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Fig. 1.—Kananaskis Dam, Showing Sluices a:d Spiilway During Construction.

t\v0 1^“,Sly developed by the company at Horseshoe Falls,
1 es distant, and built several years ago.

Mount*16 ^°W River'—The Bow R'ver rises in the Rocky 
of wh ar and drains an area of 3,138 square miles, 1,710 
rjiOunt- are .ab°ve Kananaskis Falls and wholly in the 
at an re£lon- It is a typical mountain stream, rising 
steeD n , de of some 6.500 ft. This slope is unusually 
aionnt • Rcvcral faHs occur. Its flow, like that of other 
§Teatly 111 strearns. is subject to sudden variations and is 
aier m nftected by the temperature. During the hot sum- 
deVel °n'hs <be melting of the snow in the mountains 
flow , ' S fi°°ds, while in the winter the cold reduces the 
'vide Via- ' ®ry sma11 proportion. There is, accordingly, a 
h level!latlf>n between high and low water, as evidenced 
firidp. ’ taker> by the Canadian Pacific Railway at their 

over Row and Kananaskis Rivers, in the immedi-

some 30 miles in length and is well within economic 
mission distance of Calgary. The river and the storage 
possibilities connected therewith, necessitated by the great 
fluctuation in the discharge, have occasioned very thor
ough investigation on the part of the water power branch 
of the Department of the Interior. A study of the power 
and storage possibilities of the river and its tributaries 
included the acquirement of copious information respect
ing run-off, rainfall and stream gauging.
Mitchell, C.E., of Toronto, acted as consulting engineer 
to the government in connection with this work.

Il: should be stated that the direction of flow of the 
river is southeast from the mountains as far 
hills and thence east

trans-

Mr. C. H.

as the foot
as far as Calgary. It then flows 

south and east to its confluence with the Belly River 
many tributaries, most of them small, include the

Its
Kana-
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kananaskis falls hydro-electric DEVELOPMENT
W'™ POWER ON 1 HE BOW RIVER—CALGARY POWER COMPANY’S
MF\T SÎÏÏ EXTENSIONS to the horseshoe falls DEVELOP
MENT— STREAM FLUCTUATION AND STORAGE POSSIBILITIES.

I’HE Calgary Power Company Limited, of Montreal, 
^ has recently practically completed the construction 

ot a new hydro-electric power plant at Kananaskis
West f ^ °n the B?w River> in Alberta, about 50 miles 

0 Calgary. This plant adds materially to the power

ate vicinity of the development to be described, 
as high as 45,000 cu. ft. per sec. has occurred at Horse
shoe Falls, while a winter discharge of less than 500 cu. 
ft. per sec. has been recorded at the same place. The 
section of the river suitable for

A flow

power development is
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veys of the site were carried out in considerable detail in 
the late fall of 1912, and designs for the plant were 
worked out forthwith. The layout shows a dam across 
the head of the falls immediately below the point at 
which the Kananaskis empties into the Bow, a canal

naskis River, which runs into it at a point 53 miles west 
of Calgary.

Before entering upon a description of the Kananaskis 
Falls development, the attention of our readers should be 
called to the reference in The Canadian Engineer of June 
4th, 1914, to the proposed hydro-electric plant of the Do
minion Government at Banff, Alta. The storage possi
bilities of Lake Minnewanka were outlined therein. Dur
ing the winter of 1912 the Calgary Power Company 
entered into an agreement with the Department of the 
Interior whereby the former was given the right to create 
a storage at this point. This involved the construction. 
of a dam in Devil’s Canyon, the outlet of the lake. The 
dam is a solid concrete structure about 100 ft. in length

/<r® VTranemiseion Lin#
to Calgary

wB o 'Z&Se.
1 JLH1mm

sa, 1 ! v

Fig. 3.—Canal and Head Gates Under Construction.Fig. 2.—General Layout of Power Development.

along the south side of the river, an intake, wheel pit, 
power house, and tailrace tunnels to deliver the water 
back to the river below the falls. The arrangement is 
illustrated in Fig. 2. The dam, construction views of 
which appear in Fig. 1, has a total length of over 800 ft., 
including wing walls. It is 57}^ ft. in extreme height and 
has eleven stop-log sluiceways 18 ft. in width and 14 ft-

and 55 ft. at its highest point. It is provided with three 
stop-log sluiceways and a low level sluice controlled by a 
gate valve, as illustrated in the article previously referred 
to. The dam was completed in May, 1912, and storage 
commenced.

Kananaskis Dam.—In the same year the Calgary 
Power Company was given the right to develop power at

Fig. 4.—General Section of Development.

It will raise the water levelbelow the spillway level, 
about 59 ft., backing it up into the Kananaskis River and 
necessitating the raising of a two-span bridge of the 
Canadian Pacific Railway on its line from Banff to Calgar.V

Kananaskis Falls, about 2 y2 miles above the then almost 
completed Horseshoe Falls plant. A total drop of about 
40 ft. existed at that point and, by the use of a dam at 
the top of the falls a total head of 70 ft. is gained. Sur-
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with a corresponding elevation of 4 ft. in grade. The 
spillway section of the dam is divided into twelve 17-ft. 
openings and there is in addition a low-level sluiceway 
controlled by a 72-in. valve. This provides for a flood 
'scharge of over 47,000 cu. ft. per second with a 3-ft. 

overtop on the spillway section. There is 215 lineal ft. 
o ree overflow in the length of the dam, high-level water 
oing 20 ft. above the lowest stop-log opening. The wing 
a s, which add to the dam proper a length of 75 ft., 

run well into the banks at either side.
w' file sluiceway and stop-log sections are furnished 
ov 1 a ^eCk 20 f1- 'n width, narrowing to 10 ft. in width 
on*>r t*:€ ot!ler sections. This deck carries an electrically 

Per a ted winch for the handling of stop-logs.
soft the earth structure below the dam being of
seen S ^ anc* very seamy in spots, in order to prevent 

age the foundation was grouted. Two-inch holes were

occasional beds of sandstone. From the head-works two 
60-ft. concrete penstocks 35 ft. wide by 13 ft. high at 
the head gates and 12 ft. by 12 ft. at the wheel-case, feed 
directly to the scroll chambers. These tunnels are located 
in solid rock, as are also the draft tubes, tailrace 
tunnels, etc.

The head gates, which are riveted steel Tainter gates, 
operated by electric winches in the gate house above, are 
equipped with stop-logs to allow for repairs to the main 
gates, as well as with gratings to prevent intrusion of 
floating debris. Fig. 3 shows them under construction. 
The concrete-lined pressure tubes leading from the gates 
develop into scroll chambers formed in concrete in which 
are set the turbines. The forms and method of reinforc
ing of these chambers are shown in Fig. 5. The draft 
tubes into which the turbines, discharge are 30 ft. in 
length, Varying in cross-section from 9 ft. square at the

5.—Scroll Chambers During Construction. Also Interior View of One with Forms Removed.
Turbine Frame in Place.

Showing

We e<* ab°ut 20 in. apart on both sides of the dam and 
■ 6 hlled with cement grout under pressure. In some 

qui^s the foundation

ConstCana> an(l Head-works.—The canal itself has been 
neC€ ructec* sufficiently large to carry the amount of water 
It ;sSS£lry f°r the maximum of the plant at low velocity. 
Sect; °V€r r°o ft. in length and is. of trapezoidal 
With°n’ 5° ft. wide at the bottom, 80 ft. wide at the top, 
thr0ua? °peratin& depth of 15 ft. This is where it passes 
in ro ? . graveI> as shown in Fig. 3. The canal section 
a I ts rectangular and approximately 50 ft. wide with 
Concr 1 °f 15 ft. The former portion has been lined with 
Portly te fr°m the forebay to the head-works. The rock 
g'en€rforms a natural dam for the canal.

wheel pit to 16 ft. by 13 ft. at the tailrace tunnels, from 
which point the water flows directly into the river, as 
shown in Fig. 6.structure was so seamy as to re- 

very large quantity of grout before leakage ceased. Construction Details.—The building itself is 90 ft by 
60 ft., and is placed on a solid concrete foundation 
rock.

over
The lower 15 ft. of the walls are of concrete, 

while the structure is finished in clay brick. Sand and 
gravel for the concrete was obtained quite near the site 
Mixing was done by steam-driven one-yard mixers in both 
the construction of the dam and head-works. The build
ing of the dam itself was effected by the construction 
during the winter season with low-water level

cross-

... , , of a tem
porary discharge channel cut through the rock, built up 
with concrete and furnished with stop-log apparatus \ 
cofferdam was then constructed extending into the river 
as the current would permit. The flood season, however

It is in
a seamy shale nature and alternating with

r-T
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loaded into two 12-yd. and eight 6-yd. Peleter side dump 
cars Eight Holman compressed air drills were used m 
rock excavation in the canal section and in the wheel pit 
and tailrace tunnels. From the latter, excavation was 
removed by the use of hoisting engines and 5-ton stilt-leg 
derricks.

left at the north bank until the following winter 
with its decreased flow. The construction, owing 

_ isolated location of the development, necessitated 
building of several miles of sidings as well as quarters 

A steam plant consisting of two 100-h.p.
and air

was 
season 
to the 
the
for 600 men
Leonard boilers supplied steam for the pumps 
compressors, as well as for the work-shop and lighting 
systems. As the work developed, and power require
ments increased, the company’s transmission line from 
Exshaw to Calgary was resorted to and transformers in
stalled for the stepping down of the current from 12,000 
volts to ordinary working voltage.

The gravel was obtained, as stated, close to the 
power works. It was moved by a Marion steam shovel 
with a one cubic yard dipper. From the pit it

The construction of the tail-race tunnels required a 
be constructed in the river.heavy timber cofferdam to

was

Fig. 7.—Turbine Rings and Supporting Columns. 
Shop View.

Excavation was then proceeded with from the river base 
at the same time that the penstock and wheel pit excava
tion was in progress. .,

As illustrated in Fig. 5, the forms for the scr0, 
chambers (and the same applies to the forms for the draU 
tubes and tunnels) were lowered into position from the 
ledge of rock above.

U

sisswi*, . r
y.

Wmê
Fig. 6.—Outlet of Tailrace Tunnels.

hauled to the concreting plant in side dump cars ol 6 cu. 
yds. capacity, drawn by Vulcan steam locomotives, the 
concrete mixers were equipped with hoisting towers and 
distribution system. They were placed about 30 ft. below 
the track level. Wooden hoppers with a capacity ol 125 
cu. yds. received the gravel from the dump cars, and dis
charged it through sheet metal delivery tubes with arc 
gates directly into the charging hoppers above the 
mixers. Cement, in sacks, was received at the mixers 
through a chute from the storage shed at the top of the 
bank. The hoisting and distributing towers were two m 

each equipped with Insley hoisting buckets and
used on the

number
hoppers. One of them, 40 ft. in height, was 
construction of the main dam, and the other, 60 ft. high, 

the balance of the concreting. Side dump cars, of 
one cu. yd. capacity conveyed the concrete from the 
mixers along the deck to* the towers. The plant had a 
capacity of 35 cu. yds. per hour.

An important feature of the construction 
cëssive amount of rock excavation necessary, 
section a Marion steam shovel with a l/i cu. yd. dipper

Fig. 8.—Setting Core of Cast Iron Runners for Turbine- 
Shop View.

The Power House.—The station contains two. main 
turbine units and exciter turbine built by Canadian A * 
Chalmers, Limited. The main turbines are of the 
pressure vertical type set into the concrete spiral casin ’ 
described above, the local conditions of the power p Jl—

on

was the ex- 
In the canal

m

*

i lfj
bL.

ft

*
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>
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p the upper projecting end a cast steel crank with
the ntec* breaking coupling is clamped to the shaft, and 
by iC°nnec,:‘on to the steel regulating ring is accomplished 
gr *Veans of heavy steel connecting links. All bearings 
is 3r°nze-bushed and adjustable. The regulating ring 
"'at t(jeC* around the heavy cast iron frame holding the 
bin<, r' v,bricated lignum vitae bearing for the main tur- 
Up ^ shaft. The whole weight of this heavy ring is taken 
he](i X a set of steel balls set into oil-lubricated seats and 

place by means of a bronze cage, 
oil D e re&tilating ring, further, is connected to the t o 
c0nnres.sure cylinders by means of the shortest possi e 
ti0n ctlon- These two cylinders are of heavy construc- 
^Otisin'1^ Placed diametrically opposite upon the bearing

ThStruct ® tllçbine shaft is held in place by two heavily
ner ec "u'de bearings, one placed near the turbine___
1'h;’s ’Jnr' tbe other immediately under the thrust bearing, 
oil nu'tter bearing is designed for oil lubrication, a small 
thr-P taking care of proper oil circulation.

earing is of the pressureless Kingsbury type, and

con-
run-

The

so as to enable the operator to regulate the machine in 
case of a shut-down of both oil pumps. All oil pipes for 
the complete oil system are made of extra heavy brass 
with bronze flanges.

To the turbines are connected directly two vertical, 
12,000-volt, 6o-cycle, 4,250-kv.a. generators of Swedish 
General Electric type. A motor-generator exciter and a 
turbo-exciter, each of 75 kw., 220 volts, 600 r.p.m., and

The switching
equipment was installed by the Canadian Westinghouse 
Company, and includes a vertical type, remote controlled 
switchboard of eleven panels, a station and service board, 
a lighting and a storage battery charging panel. The 
12 ,ooo-volt bus-bars and electrolytic lightning arresters 
are situated on a gallery above the switchboard. Above 
them in turn the five outgoing transmission lines 
through the wall.

The installation of

of the same make, have been installed.

are run

power house equipment was 
managed by a 50-ton electrically operated crane work mg 
over a 40-ft. span. The main floor of the power house 
has a machine shop at one end.

THE CANADIAN ENGINEEx.August 6, 1914. 265

is placed upon a rigid cast iron spider, which is resting 
upon the upper foundation ring already Mentioned. All 
bearings, as well as the spider, are adjustable.

Fig. 8 is a construction view showing the core for 
the runners prior to casting.

The generator turbine, as well as the exciter turbine, 
is regulated by means of oil pressure governors. For the 
generator turbine the oil system is so laid out that any 
of the motor-driven oil pumps can feed any of the gov
ernors alone or both at the same time. Special attention 
may be drawn to the fact that the oil pressure tanks are 
of ample design to store enough energy for both gov
ernors for the severest conditions, without having the 
pump working always to its full capacity. The pump is 
automatically cut out and put into operation by means 
of a specially designed unloading valve. A hydraulic 
hand regulation is placed near each governor actuator,

constructed for 6,000 h.p. at 164 r.p.m., operating under 
7° ft. head. The additional exciter turbine was built for 
I5° h.p. at 600 r.p.m.

In order to eliminate distortion of any castings due 
the heavy shrinkage stresses in concrete work, the de

signers applied heavy foundation rings bolted together 
cy means of heavy steel columns, as shown in Fig. 7. 
ihese rings were installed during the first stage of the 
Concrete work. After all those parts, together with the 
concrete around it, had settled properly, the wooden 

rms were removed and the turbine proper was installed. 
I he turbines in general consist of a solid speed ring 
a guide wheel with bearing. The speed ring holds 

bottom and top plates, which are designed to hold the 
Cast steel guide vanes. This guide wheel is of the out- 
Slce gate rigging type. Each guide vane swivels around 
a heavy shaft which is cast together with it.

and
the
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Fig. 9.—Shop Views Showing Construction of Horizontal Turbine for the Horseshoe Falls Extension.

E 
5



Costs.
Cost to Illinois Highway Commission for engine

operator (salary and expenses, straight time) $ 66.0°
27.00 
51.00 

26 .o°

Cost of fireman (actual days worked)
Coal, oil and supplies ........................
Maintenance of outfit ...........................

$170.00
$0,258

.H5

.143

Total ................................................................
Total cost per cubic yard for hauling....................
Cost per cubic yard to township for hauling.. . .
Cost per cubic yard to State for hauling...........
(Actual cost of team hauling on same work and

same haul) ............................................................
Cost of hauling by engine per cubic yard mile 
Cost of hauling by teams per cubic yard mile..

Detailed Costs of Engine Hauling per Cubic Yard Mil6;
Operator . ..
Fireman . ..
Coal, oil, etc.
Maintenance .

$o.o98
,o43
.077
.041

$0.258Total .

$641.01 
$0,247

Total.......................... .........................................
Total cost per cubic yard for hauling.....................
Total cost per cubic yard to township for hauling 
Total cost per cubic yard to state for hauling.. 
Actual cost per cubic yard for team hauling (on

same work and same length haul).................
Cost of hauling by engine per cubic yard mile.. 
Cost of hauling by team per cubic yard mile. ..

.0

.560

.082 

. 186

Detailed Costs of Engine Hauling per Cubic Yard Mile.
$0.045

.008

.024 

.007

Operator . .. , 
Fireman . ... 
Coal, oil, etc. 
Maintenance .

$0,082Total .

Data on Cost Hauling with Tractor Outfit at Mattoon, 
111. Average Length of Haul, One Mile.

Number of cubic yards hauled by engine........
Number of cubic yards hauled by teams.........
Number of days outfit was on the job.............
Number of days outfit hauled (fractions 

counted as full) ...............................................

674
2,170

22

13

COST OF HAULING WITH TRACTOR OUTFITS.

The following data from the Fourth Report of the 
Illinois Highway Commission on the cost of hauling 
road construction material should be of interest to con
tractors engaged in this class of work :—

Data on Cost of Hauling with Tractor Outfit at Hins- 
boro, 111. Average Length of Haul, Three Miles.

Number of cubic yards of stone hauled by engine 
Number of cubic yards of stone hauled by team
Number of days outfit was on job..........................
Number of days outfit hauled (fractions counted 

as full)

2,59°
3.980

120

40

Costs.
Cost to Illinois Highway Commission of engine 

operator (salary and expenses, straight
time).........................................................................

Cost of fireman (actual time worked)....................
Coal, oil and supplies for outfit...............................
Cost of maintenance of hauling outfit (one-half 

season) ......................................................................

$340.00 
66.20 

181.81

53-°°

Capacity.—The new plant generates approximately 
12,000 h.p. The station is tied with the 18,000 h.p. plant 
at Horseshoe Falls by two 3-phase copper-aluminium 
circuits. At Horseshoe Falls the voltage is stepped up 
to 55,000 volts for transmission to Calgary.

The Kananaskis development has cost in the neigh
borhood of $750,000. Mr. H. A. Moore, general man
ager and chief engineer of the company, has been re
sponsible for its design as well as the entire construction. 
Mr. H. A. Johnston was resident engineer and had a staff 
of ten assistant engineers at the site. The superintendent 
of construction was Mr. A. W. Allen. The installation 
of the electrical equipment was under the supervision of 
Mr. E. Barnes, general superintendent.

Horseshoe Falls Plant and Extensions.—In connec
tion with the Kananaskis Falls development, which is now 
known as No. 2, it is interesting to note the main points 
of the Horseshoe Falls plant, known as No. 1, and to 
mention the extensions which the Calgary Power Com
pany has made to it. The plant consists of a dam, in
take, power house, etc., all of permanent construction. 
The head developed is 70 ft., part of which is due to the 
actual fall and part to the slope of the river.

The dam is of solid concrete construction of the spill
way type, measuring 140 ft. in length on the crest. Apart 
from the spillway, it is provided with four stop-log open
ings and four sluiceways controlled by Stoney sluice 
gates, making ample provision for discharging any flood 
liable to occur. In its construction the same precautions 
were observed to prevent leakage as have been mentioned 
in connection with the later development and, whatever 
leakage there may be is taken care of by a drainage 
tunnel. The intake, provided with racks and ice-clearing 
devices, supplies the water to four penstocks, two of 
which are 12 ft. in diameter and the other two ft. in 
diameter. The power station was designed for four units 
and two exciter units. At first only two units 
stalled, a 3,75° wh. h.p. Then, upon the storage develop
ment at Lake Minnewanka, the third unit was installed. 
The fourth has recently been under construction, a new 
6,000 h.p. Wellman-Seaver-Morgan horizontal turbine, 
controlled by a Lombard governor, having been installed 
in connection with 34,500 kv.a. Canadian General Electric 
generator, direct connected. For this increased capacity 
two 3,000-kw., 3-phase transformers have been placqd in 
operation by the Canadian Westinghouse Company, to
gether with the necessary switching apparatus. .This in
stallation has brought the Horseshoe Falls plant up to a 
capacity of 18,000 h.p. This, according to the 1912 re
port of M. C. Hendry, chief engineer, Water Power 
Branch, Department of the Interior, cannot be considered 
as continuous output owing to the wide variation of flow 
mentioned above.

were m-

From the records available it is be
lieved, however, that the storage at Lake Minnewanka 
can be very materially added to by the creation of addi
tional storage at other noints in the basin. The chief
users of oower from the Calgary Power Company are the 
city of Calgary and the Canada Cement Company, at 
Exshaw. The city has been, of course, the largest con
sumer. but the extreme fluctuations in the Bow River 
flow, which preclude the continuous operation of the 
plants to their full capacity during a portion of the vear, 
hn,re nrevented the comoany from guaranteeing continu
ous nower throughout the entire year to the many users 
requiring it. The completion of the Kananaskis develop
ment, however, in addition to the other storages, will en
able the company, it is believed, to give a guarantee cf 
a continuous output sufficient to meet the needs of its
customers.
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THE ideal road would be one suitable for general 
traffic, which could be made in a satisfactory 
manner at less expense than an ordinary tar
macadam road, at a quicker rate, and independently 

°f weather conditions, and which would last longer than 
3 tar-sprayed water-bound road. Such a road would be 
within the more limited means of local authorities who 
are not blessed with too much money to spend annually 
uPon their roads.

While the author does not pretend that he has found 
the long-looked-for means of satisfying all these require
ments, he desires to draw attention to some results which 
•ndicate how partial satisfaction may be obtained ; but he 
P^Ofe particularly hopes to be able to obtain additional 
•ntormation and experience on this subject which will be 

advantage to those who have the somewhat thankless 
auty of making roads for the public with a too limited 
supply of funds.

It would not be out of place, and it might be help- 
considering this subject, to note a few points which 

€ road maker is bound to consider, and which some- 
*mes the road users and the public at large do not 
0roughly appreciate.

ft, ^>rovision must be made to keep road surfaces, where 
6 gradients are exceptionally steep, with sufficient foot- 
od for horses, and in frosty and muddy weather when 
e surfaces are greasy, an adequate supply of grit must 
at hand. At the same time, these surfaces should be 

waterproof and as free from mud and dust as pos- 
on account of the ever-increasing motor traffic. If 

^°tor traffic was all of one kind, a well tarred, sprayed 
acadam would meet the case in many areas and for 
any miles of roads ; but this traffic again is divided into 

artous classes—e. g., n 
e "Ucles driven by steam 

heavy ioads.

ful in

kept
sible

motors,
broad tyres an

0j-. ^ese various kinds of traffic require special and 
en expensive treatment to keep our roads in a satis- 
°ry condition.fact

ro .This paper does not deal with main roads or county 
tow S’ but more Particularly with secondary roads in 
s;d ns and suburbs, which, at the same time, have con- 
carrrable raffic> and occasionally are liable to have to 

ry all sorts and conditions of vehicles and tractors, 
rom a maintenance point of view it has been found

ditb °ae t*le most difficult roads to keep in good con- 
• Pro^n la the. level road, which, on account of its want of 

Sq,.^ l°ngitudinal fall, particularly in wet weather, ab- 
road8-3 ,arge amount of moisture. Even a waterproofed 
to r<JS- more. or less liable, partly owing to its position, 
the d,ai11- rno‘sture 'n its foundations or in the subsoil if 
chara'mnC^ around ’s a l°w-lying, insufficiently drained

clean • r°ad.that has a good gradient is generally self- 
a m S‘ng w'th every shower of rain, and has a chance of 
cle lc longer life, in addition to being more easily kept 
r°ad an<^ *n a sa^sfactory condition. The margins of 
WithS Mdlere tram lines are in the centre will not be dealt 

These have caused enough anxiety, and will con-
*p

Of jyj ,her read at the annual meeting of the Institution 
Unicipal and County Engineers at Cheltenham.

grouting and penetrating methods of
ROAD SURFACES.*

By George Green, M.Inst.C.E.,
Borough Engineer, Wolverhampton, Eng.

tinue to do so, to their surveyors as long as tram lines 
exist, and must always require more or less special treat
ment. Another reason for calling particular attention to 
the grouting and penetrating methods is the great diffi
culty, which it is believed is not uncommon, experienced 
in obtaining the necessary supplies of tarred road ma
terials of various kinds in the quantity and at the times 
when they are most urgently needed.

One frequently has the misfortune to have a long 
and important road undergoing reconstruction, and to be 
hampered and harassed with the difficulty of obtaining a 
sufficient quantity of these materials to continue and com
plete the work in anything like a reasonable time.

All these difficulties make it desirable and necessary 
for road makers to have more than one string to their 
bows, and to be able to turn to fresh sources of supply 
and to use various materials and methods when emer
gencies of this nature occur, in order to complete their 
road making and repairs in a reasonable time with as 
little inconvenience to the public as possible.

Two points that road engineers have to deal with 
must be emphasized : Road surfaces must not only be 
able to stand the suction which is the result of rapid motor 
traffic, with indiarubber tires, which removes the dust, 
grit, sand, mud and water out of the water-bound" roads, 
and sooner or later the small and then the larger stones 
themselves as they become loosened by disintegration, 
but consideration must be given to the provision of sur
faces which will withstand the vibration from heavy 
vehicles—horse-drawn, steam-driven, and otherwise— 
which, with the continual hammering of the horses’ hoofs 
and the solid iron tires, often shake the crust of the road 
and also its foundations.

It is obvious that a tar-sprayed road cannot last long 
under all these conditions. If the traffic were uniform, 
the problem would be simpler, and less expensive methods 
might be more easily adopted. All these points have to 
be considered in the construction or reconstruction of any 
road, and, as a rule, a road crust has to be constructed 
on such foundations as will be able to withstand all these 
conditions in a thoroughly satisfactory manner.

So far, difficulties common to all road engineers have 
been dealt with, among which that of an adequate supply 
of materials is by no means the least at the present time.

It no doubt arises largely from the fact that tarred 
materials of one sort or another have been recognized as 
one of the chief and best methods of road making, and 
road authorities- :ounty, urban and rural—are all, with
out exception, making great efforts to meet the road 
problem of the day, and partly also on account of the fact 
that tarred materials can best be laid in dry weather, as 
most of these new surfaces and reconstruction of roads 
are done in the few months in the summer which can be 
relied upon as most suitable for this purpose.

If anyone can discover a material which can be used 
as satisfactorily in wet weather as in fine, or in winter as 
easily as in summer, no difficulty would be found in ob
taining a ready sale for it.

It seems almost superfluous to reiterate here the 
great advantage of tar-spraying on well-constructed mac
adam roads. Most engineers have found that this is of 
immense advantage not only in the prevention of dust 
and mud in main roads subject to heavy and rapid traffic, 
but also that it adds considerably to the life of those 
roads, and is a distinct advantage from a health point of 
view in second-rate residential roads made of macadam 
in which many of the poor in our towns have to live. 
These streets often swarm with children who use them
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surface is a level one, with hardly any gradient, and the 
traffic of a heavy nature, mostly with iron tires, such as 
railway drays and vehicles of that kind. The surface to
day is almost as good as when it was laid down, but time 
alone can say how long it will last. Ordinary water- 
bound macadam in this road only lasts a year.

as their playgrounds. The sanitary advantage of tar
spraying in these roads can hardly be over-estimated.

Leaving the difficulties of the situation generally, 
stress must be laid on the great importance of having 
proper foundations and good drainage to all roads which 
are to be treated with waterproof surfaces and have to 
bear heavy traffic. Many roads which have for years been 
subject to heavy traffic have been found to consist almost 
entirely of a number of coats of macadam laid one upon 
the top of the other, the whole mass resting on a clay 
underbed without foundation or drainage of any kind. It 
is impossible for roads constructed on such lines to last, 
and in such cases the old macadam has invariably had to 
be removed, and below that, to the required depth, the 
surplus soil excavated and removed, and in its place a 
foundation of 6-in. or 8-in. slag pitchers laid upon a pro
perly formed and well-rolled bed consisting of several 
inches of rough, hard clinker. The advantage of this 
layer of clinker is to prevent the clay or underbed working 
through the pitchers towards the surface, and conse
quently causing the foundation to give way and become 
uneven. This usually forms an excellent drainage, and 
remains of lasting benefit to the newly constructed road. 
Upon this foundation several types of grouting or pene
trating methods have been tried, the first which naturally 
suggested itself being that of ordinary tar. The first 
trial of this kind was made some five or six years ago on 
a road which had a natural and sufficient gradient longi
tudinally ; there were tram lines in the centre, the whole 
Surface on either side of the tram lines was scarified and 
regulated, and after that coated one stone thick with cold 
blast-furnace slag, carefully and sufficiently rolled in dry. 
After this a mixture of 40 gallons of gas-tar (not distilled), 
6 cwts. of pitch and 4 gallons of creosote oil, as the 
constituent parts of the grout, was poured on the surface 
through cans and rubbed in with squeegees ; the surface 
was then coated with a thin layer of slag chippings and 
gently rolled in with a io-ton roller, after which a second 
and thinner coat of the tar mixture was spread over the 
surface and another layer of finer grit to spread upon the 
top. This road surface, which is subject to a fair amount 
of traffic of various kinds, has lasted up to the present 
time with hardly any repairs except for trenches and 
occasional small repairs.

This class of road,' provided it is constructed in dry, 
suitable weather, answers a very useful purpose, and, of 
course, is more lasting than tar-spraving and very little 
more costly than ordinary water-bound macadam, pro
vided the same road material is used. Of course, a road 
of this kind could only be made in suitable weather, and 
should a period of wet weather follow the commencement 
of the work, completion might be delayed for a consider
able time.

Roads grouted with Rocmac and with Glutrin have 
also been laid in an experimental manner, also with 
various results, but the latter experiments, made about 
twelve months ago, when the materials in both cases were 
mixed on boards in the form of concrete, have been much 
more satisfactory, and promise to make a more lasting 
surface, and one which affords at the same time a most 
excellent foothold for horses. The great advantage of 
these two materials is that they may be laid in wet weather 
even better than in fine weather, and consequently the 
work is not interrupted for any outside causes, as is the 
case with tar roads sometimes.

Beyond the fact that Rocmac and Glutrin grouted 
roads can be constructed in winter, they afford a much 
better foothold for horses. A coat of tar dressing in the 
summer will prevent them being dusty, and add to the 
length of life generally.

There may be other forms of grouted roads equally 
good and useful, but there is still room for further pro
gress in this direction, and the inventor, if the method be 
not an expensive one, might easily make a fortune. Most 
engineers would be glad to have a longer period, extend
ing through the winter, in which to continue their road 
work, especially as sometimes it is difficult to find suf
ficient employment for all their good and useful men 
during the winter months when work is most needed.

On July 16, in London, England, the foundation stone 
of the new offices of the Agent-General for the Province of 
British Columbia, was laid by Prince Arthur of Connaught. 
The building is being constructed as a further means of 
stimulating the general development of the province.

Chas. T. Schoen, formerly of Pittsburg, Pa., the pressed 
steel car inventor and manufacturer, announced recently that 
he is planning to establish a plant for the manufacture of 
pressed steel cars at Leeds, England. As yet no decision 
has been reached as to when the plant will be established, nor 
what will be the name of the projected company. But Mr. 
Schoen has been in communication with Betts Machine Com
pany, of Wilmington, Del., regarding equipment for the pro
posed British works.

The Vancouver syndicate which purchased th“ Monarch 
Collieries at Taber, Alta., about a year ago, has decided to 
install a complete new plant, costing in the neighborhood of 
$50,000; and it is expected that the company will be ready 
to recommence operation in the near future. The new super
intendent of the mine will be Ralph Smith, ex-Liberal 
member of the Dominion Parliament for Nanaimo. The 
company has also completed arrangements to have the spur 
track extended to its property from the present terminal near 
the Rock Springs Coal Co.’s mine.

On July 14, at Washington, in a letter from Secretary 
Garrison to the House Foreign Affairs Committee, it was ad
vocated to remove the restrictions upon the importation of 
electric power from Canada and to retain the present limit of 
15.600 cubic feet per second upon the amount of water diverted 
for power purposes from the Niagara River, above the falls on 
the American side. With the letter Mr. Garrison sent a re
port by Brigadier General Kingman, chief of the army engi
neers, declaring that the enormous commerce of the lakes 
probably soon would demand a ship canal between Lakes 
Erie and Ontario on American soil. As to the situation be
low the falls, Secretary Garrison said there seemed to be no 
reason for an express limitation upon water diverted there- 
He endorsed in a general way the Smith and Cline bill which, 
he said, “closelv approached the legislation needed for the 
protection of Niagara River, and for the best and most 
economic use of its water for power development not incon
sistent with navigation interests.”

Experiments have been made on a similar form of 
road, with other forms of binding material, with varying 
success ; in some places the earlier work has stood for a 
number of years, and has a very satisfactory surface, in 
others there have been less satisfactory results owing to 
the heavier nature of traffic and to a level surface. A year 
ago a more elaborate experiment was made with this ma
terial. The road in this case was laid in two coats ; the 
first coat was treated similarly to the 
referred to above, and after it had been thoroughly 
grouted and rolled in, a second coat, one stone thick, of 
basalt was laid upon the top, and the process repeated 
with the binder and chippings until the final surface was 
finished.

made of slagone

This was only done a year ago, and the length of its 
life cannot be estimated. The carriageway is narrow, the
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SPECIFICATIONS RELATING TO COMPRESSED 
AIR IN TUNNEL WORK.

running hot and cold water, showers, lockers and facilities 
for resting, for drying clothing, and for providing hot 
coffee. Care should be taken to keep all parts of the tun
nel in a thoroughly sanitary condition and free from refuse 
or decaying matter. There shall always be on duty a 
competent physician and surgeon experienced in the treat
ment of the physiological effects of compressed air, and 
he shall care for the health of the employees and supply 
treatment and medicines to them whenever needed.

1 here shall be maintained in close proximity to the 
shaft at each side of the river a completely equipped 
hospital room with an attendant constantly in charge. 
Each hospital room shall include in its equipment 
modious hospital lock in two compartments, where men 
can be subjected to the regular working pressure if at
tacked by caisson disease. Such locks shall contain cots, 
a telephone, air gauge, and arrangements for ventilating 
and heating. Provision shall be made for the immediate 
removal and hospital treatment of any employee who may 
be injured or become ill. No person shall be. employed 
in compressed air until after passing a satisfactory medical 
examination, and any employee absent for ten 
successive days shall be re-examined before being per
mitted to resume work in compressed air.

All reasonable facilities shall be afforded for the in
vestigation of the physiological effect of compressed air, 
including the conduct of experiments and the collection 
of records in connection therewith, to be undertaken by 
such scientific bodies of individuals as may be designated 
for the purpose by the commission.

Air Chambers.—Air chambers shall be formed in the 
tunnels by brick, concrete or steel plate bulkheads of suf
ficient strength to safely resist a pressure of 15 lb. per 
square inch. Whenever the air pressure in the heading 
exceeds 22 lb. per square inch above atmospheric pres
sure, two air chambers shall always be in use, except 
when headings are being started from shafts, and the 
pressure in the outer one shall not exceed one-half the 
pressure in the heading. The distance from the heading 
to the nearest bulkhead shall not exceed 800 ft. during 
the progress of the work.

Three metal airlocks are to be firmly set and anchored 
in each bulkhead. These shall consist of two main locks 
not less than 6 ft. in diameter, heated and ventilated if 
required, and an emergency lock not less than 5 ft. in 
diameter, which shall be located as high up from the bulk
head as practicable and shall be large enough to hold an 
entire heading shift. When not occupied, the emergency 
lock shall be kept open toward the heading and ready for 
instant use at all times. Lock doors must operate easily. 
A heavy glass bull’s-eye must be set in each end of 
each lock.

Air valves must be arranged to be controlled from 
inside the lock. .One of the main locks shall be connected 
to the main air line so that it may be locked from outside. 
Each lock shall be provided with an air gauge and a clock. 
An 8%-in. air gauge shall be placed in an accessible 
position on the outer side of each bulkhead. A recording 
air gauge shall be placed on each main and shall be locked 
and the key kept by the engineer. A lock tender shall 
be on duty at all times at each lock bulkhead. A watch
man shall be on duty at all times in the heading and when 
for any reason the work is suspended.

Safety Screen. In each heading chamber, when the 
extends beyond the river bulkhead line, there shall 

be pro\ ided a safety screen extending from the springing 
line of the tube to the track, 
stantially braced steel plates with airtight joints. It shall

THE construction of additional subway tunnels under 
the East River, New York, has required the 
parution of specifications covering the 
tracts. These are very comprehensive and specific 

and embody details of requirement suggested by the latest 
experiences in similar work. The requirements relating 
to the use of compressed air and the safety of the workers 
Under

pre- 
new con-

pressure are much extended, and embody important 
requirements beyond those found in existing laws. These, 
p 18 understood, were specially prepared by Mr. Frederick 
. • Noble, division engineer, and appeared in 
1S8lle °f the Compressed Air Magazine.

There are nearly two miles of double lines of single 
'■uck tunnel excavation under compressed air, most of it 

s leld work with cast iron lining. A large portion of the 
Work is in sand at a maximum depth of 90 ft. below

a com-
a recent

mean
water.

. ^Iio first requirements are as to the sufficiency and 
e reliability of the mechanical equipment.

tractor
trical

The con-
must install air compression, hydraulic and elec- 

machinery, hoists, pumps and all other necessary 
c PParatus of the highest grade in use for the work to be 
Performed and having a capacity sufficient to meet not 

n unusual conditions but emergencies, and to afford a 
^ai gin for repairs at all times. Provision must be made 
f r st0ring in tanks at the boiler house enough feed 
W>t!We*Ve. *10urs’ suPPiy > unless connections can be made 
s 1 1 two independent and separately sufficient sources of 
s 'l3!3 T; If electricity is used for operating compressors 
shPnlyitl? a'lr to tbe tunnel headings, the supply cables 
s'hl ^ ,'n seParate lines and shall each connect, if pos- 
cl 6’ w*th two independent and separately sufficient 
sources of current.

or more

water

The compressors shall be capable of furnishing 
v'uiultaneously to each heading an air supply sufficient in 
as Urne.an<-1 pressure to enable work to be done as nearly 
v Possible in the dry, and to afford the specified degree of 
thntlI*ati°n‘ ^ eacl1 heading where the shield is used 
at€ air supply pressure of 45 lb. per square inch above 
^rnospheric pressure must equal at least 10,000 cu. ft. 
U 1 ^ a’r Per uuuute as measured by piston displacement, 

u ess both tunnels are operated from the same com- 
o C'Ssor plant, when this air supply may be reduced to 
^000 cu. ft. of free air per minute. The plant, in addition, 
Suf5.be capable of furnishing to all parts of the work a 
re ’uient air supply at a pressure of 100 lb. or more if 
ot^'ed for operating drills, grouting machinery and 
be a*" Pneurnatic tools. The air for the compressors shall 
fn rawn from pure outside sources and protected from 

1 ,ng by lubricating oil.
The

'H-ohanical
fhall be

8

compressor revolutions shall be registered by 
counters, and the pressure in the air receiver 

continuously registered. Cooling apparatus shall 
tUnPr?V’^e^ t0 ma‘nta*n the temperature of the air in the 
build' 3nc* ca'ssons always at a moderate degree. All 
v;c- ,ln&s for the compressor plant and in the immediate 
reasnity shall be as nearly as practicable fireproof and all 
tine0nab|e precautions shall be taken to prevent and ex- 
r ar;!lsh fires. A water line shall be extended into each 
tnaj 200 ft- of hose, and nozzle connections shall be 
nô i'j J’ned ready for constant use at each bulkhead and 
timb • d.Candles or matches will be allowed near roof 

enng in compressed air.
shaII^fedlC!d 3nd Sanitary Rules.—The workmen’s quarters 

e well lighted, heated and adequately provided with

he

hé

same

It shall be made of sub-
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MODERN CONCRETE WORK WITHOUT FORMS.* 

By James E. Payne, Assoc.M.Am.Soc.C.E.
be moved forward as the work progresses so as never to 
be more than 115 ft. in the rear of the shield. In each 
heading chamber, when the same extends beyon t e 
bulkhead line, the contractor shall provide about the 
middle of the height of the tunnel a substantial runway, 
at least 3 ft. wide, leading from the shield platform to a 
platform at the emergency lock. The runway shall be 
provided with a handrail and steps or ladders, at frequent 
intervals for access from the track level. A telephone 
connection shall be maintained in service from each head
ing and each lock to the power house and to the office of 
the commission’s engineer corps near the shaft.

The air supply through the shaft and tunnel in each 
heading shall be through two pipes, each at least 10 in. 
in diameter, with sufficient capacity to prevent excessive 
drop in pressure in regular working. Each supply pipe 
shall be provided with a pressure-regulating valve in each 
air chamber and with suitable valves arranged for by
passing at a convenient point between the power house 
and the shaft. Special devices shall be used to deaden 
the noise of air supplied or exhausted.

The supply of fresh air shall be sufficient to permit 
work without danger or discomfort, and where work is 
in compressed air such supply shall be sufficient at all 
times and places to prevent the accumulation of carbon 
dioxide to a greater amount than one part in one thousand 
by volume. A foul-air vent pipe 6 in. in diameter shall 
be carried back from each heading under pressure to the 
ordinary atmosphere and shall be provided with a suitable 
regulating valve so placed as not to be readily tampered 
with. The compressors must be so run as to maintain 
at all times a change of air through the regulating valves. 
Special means must be provided for the rapid removal of 
blasting fumes.

HE art of building concrete roofs, walls and floors 
without forms and with fewer shores and tern-T porary supports than has been customary is still in 
its infancy. In the past few years there have been 

a large number of roofs and floors built using for forms 
and reinforcement some one of the many types of ribbed 
metals now on the market. As the cost of wood for form 
work is steadily increasing and the cost of steel is de
creasing, we may look for rapid developments along 
this line.

These ribbed metals can be divided into two general 
classes, those that are expanded between the ribs and 
those that are merely stamped, cut or bent, 
panded ribbed metal sheets which we will consider first 

made in widths of from io*4 to 28 inches and in 
lengths up to 12 feet. The ribs are spaced from about 3 
to 7 inches apart and are from %-inch to 1 inch in 
depth. The metal used is what is known to the sheet 
mills as soft open heart steel and has an elastic limit be
fore working of 30,000 to 40,000 pounds per square inch.

As these ribbed expanded metals not only act as re
inforcement, but take the place of the wood forms, in a 
cost comparison to determine which is cheaper, ribbed ex
panded metal or wood forms and wire mesh, the increas
ing cost of lumber is a big factor. This point, coupled 
with a stationary or falling steel market, is one reason 
why ribbed expanded metal slabs have grown so popular 
the last few years.

Another reason is the time saved in the erection and 
as wood forms are not needed, several floors can be placed 
and poured at the same time which is usually a costly 
method when a complete set of wood forms are used for 
each of several floors.

The saving in cost by using ribbed expanded metals 
for roof work is still greater than for floors as the com
plete cost of the wood framework for a roof frequently 
has to be charged up to the roof alone and it cannot be 
distributed over several floors. Roofs are built by laying 
these sheets on top of the purlins, lapping about 2 inches 
over the supports. The sheets are held down by clips 
fastened over every third or fourth rib and the side ribs 
of the sheets are fitted one over the other and punched 
together, making the roof a monolithic slab. Some of 
these sheets are stiff enough to carry 2 inches of concrete 
without any vibration for spans up to 4 feet, but with 
spans above that, one and sometimes two temporary sup
ports are needed. These temporary supports are built by 
hanging a 2 x 6 or 8 across the under side of the purlins 
held up by wire slings wrapped around the purlins, of 
wedged up on the lower flange where I-beams are used- 
These cross pieces held up one or two planks on edge 
which stiffen the metal while the concrete is being poured 
and while it sets. This is essentially a short span light 
load system and 14 feet is the maximum span, with the 
most economical span between 6 and 8 feet. For a span 
of 7 feet, No. 24 or No. 26 gauge sheets with 2 inches of 
concrete on top with J^-inch of cement between 15 and 2° 
cents per square foot, exclusive of structural steel and 
waterproofing. As floors are usually thicker than roofs 1 
the cost increases proportionally.

The concrete is specified to be made of a 1:2 mi* 
with stone or gravel to pass a inch ring with the dust

The ex-

are

PRIZES FOR HIGHWAY STUDY.

Awards have been made in the competition announced 
several months ago by the Barber Asphalt Paving Company, 
for papers from engineering students on the subject of 
asphaltic materials for highway construction. The judges of 
the competition, E. J. Mehren, Editor of “Engineering 
Record,” and H. P. Gillette, Editor of “Engineering and Con
tracting,” have made awards of prizes of $100 each to the fol
lowing contestants :—

Name of Student.
Frederic O. X. Me- 

Loughlin

Harry Schindler ........
B. J. Fletcher ......
John W. Hill ..............
Robert S. Johnson ...
M. V. Holmes ..........

College.

Columbia University, New York 
City.

Cornell University, Brooklyn, N.Y. 
University of Georgia, Parrott, Ga. 
University of Illinois, Chicago, 111. 
Iowa State College, Ireton, Iowa. 
University of Kansas, Kansas City, 

Kansas.
Massachusetts “Tech,” Beverley, 

Mass.
Harold J. LaLonde .. University of Michigan, Sault Ste.

Marie, Mich.
University of Minnesota, Virginia, 

Minn.
University of Nebraska, Lyons, Neb. 
Purdue University, St. Louis, Mo. 
Scheffield Scientific School, New 

Britain, Conn.
Syracuse University, Cohoes, N.Y. 

The purpose of the competition was to turn the attention 
of engineering students to street and road construction as a 
promising field of work. The company offering the prizes 
believes that the plan was successful in this direction.

F. P. Gilbert

Benjamin Wilk

Alvin C. Smith ..........
O. H. Gosswein ........
Alfred A. Berkowitz ..

W. J. Campbell

The Mobile and Ohio Railway Company is preparing to 
erect a bridge across the Ohio river at Cairo at a cost of 
$5,000,000.

*Abstract of a paper
meeting of the American Concrete Institute.



screened out, but is usually made according to the accept- 
ed standards for concrete work in that locality. When 
the concrete has set enough to carry itself the wires 
cut and the supports dropped, leaving the under surface 
°f the slab ready for plaster. These temporary supports 
seldom cost more than i cent per square foot, including 
umber-placing and removing. The plaster used is a ce

ment plaster mixed about i to 2% with a small amount 
0 ^air and only enough lime (not more than 5 per cent. 
0 t^le volume of cement and sand) to make the cement 
J'vork easily under the plasterer’s trowel. For factory 
uildings this finish is sometimes floated, but for offices, 
ospitals, hotels, etc., the white coat is frequently added, 
he trouble of making the plaster stick to a reinforced 

C-<h|Crete S^ak’ usually experienced, cannot occur with 
nbbed expanded metals because
I rough the mesh to some extent and that with the mesh 
ormation makes an excellent key for the plaster.

Usually the first question asked by a stranger to this 
uiaterial is, How do you keep the concrete from running 

r°ugh?” This is a natural question considering the 
are taken to make wood forms water-tight, but the con- 
rete used with open mesh ribbed expanded metal is dryer 
an that used with wood forms. The mix is sometimes 

l^nown as a quaking mixture and when dumped from a 
arrow tends to stay where dumped and is spread with a 
°vel or hoe. The material that drips through the mesh 

f PHucipally water and contains very little cement. In a 
^actory building- erected this summer in Youngstown, 290 
«et long, the contractors sprinkled sand on the finished 

ment floor below the roof, and as the roof was poured 
^man below shoveled up the sand and carted it out. The 
jap from the roof was not enough to set up the sand. It 

ems as if the mesh curls the mortar around itself some- 
mg hke the way metal lath does with plaster. In a test 

^nducted recently to determine the amount of loss 
fr dripping it was shown that the loss amounts to

°m 36 ozs. to 80 ozs. from an area of 3% sq. ft. In 
1 rcentage, this ranges from 2.6 to 4.3 per cent. loss, de- 

uding on the style of mesh between the ribs, 
steel 1 °f the most important advantages of using these 
th . eets for combined forms and reinforcing, is that 
floere ,s no waiting for the remo al of forms from one 
j °r to. start the construction of nother, and the delay 

Pounng- concrete, occasioned by the time taken to place 
d wire the reinforcement, is saved entirely, as the con- 

in p? 18 poure<* as soon as the expanded metal forms

are

the concrete projects

areace.
. In the Youngstown City Hall having 6 floors—an 

Poi'C ^n-d roof—aI1 the sheets were placed and floors 
floo'red m .3°. days’ an average of less than 4 days to a 
ais r'- Th!s is an important matter on penalty jobs, and 
Hies 'n~^e fan, in order to get the roof on before the snow 
re S' .Scarcely a month goes by without the newspapers 

°rt'ng a failure in reinforced concrete somewhere in 
S COuntry and in practically all of these cases, the too 

} removal of forms is a contributing cause, if not the 
nat f[TS°n .f°r the collapse. This great danger is élimi
né t ay using materials that combine the two functions 

r lorms
Panded
The

earl
SoIe

and reinforcement. Another use for ribbed ex
metal is in the construction of inclined slabs. 

pçr y lave been built having an angle of ns much as fio 
I'he runt" f.rom the horizontal. Formerly to build a slab 

mat, it was necessary to have forms on both sides, 
direog n'8' 3 ^ry.mix and running the ribs in a horizontal 
from "?.n,each rib acts as a baffle to prevent the concrete 
of ., s'ding down the slope The roof over the 
is » Ünîon Stock Yards nd Transit Co., in 

‘ n example of this kind.

hotel

It sometimes happens that ribbed expanded metals 
are used for forms only—and no attention is paid to the 
reinforcing value. In the roof over the Washington 
Theatre in Detroit, the cost of erecting and removing 
wood forms would have been very high as the roof was 
50 or 60 feet above the pit. Ribbed expanded metal 
used on top of the purlins and rod reinforcement placed 
above the metal. The concrete was poured and the under 
surface left unplastered. To plaster the underside of that 
roof, scaffolds would have been hung from the roof beams 
or built up from below at the time the roof was poured 
or shortly afterward, 
forcement of rods was much'less than the cost of the other 
alternative which necessitated the scaffold remaining in 
Place several weeks or possibly months waiting for the 
building to reach a condition which would permit the 
of the scaffold by the ornamental plasterer.

For large areas the objection has sometimes been 
made that these materials could not be used in connection 
with the gravity system of distributing concrete, because 
of the large amount of water needed to properly work the 
gravity system, and consequently the large loss through 
the expanded section of the mesh. For example, a roof 
100 feet square needs theoretically 61.7 yards of concrete 
for a roof 2 inches thick. With 5 per cent, loss through 
the mesh, we would lose 3 yards of concrete, which at 
$6.30 per yard amounts to $19.50. Probably a fair aver
age of saving secured by using the gravity system over 
wheelbarrows and dumpboards is 75 cents per yard, or a 
saving in this roof of $46. These figures show the falsity 
of the idea entertained by some engineers that the gravity 
system must be discarded if ribbed expanded metals 
used as forms.

was

The cost of the additional rein

use

are

The above remarks have referred entirely to flat 
sheets, but the use of curved sheets is almost as large. 
It frequently happens that a curved or arched floor is 
wanted, but heretofore it has been almost prohibitive be
cause of the excessive cost of labor in making arched or 
semi-circular forms. By arching these sheets and resting 
the ends on the lower flanges of the steel beam or on the 
wood sides, or bottom of the beam box, the sheets take 
the place of curved forms and also stiffen the concrete 
in the arch. These arched floors are quite popular in 
breweries and also other warehouses where heavy loads 
are liable to be applied. They are also well fitted for high
way bridges.

In the Buhl Country Club at Sharon, Pa., the beams 
were 8 feet 8 inches apart and 24 gauge curved sheets 
were placed resting on the lower flanges of the I-beams. 
The rise of the arch was 16 inches and the concrete 
poured with no temporary supports. This system is well 
fitted for cases where the under surface is difficult of 
access, as the concrete arch carries the load, the steel 
sheets acting only as permanent forms, and also for 
where heavy loads will be carried.

Cement non-bearing partitions are erected 
cheaply by plastering cement mortar on ribbed expanded 
metal than by a double wall of wood forms with poured 
concrete between. The time lost in waiting between the 
time of removal of the wood forms in one place and their 
erection in another is saved completely as the sheets are 
ready to be plastered as soon as erected. Almost all com
peting fireproof partitions are at least 4 inches thick when 
finished, some as much as 6 inches. Solid plastered par
titions are only 2 inches thick, which means that everv 
lineal yard of partition erected adds a square foot to the 
floor space. When made of cement, these 2-inch solid 
partitions, are as fireproof, if not more so, than any other 
partition in common use.

was

cases

more
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Its deflection at 2j4 times thating load of 156 pounds.
.16 of an inch, and .20, 24 hours later.
In a sheet of No. 24 gauge expanded ribbed metal, 

the surface of steel in contact with the concrete is about 
five times the surface of a round bar of equal cross- 
sectional area. In ordinary bar and slab construction 
where the bond stress on the bars seldom equal l2\ 
pounds per square inch, the bond stress in the ribbe 
metal would be only 25 pounds per square inch of surface. 
This low bond stress is taken advantage of, by shipping 
painted sheets instead of plain, which prevents incidenta 
rust during transportation. The expanded section of the 
street is also gripped by the concrete so practically all 
sides of the metal in the mesh is covered and this will re
duce the bond stress still lower than 25 pounds per square 

Numerous attempts have been made to increase 
the efficiency of those different metals by the spacing 
and height of the ribs and also changing the type of 
mesh between the ribs. It will readily be seen that to 
increase the depth of the ribs is to stiffen the sheet so the 
temporary supports can be spaced further apart, but when 
the ribs are made deeper, the centre of gravity of the 
steel is raised, requiring an increased thickness of the 
concrete slab, and the saving in the cost of temporary 
supports is more than offset by the additional concrete re
quired. In conclusion, it appears that the high quality 
of this type of construction, with its low cost coupled with 
the fact that the features of design are so simple and 
sure, would warrant the careful consideration of all en
gineers and architects.

metal. On November 20, 1912, it was tested, the lire 
hours with a temperature averaging 1 ,»49 

While the partition

was

burning for two
&otr ^£,“he «re; a„d , -umber „ 

cracks on the side away from the fire, no smoke came 
through and when the panel was swung open, there were 
but two small cracks on the side exposed to the fire. 
Water at Cleveland city pressure was then turned on tor 
2 t/ minutes, and while sections of plaster were washed 
off on the fire side, the water did not go through the par
tition, and it was evident that a new coat of plaster was 
the only thing needed to render it as fire proof as ever.

sheets and 2 inches of solid ce- inch.
Twenty-eight gauge . .

ment plaster has proven entirely satisfactory for interior 
partitions up to 12 feet high and 26-gauge sheets and 214- 
inch of concrete for partitions up to 17 feet. The sheets 
are fastened to the floor and ceiling with a runner bar or 
angle which has been previously placed and lined up, the 
sheets being wired or clamped to the angle. 2x4 tem
porary “stiffeners are wired to one side of the sheets about 
4 feet apart, and are then braced back to the floor. When 
the opposite side is scratched in, the supports are removed 
and that side of the partition is plastered. The baseboard 
chair rail and picture mold are nailed into small blocks 
which are wired to the steel between the ribs at intervals 
and used to hold the grounds.

Some of these metals are made in such a way so that 
a ^-inch electric conduit fits in between the ribs and is 
imbedded in the plaster. The metal is cut away as much 

allow the outlet box to be placed. The 
cos't is between $1.25 and $1.75 per square yard

Indications seem to be that the Alberta Clay Products 
Company of Medicine Hat, will manufacture its brick, tile, 
sewer pipe, and other clay products in Saskatchewan as soon 
as natural gas has been found and can be the means of 
furnishing cheap power. This company secured the material 
for the manufacture of its products in Saskatchewan, though 
its plant is now located at Medicine Hat, where the natural 
gas affords cheap power for its operation.

On July 8, the new docks at Hull, England, were opened 
by King George. These have been constructed by the North- 
Eastern, Hull, and Barnsley Railway companies of Hull. This 
port was already third largest in the United Kingdom, and 
now has 11 docks with a water area of 211 acres. The quays 
have a length of 8,162 feet. There are 154 cranes, with a 
maximum lifting capacity of too tons, 34 coaling appliances, 
with a total rate of shipment of 9,980 tons an hour, and 57 
warehouses having a combined storage capacity of 211,15° 
tons.

as necessary to 
average
complete in the populous sections of the country and 
find this, coat is usually less than the cost of burned clay 
tile partitions.

Profeably the least expensive silo of all the fireproof 
silos now on the market can be constructed of ribbed ex
panded metals plastered with cement, 
curved at the factory and temporarily held in place by 
wood uprights on one side which are removed as soon as 
the scratch coat hardens. By punching the ends of the 
ribs together so that the joint is as strong as the rib, and 
lapping the ends enough to develop the full strength of 
the mesh, the steel sheets have sufficient sectional area 
to resist the bursting pressure developed by the ensilage.

method is used for small water tanks, but for 
larger tanks, it has been found that a better job is secured 
by building two walls of curved ribbed expanded metal, 
and pouring between with concrete. In this way, enough 
additional reinforcing can be introduced to take up the 
stress over and above those taken care of by the ribbed

we

The sheets are

A report from Adelaide, South Australia, gives the fol
lowing account of railway construction upon that island. 
Tenders for the construction of the railway from Karoonda to 
Peebinga were received by the South Australian government 
a short time ago. This is the last of the four new lines 
which were initiated by the government for the purpose of 
serving the River Murray lands in South Australia. The 
only other one not finished in this country is that to Wailerie, 
an irrigation settlement on the river, but that line is nearly 
completed and will be opened for traffic shortly. The two 
lines already working are those from Brown’s Well to Parings, 
near the Renmark irrigation settlement, and the Railway from 
Alawoona to Loxton. The length of the line for which tenders 
have now been received will be 69 miles, and its estimated cost 
is $263,000. The area which will be served by the four rail
ways when completed totals 3,113,000 acres, and the lines 

. have been planned so that no settler in this large stretch 01 
country will be outside a convenient distance from a railway- 
Good progress is also being made with the new railways 
authorized by Parliament to be built on Eyre’s peninsula 
which should result in the successful cultivation of many 
thousands of acres. Near the capital the line to Willunga> 
designed to serve an old-settled district, is now being worke 
as far as Brighton, and it is anticipated that the whole length 
will be open for traffic before the end of the present year.

This same

metal.
Floor and roof slabs are designed according to ac

cepted engineering practice, except that they are usually 
considered to be simply supported at the ends and are not 
reinforced against negative bending stresses over the sup
ports. A test was made on October 26, 1912, under the 
control of the Cleveland Building Department, on two 
spans of six feet each. This test was expected to prove 
that the accepted methods of design could be applied to 
slabs reinforced with sheet metal of certain patterns. 
Slab No. 1 was 2 inches thick and designed to carry a 
working load of 126 pounds. When loaded to 2J2 times 
that, or 329 pounds per square foot, the deflection was 
.16 of an inch, which increased to .20, 24 hours later. 
Slab No. 2 was 2*4 inches thick and designed for a work-



I N conducting tests on reinforcing bars at the Muni
cipal Testing Laboratory of St. Louis, our attention 
has frequently been drawn to the increase in the 
values of yield point and ultimate strength, caused 

•by the removal of material in machined test specimens. 
Our experience has shown that in any one type of de
formed bar, this increase exists as a variable quantity, 
the percentage increase often reaching an amount many 
times greater than the percentage of material contained 
in the deformations. This phenomenon was found to 
occur in “constant-section” deformed bars, and even in 
plain bars.

Since the standard specifications of the American 
Society for Testing Materials for billet-steel 
reinforcement bars permit the use of turned test speci- 
mens of deformed bars, it is thought desirable to submit 
certain facts for consideration. It will be noted that the 
greater portion of the data has been taken from tests 
on a certain type of “constant-section” bar. The manu
facturer's claim for the “constancy of section” of this 
bar has been practically substantiated by this laboratory, 
by comparing the elastic moduli of the bar before and 
after the removal of the deformations. In the computa- 
hon of these moduli from their respective stress-defor- 
'nation ratios, the areas of the rough bar was computed 
'°m its entire weight per foot, while in the case of the 

machined bar, its calipered section was used. The tests 
1 eferred to cover several sizes of both round and square 
bars

concrete

and show an agreement well within 0.5 per cent. 
In the study of the phenomenon under consideration 

®^veral factors were suggested as possibly contributory.
he effect of grips, the reinforcing action of large ends, 

and the effect of non-uniformity of steel due to segre
gation were among them.

Still another factor, namely, rate of application of 
°ad, could not be neglected, because working conditions 

1,1 most laboratories will introduce it secondarily when 
reduced area specimens are tested. This factor can cause 
a Variation of indicated yield point and ultimate strength 

. 1 °r 2 per cent. As this amount is of the same mag- 
hade as the percentage of steel in some types of defor

mations, it should not be neglected.
. Many testing machines have only one motor speed 
hh three or four speeds of pulling-heads obtained by 

ffear shifts. One of these is usually the most convenient 
a.nd is used for this purpose in testing specimens of all 
, ‘ es- It has been our experience that in the case of 

, rr,ed specimens, if the speed of pulling-head is un- 
L anged, the rate of application of unit stress may be 
""eased to two or three times that found in testing the 

rouffh bar. There exists, with good lubrication, a slip
s' of the grips in the pulling-heads as the load in- 
ases- This is equal to the product of the wedge ratio 

the approach of the jaw surfaces as they take hold 
». the bar,
Ir the

Pin

and is, in general, a function of the total load. 
. bar does not slip in the grips, the rate of elonga- 

f C *s, therefore, the rate of separation of heads minus 
notion of the total load.
Erom the data given by Campbell in his “Struc- 

an increase of too per cent, in the speed 
pulling-head could cause an increase of 1 or 2 per 

In this reference the term “elastic 
has been used, although the tabulated values are

* Extract of paper read before the Atlantic City con- 
lf)n of the American Society for Testing Materials.venti

the use of turned sections in tension
TESTS OF REINFORCING BARS.*

By E. P. Withrow and L. C. Niedner.

yield points. As this gives the speeds of pulling-heads, 
it is impossible to estimate the corresponding rates of 
application of load. For reasons previously given, this 
would be different for each machine and size of bar. In 
Fig. 1 is shown the effect of varying rates of loading, 
using a 3^-in. round bar. Each point represents the 
average of three or four tests. The highest speed shown 
is below that at which inertia and error of observation 
could enter to any great extent.

1 herefore, the average rate of application of stress 
has been kept constant up to the yield point in each 
series of tests. The differences are, therefore, somewhat 
smaller than those which would be reported for the 
material if tested in the usual 
fact that this precaution was not observed in testing for 
the ultimate strength, the differences in ultimate strength 
may be too great by a small amount. This is probably 
not over 0.5 per cent., and is due to the change from 
5,000 to 10,000 lbs. per sq. in. per minute, as may be 
seen from Fig. 1.

same
Owing to themanner.

66000

5trength_"Tensile64 000

.£.
S- 62 000

ex
ê 44 000
to
8
L 42 000 >ointf)
.t
.§ 40 000

38 000

36 000 L-
10 000 20 000 30 000 40 000 50 000 60 000

Average Rate of Loading, lb. per sq.in. per Minute.
Fig. 1.—Effect of Varying Rates of Loading.

In a search for references giving comparisons of 
tests on machined and rolled sections, some data were 
found which seemed to neglect the influence of certain 
variables of such magnitude as would obscure the 
sought for. As an example Campbell compares ti-in. 
round bars with specimens made by turning jli-in. bars 
down to a J^-in. diameter. Therefore, in the tests here 
described such methods were selected as would avoid the 
obscuring influences which destroy the value of much 
data of this nature.

The effect of the large ends of machined specimens 
could be either protection of the specimens, or rein
forcing action. That the reinforcing action becomes 
negligible in its effect on the yield point, when the length 
exceeds the small diameter, has been shown by Johnson, 
“Materials of Construction,

one

p. 513. As turned speci
mens used in the present investigation had a length 
about eighteen times the diameter, the only effect of large 
ends, if it existed, would be that of protection from the 
grips. The data exhibit no evidence of such protection.

To secure comparable data, several long bars 
secured and from each were made various types of speci
mens. The different types are designated as Nos.
3, 4 and 5. I he dimensions and method of gripping 
shown in Fig. 2.

In the plain bar the yield points of types Nos. 3 
and 4 agreed within about 0.5 per cent. As types Nos. 1 
and 3 had received an equallv severe treatment in the

were

1, 2,
are

THE CANADIAN ENGINEERAugust 6, 1914.
= 5

CO

■ to



Average —.03
In the investigation of the influence of grips, this 

method seems to effect the elimination of practically all 
ether variables. Lack of time prevented a more extended 
study with type No. 5 of the effect of gripping. The ulti- 

strengths of specimens of type No. 5 cannot be 
re wit those of type No. 1, because the elon- 
a d sli in the concrete grips after the yield point

mate
com

from any one bar at our disposal, the following method 
of comparison was used :—

Percentage increase 
of Yield Point in 

concrete grips over 
that in wedge grips.
.. + 1 -5
.. — 1.1

Number of 
specimens in 
wedge grips.

Number of 
specimenslin 

concrete.
Bar
No.

73
4
6— 0.5

Pipe Cap 8 Cage 
if H r toy*)1 a3'Pipe

I1 k-— Embedded 30”in ..... ^
m- f:2 -4,10-day Concrete

k..... Embedded 30 "in - ^
/■■ 2 ■' 4, !0-day Concrete

Type 5.
Fig. 2.—Types of Specimens.

grips, it was evident that the increase of the yield point 
of type No. 4 over type No. 1 was not due to the influ- 

: of large ends. It was seen also that type No. 3 of 
another bar, although badly crushed by the grips, 
showed a yield point 4.2 per cent, higher than that of 

It also showed an increase of 2.9 per cent.
In this bar the ultimate 

strength and yield point of types Nos. 1 and 2 were prac
tically the same, although the specimens of type No. 2 

decidedly flattened by the grips.
On examination of the data from other bars, the 

behavior of the yield point of specimens embedded in 
concrete was found to agree closely with that of the 
steel held in wedge grips. Owing to the impossibility 
of cutting many of these long specimens (type No. 5)

ence

type No. 1. 
in the ultimate strength.

were

same

K— S Gage Length —~H
: i

k- IZ'—i6‘- !
^'Dfam.

Type 1.

K—• Ô Gage Length—^

■2{—>I12"-

'çDiam.

Type 2.

(<—- 8 Gage Length-

I<-2- !0"

Turned to g "Diam.

Type 3.

K—* 8 Gage Length H

J
k-..........5"- 3

Turned to L, 'Drameter

Type 4.

was passed made the rate of application of load uncer- 
tain. This was in evidence to such an extent that the 
intention of keeping it near that of type No. 1 was aban
doned, and the bars were broken at a high speed. The 
comparison of ultimate strengths offers little interest at 
this point, because the soft grade of steel used showed 
fracture near the central portion in nearly all

The appearance of a i-in. plain, square bar, which 
being examined microscopically, suggested non- 

of the causes contributing to,

cases.

was
uniformity of metal as ,
the raising of the elastic limit by machining specimens. 
There was a decided segregation of pearlite in the centre 
as well as a very marked change in the arrangement of 
grains in lines parallel to the axis of the bar. The macio- 
graph of the entirely etched, longitudinal section showed 
tLe distribution and the axial arrangement of structure

one

referred to.
The non-uniformity of steel probably offers the prin

cipal reason for the fact that most bars, plain and de
formed, are known to show some increase when ma
chined to a smaller diameter, and that this increase is 
known to be irregular in bars having the same kind of 
deformations. An examination of the photomicrographs 
of the specimens showed that in most cases there exists 
a difference in the structure of the central and marginal 
portions of the bars. The greatest uniformity was evi
dent in bar No. 2. The turned sections of this bar 
showed the least increase of yield point and ultimate 
strength of any bar, about 2 per cent, and 1 per cent., 
respectively.

The effect of non-uniformity of structure 
denced by bars Nos. 3 and 4. The yield points of the 
turned section of both of these bars showed practically 
the same increase—6.5 per cent, and 6.7 per cent., re
spectively—while the ultimate strengths are higher by 
1.4 per cent, and 8.2 per cent., respectively. A marked 
segregation of pearlite in the centre of bar No. 4 pio- 
bably explained this difference in ultimate strength.

That segregation exists over a large central portion 
of this bar "was clearly shown. This was verified by 
chemical analysis on material from a j4-in. hole drilled 
axially, which analyzed 0.24 per cent, of carbon, as 
against 0.17 per cent, of carbon in a sample turned from 
the margin after the removal of mill scale and 1-32 in. 
of the metal. This observed difference in ultimate 
strength is not far from that which would be expected 

the difference in carbon content. Par-

was evi-

to accompany 
ticular attention was paid to carbon because of the ease 
with which small variations in its distribution are de
tected by means of the microscope.

There has been no attempt to determine the magni
tude of the effects on the physical properties caused by 
segregation of various elements. It has been shown, 
however, that large and variable differences may exist, 
and that these differences, probably due to non-uni
formity of steel, may, even in a constant-section bar, be 

than the reduction of section due to the removalgreater
of inactive deformations.

effects of non-uniformity of chemicalBesides the
composition, non-uniformity of grain size and arrange
ment could have a marked effect on the physical pro
perties. As the heat and mechanical treatment determine 
both the grain size and arrangement, and also, in a large 
measure, the yield point, an observed variation in one 
might be expected to accompany a difference in the other- 
Some of the photomicrographs, especially those of the 
longitudinal sections, show that the granular arrange
ment of the marginal and central portions differ greatly- 
This difference does not require the presence of decided 
segregation, as was seen in bar No. 3, where segrega
tion was not evident, but where a more decided axia

Volume 27.the CANADIAN ENGINEER274

JG 
c-

C
- O

C
h-

P-
 M



August 6, THE CANADIAN ENGINEERI9I4- 275

arrangement of grains in the central portion than in its 
margin was found. The observation of a much greater 
■ncrease in the yield point than in the ultimate strength 
0 this bar when turned sections are used, seems to point 
to the 
rarely the

Most electric railways now recognize the economy 
of using treated ties and other timber. For permanent 
track construction the 6-in. by 8-in. by 8-ft. yellow pine 
tie, treated with 10 lb. creosote oil per cu. ft., seems to 

the requirements very well, and ties so treated will 
probably last 25 years. If you consider the pressure 
treatment too expensive, at least a superficial treatment 
of some high-grade oil should be used.

The steel tie is a good competitor of the wood tie, 
except that it is more expensive. We must also recognize 
the cushion effect of the wood tie and the advantage of 
shifting and aligning the rail. A number of concrete ties 
have been introduced, but so far experience has not 
demonstrated their practicability.

A few years ago many street railway companies laid 
their tracks with concrete foundation. Now some of them 
are going back to broken stone, because they find broken 
stone ballast lasts about as well, is just as satisfactory 
and a good deal cheaper than concrete, 
provides excellent drainage, is easier on rolling stock, as 
it is less rigid than the concrete foundation, and may be 
installed under traffic. Besides, any shifting and align- 
ing of tracks in the future is less expensive where broken 
stone has been used. Although certain kinds of soil make 
it necessary to provide some sort of beam support to the 
track through the foundation, in a large majority of 
the sub-grade which has been properly rolled and has 
spread upon it good sharp stone ballast that is rolled and 
tamped under traffic, will provide a foundation which will 
be satisfactory for electric railway operation.

generally recognize the 
wisdom in the omission of any monolith paving next to 
the rail, such as concrete or asphalt. If a perfectly smooth 
pavement is required, it is better to install wood block in ' 
preference to any manufactured block, brick or others. 
But, for life of service and ultimate economy, the granite 
block seems to stand alone.

It has not been so long ago that it was considered by 
high officials in the electric railway industry that any 

kind of equipment was good enough for track construc
tion. It was not uncommon to see practically no accom
modation for storage yards for shipping and receiving of 
materials, and old and dilapidated cars were reconstructed 
for work cars. Track work carried out under these con
ditions is bound to be a business failure, and it is far 
better to contract the track work out.

A canvas which the writer recently made has led him 
to believe that very few companies know just what track 
work is costing them. Seldom the cost for power, in
terest on equipment and overhead expenses are taken into 
consideration, and these items should be, if 
what the work is costing with what actual 
tractor would require to produce it.

Assuming that you have proper specifications and 
organization, along with right facilities to execute track 
construction, in order to get the best product for the ex
penditure you are making, careful inspection is a neces
sity. Many roads to-day are doing the work and only 
give_ the. material a “once over,” and are hiding behind 
the illusion that they are saving money. All track ma
terials should be carefully inspected, not only the rail but 
joints, tie plates, track bolts, tie rods, track spikes, ce
ment and paving materials.

From experience, the writer does not see any grounds 
for contention that the solid manganese is not superior to 
manganese inserts, if it is properly applied. Undoubtedly 
it does not pay to buy solid manganese at a possible 30%

reason why this increase in turned sections is 
same in both yield point and ultimate strength.

cover

TRACK construction and maintenance.*

P e By Martin Schreiber,
n§'ineer, Maintenance of Way, Public Service Railway.

EVERY railway company should have approved plans 
and specifications for all the different elements that 
make up track construction as well as proper or-
ganization. Beginning with the proper rail, we 

nd this subject has been well covered by the American 
_ ectric Railway Engineering Association, for both high 

and girder rail. An important work at the last con
vention at Atlantic City was the final development of 
standard girder rail for tangent and curved track in paved 

reets. The Lorain Steel Company has already prepared 
0 Is for the new 7-in. rail recommended by the associa- 
*°n and which will be known as Section 122 No. 467. 

^ür modern present rails all conform in a way to the

Broken stone

•new
as to their tendency to offset the gauge line to 

k centre of the web, thereby causing the rail to be better 
a anced when under influence of wheel loads. The 

Prmciples for increasing the thickness of the web and 
ePth of groove are apparent. The new standards are 

t,ny f°ur in number and it is the writer’s firm opinion 
at We still will see a further reduction in the type of rail 

on account of the tendency to eliminate the g-in. rail.
• As far as the composition of the rail is concerned, it 

now recognized that the use of open-hearth steel is the 
^ st practice. The new standard specifications of the 
Wh^u0311 ^ectr*e Rahway Engineering ' Association, 
•p . have also been ratified by the American Society for 

esting Materials, provide for
cpntent. 
t’iffher 
Joint 
Oarbo

cases
the

Municipal engineers now

Used

two schedules for carbon 
Many engineers are now strongly endorsing the 

schedule for carbon, but it seems that when welded 
s are used it is better practice to use .60% to .75% 
n content to prevent binding near the joint.

subject of proper rail joints is one of the most

rn.*nff question of the past, but in the writer’s judgment 
hyC L°’nt fl11681!011 has been eliminated to a large degree 
Well s.uccess which we have obtained with the modern 
su 3ec* i°in,:s- Besides the straight welds, very good 
\vAe'ss has been obtained with certain combination 
j0j ed and riveted joints, and now we have seen 
p nt coming from Europe which consists of an ordinary 

e electrically welded at the edges, 
do ornetimes electric railway engineers follow too 
raj,Se y the custom of the steam roads in the matter of 
t]1e astenings. For example, some are now advocating 
sid Scijew spike, instead of the cut spike. A little con- 
el^!"31*00’. however, will show that the conditions of the 
stea r’c railway are entirely different from those of the 

111 mad. There is a vast difference between a s;o-ton
operating

even

we have to solve. Indeed, it has been the

a new
you compare 

moneys a con-

car
on a street railway track, which is not only 

down but also has a solid encasement of paving, 
an 'vhere you have a 200-ton locomotive operating 

expend track.

sP'ked
and

over

rne . Abstract of address presented at regular monthly 
B0 'nff of the New England Street Railway Club at 

°n> Mass., on May 28, 1914.
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109.2 
119.8

93-T
100.0
111.0 
104.0

Powder :
Granulat-ed nitroglycerine. 5% 5
Black blasting ...................................

a Wood pulo, flour and sulphur. 
b Wood pulp only. 
c Sulphur, coal and resin.
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Dynamite :
Straight nitroglycerine, 30%. 
Straight nitroglycerine, 40%. 
Straight nitroglycerine, 50%. 
Straight nitroglycerine, 60%.
Low-freezing, 40% ................
Low-freezing, 60% ......
Ammonia, 40%........................
Gelatine, 40%...........................
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Another important consideration in connection with 
special work design, which I would like to call your at
tention to, is the way the engineer is Called on now to 
work on account of the varying equipment design. F irst, 
you have the city and interurban flanges; second, old and 

with wheel bases from 4 to 6 ft., and third, steel 
wheels. An ideal curve design would be one which would 
be traversed only by cars with the same size wheel 
flange and the same wheel base. The proper groove of 
the curve is a function of the contour of the flange, length 
of the wheel base and the radii of curves. Theoretically 
every time you change the radius of a curve and the size 
of the wheel flange, or the length of the wheel base, the 
design of the groove in the curve should be altered to suit. 
Again, most of our special work to-day is designed for 
flange bearing, and it is not possible to properly design 
special work for two depths of flanges, still we are con
stantly called on to provide special work to take both city 
and interurban cars that have two types of flanges. It is 
easily seen that with special work designed for 3^-in. 
flange, the ji-in. flange cuts out the floor of your frogs, 
switches and mates. On the other hand, if you design 
the special work for ^i-in. flange and operate Y~in. depth 
flange on it, the wheel treads are pounding and destroy
ing the points in frogs, switches and mates.

increase in price over the manganese inserts, if traffic 
does not demand it. Besides, a great deal of solid

which has been cited as not altogether coming up
the crop of 

have the pieces made up

man
ganese
to expectations (as we have in Chicago) 
the first experiments. Now we 
in sections, instead of the tendency .toward an all-unit 
casting, so that if a part fails it is not always required 
to throw away the entire piece. In the city of Newark, 
at Broad and Market Streets, we have one of the busiest 
electric railway crossings in the country. Approximately 
5,000 30-ton cars pass over this intersection every 24 
hours. Previously insert crossings were good at this 
location for 16 to 20 months. The first solid manganese 
crossing which was installed stood approximately three 
and one-half years. I leave it to you if there is any 
economy in the solid manganese crossing at a cost of 
approximately 30% over the insert crossing. 1 he writei 
has found that a very economical construction for steam 
road crossing is to use the old bolted type with solid 
manganese running and bearing rails. I his crossing has 

advantage of being cheap, easy to repair under opera
tion, and still the most vulnerable point is of the best 
material that is known, inasmuch as the running and 
bearing rails in steam track are rolled manganese and 
here in the old type breaks generally occur.

was

new cars

an

COMPARATIVE STRENGTHS OF BLASTING EXPLOSIVES.

40% straight nitroglycerine dynamite, but that the dis
ruptive and propulsive effects, which represent the useful 
work done as shown by actual tests, are less. Accord
ingly, straight nitroglycerine dynamite is more economical 
for general use in blasting operations if the conditions 
and character of the work are such as to permit its use, 
nevertheless, the ammonia dynamite and the gelatine 
dynamite are more efficient and economical for certain 
kinds of work that require explosives having a large pro
pulsive effect and a comparatively small disruptive effect. 
For example, in blasting soft rock, 40% straight nitro
glycerine dynamite, which has a very high percussive 
force, may be too quick in action, whereas the ammonia 
dynamite or the gelatine dynamite having practically the 

heaving and pushing action and less percussive 
force will be more suitable. The tests also show that 60% 
strength low-freezing dynamite is not quite equivalent to 
the 40% straight nitroglycerine dynamite. It is worthy 
of note that black blasting powder has little disruptive 
effect, only about one-third that of granulated nitro
glycerine powder.

Typical Analyses and Strengths of Common Blasting Explosives.
Percentage Composition 

Nitro-
ZnO substitut i n 

CaCO.t Com-
NSNO3 MgCOn pounds NH^NO.i celluluse

N the course of its investigations of blasting explosives, 
the U.S. Bureau of Mines made tests to determine the 
potential energy, the disruptive effect and the pro
pulsive effect of some of the explosives in common 

The potential energy was measured by means of the
The disruptive effect was

I
use.
bomb calorimeter in water, 
measured, using the Mettegang recorder, detonating fuse, 
Trauzl lead blocks and small lead blocks. The propulsive 
effect was measured in the Bichel pressure gauge and by 

of the ballistic pendulum. The tabulated results 
herewith, together with the approximate corn-

various explosives.

means
are given
position of typical examples of the 
The percentages figured are «rated against the effect of 
40% straight nitroglycerine dynamite taken at 100%..

The figures are fairly consistent with general practice, 
and it is believed that the classification will serve as a use
ful guide for comparing' the practical value of explosives. 
It is worthy of note that the potential energy of 40% 
strength ammonia dynamite and of 40% strength gelatine 
dynamite, that is, the theoretical maximum work that 
these explosives can accomplish, is higher than that of

same

Percentage Strength

Potential Disruptive Propulsive 
Energy Effect Effect

Nitro-Nitro- Combustible 
glycerine Material
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logging flume construction. ?! the, Y;shaPed flume keeps the timber running 
straight, and according as the volume of water in 

the flume is reduced the formation of the V keeps the 
water confined in the smallest possible triangle down 
which the sides of the flume compel the material to 
travel.

I N a bulletin, entitled “Flumes and Pluming,” issued 
by the United States Department of Agriculture, 
the use of flumes in lumbering operations is dis
cussed, with instructions concerning their construe- 

tlon> and some valuable data concerning volume, velocity, 
etc., of water to use in different sized flumes.

Of the two types in general use the V-shaped flume 
has proved more satisfactory, both in cost of construc- 
kon and efficiency of operation, than the box or square, 
uPright-sided flume.

The square flume is usually constructed along the 
general lines of the well-known mill flume or artificial 
conduit used to convey water from the mill pond to the 
mnl for water-power or other purposes, but with this 
uinerence, that the uprights on the sides of the square 
or box timber flume are rarely braced across the top of 
he flume, but instead the top of the flume is left open 
? afl°rd free passage for logs, wood, or lumber, and 

e sides are held in place by uprights fastened on the 
sills or crosspieces on which the bottom of the flume 
rests> and braced from the outside.

This is the oldest type of wooden flume in use, and 
18 employed to some extent at the present time where 
economy in the use of water is not of any particular im
portance. However, the square flume requires 
0 operate successfully with the same class of material, 

and, generally speaking, requires more lumber for con- 
',ruc<aon than does the V-shaped flume. Furthermore, 
afl material bein£ handled is more apt to “jam” (especi- 
t Uy Jhe short material) in the square-box type. Owing 
o the form of its construction there are more joints in 
ns type that are liable to open up and cause “leakage,” 

n case the flume is allowed to stand without 
"mg in it for 
Is desired

(3) In fluming logs or round timbers the rounded 
portion of the log settles well down into the V. The 
water thus confined between the bottom of the stick and 
the sides of the V constantly tends to lift the log, and 
this keeps the stick from settling down or rubbing hard 
agamst the sides of the flume. In a square flume, on 
the other hand the same amount of water could run on 
both sides of the log and not beneath and would so lose 
the tendency to “lift” through lack of proper confine
ment.

Thus if a log or stick of timber is large and heavy, 
n may sometimes nearly fill the V-shaped flume 
sionally touch both sides. But whenever this 
log has the pressure of the full volume of 
the flume

and occa- 
occurs the

water which
can carry backed up behind it to force it along 

and the V formation keeps the stick running “straight 
ahead, so that there is very little opportunity for the 
water to spread out or run around or get by the stick 
without taking it along with it. Its transportation is 
urther aided by the uplift of the partially confined water 

running around and under it, that is trying to find an 
outlet or relief from the pressure of the water behind 
which must either aid in forcing the stick along or run 
over the top of the flume.

(4) In cases where it is necessary to have an 
1SU w7 uabrUPi des(:ent in some Portions of the grade he<! eh^ed flar"e 15 best adaPted to serve as a “slide,’’’
Fmm HP’ i?M .?Ute’” since h is less ükely to become 
jammed, while the material being handled is held by its
own weight in proper position in the centre of the V 
In a great many localities this particular feature 
tro of the log or stick of timber when it is “coasting” 
wil! be found very necessary in handling material from 
the higher mountain slopes, especially in places 
it is impossible to maintain

more water

un

water run-
any length of time, and, except where it 

to combine in one flume the two objects of 
arrymg a large amount of water to be used for some 

Purpose other than fluming below and at the same time
ti h®6 tîle. flume for the transportation of lumber or 

mber, it is generally more advisable to use the type of 
Ume which requires the least amount of water and the 

i ast average amount of repair. Up to the present that 
a fl-u V'shaPed wooden flume, but it is, perhaps, not 
ti "lght, of fancy to predict that it is only a question of 

me when strong and light “sectional” metal flumes, 
and ’Clrcidar *n f°rm, that can be quickly taken apart 
Seth transP°rted from one point to another and put to- 
s .f and set «P again, will be in common use. Metal 
toa Ci!rCUlar conduits> made in sections and easily put 
iri"igatio’ haV-C already been used in hydroelectric and

mo Z*16 V"shaPed flume is at present the type of flume 
St generally used in the western portion of the United 
for of’ 3nd !t bas. given the most general satisfaction 
in -fhe transportation of manufactured lumber or timber 
w ‘Y different forms of logs, railroad cross-ties, cord

ed, etc.
o, ^ome of the salient points in which 
"ume excels are:—
v0[ ^ ft 030 be successfully operated with a less 
the v%°f Water than an-v other type, since, owing to 
eonfl j°rm °f construction, the water is always held 
earr,- °r “compact,” and, therefore, has the greatest 

ymg power for the amount used.
'2) There is less likelihood of jams forming, since 

getf..narrowne„ss of the flume prevents the material front, 
tfjj. lng partially crosswise and forming a “brace,” 
sideUfbe ends “wedging” or pressing against the 
’Hen u the.flume’ Th!s is a feature especially desirable 

n handling short material. The narrow formation

of con-

where
from the top to the bottom of th? mountai^ whhout"3"'0 

great expense, and where it may be necessary to have 
a form of construction that will carry logs or timber 
safely Hor a long distance when the grade is so abrupt 
that it is impossible to maintain a sufficient volume of 
water ni the flume to prevent the material from rubbing 
or sliding along on the sides and bottom. In such 
localities and under such conditions the V-shaped flume 
when strongly constructed so as to combine both the 
objects of flume and chute, has been and will be found 
altogether the most desirable.

In the construction of flume sections angles of from 
70 to 110 o have been tried ; but the consensus of opinion
aVOY T f CofnS.tr,UCt,on methods are dependent upon 

the kind of material to be handled. The sections vary 
m length from 6 to 20 ft. Sometimes onlv one thickness 
of board is used, but more often two thicknesses 
employed, with joints broken or staggered. The details 
of the box construction is largely a matter of individual 
opinion The aim almost always is to keep down leakage.
• , 1 tegular section of wood, sawed to fit snugly 
into the bottom of the V on the inside in sometimes 
ployed for purposes of reducing the amount of water 
necessary and strengthening the flume itself. The value 
of this measure is, however, disputed on the ground of 
too great cost. t
. „ Sj-emp°ffFIre-~Jhe k‘nd °f ferial to be handled 

a prime factor in determining the size of a flume. If
a 30-mch V-shaped flume would satisfactorily handle the 
material, there would be nothing gained by going to the

too

the V-shaped are

em-

the
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PROPOSED RAILWAY VIADUCT, TORONTO.
SsTror^ Valwlyslw policy to

sss
patch For railroad cross-ties, cants, poles cordwood, 
S the 30-inch flume is usually large enough, wherever 
there is a sufficient volume of water available to fill the 
flume two-thirds full, while for the handling of logs, 
piling, long timbers, or “brailed” sawed lumber it is 
usually advisable to have the flume constructed with the 
sides of the V from 40 to 60 inches in height, according 
to the volume of water available and the size of the ma
terial to be handled. This is also a feature in flume con
struction in which the prospective operator can save 
money by not constructing his flume larger or in any 

Expensive form than is actually needed, since every 
' additional inch in height means the use of “°re

in construction, and is consequently an added and u

By W. H. B.

S the proposed railway viaduct along the Toronto 
waterfront a mistake ? In 1907 the city had an investi
gation and report made by Wm. Barclay Parsons, of 
New York, an engineer of international reputation, 

Chief Engineer of Subways in New York, etc., and the 
late Cecil B. Smith, who also was a well-qualified and 
experienced engineer, acting with Mr. Rust, the City 
Engineer, on the general question of traffic facilities along 
the entire front of the city.

The main feature of this report was the considera
tion of elimination of level crossings, particularly along 
the central part of the city. Two schemes, of doing this 

worked out and considered in all their bearings : - 
Scheme 1. Elevating the tracks.
Scheme 2. Placing the streets on overhead bridges. 
As to elevating the tracks, four main running tracks 

only were considered (the viaduct scheme as adopted), 
and not the great network and ramification of existing 
surface tracks. For operating surface tracks retained it 
had been proposed—not by the engineers making the 
report—in recognition of the great danger of running 
trains close to, and, therefore, obstructed by, the masonry 
of the viaduct, that shunting on these tracks be limited 
to the night hours, or that the shunting engines be pre
ceded by a man on foot carrying a flag—a rather fatuous

the numerous private

I

more
were

S where there is a stretch of comparative^ flat grade 
the supply of water may be ample to nearly fill the flum , 
but upon arrival at a point in the flume line where the 
descent is very abrupt, the accelerated speed of the water 
reduces its volume to a small amount in the bottom of 
the flume and, consequently, results in the flumed ma
terial “rubbing” or “sliding” down the descent for a 
long distance on the sides of the V. Such action wears 
out the lining very rapidly, necessitates its being 
quently renewed, and produces a dangerous conditio 
through the liability of the material to jam and pile up, 
and either be thrown out of the flume or break it down 

result of the increased weight.
In general, the lowest grade that is considered satis

factory for successful operation is approximately 1 per 
cent J or 1 foot in too feet, but it is better to maintain 
a grade of from 2 to 5 per cent, when possible. T 
maximum grade that can be used runs up to a very high 
pitch; some flumes have been successfully operated for 
a short distance at a grade of 30°, but such a steep 
grade is very undesirable, as it is usually impossible to 
maintain a sufficient volume of water in the Jm, The 
most satisfactory results in fluming wiUbeobtamed^ 
from 2 to 10 per cent, grade, and it should be held
is per cent, whenever possible. .
‘ PCurves.—In the location of a flume line, for obvious 

sharp curve is inadvisable. It throws the 
weight of the material and water to the outside of the 
curve, with a tendency toward jamming. The degree o
curvature should be kept as low as practicable and
should rarely be permitted to exceed 20 . Shorter 
“boxes” and the closer spacing of supporting ben s, 
arms and bracing are very necessary in sharp curv«s.

Feeders.—Feeders constructed at various pom
in order to maintain the 
different grades.

scheme for handling the traffic 
sidings to shops and warehouses and the harbor traffic 
of a city of 500,000 population.

Summarizing, the report gave for Scheme 1
Advantages :—
Every street would be carried through to the water

front at its existing elevation.
Disadvantages :—
First—The raising of the station would place the 

tracks westerly of it at such a height as to require the 
abolition of the John Street bridge.

Second—The existing freight yards would have to 
be reconstructed.

Third—The shifting and delivery facilities on 
Esplanade would have to be reduced.

Fourth—Crossings of the shifting tracks on 
Esplanade would still remain.

Fifth—Greater cost.

on

as a

the

the

For Scheme 2 :—
Advantages :—
First—No interference with existing tracks.

the Esplanade couldreasons a
Second—Delivery facilities on 

be increased.
Third—A lower cost.
Fourth—Better appearance to persons approaching 

from the water.
Disadvantages ;—
That some streets would be cut off before reaching 

the water.
Scheme 2 is elimination of level crossings ; Scheme 1 

is not. In fact, with the inevitable growth and further 
ramifications of local distributing tracks as business an 
consequent traffic increase the expected relief by a via 
duct eliminating the four main running tracks only wj 
be found to be largely visionary. The report strongly 
advocates Scheme 2, the retention of steam railway 
tracks on the surface and the placing of street lines ^ 
overhead bridges as the only practicable elimination 0 
level crossings at this location.

The city report as printed is accompanied by a rej 
port on the same question made to the Toronto Boar

along the line are necessary 
requisite amount of water on

A Glasgow, Scotland, publication announces that the

Street on the south. The new bridge, with the necessa y 
alterations to provide a suitable approach to it will cost about 
£300,000. The bill permitting the bridge to be built will be 
proceeded with, subject to certain restrictions. A delay o 
114 years has been added to the five years m the original 
proposal.
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I rade by the late R. M. Berrian, 
known Boston who was a well- 

engineer, and by J. W. Moyes. This 
report advocates the viaduct as against street bridges.

hor some reason not clear the viaduct scheme found 
Popular favor, was loudly acclaimed by the daily papers 
without thought of technical analysis of the situation, 
and was adopted.

vast schemes of electrification have been already 
plished and are under way. The same may be said of 
almost every country in Europe. As one instance, the 
Giovi railway, running from Genoa, a line with heavy 
grades and long tunnels, has demonstrated an increase 
due to electric traction of 100 per cent, in capacity during 
the past four years. To come nearer home, and 
sidering progress of the past year or so only, mention 
may be made of electrification of New York, New Haven 
and Hartford lines out from New York, of Pennsylvania 
lines in and about Philadelphia and Pittsburg, of parts 
of the Norfolk and Western, the Chicago, Milwaukee 
and St. Paul, the Atchison, Topeka and Santa Fe, the 
Southern Pacific and other lines. The success attending 
the electrification of the Butte, Anaconda and Pacific, 
in economy and general improvement in operating, has 
resulted in power contracts being placed for 440 miles of 
the Chicago, Milwaukee and St. Paul. The Canadian 
Pacific Railway has planned large electrification in British 
Columbia.

The advance in the past seven years, since presen
tation of the reports referred to, in the availability of 
electric energy in south-western Ontario, due mainly to 
the activity of the Hydro-Electric Power Commission of 
Ontario, has been greatly beyond expectation. It is 
yet four years since this commission began transmitting 
electricity, Oct. nth, 1910. It was then thought the dis
tribution would not reach 100,000 h.p. in forty years, 
while now it is already 90,000 h.p., with all difficulties of 
the beginning period practically overcome. Electrifica
tion in such contiguous cities as Buffalo, Hamilton and 
Toronto will in the near future have to be seriously con- 

.arK* wdo say it will not prevail throughout 
the district from Windsor to Toronto, if not to Montreal, 
with the greatest available 
in the world alongside.

I his electrification feature alone merits reconsidera
tion of the whole question of Toronto 
facilities.

accom-

Several features not considered in either report 
Pertinent to this inquiry.

Traverse by street cars along the passenger land- 
nffs, which, though numerous, are practically all along 

d short_ section of the waterfront, during the season of 
navigation at least, is an urgent requirement, and a car 
s‘fne wil1 in any event be wanted along the new harbor 
street, outside of the railways, shown in the Waterfront 
development plans (1912) of the Toronto Harbor Com
missioners. Tracks for such
t e rerr>aining surface steam railway tracks at grade.

required protection by interlocking derails and sig- 
Rals at such complicated level crossings would be intri
cate and costly, and a great hindrance to traffic.

he bridges to carry streets over railways contem- 
Plate the clearance of 22 ft. over top of rail, specified in 
w’u I?omini.on Railway Act of 1904. A statement of facts 

*1 be of interest in this connection. The Railway Age 
•azette of Dec. 12, 1913, gives a tabulated “Resume 

City Requirements for Grade Separation Work” for 
^anous States in the United States and for Canada. 
_arance requirement for overhead bridges varies from 
1. • fo 22 ft.,-the latter the Canadian requirement,

■ nich is the highest of all. In the city of New York, 
Were electric traction is used exclusively for railways, 
Whin the electric zone, extending beyond the city limits, 
ne clearance requirement is

The recently renewed Milwaukee Avenue and Des- 
P aines Avenue double viaduct in Chicago traversing a 
jackage width of 460 ft. and crossing main tracks of 

Ne Chicago, Milwaukee and St. Paul, the Chicago and 
orth Western and the Pennsylvania Railways, has 
earance over top of rail of only 15^ ft.

In main line crossings over the Pennsylvania and 
t 1er. railways in Pittsburg, with all steam locomotive 
^ action, bridges with clearance over top of rail as low 
bS 1A R- 2 iu- have long been in use, and the same may 

e Sa*d of crossings in many cities in the United States.
Rolling stock and railway conditions generally 

Practically identical in the United States and Canada.
1. fact, rolling stock, which determines clearance re

quirement, is constantly interchanged.
With clearance of 17 ft., or even 18 ft., over top 

rail, instead of 22 ft., the Toronto problem would
assume

con-are

cars would have to cross
The

not
of

16 ft. 6 in.

source of hydro-electric energy

transportation

A few odd figures have been taken at random from the 
1913 annual reports of the C.P.R. Company, showing Ac
counts for additional improvements to the system have been 
*29,000,000 ; for rolling stock and machinery, $30,000 000 • 
for construction of acquired branch lines, $9,113,050* for 
Ogden shops at Calgary, $2,446,035 ; for dividends paid up 
to June 30, in round figures, $15,000,000

are

Particulars recently published by the C.P.R. company -n 
connection with its policy of bridge construction gives the 
following interesting figures of dimension and cost for four 
outstanding structures, e.g., the Lethbridge viaduct the Out
look, the Edmonton, and the Lachine bridges. The first is 
5,327 feet long and 314 feet above the water level, with a 
weight of steel of 25,000,000 pounds ; and cost $1,500,000. It 
was made up of 44 through plate girders 67 feet long, 33 gird- 
ers too feet long, and one 167-foot truss span supported on 33 
steel towers. It required 645 cars to transport steel used in 
construction. The second bridge, across the South Saskatche
wan River, is 3,004 feet in length, 140 feet above water level, 
and has a weight of 5,737,o<x> pounds of steel; and cost $900,- 
ooo. It has 240-foot truss spans, supported by concrete piers, 
with approaches consisting of three 8o-foot 
nine 45-foot plate girder

an entirely different aspect, and the only plaus- 
argument for. a viaduct instead of street bridges, 

en by Mr. Berrian in the Board of Trade report re- 
rred to, would disappear.

;r A consideration that has important bearing on this 
-quiry is the electrification of steam railways, within 

0fC Cl}y district at least. With electric traction control 
trains, short or long, is better, and the need of brake- 
n on top of car less, making for material reduction 
overhead clearance.

str *n C‘t*es su°h as Toronto smoke abatement is one 
. °ng reason, among others, for electrification. Careful 

C^m that in the city of Chicago 47 per cent, 
he city smoke is caused by railways.
Notwithstanding the recent very material improve- 

. s ln economy and power of the steam locomotive, 
r lnff the past ten years or less, electrification of steam 
parr ayfS !s steadily progressing throughout the world, 
trafrCU ai**y a* terminals and at other places of congested 

lc- In and about London and elsewhere in England

ible

seven 6o-foot, and
. XT c . . sPans. on steel towers. The third,

cost ïi0roothoLWatTheeVfe'e;W? ,1?'a°4?*46‘SundI“f steel? and

f H™trir ^'^tîsfctjeTkbo^waterevel, has 8,46-,931 pounds of steel ; and cost $2,000,000— 
that is both for converting into double track, and for the 
original cost of the structure, which was something like $1 ! 
500,000. It has three 8o-foot, nine ,20-foot, four K, two 
270-foot, and two 498-foot spans ; and ,9 piers 3 000

s«UirCd 10 hand,P the “ateVial
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SECTION B-B

TOP VIEW OF CROSSHEAI

SOME LARGE CYLINDRICAL VALVES FOR 
HIGH WATER PRESSURES.

HE valves or water-gates used or projected to be 
used by the United States Reclamation Service 
under great heads at reservoir outlets are de
scribed as follows by Gen. W. L. Marshall, United 

States Army consulting engineer to the Secretary of the 
Interior, in No. 27, Vol. VI. of “Professional Memoirs 
of the Corps of Engineers. They are slide gates for 
guard valves and automatic plug, or needle, valves tor 
closely regulating discharges. Under great heads the 
slide valves are difficult to operate, and when of consid
erable size are not practicable under pressures due such 
heads, especially since roller bearings applied to them 
have failed in practice. The use of slide valves must 
then be restricted'to sluice gates operated under moderate 
or low heads, and to guard gates for regulating valves,
to be operated in still water.

The regulating valves, designed and used in the 
Reclamation Service, form a distinct cylindrical class 
wherein the cylinder is closed at top, which top projects 
beyond the cylindrical body and forms a hydraulic piston 
in direct connection with the valve. The bottom of such 
tvpe is also closed by a conoidal or concave surface ot 
revolution terminating in a point at the axis of the cy in- 
drical body prolonged. The projection of the top surface 
or “bull-ring” closely fits the surface of, and moves 
smoothly into and out from a hood or housing, just as

T

-B~
f,

tremely ingenious. Quite a number of the Ensign valves 
have been in use for several years. Ihe feichman type 
has not yet been tried, but has been contracted for to be 
placed in the Elephant Butte Dam on the Rio Grande.

The regulating plug valves are automatic but con
trollable, and are used under heads up to and greater 
than 100 feet quite successfully. They still have some 
minor defects, but all such defects seem to be remediable, 
and doubtless will be remedied shortly.

r~
A ml t

TOP VIEW 
C'#3d*a< remand

m

]f /
iff

SECTION A-A

Fig. 1.

in its cylinder ; and 

needle

_ piston of a hydraulic engine 
carries the plug or valve to and from its seat.

These automatic but controllable plug or 
valves are in many of their principal features,_ if not all 
of them, the inventions of Mr. O. H. Ensign, Uhie 
Electrical Engineer, and of Mr. F. Teichman, Engineer 
in the United States Reclamation Service, and are very 
interesting, useful, and scientific applications of the laws 
of the mechanics of fluids, correct in principle and ex-

movesa

SECTION^-A

Fig. 2.

In operating these valves not only is hydrostatic 
used and controlled, but auxiliary forces suchpressure

as “suction” from artificially produced partial vacuums 
in the housing, and “reaction” due the change in direc
tion of the discharge by the curved surface of the bottom 
of the plug. The main differences between the Ensign 
and Teichman types consist in the relative intensity o 
these forces employed and relative importance of 
liance placed in the three forces named, and in methods 
of control and operation. Each type has distinctive goo 
points.

or re-

Notwithstanding such defects as have been met in 
plug valves (up to 10 feet diameter), they are believed 
to be the best regulating valves under great heads now 
in use, and certainly will be the best when the new models 
come out. There is no detailed scientific description of 
these valves as far as known to the writer.

In designing the cylindrical valves now in question 
there was not in view to devise a valve or type of gate 
to take the place of the regulating valves, or to be used 
as regulating valves at all, but to arrive at some type 
of gate or valve of medium cost, upon the surfaces o 
which fluid pressures in every direction may be balanced 
or in equilibrium, to be used as sluice and guard gates 
under considerably greater heads than practicable for 
slide gates ; and especially adapted for use for guar 
gates to the Ensign or Teichman regulating valves, an 
which may be capable of being conveniently operate
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under all heads for which slide valves are designed and 
used 1 hey are not yet (experimental data wanting) 
onsidered by me as suitable for use in intermediate posi- 
10ns between open and closed ; in other words, for regu- 

, ing discharge, on account of disturbances that

Of the valves proposed herein one form only is of 
any considerable interest, that is, the “double entry” 
valves (Figs. 1 and 3), wherein a section of a hollow 
right cylinder with circular bases is inserted in 
nular housing, and closes or opens the inner sides of the 
inclosing hollow ring. When the cylinder (supposed sub
merged in water) is raised from its seat a distance equal 
to one-half or more of its diameter, the liquid discharges 
into the hollow ring and out through the discharge pipe 
not only through the interior of the hollow cylinder, but 
also through the hole at the bottom of the ring heretofore 
closed by the surface and the base of the cylinder, giving 
a discharge equal to that of two orifices of capacity equal 
to the inner section of the cylinder. This form is inter
esting in two ways :—

1. It may give the greatest possible discharge with 
the least possible valve movement, and with minimum 
weight of moving parts and with least frictional resist- 

2. Under very high heads the disturbance at the 
bases of the cylinder and in the ring might be found 
dangerous to the material and the. surface of the caning 
might be rapidly eroded by gritty water under the in
creased velocities, if the full discharge under such head 
were allowed to pass the valve. In such case the veloci
ties in the valve and casing can be cut down to any extent 
by reducing the size of the discharge pipe so as to cut 
down the discharge through the valve itself when wide 
open to well below the capacity of the valve under that 
bead.

an an-
may

expected to be set up by partial vacuums due tortuous 
ourse of water through them under high velocities, and 

ref prob.abIe hammering due the formation, destruction, 
ormation, etc., of such vacuums about the edges of 

„ e. ^‘riders if not very securely held by close-fitting
fro t r They can’ however, be opened and closed in 

°nt of the regulating valves in high-current velocities,

be

9 f!

J
ance.

TOP VIEW OF CROSShEAO

TIS V*;.II

m
X \\i=.

Ml
mm

s

V. Thus, if the valve<-/ were barely capable of safely and 
smoothly discharging to it full or duplex capacity at 
100-ft. head, and it be in question to use it at, say, 
400-ft. head, under which head the velocity would be

M

SECTION B-B

Fig. 3.

Qf>t be found necessary on account of wedging or failure 
Qr Sucb valves, under circumstances where slide valves 
„ gates. are impossible of operation, and also for emer- 
;s cy discharge gates and sluices, when close regulation 

not necessary, or when for any cause the correspond
re refulatln? valve is awaiting repairs. They may all 
air»1*?, water-tight when closed by very simple devices 

ea<ty m use with cylindrical valves.
valvThC ,single discharge types, and the double-acting 
Sm Jj5 shown in concrete setting are designed for 
she heads main,y- but in all types, except that one 
chrVn as attached to a pipe elbow (see Fig. 5), the dis- 
h0 ge 18 through the hollow cylinder, and there is no 
ta: ,g or hood required in any of them as in the Fon-
y 6 low cylindrical valves used at Panama and for forty 
c]r‘ rs. °r more elsewhere in this country or abroad. The 
Pacrngs show, types only, and all minor things, like 
nCc lng’ etc-> are omitted to avoid confusion. It is un
to TV t0 sh.ow devices well understood to be common 

a,J close-fitting valves.

r_J

TOP VIEW
TOP VIEW OF CROBBHCAO

M
bnSECTION A-A
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SECTION B-BFig. 4.

noveir°ne °f .tbese. valves is in use ; in fact, they are 
jn ellle.s published just now for what they may be worth 
of ^0nsidering projects requiring guard and sluice gates 
d0 J\rge capacity under considerable heads. They will 
Off. e.Ss be used, if found useful and advantageous, 
tem E156 they .win remain as part of the record of at- 
ginPtS- at soIv>ng a serious problem in hydraulic 
bfc|; enng tbat must be solved in some way. The writer 
?UarHCS that the slide gates for large sluices, and for 
SomP fgateS’ Undfr high Pressures must go, and that 
ancT, torm PIain, positively operated cylinder or bal- 
grp. gate W>11 be substituted therefor for closing outlets 
any’ ' say, than 20 square feet under high heads, but 
Er • the kn°wn cylindrical valves may be made auto- 

atlc if the "

doubled and the wearing energy quadrupled, it would 
be necessary for safe and smooth action to reduce the 
capacity of the discharge pipe to one-half the capacity 
of the valves under the full head of 400 feet. This would 
result in bringing down the velocities, pressures, etc., 
in the valve and casing when fully opened to the same 
values as at 100-ft. head, with precisely the same dis
charge, the velocity in discharge pipe being doubled and 
the capacity of the pipe at same time reduced one-half.

In similar manner the valve may be adjusted to its 
greatest safe discharge capacity, at any head, by ad
justing the capacity of the discharge pipe or conduit.

1 he valve is, therefore, practicable through a wide 
variation in maximum heads due its position in the

en-

expense justifies.
reser-



ACCIDENTS IN MINES IN QUEBEC.
During the year 1913, there were 8,611 persons employed 

in the mines, quarries, clay-pits and concentrating mllls 
the Province of Quebec. This number is not the actual num 
ber, which was somewhat higher, but it is a reduc*10n 1° al 
basis of 300 days work per man per year, from theB„a,c£J* 
number of days work performed, which totalled 2’583<673 
The total sum paid in wages during the year amounted 
$5,401,702, or an average of $626 per person per year. 1 
may perhaps appear low, but it must be c°nsidered that aU 
the mines and quarries are situated m the settled P 
the province, where unskilled labor commands a much lower 
rate than in the average northern mining camp, and ' 
that a certain proportion of the employed are sign y . 
the asbestos open pits, girls in the mica trimming shops, and 
in the asbestos sorting sheds.Throughout the year, sixteen deaths occurred through 
accidents in mines, quarries, clay pits, in the province TaK 
ing the basis of 8,611 persons employed this gives a 
proportion of 1.86 per 1,000 men employed. In the m 
proper, asbestos, copper, graphite, mica, etcq pr P r« 
was much higher; of 3,444 men, 11 were killed or aJa 
portion of 3-19 Per 1,000 men employed. n * ^

' pits, brick-yards, etc., there were. 5-1 7 I
of whom were killed, or a proportion of 0.97 Peproper, cl 

employed,
1,000 employed.

BUFFALO RAILWAY TERMINALS.

Railway terminal work in Buffalo, N.Y., calling °.T j 
expenditure of $15,000,000 to $17,000,000, will be p a 
under construction in the next year or two. Plans for a 
station and other improvements for the Lehigh Jalley, 
cost about $5,000,000, have been approved by the Bu , 
Terminal Commission. The Lehigh facilities will be s a 
by the Grand Trunk, Erie, Nickel Plate and Wabash.
New York Central lines are developing a scheme for a ne 
terminal, which according to present plans will cost c °se , g 
$10,000,000. In addition work is. now progressing on 

Lackawanna station which will cost about $2,500,000.new

Brick and Fire Works were 
loss of $20,000. It is propos

On July 11, the Port Dover 
destroyed by fire, entailing a 
to rebuild the plant next year.

ed

voir, by varying the discharge pipe to give equal dis
charges at such varying maximum heads, or positions. 
Other types, of course, may be treated likewise, but under 
similar conditions of adjustment, etc., the form in ques
tion will always give approximately twice the discharge 
of any other type of cylindrical valve of same diameter.

Referring to the drawings, Fig. 1 shows a balanced 
valve for high or low heads, giving maximum discharge 
with minimum material and with least movement pos
sible in proportion to discharge. The moving part is a 
section of a right cylinder, open at both ends, and actu
ated positively by hand or otherwise. When valve is 
lifted through a distance equal to or greater than the 
radius of the interior of the cylinder (if submerged) the 
liquid in which it is immersed may discharge: 1. 1 hroug

Fig. 5.

the unobstructed interior of the cylinder. 2. Through the 
orifice at its base, giving thus a discharge equal to that 
obtained through two cylindrical valves of same size o 
orifice.

If r be radius of interior of valve and of valve seat 
and R be radius of discharge pipe, then 2 't - *K
or R — rV2 = 1.414 r. .

For instance, if the moving clinder be 5 feet in dia
meter, the discharge pipe must be at least 7.07 feet in
diameter. , .

The drawing shows essential parts only, but is 
readily understood. The valve may be made of many 
forms and of various materials. Inasmuch.as the pres- 
sures in the valve produce stresses of tension only, t e 
barrel or cylinder may be of ordinary thickness of boiler 
plate, with flanges if necessary for valve seats. It its 
weight be counterpoised the valve may be very easily 
moved by any positive acting force.

To increase efficiency of valve and prevent possible 
violent shocks under high heads suitable deflecting valves 
may be constructed in valve casings.

Fig. 2 shows a design for a hoodless cylinder valve 
discharging through one end and under the other end 
of an open cylinder, which constitutes the movable par 
of the valve.

Fig. 3 illustrates a balanced valve of the same type 
as that shown in Fig. 1, only showing the application 
of the valve to a setting in concrete.

Fig. 4 is similar to Fig. 2, except that it also shows 
the valve in a concrete setting. Fig. 5 shows anothei 
application of the hoodless cylinder valve, this time to 
a setting on a pipe below.

All these valves are proposals of Gen. Marshall for 
the Reclamation Service. In connection with their pre
sentation, he submits the following cautionary notes re 
specting large valves:—

(1) Care must be taken that the valve is balanced 
in direction of its axis, to insure ease in operation.

(2) Valve seats may better be separately constructed 
rings, carefully machined to fit, and attached to va ve

be of other material than the exitcastings. They may 
conduits.

(3) The guides, side bars, etc., should accurately 
sufficient in number and strength to prevent 

vibration of the cylinder when wholly or
fit and be
balloting or 
partly raised.

(4) The bails for manoeuvring the valve and as 
guides to tail or lifting rod should not obstruct the ap
proach of the liquid to the cylinder, which obstruction 

increase the force required to manœuvre the valve. 
The surfaces of approach and exit to and from 

the valve may be such as to facilitate and increase the 
discharge, but such refinements should not be practise 
where the gain will not justify the cost.

may
(5)
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COMPRESSION MACHINE FOR TESTING 
STRUCTURAL MATERIALS.

with about %-in. play in the joint, so as to adjust itself 
to the specimen and give it a square bearing.

1 o cover the range required by small specimens ot 
mortar and large blocks of concrete, two gauges are 
necessary. I hese gauges are calibrated to read the total 
pressure on the ram. 1 he small gauge registers up to 
20,000 lb. by 100-lb. intervals, and the large gauge 
registers up to 250,000 by 1,000-lb. intervals, with possi
bility of interpolation for finer readings. Specimens of 
small sectional area will break under a comparatively 
small load on the ram, so it was desirable to be able to 
take readings by 100-lb. intervals when reading on the 
small gauge. When the pressure on the ram exceeds 
20,000 lb. the stop-cock on the small gauge is turned off, 
which prevents any further pressure coming on this 
gauge. This arrangement has been found to work very 
satisfactorily. Both gauges are equipped with a “maxi
mum hand” which consists of a wire held on the main 
stem of the gauge hand by a spring in the form of a bent 
wire. This leaves the wire loose enough to be pushed 
around the dial of the gauge, but not so loose as to be 
jarred out of position when the specimen breaks. The 
top end of the wire , is bent outward so as to be caught 
by the gauge hand as it moves around the dial when the 
pressure is applied. When the pressure is released, the 
gauge hand returns to zero and leaves the maximum hand 
to indicate the pressure which was reached when the 
specimen broke. The gauges have been carefully cali
brated and register accurately at all points.

In order to protect the large gauge from the sudden 
release of pressure occurring when the specimen breaks, 
it was found necessary to design a check valve to be in
serted in the pressure line to the gauge. This check valve 
consists of a small valve seated by a spring. When the 
pressure is applied, it forces the valve against the spring, 
allowing the water to pass into the gauge. When a sud
den release in pressure takes place, the spring seats the 
valve and the water in the gauge gradually runs back to 
the pump by means of a very minute by-pass, which is in 
reality only a small scratch on the seat of the valve.

The jack is equipped with a single-stroke compound 
pump. The large plunger is used in raising the ram to a 
height sufficient to tighten the specimen in the machine, 
and then this plunger is thrown out of service, which 
allows the small plunger to operate. The large plunger 
raises the ram about 0.08 in. per stroke, while the small 
plunger raises the ram about 0.02 in. per stroke. The 
load should be applied to the test specimen uniformly. 
This cannot be accomplished with quite the same uni
formity in a hydraulic machine that can be obtained in a 
screw machine on account of the upward stroke of the 
pump handle. It has been found, however, that with 
care the pump can be so operated as to apply the load 
very evenly and without a jerk, and that by making a 
quick return stroke of the handle the pressure may be 
considered as being increased continuously. In applying 
the load, the ram should be raised at the rate of 0.026 ft. 
per minute, which can be done by operating the pump 
handle so as to make a stroke and return in 3 ^ seconds.
A clock arrangement is being devised to strike every 3 % 
seconds, so that the man operating the machine 
curately regulate the pumping. When the load on the 
ram reaches the vicinity of 125,000 lb. or over, a pipe ex
tension about 3 ft. long is put on the end of the 3-ft.

This gives the operator the necessary 
leverage to operate the pump without the assistance of 
another man.

w ITH the increasing recognition of the necessity 
for laboratory tests of concrete has come a de
mand for a simple machine for testing the 

. . Passive strength of specimens as large as 8 and
° ln' ln diameter. Engineers and builders are beginning 
0 aPPreciate the fact that a great deal of money can be 

tLVed °n a iarge concrete job, amounting often to 
ousands of dollars, by proper selection and proportion- 

"f ? the aggregates. To compare the qualities and pro- 
fa ii?lng °f different materials, it is necessary to make 

} arge concrete specimens with the cement and ag- 
eo~g£!-e,t0 used on the w°rk. Advance tests are also 
th 11 fr°m the s.tandpoint of safety, and to determine 
r 6 allowable working compressive strength of the 

ete In a reinforced-concrete structure.
lab Z" addl.tio.n t0 these tests of specimens made in the 
thaTm017, it: 155 now required on important construction 

at blocks of concrete shall be made up in the field at 
ated intervals, and tested for 

ages of, say, 7, 14 and 28 days.
DacbC°JnpreSSi.0n machines of from mo to 150 tons ca- 
; ty for testing concrete specimens would be in much 

S eater demand were it not for their high cost and their 
On fi!n€SS' , ere are two types of compression machines 
For market : Screw machines and hydraulic machines. 
th 'rey large work the screw machines are preferred to 
hav I1"3,1'.'10 ,machines: but for small work, the former 
fl e the disadvantages of high cost, heavy weight, large
opera te1"63 reqUlred’ and mechanical power necessary to

of ,The hydraulic machines now on the market lack some 
e objectionable features of the screw type, being less 

'°St,?nd in we‘£ht> requiring less floor area, and being 
of tt/a y oPerated by hand. However, they are still out 
ioh "e ruach °f the smaller laboratories and of construction 
L ® where concrete specimens of 6 or 8 in. in diameter 
o e made up for testing. The small hydraulic machines 
lahn 1C ™arket at the present time within the reach of 
Coand construction jobs from the standpoint of 
men r Slze’ are n0t of sufficient capacity to test spéci
fia 8 °f m°rtar °r concrete larger than 3 in. or less in 
SDeet ' T° °btain a Sood average sample of concrete, 
in .'m^s should be cast at least 6 in. and preferably 8 
diaJ,n dlameter" A machine to test specimens 8 in. in 
can-, ^ TUSt have a capacity of at least 100 tons. A 
f0pj.Cl y of T.25 f0 T5o tons is still more preferable as af- 
ca„ n" a slight excess capacity and also providing for 
sllfr wbere !t is desirable to test an old piece of concrete 
gf n as is sometimes cut from a wall. Such a piece, even
irrp», iaW'.ng ,fhe faces true in a power saw, is apt to be 
, guiar in shape and may run a trifle 
tension.

com-

con-

compressive strength at

over 8 in. in one

m0rt V,fh a vlew to obtaining, particularly for tests of 
Uiaohar an,d concretf< a reliable, accurate, and efficient 
ten,,; "e °f a capaclty up to 125 tons, at a low cost, and 

c1omParativeI.v small floor space, a design was 
Mr W€^bT-\V' H" Weston’ under the supervision of 
IanH °" Lichtner, consulting engineer, Newton High- 
convl’ SSV and described by the latter at the recent 
Hi, rho? °.f fhe American Society for Testing Materials, 

description is as follows :
This machine consists of an ordinary hydraulic jack 
those used in ship-yard work, set in a frame consist- 

a heavy base and ton. The top of the frame is pro- 
W'th a head block having a ball-and-socket joint

can ac-

pump handle.
!'ke
iIS of
v'ded A guard should be placed around the working parts 

of the machine to protect them and also the operator of
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however that where lateral spread does occur it cann 
LT to be ultimately destructive, as without substantial 
and immovable support the top coating can"°^e Jn 
up to its work, particularly after some wear has taken 
nlace and it becomes a question how far new S aà expensive character are justified before the sub
crust movement referred to has been arresl'<1' - forma- 

With a view to obtaining more accurate 
tion, the writer has lately placed a number of trod bohs 
below the surface of cer.atn ^ds, an^ has faed^ ^

future

break. Con-

around in all directions.
The frame of the machine measures 20 by 32 by 60 

in. high, outside dimensions, and the total weight is 
about 1tons.

ens

men

surfaces
machine described has been in operation now for 

some time and has been found to give accurate and re
liable results. The results have been checked several 
times by a series of check tests on a large expensive 
screw machine.

The

m”vementX”any be dSni'tefy ascertained on a

OCCaHe”has also inserted measuring instruments at van- 
places which consists of two rods arrang 
" other, having iron plates d

THE PREVENTION OF THE SUBCRUST 
MOVEMENT IN ROADS.

ous
one over
extremities, which will enable any
lateral or longitudinal, to be recorded. , m d

the surface preclude any movement of the subcrus , 
at the same time provide a means of construe ing pervfous amh of "tarred macadam » carry the traffi , 
great additional strength being provided by the g 
tudinal members for the support of the heaviest

HE behavior of roads subjected to heavy traffic 
has been under the observation of road engineers 
everywhere, and in several instances certain ex
periments have been initiated to determine, as far 

as possible, the lateral and longitudinal movement ot 
material forming the subcrust of highways. One of the 
investigators, Mr. E. S. Sinnott, M. Inst. C.E., county 
surveyor of Gloucestershire, Eng., read a paper before 
the recent Cheltenham convention of the Institution ot 
Municipal and County Engineers, concerning his work. 
It is largely descriptive of observations made as a pre
liminary to more precise investigation under way, t e 
former comprising the opening and inspection of various 
sections of grass verge adjoining the principal roads, 

Speaking generally, these indicate that lateral move-
considerable extent, has 

to call for

T

vehicles.For various reasons, the writer thought it best to 
frames in reinforced concrete, altho g 

material could, if preferred, be used.
in. by 3% m- (averag 

slightly tapered from 
are securely

construct the 
timber or other

The longitudinals 
thickness) by 12 ft. long, and 
top to bottom. The ends of the longitudinals 
housed at the extremities of the cross-ties.

The reinforcement consists of expanded meta 3 •
mesh X in. by _3-10 in., weighing 1^ ^ s^
ficial yard, cut into strips 9 in- w degree with
cross-ties this is supplemented in a minor degree 
wrought iron round bars of small section at the end

the same.

ment, in some instances to a 
been taking place, and such movement seems 
special consideration.

The following examples will serve as illustrations, 
(i ) On main road (Gloucester to Bristol) at Whitfield, 
near Falfield. At this point the grass verges were opened 

both sides of the road, and on the west side there
bed of broken

are 12
are

on
was found, at a depth of about 4 in., a 
limestone having a width of 3 <•- l're"“sffhf ,«d
face, varying in thickness from 7 
to 4 in. at the 3 ft. distance. On the east side a som - 
what similar state of affairs was found to exist, the 
width in this case being 2 ft. 6 in. from the verge, 
subsoil is a hard, red clay, (ii.) On main road O-- 
to Malmesbury) near Chipping Sodbury. In this insta 
the lateral thrust is shown in the movement of a line ot 
channelling formed of three stones on edge put in to pro
tect the foot of a bank: originally laid with a horizontal 
face of 13 in. in width, the stones having been forced 
into a vertical position, having moved through an angle 
of 90 deg. In several instances the upper stones have 
been forced completely over, having rotated through an 
angle of 180 deg., and have fallen backwards into the 
highway, their movement away from the road being 
arrested by the bank they were put in to protect, the
subsoil is clay.

(iii.) On the main road (Gloucester to Bath) between 
Hardwicke and Stonehouse. In this case metalling an 
pitching have been found from 3 ft. to 5 ft. from th 
metalled surface, and about 18 in. in thickness. The sub
soil consists of. clay and sand.

(iv.) On the main road (Cirencester to Cheltenham) 
at Baunton Hill. The opening at this Plauce 
the original pitching and oolite macadam had been 
for a distance of 4 ft- from the edge of the metalled sur 
face, the outer end showing an upward movemen . 
subsoil is clay.

A further modification consists of makingf the> 
tudinals slightly curved on the inside, in d 
stand lateral thrust more effectively jdso, w 
cult- due to traffic may be anticipated^ .facing

and
cross-ties in position they, 
connected in the centre with a bolt or bolts.

In the experimental frames which ha
width between the longitudinals has beer>

reason for adopting 
suitable for 

conditions of rural roads in Glouj

can

down, the -,
at 8 ft., but there is no particular 
this dimension, other than that it ^appears 
dealing with the traffic 
cestershire where most of the heavy weights 
in the central portion of the highways.

If considered advisable, a greater width to > 
may be adopted between longitudinals, or where traffi^ 
conditions justify it, the central pair can besupplemen 
by longitudinals on either side, connected thereto 
cross-ties similar to those previously described. ^

The frames have been placed, the top edges 
longitudinals being 6 in. below the finished road surfac - 
which, from the information at present at the writer^ 
disposal, appears the most suitable Potion o 
the lateral movement, also at this depth there would U 
little or no interference with pipes, and with 6 in. co 
over the top side of the longitudinals there appears 
be sufficient cushion to avoid any damage thereto.

are
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EXPERIMENTS WITH ROAD MATERIALS. feature, the question of clearance is one that merits 
further attention, as so much expenditure hinges upon it 
in an undertaking of this kind. Doubtless those not 
versant with Canadian railway specifications will be 
prised to learn that the requirement of 22 feet over top of 
rail, as in force in this country, is higher than any similar 
requirement in the United States or Great Britain.

An English contemporary has the following to say 
about research experiments in connection with highway 
engineering : “Is it not time some one entered a protest 
against the waste of money in a lot of laboratory expedi
ents on road material ? The results of these tests are 
about as valuable as a knowledge of the canals of Mars. 
*he sum and substance of road work is summed

con-
sur-

up in
°ne word—‘conditions.’ Two roads constructed similarly 

like materials, but upon the two opposite sides of a 
afil, will wear differently, and no amount of laboratory 
experiments will alter the fact. Again, a material which 
^ill serve admirably in an open country will not wear 
similarly if used through a woody, damp district, 
further, there

CONSIDERATION OF TENDERS.

Tariffs are imposed on nearly all lines of importation 
into Canada, designed to equalize conditions between 
Canadian firms and foreign firms. When a foreign firm 
answers a formal call for tenders, and underbids a Cana
dian firm, despite the duty burdens imposed upon the 
foreign firm, the Canadian firm has no right to expect 
favoritism merely upon the made-in-Canada argument. 
Should the Canadian firm be able to make better deliveries 
or should the quality of its product be superior, then it is 
entitled to prior consideration even though its tender be 
higher, but not too high in proportion to the greater 
vice it is prepared to render.

, Jo a far less extent is any one section of the Do
minion warranted in favoring local firms at higher figures 
in preference to other Canadian firms more distantly 
situated. The city of Vancouver recently bought a number 
of valves. Three tenders were finally considered. A 
United States firm bid $8,405 ; a Walkerville, Ontario, 
firm bid $8,485 ; a British Columbia firm bid $9,700. The 
waterworks engineer and superintendent recommended 
the acceptance of the Walkerville tender. The waterworks 
committee of council favored the lowest tenderer, but the 
city council—by the mayor’s vote—awarded the 
to the local firm.

are materials admirable in certain positions 
used on the flat which are useless and dangerous if used 
°n a gradient.

“This flinging of laboratory experimental results is a 
a<f of faddists wanting to stereotype practice and to issue 

red-tape orders from a central office as to what is to be 
done in every corner of the land. 
red tape are refuges for the destitute in common 
and the conceited empiric who believes that the result of 
an experiment upon granite, syenite, slag or other ma- 
^tial is a solution of the problem where and when they 

? ould be used. No laboratory experiments will give re- 
ative values of various methods of road surfacing unless 

a the varying conditions of climate, soil, gradients, 
aspect, surroundings, character of traffic, etc., are known, 

he factors in the problem are too 
y a laboratory experiment. You cannot get even some 

Preliminary indication of probable results in the labora
tory. The question of standardization is a wider one, but 
*n rnost cases the result is to stereotype practice and to 
Prevent

Standardization and ser-
sense

numerous to be solved

contract

using their brains. It assists the degeneracy 
? a Profession. There is no incentive to progress. What 
,s> >s, and is good enough. ”

_ What is, is not good enough ; hence the field of ex
perimental research. To ascertain, by experiment, the 
Materials best suited for the conditions which prevail on 

er side of the hill, or for the conditions to be found 
n °Pen country, in woody and damp districts, on the flat 
r on a gradient, entails the expenditure of some money, 

s course. But the saving to the country as a result of 
t?ch experiments, and the comfort and other benefits 
'p,at also accrue, cannot be reckoned in dollars and cents.

e difference in cost of maintenance (and even of con- 
struction) between the scientific methods that are being 

keenly investigated and the rule-of-thumb practices that 
^ Ve f°o long prevailed will be as evident, a few years 
J"nce> as a result of experimental research, as it has in 
0 many other phases of municipal development.

men This is dangerous practice, but in line, so far as en
gineering ethics are concerned, with other recent actions 
of the same council. It is reported that there is a general 
campaign in British Columbia in favor of using home
made goods in preference to goods made in other 
vinces or countries. This is said to be urged in the 
of requiring contractors for the Second ^Narrows Bridge 
across Burrard Inlet, which will cost approximately two 
million dollars, to specify that British Columbia-manu
factured steel be used in the construction. The adoption 
of such a policy would have a very depressing effect 
British Columbia’s credit in the

pro
matter

upon
. . _ money markets. Petty,

narrow-visioned economics of this sort will surely not be 
allowed to prevail in the province that is ordinarily the 
most unselfish in Canada.

Before the United States Senate has appeared-Sen
ator Bryan s good roads bill, under the terms of which 
the federal government would issue 3 per cent, bonds to 
the amount of $500,000,000 in instalments of $100 - 

000,000 each for 5 years, for road development. Before 
States could participate in the funds they would be re- 
nun ed to issue an equal amount of 4 per cent, bonds, 
which, when deposited in the treasury department, would 
be exchanged for cash. The 1 per cent, difference would 
make up a sinking fund to aid the States in retiring the 
bonds. Creation of federal highway commissions to 
supervise the expenditure of highway funds is a feature.

“proposed railway viaduct, TORONTO.”
. 1° view of the many arguments favoring the electrifi- 

>!'on of steam railways within city limits, as well as 
'v' l*" ^°'n^s wk'ck if raises for consideration in connection 
th fke proposed railway viaduct along the waterfront of 

City of Toronto, we publish on another page a dis- 
ssion. submitted by a well-known consulting engineer 

n<' railway Apart from the electrificationmanager.



Plans are being prepared and considered in Denmark an 
Sweden for a channel tunnel between the tw countries. T 
greatest depth at which the tunnel will run ill be about i 
feet, and it is estimated that the undertaking can be complet
ed in 5 years at a cost of about $25,000,000. The tunnel win 
be worked by electricity, and will be driven through the str 

chalk underlying the northern Europeanturn of grey 
continent.

workingof Argenteuil ; M. P. and J. 1. Davis, who 
a quarry at Rivière à Pierre, north of Quebec, the stone 
being used altogether in the construction of the Quebec 
bridge.

are

Another source of granite is found in the various
the rocks of Ordo-igneous intrusions which penetrate

vician age in the Eastern townships, and large quarries 
on such occurrences are worked in the township of Stan- 
stead ; in the township of Whitton ; on Mount John
son, near Iberville Junction. The production of granite 
reached $496,588 in 1913, as compared with $358,749 
in 1912.

Other Structural Materials.—There are no new de
velopments in the other materials of construction. . Brick 
and lime show very small increases as compared with the 
previous year, which may be accounted for by the fact 
that concrete construction is on the increase, as shown 
by the large increase in the production of cement. The 
sand which figures in the table of production only repre

small proportion of the sand actually used 
only keep record of the 

Most of

sents a very
in building operations, as we 
sand which is worked under mining licenses, 
this sand is dredged or pumped from the beds of rivers.

PROGRESS ON THE C.N.P. RAILWAY.

A recent statement made by D. 0. Lewis, divisional en
gineer .of the C.N.P. company in British Columbia, . an- 

that the work being done between Parsons Bridgenounces
and mileage 100 will be completed by the last of August. 
Mileage 100 is a point about 4 miles from Cowichan Lake 
and about 5% miles from the Nitinat River. This means 
that before the end of next month the grade for over 100 
miles will be ready for the sleepers and rails. The steel 
bridges, which are to be put at mileage 54, 68. 73 and 75’ 
will be constructed as the rails are laid. The grade from 
mileage 100 to mileage 121, a point in close proximity to 
Alberni Canal, will probably be completed at the end of the
year.

From mileage 121 to mileage 136TA the road is practicall' 
finished. Mileage 136% is within 6% miles of Alberni, so 
that, when the line from mileage 100 to 121 is finished, the 
road will be in condition for the rails as far as Alberni.

The wooden bridges beyond mileage 101 will not be built 
until all the grading is done and the rails are laid so as to 
avoid danger of their destruction by fire.

The line which will run from Patricia Bay down the 
Saanich Peninsula, round Swan Lake and Portage Inlet to 
Parsons Bridge, has been almost completed as far as the grad
ing is concerned.

At Patricia Bay, where the rails are to be landed, a con
tract for the erection of the approach and pier has been 
awarded to S. Doe, of Victoria. The work is to be completed 

The steel for the small bridges will probably
fromin 70 days.

from Vancouver; that of the larger structures,come
Eastern Canada. The first cargo of steel will arrive a 
Patricia Bay between October id and i5; and another ship 
ment is expected by the middle of November.

will be sufficient for the road to mileage 100.
These two

cargoes

PRODUCTION OF STRUCTURAL MATERIALS 
FROM QUEBEC MINES DURING 1913.

HE structural materials appear for a preponderating 
of the total value of the mineral productionT Pal"t

of the Province of Quebec. In 1913, their value 
amounted to $8,187,917, which represents 62 per 

cent, of the total production. Under this heading 
grouped cement, limestone, brick, granite, lime, building 
sand, clay products (tiles, drains, pottery, etc.) in the 
order of their importance. The following information 
is from the report for 1913 of the Mines Branch, Depart
ment of Colonization, Mines and Fisheries.

Cement.—The cement manufactured in the Province 
of Quebec is exclusively Portland cement. The manufac
ture of cement is now an exact science, and it is almost 
impossible to find a natural mixture of clay and lime
stone which will give the results expected from a Port
land cement. The natural cement industry in Canada has 
been entirely replaced by the manufacture of Portland 
cement, in which the raw materials are mixed in fixed 
proportions, according to a strict chemical control.

The composition of Portland cement is, therefore, 
definite, and, although the mixture of raw materials may 
vary within narrow limits, it should normally contain 75 
per cent, of lime carbonate, 13 per cent, silica (soluble), 
5 per cent, alumina, per cent, iron oxide (Fe-O,), 
and the remainder allowed for impurities, magnesium

The raw ma-

are

carbonate, alkalis and inert substances, 
terials used in the Province are Trenton limestone ex
clusively, for the lime constituent, and Utica shale, or 
Leda marine clay, for the argillaceous component. These 
substances are very abundant. All along the north shore 
of the St. Lawrence River deposits of both limestones
and clays are common.

In 1913, the cement mills of Quebec shipped 2,881 
480 barrels, valued at $3,361,292. In fact, the value of 
the cement production was over 40 per cent, of the total 
value of the structural materials. Ten years ago, in 

the recorded production of cement of our province

>■

1904,
was 40,000 barrels, valued at $66,000.

Limestone.—The limestone industry is well developed 
in the vicinity of Montreal, where quarries have been 
opened at Mile End, at Outremont, Cote St. Louis, 
Longue Pointe, Villeray, Sault-au-Récollet, on beds of 
the Chazy and the Trenton limestones, both of which 

well developed in the Island of Montreal.
At St. Vincent de Paul, St. François de Sales, where 

a great deal of the limestone is produced, the quarries 
are in the Trenton. The same formation is also worked 
at St. Marc des Carrières, Deschambault and Lache- 
vrotière, in Portneuf county, as well as at Beauport and 
Château Richer, immediately below Quebec. Trenton 
limestone is also quarried in Hull, opposite Ottawa.

From returns received from producers, the limestone 
extracted in 1913 reached a value of $1,704,207. This, 
however, does- not represent the whole production, for 
it is almost impossible to keep track of all the small 
operators who work spasmodically. From the 162 names 
of limestone producers to whom we sent return forms 
to be filled in, only 84 answers were received, many an
swering only after the second or third request. Of these 
84, there were 44 who reported a production, and 40 
whose quarries had been idle during the year.

Granite.—The Laurentian area, which extends to 
the north of the Ottawa and St. Lawrence Rivers, affords 
an unlimited supply of granites of various colors and

few

are

textures, but, owing to the limited market, very 
quarries have been opened. The main operators - 
Laurentian granite are the Laurentian Granite Company, 
whose quarry is situated at Staynerville, in the county

in the
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Fig. 1.—Types of Movable Dam Crests.

s*gned by Christopher Holth, mechanical engineer, and 
instructed by L. L. Wheeler, assistant engineer. The 
Canal bank broke in 1910 and the gate automatically rose 
and closed the feeder, retaining the level in the feeder 
inal.

2. The arrangement of piping for above purposes, 
and to secure uniform distribution of water pressures 
along entire length of gates by making main conduits of 
much greater capacity than that of all distributing pipes 
or conduits combined.It then repaid its cost.

3. The siphon for automatic control of the gates 
during floods, in connection with, or rather, in addition 
to, hand control. These siphons “bleed” the supply mains 
before water in them may reach under pressure the small 
distributing pipes leading into hydraulic chambers, and 
have discharge capacities nearly equal to, but less than, 
the main conduits, so that (if the hand-operating devices 
be closed) whenever during a flood the water level above 
a dam reaches the level of the siphon throat or top, the 
siphon at once so “bleeds” the supply main that the pre
ponderance of water pressure is at once changed from 
one side to the other of the axis of rotation of the gate, 
and it will fall and remain flat until the level in the reser
voir falls below the air inlet to siphon, whereupon the 
siphon action is broken, the full pressure is again exerted

The second type, at the top of the drawing (without 
,e wooden drift shield and siphon), has also been in use 
*nce 1907 as upper gates on fourteen locks on the Illinois 

aad Mississippi Canal, but the lower leaves or aprons of 
hose gates were designed of sufficient size only to depress 
e gates automatically when the locks are filled to within 

*° >n- or less of the surfaces of the upper pools. Those 
°ates have worked successfully since 1907, although there 
leCre ^e^ects in workmanship that were corrected, and at 

ast one uncorrected defect in design that is of no prac- 
importance so long as the canal levels are main-

These gates were also designed under General 
arshall’s patents by Christopher Holth, but the com- 

-T,^.ed designs were not submitted to him for correction.LT"............... .̂......... ....................

M
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MOVABLE CRESTS FOR DAMS. until its nose is above water, when the current may act. 
It may be readily modified to be applicable to spans up 
to 100 ft., but is peculiarly adapted for use as an upper 
gate to a canal lock of 40 ft. or less span and not ex
ceeding 10 to 12 ft. depth.

Later Types.—The two types at the bottom of the 
plate are believed to be novel, and have now been pub
lished for what they may be worth. They may be used 
by the United States freed from patent claims. Any one 
familiar with bear-trap dams will understand at a glance 
their working. The only features worth special remark 
are :—

THE accompanying drawings show some types of 
automatic and hand-controlled flashboards, intended 
for use by the U.S. Reclamation Service. They 

were proposed by Gen. William L. Marshall, con
sulting engineer to the Secretary of the Interior, were 
described in an article in the May number of the “Pro
fessional Memoirs” of the Corps of Engineers, U.S. 
Army. The author calls attention to the fact that the two 
types shown at the top of the drawing are new but were 
patented by him some years ago, the straight or plane 
gate type (upper left-hand figure) having been in use 
since 1907 on one of the feeders of the Illinois and 
Mississippi Canal. Altered to suit local conditions, it is 
placed horizontally in the bottom of the feeder as an emer
gency stop gate, to rise and retain the canal level in case 
of a break in the banks. The particular gate was de-

1. The care taken to so arrange the hydraulic 
chambers as to cause mud and sediment to be swept by 
the motion of the gate into or near numerous water supply 
and exit pipes or “scrappers,” and sufficient leakage to 
keep mud from accumulating. This leakage may be re
duced to any extent by well-proved means.
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is

in its water level of about 2 ft.
effective depth of the sluiceways, if 5° ft- wide 

each, must be 9 ft. at maximum flood level, and theie 
must be six of such sluiceways of that width to discharge 
the maximum floods of 25,000 sec.-ft.

The sluice gates or movable crests may 
7-ft. lift each, and the water levels in the reservoir must 
be so controlled as to rise not more than 2 ft. above thei

throughout the surface of the gate, the preponderance of 
pressure is again shifted from one side to the other of 
the axis of rotation, and the gate rises.

The type with siphon control falling down stream ad
mits trussing or bracing, etc., so that it is possible to 
make it very light and at the same time strong and stilt 
against warping and of any reasonable length. It may 
be advantageously used up to 10 to 12 ft. lift on lg 
spillways and dams. The width of that part be ow t e 
axis of rotation in any of these movable crests shou e 
not less than five-eighths the width of upper section, ex
clusive of width of flap leaf ; the relative proportions of

meet the special

all water

The

be made of

crests when? deep wiu discharge ap-
proximately 3,000 sec.-ft. When the water rises to the 
limit assumed there will be 9 ft- depth in the sluices and 
the discharge of each will then approximate 4,500 sec.-n. 
The discharges may be less than above given, but theV 

assumed for the purposes of a demonstration, 
accuracy is not now in question.

One of the sluice-gates is to be of most careful con
struction, and fitted in all its parts for hand control and 
operation, and five of them are supposed to be operated 
automatically by siphon, all gates being of a type falling 

from the reservoir. These latter have th 
siphon throats and their air-entrance breaks adjusted m 
level so that the gates will fall in succession upon incre
ments of, say, about 3 in. in reservoir levels, beginning 
with the first gate falling when that level reaches 7 in. 
above the crest when raised, and the last or sixth ga e 
falling when the water level of the reservoir is about 3 in. 
below the maximum safe limit named above. Now, w en 
the water level in the reservoir rises until it is nearing 7 
in. above the crests of the gates—at which level the hrs 
gate is arranged to fall—the operator would begin to 
lower the hand-operated gate at a rate that preserves the 
level of the reservoir water until that gate be fully e

Each
parts of gates should be computed to 
conditions in each case.

Steel plates are hinged to edges of lower sections 
and move along inclined planes in order that there shall 
be elasticity in the system even under considerable wear 
at axis and inaccurate work. The gates will not be sub
ject to wedging and obstruction by gravel, chips, etc., and 
these narrow leaves remove most of the objections that 
have been made to drum weirs, etc., the leaves of which 
must be nearly in contact with the curved surfaces of 
hydraulic chambers, and are often wedged. These plates 
may be in sections of desirable lengths, the joints between 
lengths may be stopped against leakage by strips of pure 
rubber packing, allowing any section to rise or descend 
enough to pass over any chance pebble or chip without 
serious leakage, or straining the gate, and the plates as 
a whole to adjust themselves to wear or inaccurate work
manship, location of axis or informing the plane surfaces 
of the hydraulic chamber.

4. The air passages to remove vacuums 
under the gate, due to rapid flow of water over it when 
down, are not novel except in the particular disposition 
of them. Vacuums more or less complete under 
falls increase materially the pressures on the upstream 
faces of gates and dams ; cause tremblings and vibrations 
in dams, and in old bear-trap forms sometimes determine 
whether they can be worked at all in certain positions or
phases of their motion. _

The question of prevention of partial vacuums, then, 
is of some importance in all dams, whether mova e or 
fixed, and especially so in bear traps, where little or no 
attention has been given the subject.

Regulation of Levels of Reservoir With Spillway 
Crests and Sluiceway Gates.—Some criticisms of auto
matic movable sluice gates have been based upon the 
opinion that their movements are so rapid that there would 
be thrown into the stream below the reservoir large 
amounts of water en masse, thus creating waste of such 
magnitude that damage to animal life, or to property,
might result. . .

This objection is well founded, but, when it is con
sidered that the movable crests, or spillway gates pro 
posed are in fact hydraulic engines, capable, if properly 
constructed, of as smooth, gradual and certain movement 
and control (and by similar methods) as any other hy
draulic press or engine, the point is of small, importance.

It is necessarv for this purpose in a series of sluice
ways controlled by automatic gates to provide one and 
only one sluiceway of the series, with a hydraulic gate.to 
be operated carefully by hand, in order to make the in
crease in discharge as gradual as it would be over a fixed 
or movable horizontal weir of suitable length, by. filling 
in by gradual increase in discharge the differences in total 
discharge caused by the sudden periodic gate movements.

For instance, suppose there is an available site 350 
ft. in length for a spillway to be used in connection with 
a large reservoir, and that the maximum flood to be

are

down stream

that form

over
pressed.

Whenever the first automatic gate goes down, the 
hand-operated gate should at once be raised, and the same 
gradual movement of the hand-operated gate be resumed 
between the falling of the first and second, etc., and suc
ceeding automatic gates, if such care be necessary. It is, 
then, practicable to make the discharge from a reservoir 
by the use of these gates, or indeed of any of the 1 bear- 
trap” family, as gradual and regular, as by any other °e' 
vice, even if that device be a fixed weir, but the contro e 
sluiceways have the material advantage over the fixe 
weir of allowing the storage of 7 ft. (in this case) depth 
of water over the entire surface of the reservoir, which 
cannot be done by a fixed weir of same length of cres 
with as little waste and as little fluctuation in water, level 
in the reservoir, and the sluices moreover, serve admirably 
for drift chutes.

in existence, orIn some very large reservoirs _
under construction, this additional storage of 7 ft- m * 
reservoir might run to a hundred thousand acre-feet o 
even much more, a matter of very great importance 1,1 

arid region, where water is so precious for irrigation

now

our
and domestic use.

EXPLOSIVE PRODUCTION.
someThe United States Bureau of Mines, has compiled 

figures on the production of explosives in the United Sta . 
in 1Q12. It appears that there were manufactured, 230,23-• 
36g lbs. of black powder ; 24,630,270 lbs. of permissible ex
plosives; and 234,460.492 lbs. of high explosives,. such a 
dvnamite, nitroglycerine, etc. Of the high explosives »9\ 
703.081 lbs. were consumed in mining other than coal an 
4,668,300 lbs. of permissible explosives in the same industry-
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system is readily adapted itself to regenerative control 
of trains on down grades. The motor is inherently a con
stant speed motor, and will carry its load up grade ap
proximately as fast as it will carry it down grade or on 
the level. With some modifications in the design of the 
motor, its speed can be varied in steps without seriously 
affecting its efficiency.

The ,Great Northern Cascade Tunnel electrification 
is the only example of this system in this country, al
though locomotives having an aggregate rating of about 
200,000 h.p. are in use in Europe.

Split-Phase System.—The locomotives are equipped 
with polyphase motors and single-phase current is sup
plied from the trolley. A phase converter on the loco
motive converts the single-phase energy to the polyphase 
energy required by the motors. The distribution system 
is the same as with the single-phase system, and the 
motive power equipment is the same as with1 the three- 
phase system, with the exception of the phase converter. 
In a measure the good points of both systems 
bined. The system is a new one, and is possibly the most 
spectacular development in electric traction made during 
the year just passed.

Advantages and Disadvantages of Electric Traction.
—The following are a few of the more important advan
tages and disadvantages of electric traction for railway 
trains. Briefly, the advantages are :—

The safety of operation is increased because signals 
not obscured by smoke and steam, and the locomo

tive-driver can give his entire attention to driving, and 
his seat can be located so that he can see both sides of 
the track at all times.

Regenerative control is possible with all systems of 
electric traction. With regenerative control the air
brakes are used only in stopping or in case of emer- 

Car wheels and brake shoes are not heated by
down

ELECTRIFICATION OF STEAM RAILWAYS.

TN The Canadian Engineer for July 9th, 1914, appeared 
a discussion of the steam railway electrification pro- 

1 blem, by Mr. J. A. Shaw, of the Canadian Pacific 
Railway Company. The following, extracted from 

a paper read by Prof. D. D. Ewing before the Indiana 
Engineering Society, will be found of particular interest, 
as the statements advanced by both authorities leave little 
to be desired in the matter of general information re
specting the systems that have received practical recog
nition Prof. Ewing states that power companies are 

in electrification because they have electrical 
energy for sale. The railway companies can build and 
operate their own power plants, but in many cases they 
find it cheaper to buy energy than to generate it, the low 
ratio of average demand to maximum demand making 
a railway load alone rather unprofitable for a power 
station.

interested

As far as the power station and transmission lines 
are concerned, nearly all systems of electric traction are 
similar, consisting generally of three-phase power gen
eration and high voltage and three-phase transmission. 
I: is in the motive power equipment and the distribution 

that the differences come. Four systems are

are corn-

systems
finding practical application to-day.

Direct-Current System.—In this system direct-cur- 
rent series motors are used on the locomotives or motor 
cars and voltages ranging from 600 to 2,400 volts are 
used on the trolley or third rail. The trolley or third rail 
and its feeders receive direct-current energy from sub
stations located at intervals along the right-of-way. In 
the substations, transformers and rotary converters 
change the high-voltage three-phase currents of the 
transmission system to direct current at the proper trolley 
voltage. This is the well-known system used on street 
railways, modified to meet the demands of steam line 
traffic, and up to the present time has found wider appli
cation in this country than all of the other systems put 
together. Of interest in' connection with this system is 

announcement that the Chicago, Milwaukee 
and Puget Sound Railway has decided to use it in its 
electrification over the Rocky Mountains.

Single=Phase System.—Either series or modified re
pulsion type, single-phase motors are used on the loco
motives or motor cars. The trolley receives its single

supply from transformers, located at in
tervals along the line, which transform the high voltage 

the transmission system to a value suitable for the 
trolley. Trolley voltages range from 3,300 to 25,000 
'°lts, 11,000 volts being common in this country. A bal
ked three-phase load is approximately secured by 
uwiding the trolley line into sections and feeding the dif- 
crent sections from different phases, transformers 
, e locomotives or motor cars step the trolley voltage 

clown to a value suitable for the motors. The motors are 
gather complicated and have high maintenance charges.

n account of the high trolley voltages used, the first 
T°st and line losses of the distribution system are low.

e most prominent example of this system, in this 
f”Untry, is that of the New York, New Haven and Hart-

rd Railway.
; Three-Phase System.—In this system three-phase 
tronCti°n motors are used on the locomotives, and two 
W wires are required, the track forming the third 

g of the three-phase circuit. Trolley voltages up to 
m . volts have been used. Transformers on the loco- 

'Ves step the trolley voltage down to a value suitable
me motors.

hf.Rr]he two trolley wires required complicate the over- 
w°rk, but the motors are simple and rugged. The

are

gency.
long-continued applications of the brakes on 
grades, and the number of wrecks due to cracked wheels 
is lessened. The energy that would otherwise be used 
up in heating the brake shoes and wheels is pumped back 
into the line and helps pull some other train up hill. 
While regenerative control is possible with all systems, 
it has not been used on all systems in the past on account 
of the resulting complication in the control apparatus 
and motor windings of series type motors.

The dispatcher can stop a train at any time by 
ordering the power supply shut off from the section in 
which the train is running, and the control mechanism 
may be readily arranged so that the brakes are applied 
automatically if the power is shut off from the trolley.

the recent

Phase current

In mountain grade work, higher speeds may be main
tained over the grades than is possible with steam loco
motives. Going upgrade, the speed of the steam locomo
tive is limited because its power output is limited by the 
boiler capacity. The electric locomotive is not limited 
in this way, and for short intervals it can carry large 
overloads.

Powerful motors can be mounted on comparatively 
light locomotives. While the weight of a locomotive 
fixes the drawbar pull at starting, its horsepower capacity 
fixes the pull when running at a given speed. This means 
that electrically operated trains can be accelerated at 
much higher rates than steam trains and can be operated 
at higher speeds over grades.

Electric locomotives require inspection once in from 
1 200 to 2,500 miles of operation. To keep steam loco
motives in similar condition they must be inspected and 
cleaned at the end of every run. On those roads which 

perating electric locomotives, the daily mileage of

on

’°OQ

are o
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the locomotives is from 25 to 50 per cent, greater than 
the steam locomotives which they replaced, and their 
reliability is indicated by the fact that the delays charge
able to motive power are less than 50 per cent, as com
pared with steam motive power.

Experience has shown that the fuel cost with electric 
operation is from 40 to 75 per cent, of that with steam 
operation. There are no standby losses. Prof. Goss has 
estimated that one-fifth of the coal burned under locomo
tive boilers is burned while the locomotives are standing 
on sidings, or in starting fires.

The first cost of electrification is high as compared 
with the first cost of steam motive power. The cost of 
steam motive power for the average steam road is about 
$2,000 per mile of single track, while the cost of electric 
motive power runs from $7,000 to $12,000 per mile of 
single track. The cost of terminal electrifications may be 
even higher.

Power-house accident might put a whole railway 
system out of commission. The dependence of the electric 
locomotive on the power-house tends to make it inflexible 
in some respects.

Steam locomotives have passed through the develop
ment stages and are practically a standard product. They 
have developed to their present perfection through a 
period covering nearly a century. They are reliable and 
remarkably efficient, considering the conditions under 
which they operate, and their characteristics and limita
tions are well understood by a majority of the operating 
men. On the other hand, electric traction as applied to 
railway trains is scarcely two decades old. Progress in 
the electric arts has been so rapid during the past quarter 
of a century that apparatus which to-day represents best 
modern practice is likely to be on the scrap-heap to
morrow, not because it is worn out, but because it is 
obsolete.
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Coast to Coast1
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Winnipeg, Man.—Excelent progress is reported upon the 
work of erection of the new Parliament buildings and court 
house at Winnipeg.

Brantford, Ont.—It is claimed that the C.P.R. will trans
form into an electrically operated road the new- L.E. and N- 
Railway being constructed between Brantford and Lake Erie.

Owen Sound, Ont.—On August 1, plans for Owen 
Sound’s drydock were filed with the Ottawa department of 
public works. The structure, which will be 775 feet long, 
will be the largest drydock on the Great Lakes.

Medicine Hat, Alta.—Several carloads of building mater
ials have been delivered to the site of the Saskatchewan 
Bridge and Iron Company’s factory ; and the work of con
struction has started on the laying of brick and the erecting 
of the iron work.

Ottawa, Ont.—It is announced that the contract for the 
construction of the Morrisburg and Ottawa Electric Railway 
has been let ; but further details concerning the contract will 
still be published. It is expected that the work on the line 
will commence very soon.

Revelstoke, B.C.—The automobile road which is being 
constructed to the summit in the Revelstoke national park is 
reaching completion. The work is starting at the upper end 
of the completed portion of the road, and 10 miles will be 
completed 'this summer at an estimated cost oi $27,000.

Ottawa, Ont.—A flow of water of the highest quality 
was struck recently at Ottawa, while excavation was proceed
ing for the furnace room of the new horticultural, building in 
the city’s exhibition grounds ; and it is believed that by the 
opening of the exhibition, a supply can be piped to all parts 
of the grounds.

Toronto, Ont.—The new registry office which is to be 
constructed in Toronto, is estimated to cost $400,000, and to 
be completed in 18 months. It is planned to be a 2-story 
structure with a basement, which is to contain a bindery in 
addition to regular equipment ; and it will be as nearly fire
proof as possible.

West Vancouver, B.C.—The urgency of providing- a water 
supply to West Vancouver is receiving the attention of the 
ratepayers and council of the municipality ; and a report is 
0 b-> made by the municipal engineer in the near future.

Quebec, Que.—About two weeks ago was commenced the 
work of setting in position the four shoes, upon which will 
rest the superstructure of th- Quebec bridge, and which have 
been mad? by the St. Lawrence Bridge Company. Three 
oars were required to shio each shoe, and each has a weight 
of 404 tons and took 2 months to manufacture.

Brantford, Ont.—The hvdro-electric branch line between 
Brant substation and Port Dover is to be commenced imme
diately. A new aluminum steel-covered cable has been com
pleted by the commission between Brant substation and 
Dundas ; and further protection is to be given to the city bf 
the construction of a fourth series of cables from Niagara 
Falls to Dundas, according to a recent announcement made 
by the commission.

Long-continued overloads overheat and burn out the 
electrical equipment. Such overloads are common in rail
way service and do not seriously injure a steam locomo
tive. If the overload on a steam locomotive is too great, 
it simply stops work, and no serious injury results.

As the rails are used as part of the main power 
circuit, the signal circuits for electric block signals and 
for interlocking plants are more complicated and ex
pensive to maintain.

While no trainmen within the motor cars or loco
motives have been killed h>r seriously injured, there have 
been a few fatalities among the men employed outside.

The losses, in a poorly-designed transmission and 
distribution may amount to as much as the power actu
ally used to operate the trains.

In general it may be said that no one system of elec
tric traction is best adapted to all classes of service. The 
direct current system seems best adapated to terminal 
work where a large number of trains are operated, and 
where, on account of the large number of stops per mile, 
rapid accelerations are necessary. On account of the 
denseness of the traffic the substations may economically 
be placed close together, and, as the distances are short, 
transmission losses are low. As far as fulfilling the 
general requirements of railway service is concerned, the 
series direct-current motor is the best motor available. 
But its use is limited because it cannot be operated at 
high voltages ; low voltages on the trolley mean high line 
losses. Likewise, the alternating-current systems, with 
their high trolley voltages and low line losses, and motors 
which lack the powerful starting toraue of the direct- 
current series motor, seem best adapted to long trunk
line service where the stops are few and the accelerating 
period is short as compared with the total time of the run.

progress on the road
bed of the Canada Eastern division of the I.C.R. New ties 
are being laid between Fredericton and Loggieville, and ne'v 
sleepers are to be placed a’ong the same portion of the Hne 
this month, as well as about 40 miles of 85-pound rails °n 

different section of the 
between Blackville and Derby Junction, 85-pound rails have 
already been installed.

Fredericton, N.B.—Repairs are in

length of line. On the porti011same
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Victoria, B.C.—Further delay in the progress of arrange- 
. ^ *or construction of the Johnson Street bridge struc-
ure has arisen owing to the request of the British Columbia 
ectnc Railway Company to have modifications made in

Dm 1man! f0r the bndge in order t0 widen it to 47 feet and to 
P vide for the passage over the bridge of freight cars ; and to 

ve the bridge made stronger beneath so that heavy cars 
may be conveyed across it with safety.

Indian Bay, Man—A recent inspection of the Falcon 
er Aversion works at Indian Bay made under the aus- 

,‘CeS of the Greater Winnipeg Water District Commission 
ows that very rapid progress is being made. A distance 

1,500 yards has been built in the four weeks since the 
ommencement of operations; while still more rapid work 

now be done, since three engines, instead of two as 
grave°USly W'U D°W be USed for the hauling of sand and

for Winnipeg a better supply of water considerably in ad
vance of the contemplated time. It is believed that, with 
greater speed, the work can be completed within 3 years 
rather than within 5 years’ time. Business men of the city 
state that the water supply from the wells, though com
paratively pure is very hard and thus detrimental to the 
equipment of their establishments, causing them annually an 
enormous expenditure for the replacing of machinery.

Brandon Man.-Xhe city of Brandon is making every 
ndeavor to hasten the completion of the construction of the 

G 1.1. Railway line into Brandon. To this end, a new matter 
which is to be brought before the Board of Railway Commis
sioners is with regard to a double subsidy which the railway 
company will receive in case the construction exceeds $,5,000 

mile A single subsidy of $32,000 per mile was provided 
n case that the construction work cost $,5,000 or under; but

for \ rTew P6r mile’ Pr0visi0n has °ow been made
for a double subsidy, amounting to $64,000 per mile. An-

er new phase is that the company will be given an addi- 
willh grant- ,35 r Cent °f the C0S£ of the bridge, which 
line i=,„Te cky" C°n*,mC'ed “ "i™* °f '■*

per

Moose Jaw, Sask—It is now expected that the necessary 
nancial arrangements for the city’s programme of sewer, 

_ atermam, sidewalk, and paving construction will soon be 
mpieted. And since no injunction has been served 

lty by the Bitulithic on the
t and Contracting Company of Winnipeg
of £estram the National Paving and Construction Company 

Regma from proceeding with the paving for which it 
awarded a contract in June, it is likely that the entire 
gramme of works will, be set in operation at

Victoria, B.C.—The contractors, Sir John Jackson, 
^united, have erected another dolphin off Macaulay Point to 
cp ace their fifth dolphin which was carried away recently 
'hen a tug with a scow became entangled with the piles.

is expected that some time will elapse before this fifth 
reakwater dolphin, which marked the extreme end of the 
eawall, can be again placed in position. In the meantime 
ne newly erected 

*hg of rubble

London, Ont.—The form of construction 
prise the major portion of the 
water provides for

which will corn- 
work on the London break- 

a 3-foot by 2-foot concrete base 
and a 26-foot natural slope front of embankment 
reinforced concrete

was
pro

toe lineonce.
faced with

11 mches thick at base and 7 inches thick 
on top of slope, where provision is
concrete cap and a 5-foot sidewalk with guard tubular iron 
railing. Short lengths of vertical retaining walls will be 

at the Oxford and Blackfriars bridge
banknmnt61"' ^ pr0p°sition is to P^ide for a top area of em
bankment, giving provision for a driveway, and utilizing
existing conditions without disturbing trees or making ex
cessive filling necessary in fixing face line of embankment 
rhe estimated expenditure, as authorized, is $25,000.

London, Ont.-A report made following a recent inspec
tion of the work being done on the London and Port Stanley 
Railway, shows that the new steel has been laid from St. 
Thomas to Port Stanley; and that new rails are being laid 
north of St. Thomas, this work on the whole line from Lon
don to the lake >emg practically completed. No statement 
of cost has yet been given on the roadbed, the 23 miles of 
steel rails, the 70,000 ties and the ballasting. A number of 
new sidings are to be constructed ; and at present, the foun
dations of a new freight shed are being laid, which building 
it is expected to have completed by fall. The officials of the 
railway say that the road will be in operation within a few 
months, though so far no rolling stock has been purchased 
However, they plan to lose no time in expending the $750 ’
000 which has been expropriated for the electrification of the 
line.

made for a substantial

necessary-
ends of the

temporary dolphin will facilitate the dump- 
on the final 750-foot section of the breakwater. 

Red Deer, Alta—An announcement has been made which
of?* tba‘ the Alberta Central Railway, a subsidiary line 

ne C.P.R. system, which extends for 60 miles from Red 
eer to the Rocky Mountain House, will be taken 

be latter railway company at the conclusion of the 
onth, when a service will be placed in operation. 

struction work

over by-
present 

All con-
on the line has been completed and all that 

present delays the opening of the new branch is the lack 
the consent of the board of railway commissioners, 

aVe not yet made an inspection.
Barton Township, Wentworth County, Ont.-Some 01 the 

approvement work at present being carried out in Barton 
" nship includes concrete sidewalk construction approxi- 
attng $16,000 and being undertaken by Chas. Brayley ; 
he a staff of engineers is engaged upon plans for 

“rehensive 
‘h the

who

a com-
sewer and water scheme for the township, which, 

event of favorable consideration by both the township 
hd Clty of Hamilton councils, will be constructed at a cost 
f $500,000. These plans, if possible, are to be completed 
nd ready for submitting the first week of August.

Montreal, Que.—News comes from Montreal that the 
ommission which was appointed to study the problem of the 
owenng of the water levels in the St. Lawrence River ex
acts to hand in its report in time for action to be taken at 
he coming session of Parliament. The commission began 

eJ investigations last summer, and it is at present making 
Jam,nations at Cap Rouge. It has been said that a system 

1 Weirs Wl11 be thc Possible recommendation to prevent the 
'’ater from becoming shallower, these having been found 

Sah=factory in other rivers.
Winnipeg, Man.—At the next session of the Greater Win

nipeg Water District board, a deputation of Winnipeg busi
ness men will urge that still greater efforts be made to

Edmonton, Alta.-In addition to an offer of cheap power 
which has just been made to the city of Edmonton by New 
York and San Francisco engineers, it is understood that a 
second proposition ,s to be made by a syndicate, for which 
Sir John Jackson, of Montreal and London, Eng., is engineer. 
The site for the water power plant is just 50 miles from the 
city on the Saskatchewan River, above the 
For two years or Rocky Rapids, 

more, the company has been investigating 
and studying the location, and many plans have been pre
pared, showing where 3 immense storage dams can be built 
capable of holding several hundred million cubic feet of water 
each. The scheme contemplates the development of 40,000 
horsepower, while investigation has shown that further 
can be secured when the load increases 
expenditure, which the company estimates will 
harnessing the Saskatchewan River, is $6,000,

power 
The approximate

be spent in,secure
000.
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OBITUARY.N.B.—Four hundred men, 5 tugboats, 3 
reclamation plants

St. John,
dredges, 2 locomotives and trams and 4
are engaged upon the scheme of reclamation and development 
which is in progress on the western side of the St. John 
Harbor, where berths are being constructed to accommodate 
some of the large ocean steamships of the C.P.R. Company 
this coming winter, and where the contract is held y t e 
Maritime Dredging and Construction Company, sublet to 
Cape and Company and to Mr. D. C. Clark. Three un re 
workmen, 1 powerful suction dredge, 3 high-power elevator 
dredges, an ocean tug, 5 locomotives and ballast trains, 2 

shovels, and other accessories, are being constant y 
employed bv the Norton Griffiths Company in pushing for
ward the harbor and industrial development at East St. John. 
The firm has almost completed an immense breakwater o 
stone ; has reclaimed over 12 acres of land for a ship repair 
plant ; has excavated about one-third of the site for a d

ade considerable progress in dredging berths
and in widening

Porcupine, Ont., ofThe death has been reported from 
Mr. B. C. Wolfram, manager of the West Dome mine.

Mr. Louis Margolin, formerly with 
Clarke and Lyfrod, forest engineers, of Vancouver,

recently in the Sierras, Nevada, by drowning. Mr.
well-known timber

It is reported that met

death
Margolin, who was 34 years of age, was a 
estimator in British Columbia.

NEW CANADIAN MEMBERS A.W.W.A.
Among recent additions to the membership of the Amen-

the following

James Barr, M. E., Department of Water Works, 
city of Toronto.

R. C. Harris, Commissioner of Works, city of 
Toronto.

Robt. B. Owens, B.A., B.E., Governmet Build
ings, Edmonton.

Joseph Race, City Bacteriologist and Chemist,

steam
notedWater Works Association arecan

names :

dock ; and has m
inside the breakwater for ocean commerce

channel. Next spring the com
an d steel cylin-and deepening the entrance 

pany will begin the construction of concrete 
der quavs for ocean berths, and a pier at the en ran e

' The contract, which expires in 1917, «vers the
expendi-

Ottawa.
R. A. Ross, Consulting Engineer, Montreal. 
Jas. T. Wickham, City Engineer’s Office, Eastern 

Division, Montreal.

dry dock, 
supplying of 23 
ture of over $30,000,000.

will be utilized by the G.T.P.R. Company.

steamship berths and involves an _
It is expected that this particular

point
JOINT ROAD CONGRESS IN 1915.

The matter of holding a joint convention or congress i° 
American Highway Association and the America1 

Road Builders’ Association are the chief factors, is under 
consideration in connection with the Panama Pacific Expos 

The meeting will probably be held at Oaklan

thought mightMoose Jaw, Sask.—Recently, what was 
prove to be a serious break occurred at the infiltration ga erv

££* was

engaged at cleaning out one-half of the Rosedale reservoir 
which has not been cleaned since put into commissi 
December, 1912. The break is a large one and only ajew 
feet west of the pumping station, so that it does 
of the water being brought in through the infiltration g - 
lery A large flume has had to be built out to the si e 
the natural reservoir and a steam pump installed. In thi 

the water now being used in the city is being pumped 
In the first place, it is pumped from the reservoir

and afterwards from the 
reservoir. The cleaning 

difficult

which the

tion in iQiS- 
or San Francisco.

COMING MEETINGS.
IRRIGATION ASSOCIATION."

Penticton, B.C.. °n 
S. Rankin, P-^'

WESTERN CANADA 
Eighth Annual Meeting to be held at 
August 17, 18 and 19.
Box 1317, Calgary, Alta.

way 
twice.
into the flume by the steam pump 
well into the pressure main to the 
of the reservoir has proven, apart from t is,

half1 wa'femptkra’TMoosT'jawWpUed with water direct

■ in the bottom of it almost 4 feet of si t. Thu: has Been 

pumped into a surface reservoir which had to e 
on a street north of the reservoir. The work has been in 
charge of Commissioner Mackie of Moose Jaw , and 
ther' serious trouble is anticipated by him from the break at 
the headworks. provided none is. caused by the steam P 
before the break has been repaired.

Secretary, Norman

SOCIETY.—Eight Annual Meeting
August 20th, 21st and 22nd-

AMERICAN PEAT 
will be held in Duluth, Minn., on

Secretary-Treasurer, Julius Bordollo, 17 Battery P*aC ’1914.
New York, N.Y.

CANADIAN FORESTRY ASSOCIATION.—Annual Con 
vention to be held in Halifax, N.S., September 1st to 4*- 
1914. Secretary, James Lawler, Journal Building, Ottawa- 

ROYAL ARCHITECTURAL INSTITUTE OF CAN
ADA.—Seventh Annual Meeting to be held at Quebec, Sep
tember 21st and 22nd, 1914. Hon. Secretary, Alcide Chauss • 
5 Beaver Hall Square, Montreal. <■

CONVENTION OF THE AMERICAN SOCIETY u 
IMPROVEMENTS.—To be held in Boston-

C. C. Brown-
MUNICIPAL
Mass., on October 6th, 7th, 8th and gth, 1914- 
Indianapolis, Ind., Secretary.

AMERICAN HIGHWAYS ASSOCIATION.-Fourth An* 
erican Road Congress to be held in Atlanta, Ga., Noven* 
9th to 13th, 1914. I. S. Pennybacker, Executive Secretary- 
and Chas. P. Light, Business Manager, Colorado Buildup’

BUILDERS’ ASSOCIATION-^ 
nth Annual Convention ;. 5th American Good Roads 
gress, and 6th Annual Exhibition of Machinery and Materia'^ 
International Amphitheatre, Chicago, 111., December 7 4*
18th, 1914. Secretary, E. L. Powers, 150 Nassau St., 
York, N.Y.

PERSONAL.

J. B. NICHOLSON. B A. Sc., is engineer for the Town

ship of Barton, Ontario.
H. E. M. KF.NSIT, has tendered his resignation as city 

commissioner for the city of Prince Albert, Sask.
W. V. HUNT, electrical engineer in the employ of tne 

Electric Railway Company for the past 
in private practice m

Washington, D.C.
AMERICAN ROAD

Ne*British Columbia 
several years, has resigned to engage
Vancouver, B.C.

J


