 
River would have to be excavated below the bea 
of that stream, and would be overtlowed at tl.mes 
of flood. (2) The passage of the divide at Culebra 
would Involve an excavation of unprecedentea 
size. Before the old company abandoned work 
the tide-level scheme was abandoned, and various 
schemes were canvassed for a canal with locks, 
among others, one with a summit level KiO ft. 
above the sea, and supplied by pumping. The 
New Panama Canal Co. adopted a plan with a 
summit level at 1)7*^ ft., taking Its water supply 
from the upper Chagres, which was to be dammed 
at Alhajuela and the water brought through an 
artificial conduit 10.4 miles to the oanal at Obispo. 
This plan was adopted because it made possible 
the completion of the canal In 8 years, the periou 
fixed by the company’s concessions from Co¬ 

lombia. 
The Commission, however, has adopted a 

simpler plan, avoiding such complicated works a-s 

the conduit for supplying the summit level, be¬ 

lieving that If the United Slates were to under¬ 

take the work, no such limit of time for construc¬ 

tion at the expense of the character of the com¬ 

pleted work would be permissible. The plan fixed 

upon by the Commission for the Panama work, 

should it be undertaken by the United States, is 

described as follows: 

The canal, as thus projected, may be described as fol¬ 

lows: Tbe excavaUon begins at the 6-fathom line In the 

harbor of Colon, with a bottom width of !>U0 ft., and slopes 

of 1 on 3 through the bay and lowland 2.62 miles, of which 

about 1 mile is inside the shore line, forming a narrow 

protected harbor. The estimated cost of this entrance and 

harbor is (7,334,673. 

From tbe Inner end of the harbor the bottom width of 

the canal Is ir>0 ft., the side slopes of 1 on 3 being re¬ 

tained for 1.1)6 miles through tbe swamp, after which they 

are reduced to tbe standard used in firm earth. This level 

extends 12.r>6 miles to the Bohio locks. Its estimated cost 

is $t0,71S,288. At Bohio is located a double flight of 

locks, having a total lift varying from 82 ft. at the mini¬ 

mum level of tbe lake to 90 ft. at the maximum, 45 to 

oach lock; tbe normal lift being 85 ft These locks are 

on the location adopted by the French company. Tbe 

estimated cost of this flight of double locks, four lock 

chambers in all, is $10,982,345. 

Above the locks the canal enters the artillcal lake 

formed by the Bohio dam and known as L>ake Bobiov For 

tbe flrst 7 miles it is a broad, deep body of water, af¬ 

fording room for anchorage as well as navigation. Be¬ 

yond this some light excavations are necessary. At the 

upper end the channel would be enlarged to provide tor 

tbe flood discharge of tbe Chagres. being given a mini¬ 

mum section of 50,000 sq. ft. The length of the channel 

in I.a>ke Bohio is 1‘2.59 miles from the locks to the point 

where It enters the cut through the divide. Tbe estimated 

cost of this section is $2,786,449. 

Near to tbe entrance to the summit cut would be placed 

a pair of gates KX) fL wide, so that If it should become 

necessary to draw off tbe water from tbe summit cut, tbe 

level of Lake Bohio would not be affected. These gates 

would be at tbe site of a lock proposed by the French 

company near Obispo with a foundation on hard rock. Tbe 

estimated cost of these gates is $295,436. 

Tbe summit cut is 7.95 miles long from the Obispo 

gates to the Pedro Miguel locks. Tbe highest point Is 

about flve miles from the Obispo gates where tbe bottom 

of the canal is 274 ft. below tbe natural surface of the 

ground at tbe sides of tbe cutting. This is the famous 

Culebra cut, though the name has often been applied only 

to tbe mile of heaviest work. There is a little very bard 

rock at the eastern end of this section and the western 

two miles are In ordinary materiais. The remainder con¬ 

sists of a hard indurated clay, with some softer material 

at tbe top and some strata and dikes of bard rock; in 

fixing tbe price it must be rated as soft rock, but It must 

be given slopes equivalent to those in earth. This cut 

has been estimated on tbe basis of a bottom width of 150 

ft., with side slopes of 1 on 1. While the cut may not be 

finished with this uniform slope, this furnishes as correct 

a basis of estimate as can now be arrived at. The en¬ 

tire cut would be lined with masonry walls finishing at 

elevation 92, 2 ft. above high water, these walls having 

nearly vertical faces and furnishing benches 38 ft. wide on 

either side of the canal, on one of which the Panama rail¬ 

road would be laid, while It is probable that a service 

track would be placed on tbe other. Much has been said 

about the instability of the Culebra cut; in point of fact, 

there Is a clay in the upper portion of tbe deep cut which 

flows readily when saturated, but which will give llttlt 

trouble if thoroughly drained; probably nine-tenths of tbe 

material would naturally be classed as bard clay of stable 

character; it would weather somewhat, and the surface 

might require some repairing with concrete in bad places, 

a practice common in deep cuttings in liurope; this clay 

disintegrates rapidly in water, and for this reason tbe 

canal prism should be confined between masonry walla. 

With tbe provision made for broad benches on each side, 

on which any slight slides would be arrested, it is con- 

fledently believed that no trouble would be experienced. 

Tbe estimated cost of the 6.U2 miles of heavy work is $41,- 

940,480, and of tbe entire 7.95 miles between the Obispo 

gates and the Pedro Miguel locks, $44,378,335. It would 

probably take eight years to excavate this section of the 

canal. 

The Pedro Miguel locks will be similar to tbe Bohio 

locks, the aggregate lift varying from 54 to 62 ft. There is 

an excellent rock foundation here. The estimated cost of 

these locks. Including an adjacent dam, is $8,496,326. 

A level 1.33 miles long extends from the Pedro Miguel 

locks to the last lock, which is at Miraflores. The normal 

elevation of tbe surface of tbe water is 28. The estimated 

cost of this section Is $1,169,611. 

At the end of this level would be located the Miraflores 

lock, with a lift varying from 18 ft. at high tide to 38 ft. 

at mean low tide. There is a good rock foundation for 

this lock. A spillway will be required to regulate the 

height of this level. The estimated cost of this lock and 

spillway is $5,720,363. 

For 4.12 miles beyond the Miraflores lock the canal ex¬ 

tends through a low swamp country through which the Rio 

Orande runs. Occasional rock is found here, but tbe ma¬ 

terial Is generally very soft and tbe canal has been esti¬ 

mated for a bottom width of 150 ft. with slopes of 1 on 

3. This brings tbe canal to a point known as La Boca, 

where tbe Panama Railroad Company has constructed a 

large and substantial wharf. A dredged channel 200 ft. 

wide with slopes of 1 on 3 would extend from here 3.6 

miles to the 8-fatbom line in Panama Bay. Tbe first 2 

miles of this dredged channel are through fiats which are 

bare at low water, where there is a considerable amount 

of submerged rock. Tbe total cost of this section from the 

lock to deep water is estimated at $12,366,914. 

Besides the works embraced in the excavation of tbe 

canal itself there will be flve outlying works which must 

be considered. These are the Bohio dam, tbe Olgante 

spillway, the diversion of the lower Chagres opposite 

Oatun, tbe diversion of the Gatuncillo east of Oatun, and 

the diversion of the Panama railroad around Lake Bohio. 

The Bohio dam is tbe most Important structure on the 

line. A dam of either earth or masonry is feasible, the 

latter being the more expensive. The French plan con¬ 

templated a dam of earth. It has been decided, however, 

to use the masonry type for the purpose of these estimates. 

The foundation must be carried to rock, the depth to 

which has not yet been ascertained at all points, though 

the maximum is known to be not less than 128 ft. below 

mean tide. The estimated cost of such a dam is $8,5(X),000. 

The Gigante spillway, which is a structure of consider¬ 

able magnlture, is very simple. There is a good rock 

foundation at or above tide level for the entire length of 

this spillway. It would consist of a masonry dam with a 

crest at elevation 85, terminating in an apron at eleva¬ 

tion 65, with a solid foundation below this level, the 

apron being everywhere below the present surface of the 

ground. Tbe foundation, below elevation 65, would be 

put in flrst and before tbe flow of water through the 

present river at the site of the Bohio dam is checked. 

The water after passing over this spillway would flow 

across tbe country about a mile to tbe swamp known as 

tbe Marais Pefla Blanca. The elevation o- , 
of this swamp is now 22.3 ft., so that the . 

have a fall of 42.7 ft. in this mile, whuh vouiiV 

materially reduced in extreme floods by tU f ^ 

of water in the swamp. Plans have been , 

this spillway, and the estimated cost is $l,i;;4 . j 

A channel must be cut from the Marias dc U 

to the Marais de Agua Clara, the cost of wh. . * 
at $1,448,076. 

A channel was cut by the old Canal Com;, j 

the Chagres from the canal opposite Ga:uu ^ 

uel, however, is of very inadequate dimensio.. 

channel, part of which will be an enlart;- ■ ,jt -* 
present one, should be cut here. It should a 

section of 10,000 sq. ft. Rock would be encou j 

excavation, and its cost has been estimated at 

A diversion channel intended to take part o; Z’-'' 
of the Chagres was constructed by the old con 

the east side of the canal to Boca Grande ba . . : ou • 

This cut across the Gatuncillo near Gatuu and poruou 

of it north of this point is available as a new ..nne' - . 

the Gatuncillo. Some work must be done on i-, 

at the crossing of the Panama Railroad, wher. iie 

lor a new bridge are completed. The cost ot 

channel into service is estimated at $lUU,iM>. 

From Bohio to the Ubispo gates the I’auau... lUiiruaj 
must be rebuilt lor 15)4 miles on an entirely n, ,v io.at.on 

with a bridge across the Chagres, below Ua:n:)ja. Aii 

estimate made from approximate profiles indicates iba; tij,. 

cost of this diversion wiil not exceed $75,tH»<i .i mile q. 

$1,162,000. From the Obispo gates the railroad *ould be 

carried for 6 miles on the bench formed by th. r. -.a.iiiLg 

wall on the east side of the Culebra cut, these t; uidea 

being estimated to cost $10,000 a mile, which lu. luJe;, only 

track laying, ties, and ballasting. Beyond ih.s will be 

a mile ot light work estimated at $25,0UU, while the mam 

track will have to be raised for 2 miles laithei a: a 

cost of $20,000. Combining these flguies, the total cos; 

of the diversion of the Panama Railroad becomes 
$1,267,500. 

Summing up the several figures already given, the tota. 

estimated cost of completing the Panama Canal is as 
follows: 

Colon entrance and harbor. 
Harbor to Bohio locks. Including levee. 
Bohio locks, including excavation. 
Lake Bohio. 
Ubispo gates. 
Culebra sections. 
Pedro Miguel locks, including excavation and 
dam. 

Pedro Miguel level. 
Miraflores locks. Including excavation and 
spillway. 

Pacific level. 
Bohio dam. 
Gigante spillway. 
Channel between the marshes. 
Chagres diversion. 
Gatuncillo diversion. 
Panama railroad diversion. 

1 ,.Hit,Old 
Hl,il\2»' 
IU,'.I'52.S4.) 
2,7 SO, 4 in 

2110,400 
iI,d7s,XJ0 

spillway. O,72o,d0d 
Pacific level. 12,;iOO,;il4 
Bohio dam. .'i,.'iuniiuij 
Gigante spillway. 1.124,:i24 
Channel between the marshes. 1,448,070 
Chagres diversion. I.h2:i,!i70 
Gatuncillo diversion. luo,tKJu 
Panama railroad diversion. l,207,.'i"'i 

Total. ll'>,01'^,^l0 
Engineering, police, sanitation, and general 
contingencies. 2.i,72d,7o:i 

Aggregate.112,342, jTh 

This estimate is for the completed project. A cana. 

begun upon this plan may be opened to navigation before 

its final completion. If single instead of double locks be 

used, and the bottom width be made 106 imstcad of l.'iU f:. 

tbe cost will be reduced $26,401,364, and the estimate be¬ 

comes $115,941,215. 

Although the French Company lor special reasons adopt¬ 

ed tbe plan with a higher summit level, their engineers 

worked up a plan in which the level of Lake Bohio was 

carried completely through the Culebra cut, the bigb- 

water level being raised to elevation 67. Under this plan 

tbe supply of water for the dry months would be obtained 

from tbe upper Chagres, the Alhajuela dam being built to 

impound a sufficient amount. The fluctuation of the wafer 

in Lake Bohio could then be reduced to 5 ft., from (>2 to 

67. Tbe dimensions adopted by this commission have been 

applied to a canal on these lines. Tbe cost of the AlhajueU 

dam must be added as well as that of a railroad 10 miles 

long from tbe Obispo gates to the site of tbe dam. Tbe 

estimate for completing the canal by this plan is as 

follows: 

Colon entrance and harbor. $7,.334,67.] 
Harbor to Bohio locks, including levee. 10,706,217 
Bohio locks, including excavation. O.OOO.tHlO 
Lake Bohio. 7,2S.'i,3t)J 
Obispo gates. 32:t,'4)5 
Culebra section. .■■i3,y50,07S 
Pedro Miguel locks, including excavation and 
dam. 7.906.t>’»'' 

Pedro Miguel level. 1,907,31S 
Miraflores lock. Including excavation and 
spillway. .-),070.Sil' 

Pacifle level. 12.3'i6.!)li 
Bohio dam. 6,8<iO.OiiO 
Gigante spillway. 1,408.011 
Channel between marshes. 86s.k|« 
Chagres diversion. 
latuncillo diversion. 
Panama railroad diversion. 
Alhajuela dam. 2,00o.00> 
Ten miles of railroad. TW.ik'O 

Total. 1.30,315,21.'' 
Engineering, police, sanitation, and general 
conUngenclea. 2<5,OtJ3.0tt 
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The quantities given In the above estimates are baseJ 

ou the present condition of the Isthmus, advantage being 

taken of various excavations made by the French com- 

nautet. 
The old Panama Canal Company and the Liquidator 

raised, by the sale of stock and bonds, the sum of $246.- 

'(»’> 431 68. The securities issued to raise this money had 

1 l^r value of $435,559,332.60. There had been excavated 

about 72.000.000 cu. yds. prior to the organisation of the 

ntw company. Nearly all of the stock of the Panama 

'tailroad had been purchased. The new company has ex¬ 

cavated about 5.000.000 cu. yds., making the toul amount 

excavated by the two companies 77,000,000. The amount 

of this work which will be of value, under the plan re¬ 

commended by the Commission, has been carefully com¬ 

puted for the main canal line, and is found to be 36,690,64'J 

(.u yds. Adding the excavation in the Oatunclllo diver¬ 

sion, which Is estimated at 2.r>00,000 cu. yds., the quan¬ 

tity of excavation which will be of value in the new plan 

is 39,190,649 cu. yds. A temporary diversion of the Pan¬ 

ama Railroad is also to be consi4ered. Using the same 

I lassification of materials, and the same unit prices as In 

the other estimates, with the 20% for contingencies, the 

value of the French work already done becomes: 

Canal excavation .$2l,02o,38t> 
(ijtuncillo diversion . 1,125,000 
Itailroad diversion (4 miles). 300.000 

$22.445,.3M6 

Contingencies, 20%. 4,489.077 

$26,934.46;$ 

Panama Railroad stock at par. 7,000,000 

■Aggregate.$33,934,4t>;$ 

The value of the French work is greatly reduced by the 

fact that the spoil banks on the Atlantic maritime section 

frequently come within the limits of the enlarged canal 

now estimated for. 
This statement does not include the value of the tools, 

buildings and other plant, nor of the hospital; nor does 

it include the value of the maps, drawings, and records, 

which are unusually complete, for which no accurate esti¬ 

mate can be made. The plant would be a matter of nego¬ 

tiation between its present owners and the contractors 

for the new work, and so Is indirectly included in the cost 

of the canal as estimated. The offices and hospitals would 

be a matter of special negotiation, and form part of the 

sanitation expense provided by the 20% allowance on the 

new work.' 
In the letter dated Nov. 18. 1898, addressed to the Presi¬ 

dent of the United States by Mr. J. Bonnardcl, president 

of the board of directors of the Panama Canal Company, 

It was stated that the company’s assets exceeded in value 

$100,000,000. 

INDUSTRIAL AND CO.MMERCIAL VALUE OF AN 

ISTHMIAN CANAL. 

The use that would be made of an isthmian canal by 

the United States and other nations, and the effects of that 

use upon the development of our resources and the ex¬ 

tension of our domestic and foreign trade have been care¬ 

fully Investigated, and the commercial advantages derivable 

from the Nicaragua and Panama routes have been com¬ 

pared In order that every factor having a bearing upon 

the location of the canal might be considered. In the 

prosecution of this Inquiry data were secured from the 

official statistics of our own and foreign governments, 

from commercial organizations and business men who 

were conferred with personally, and by an extensive cor¬ 

respondence. The final report of the Commission will 

contain a full discus.sioii of the value of the canal. The 

following are some of the conclusions to which this in¬ 

vestigation has led: 

PRESENT TONNAGE OF .AVAILABLE TRAFFIC.—To 

determine the amount of tonnage that would use a canal, 

were It now in existence, two distinct statistical investiga¬ 

tions have been made. In one of these the exports and 

imports of the United States and of the leading commer¬ 

cial nations of Europe were studied for the purpose of 

ascertaining how many tons of cargo, or bow much 

freight, those countries would now contribute to the traf¬ 

fic through an American interoceanic canal. The sta¬ 

tistics and imports of all countries being given either In 

values or quantities. It was necessary to convert these Into 

their tonnage equivalents. This change having been made 

for eai h commodity, it was found that 3,426,752 cargo tons 

of the maritime commerce of the United States during the 

year ending June 30, 1899, could have used the canal to 

advantage. During the calendar year 1898 the trade of 

Europe with the west coast of South and Central America 

and British Columbia amounted to 3,346,377 cargo tons. 

The sum of these two amounts, 6,773,129 cargo or freight 

tons, does not Include any of the trade between Europe 

and the Orient, a part of which would have used the 

American canal had it been in existence. The figures, 

moreover, apply to the commerce of the past carried on 

under the conditiona then prevailing. 

The statistics of entrances and clearances show that the 

net register tonnage of the American and foreign shipping 

that would have passed through a canal had It existed 

during the year 1898-99 was 4,582,128 tons, in addition to 

a part of the commerce between Europe and the Orient. 

The optniug of the American Isthmian Canal will accen¬ 

tuate the preaei.t tendency of traffic to follow round-the- 

world lines, and not less than one-fourth of the present 

traffic of Europe with Eastern countries may be expected 

to use this rou.e. One-fourth of the vessel tonnage em¬ 

ployed in tile European-Oriental commerce during the 

calendar year 1898 amounted to 1,154,328 tons net, and 

this added to 4..582,128 gives a total of 5,736,4.'>6, the num¬ 

ber of tous of shipping that would have used a canal had 

it been in existence in 1898-!I9, 

Records of vessel movements, kept by the New Panani.i 

Canal Co., show that the commerce between the east and 

west coasts of the .American continent, and between Eu 

rope and the American west coast would have caused an 
isthmian canal to be used by 3,848,577 tons uet of ship¬ 

ping in 1899. This sum plus one-fourth of the vessel ton¬ 

nage of the commerce betwe.n Europe and the East gives 

5,126,SitO tons net register for the traffic available in 1.89t). 

The difference between the result of the Investigation 

made by the French company and that conducted by this 

Commission is 699,.5t!»l tons; however, two-fifths of this 

difference is accounted for by the fact that the French 

statisticians did not include any tonnage for the trade 

carried on between the eastern half of the United States 

and foreign Pacific countries by way of our Pacific ports. 

The difference between the two totals may also be partly 

due to their not covering identical periods. The United 

States statistics of entrances and clearances studied by 

this Commission were for the fiscal year ending June 30, 

1899, whereas the French record of vessel movements was 

for the calendar year 18i»9. The similarity in the results 

of the two investigations is evidence of the essential ac¬ 

curacy of both. 

PROBABLE TRAFFIC ISHKt AND 1914.—The increase 

during the decade preceding 1899 in the tonnage of the 

vessels that would have used the canal was 22.55%. Upon 

the safe assumption that this rate of increase per decade 

will continue, the available canal tonnage of 1898, as cal¬ 
culated by the French stati.sticians, will have become 

6,127,112 tons in 1908, and 6,922,166, or, in round num¬ 

bers, 7,000,000 tons net register in 1914; that is, at the 

end of sixteen years. If the tonnage of the entrances and 

clearances of the available canal traffic of the year 1898- 

99, as determined by this Commission's Investigation 

(5,736,4,5<J tons net register), be taken as the basis of esti¬ 

mate, an Increase of 22.55% per decade would make the 

figures for 1909, 7,030,027 tons, and for 1914, 7,782,210 

tons net register. 

NICARAGUA AND PANAMA ROUTES FOR SAILING 

VESSELS.—Three-fifths of the seagoing tonnage of the 

United States now consists of sailing vessels, and we have 

a larger ocean-sailing tonnage than any other country ex¬ 

cept the United Kingdom. However, sails are being dis¬ 

placed by steam, and the statistics of steamers and sailing 

vessels indicate that not more than one-sixth of our total 

seagoing tonnage will consist of sailing vessels in 1914. 

If the sailing vessel should continue to give way to the 

steamer after that date an isthmian canal will not be much 

used by sailing ships. The unmistakable tendency of com¬ 

merce is to employ steam instead of sails, pot only in the 

transportation of general or mixed freight, but also for 

carrying full cargoes of bulky commodities. Moreover, 

the canal will so increase the competitive advantages of 

the steamer as to render practically certain its general 

substitution in place of the sailing vessel for all lines of 

trade through an Isthmian waterway. 

BENEFITS TO EUROPE AND UNITED STATES COM¬ 

PARED.—As compared with Europe, the United States 

will derive from the canal far greater benefits, both com¬ 

mercially and industrially. The commerce of Europe with 

the Pacific coast of North, Central and South America, 

under existing conditions, is somewhat larger than the to¬ 

tal volume of the present traffic of the United States that 

may be considered tributary to the canal; but this fact 

does not indicate the relative advantages which the canal 

will possess for the trade of Europe and that of the 

United States. Aa soon as it has been opened, our trade 

with the west coast of South America will rapidly in¬ 

crease, as will also the volume of our trade with the 

Orient. The amount of the American commerce through 

the canal will quickly surpass the total amount of Eu¬ 

rope's traffic. 

An Isthmian canal will strengthen the unity of the na¬ 

tional and political interests of the United States, develop 

its Pacific territory, and promote the commerce and in¬ 

dustries of the entire country. The benefits which Europe 

will derive from the canal will be commercial. In addi¬ 

tion to this ours will be political and Industrial. By bring¬ 

ing the eastern and western sections of our country into 
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closer relations, hy reducing the time and cost of trans 

porting our western products to Europe, and hy enabling 

the Eastern, Southern and Central States to reach the raw 

materials and markets of Pacific countries cheaply and 

expeditiously, the canal will more fully identify political 

and social interests and quicken the industrial activity of 

every section of the United States. The Iron and steel, 

the textiles, and the other manufactures of the Eastern and 

Southfrn St.ites, the coal from tlie mining regions, th,- 

cotton from the South, and the grain and forest pro<luct.s 

from many sections will flow out to foreign countries in 

an increa.slng volume, and this larger trade will be shared 

generally by the ports of all our seaboards -the Atlantic, 

the Gulf, and the Pacific. The canal will cause the com¬ 

petition of the United States with Europe in the couutrleH 

of Western South .America and the Orient to b.- much 

keener, wiih the result that the trade of our country will 

increase more rapidly than will that of our rivals. Tlie 

canal will aid the United States in securing and main¬ 

taining a position of primacy in the international trade of 
the world. 

These are the considerations which Justify the expendi¬ 

ture by the United States of the sum required to build the 

canal. They may Involve a low tariff of charges ami be at 

variance with the iirodui tlon of a large revenue from the 
canal. 

CO.M.MERC1.AL ADVANTAGES. NICARAGUA AND 

PANA.\1A ROUTES COMI'ARED—(a) One method of 

showing the relative advantages which tlie Nica¬ 

ragua and i’anama routes would possess is to rum 

pai'e the distances by way of each of them be¬ 

tween typical Atlantic and i'aclfic ports. A few distances 

are shown in the accompanying table, compiled with the 

assistance of the United States Hydrographic Office. The 

table applies only to the routes followed by steamers, and 

the length of each canal line is reckoned in nautical miles. 

Betweeu New York and San Francisco, the Nicaragua 

Canal route would be 377 nautical miles shorter than the 

Panama route. Between New Orleans and San Francisco 

579 miles would be saved, and, in general, the distances 

between the Atlantic and Pacific ports of the United 

States are less by way of Nicaragua. Between our east 

coast and Yokohama and Shanghai the Nicaragua route 

is somewhat shorter, but for the trade of our eastern 

ports with the west coast of South America the Panama 

route is not so long as the Nicaragua. 

(b) A part of the saving in distance effected by using a 
.Nicaragua canal instead of one at Panama would be oft 

set by the longer time of transit at .Nicaragua. An 

average steamer would require 12 hours to make the 

passage through the Panama Canal, and 33 through one 

across Nicaragua. For a 19-kuot steamer this diffeience 

of 21 houis would be equivalent to 210 knots difference in 

distance, and for a 13-knot steamer, the difference in time 
of transit would be equivalent to 273 knots. 

(c) The Nicaragua route would be the more favorable 

one for sailing vessels because of the uncertain winds in 

the bay of Panama. It would not be impossible for sail¬ 

ing vessels to use the Panama Canal, but for average voy¬ 

ages between the two seaboards of the United States, a 

sailing vessel would require about nine days additional 

time to make the passage by way of the Panama Canal. 

However, neither route would be much used by sailing 

vessels, because of their Inability to compete with steam¬ 

ers. They would certainly not be able to compete wllh 
steamers, both using the Panama Canal. 

(d) For the promotion of the domestic trade of the 

United States, the Nicaragua route would possess ad¬ 

vantages over the Panama route, because the distance be¬ 

tween our two seaboards is less. For our trade with 

Japan, China, the Philippines and Australia the advantages 

of the two routes are nearly equal, the distance by way 

of the Nicaragua roufe being slightly less. For our trade 

with South .America the Panama route Is shorter and 
more direct. 

(e) The industrial changes which the Nicaragua Canal 

would produce in the countries through which it will pass 

would be great. Nicaragua and Costa Rica comprise a re¬ 

gion capable of producing a large amount of tropical 

products for which there Is a demand In Europe and the 

United States. A canal across their territory would give a 

great impetus to their economic development. 

RIGHTS, PRIVILEGES AND FRANCHISES. 

The Commission finds that the concessions 
granted by Nicaragua to the Maritime Canal Co. 
and the Interoceanic Canal Co. have been for¬ 
feited, and If these forfeitures are final these con¬ 
cessions do not stand In the way of the grant to 
the United States by Nicaragua of the cosBent 

Comparison of Distances fur Steamers by the Nicaragua and Panama Routes. 

-To San Francisco,— 
To Y'okohama via 
-Honolulu,- 

To Shanghai 
— via Houuiulu- -,-To Guayaquil 

Via Via Saved Via Via Saved V'iu Via Saved Via Via' Saved 
Nieara- Pana- viaNica- Nlcara- Pana- via.Nica- Nieara- Pana- via Ni( a- .Nlcara- Pana- via 

From gua, mu. ragua. gua. ma. rugua. gua. ma. raguu, gua, Ilia. Panama, 
miles. miles. miles. miles. miles. miles. miles. miles. miles. miles. miles. Dillet). 

.New York .... . .. 4.922 ;$77 9,.‘>,'$2 10,087 jr»ry 10,7.52 11,007 ;;.2i7 J.HG4 
Liverpool . _ lXu>'2 8,o;$8 ;$8ti 12.,562 12,.v26 2f.4 13.4H2 13.74ti 'J<'>4 5 li77 .5,tKi;i 374 
.New Orleans .. ... 4.119 4.698 r»7i» 9,029 9,4.86 4.57 9,949 10.406 457 2.4 41 2,’263 181 
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a.nd authority necessary for the construction of a 
canal upon this route. 

At Panama, however, the concession under 
which the present French company is workinc ex¬ 
pires In 09 years from Oct. 31. 1010, and this con¬ 
cession by its terms cannot be transferred or 
mortgaged to any nation or foreign government. 
Further, at the expiration of the concession the 
canal with all Its appurtenances becomes the 
property of the Colombian Government The Gov¬ 
ernment is also entitled to an annual payment 
ranging from (250,000 a year up to 8% of the gross 
receipts. The charter of the company further pro- 

the Cnlted States, notwithstanding the greater cost of 
maintaining the longer canal. 

III. The Government of Colombia, in which lies the 
Panama Canal, has granted an exclusive concession, which 
still baa many years to run. It Is not free to grant the nec¬ 
essary rights to the United States, except upon condition 
that an agreement be reached with the New Panama Canal 
Company. The Commission believes that such agreement 
is Impracticable. So far as can be ascertained, the com- 
{>any is not willing to sell its franchise, but It will allow 
the United States to become the owner of part of its stock. 
The Commission considers such an arrangement inad¬ 
missible. 

The governments of Nicaragua and Costa Rica, on the 
other hand, are untrammeied by concessions and are 

they dispense entirely with the services 
gatemnn, and for thU reason will prove 
economical in the long run. 

The accompanying drawings show a p 
gates applied to a bridge with approach sp 
either end. and having a 26-ft. roadway a 
sidewalks. The design can, however, be ^ 
to suit any width of bridge, either with o: 
cut sidewalks. As will be seen, the gat 
keyed to vertical shafts, which are shown t 
in boxes fastened to the web posts of thi 
span. At the foot of these shafts are t 
segments worked by worms, which lock thi 

\rPWi, U*. tfVC.ivCaf Ttvsats 

ir[,eoi». 

Vertical 

Section C“D AN INTERLOCKING MECHANICALLY-OPERATED 

GATE FOR DRAW-BRIDGES. 

H. G. Tyrrell, Newton, Mass., Designer. 

tree to grant to the United States such privileges as may 
be mutually agreed upon. 

CONCLUSION. 

In view of all the facts, and particularly in view of all 
the difflcultles of obtaining the necesaary Tights, privi¬ 
leges and tranchlsea on the Panama route, and assuming 
that Nicaragua and Costa Rica recognize the value of the 
canal to themselves and are prepared to grant con¬ 
cessions on terms which are reasonable and acceptable to 
the United States, the Commission is of the opinion that 
“the moat practicable and feasible route for” an isthmian 
canal to be "under the control, management and owner¬ 
ship of the United States” is that known as the Nicaragua 
route. 

J. O. Walker. Rear-Admiral, United States Navy, Presi¬ 
dent of the Commission: Samuel Pasco, Alfred Noble, Oeo. 
S. Morlson, Peter C. Halns, Colonel, United States Corps 
of Engineers; Wm. H. Burr, O. H. Ernst, Lieutenant- 
Colonel, United States Corps of Engineers; Lewis M. 
Haupt, Emory R. Johnson. 

in any position. These worms turn in oil baths, 
as shown. The worm shaft Is connected by a sys¬ 
tem of reducing gears with the motor. In this 
system of gears is included a half-gear, which In¬ 
sures a movement of 90” only to the gates, and at 
the same time gives the operator a few seconds 
leeway in shutting off bis power from the gate 
motor. Power is supplied by a General Electric 
3-HP. enclosed motor, shown In the lower right- 
hand co^er of the drawing, and this receives its 
current from wires on the draw span, through 
contact plates. When the gates are closed and thr 
draw span is swung open, the electric connection 
is broken and the gates cannot be moved. Hence, 
the gates are controlled entirely by the operator 
on the draw span. The service of one man only is 

required on the bridge at any one time. 
Abridge equipped with these gates can be opened 

and closed very quickly, since no time Is lost in 
walking to and from the gates, as In the case of 
wooden gates operated by baud. The gates are al¬ 
ways locked In every position, either open or 
closed. As an extra precaution they may be placed 
ray 100 tt from the draw span. Then, should a 
car or train break through them, they would cer¬ 
tainly come to a standstill before reaching open 
water. An estimate, based on the accompanying 
plan, and including both ends of the bridge. Is as 

follows: 

Weight of gaUt.2,100 Iha. 
” of machinery. 5,000 “ 
“ of machinery aupport. .5,200 ” 

12,000 Iba at 6 eu. - 
Two motors, S HP- ” ** 

video that all the plant for the canal’s construc¬ 
tion must be made In France from French ma¬ 
terials. As the Commission well says, a new ar¬ 
rangement is necessary if the United States is to 
undertake ouch a work. No proposition has been 
made by the canal company, however, under 
which a new arrangement would be possible. 

FINAL COMPARISON OF THE TWO ROUTES. 

I. The estimated cost of building the Nicaragua Canal 
ia about |,'iS,000,000 more than that of completiug the 
Panama Canal, leaving out the coat of acquiring the latter 
property. Tbia measures the difference in the magnitude 
of the obataclea to be overcome in the actual conatruction 
of the two ranala, and covers all physical considerations 
such as the greater or leas height of dams, the greater or 
leas depth of cuts, the presence or absence of natural har¬ 
bors, the presence or absence of a railroad, the exemption 
from or liability to disease, and tbe amount of work re- 
maluing to be done. 

The New Panama Canal Company has shown no dlapo- 
sttlon to sell its property to the United States. Should 
that company be able and willing to sell, there is reason 
to believe that the price would not be such as would make 
the total coat to the United States less than that of the 
Nicaragua Canal. 

II. The Panama Canal, after completion, would be short¬ 
er, have fewer locks and less curvature than the Nicaragua 
Canal. The measure of these advantages la the time re¬ 
quired for a vessel tc pass through, which is estimated for 
an average ship at twelve hours for Panama and thirty- 
three hours for Nicaragua 

On tbe other hand, the distance from San Francisco to 
New York is 377 milea, to New Orleans 579 miles, and to 
Liverpool SSC milea greater via Panama than via Nic¬ 
aragua. Tbe time required to pass over these distances 
being greater than the difference in the time of transit 
through the canala, the Nicaragua Hue, after compIetiMt, 
would be aomewhAt the more advanUgeoua of the two to 

AN INTERLOCKINQ MECHANICALLY OPERATED DRAW 

BRIDUE GATE. 

By H. O. Tyrrell.* 

The frequency with which serious accidents oc¬ 
cur at open draw bridges has prompted the writer 

to design a mechanically operated gate which he 
believes to furnish an absolute safeguard against 
disasters of this sort In all but extraordinary 
cases. The essential Idea of this design is that the 
bridge and the gate cannot be open at the same 
time. Tbe first cost of these gates Is of course 
high. In comparison with the first cost of the ordi¬ 
nary style of band-operated wooden gates, but 

*31 Jefferson Sc. Newton, Mass. 




