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Street Railway Permanent Track Construction
Description of Various Types in Service in Edmonton, Alberta- 
Review of Factors Determining Design of Rails, Rail Joints, Bonding, 
Track Drainage, Base and Paving — Maintenance and Special Work

By C. C. SUTHERLAND
Assistant Roadways Engineer, City Engineer’s Department, Edmonton, Alberta

T1 HROUGHOUT the rapidly changing conditions of the 
past thirty years, the street railway engineer has en­

deavored to keep pace with public desire for better and 
speedier transportation by constructing tracks capable of 

. carrying the ever-increasing loads.
The advent of the popular “jitney” and the tendency of 

the older cities to make omnibus extensions to the present 
transportation equipment, leaves little doubt but that if 
the present street railway systems are to remain in exist­
ence, they must be developed along lines of speed combined 
"with safety. It is not necessary that any change be made 
suddenly; in fact, that is improbable, as there are millions 
nf dollars of capital invested in street railway equipment 
throughout this country, which must be worked off gradually 

efore the system can be altered to a lighter and faster 
service.

sidered. By describing the different types of construction in 
actual service in Edmonton, an idea may be obtained of the 
advantages and disadvantages of the various methods 
ployed. em-

Rail
The choice of a rail for any particular location should 

he governed by its present and probable loading, 
the class of street over which it is to be laid.

and by 
The first

Street railway tracks that will carry the present-day 
raffic and its heavy equipment without affecting the ad­

joining pavement must be carefully designed and well con-

Fig. 2—Namayo Ave., Edmonton, Constructed in 1910 
(See Fig. 8)

consideration should be to determine what part of the total 
traffic of the system this section of the road will probably 
carry in this way, classifying the loading into light, medium 
and heavy traffic.

In Fig. 6 is shown a section of a 4%-in. tee rail, weigh­
ing 60 lbs. to the yard. This section has been in use in the 
city of Edmonton in paved streets for several. . , years, and
from a carrying standpoint, may be considered satisfactory 
for light traffic, provided special attention be paid to the 
rail joints.

The difficulty of accommodating a pavement to a low 
section, and especially a tee section, makes the use of the 
latter doubtful, and in endeavoring to obtain sufficient height 
considerably more metal is used than is actually required to' 
carry the load, in order that the web will be stiff enough to hold 
the head to gauge. The temptation to use the low section is 
due to the fact that standard 414-in. 60-lb. and 6-in. 80-lb 
A.S.C.E. sections may usually be obtained in quick shipments 
and the costs are 10 to 16% less than some of the high tee 
or grooved rail sections.

The tracks on Jasper Avenue in Edmonton are laid with 
7-in. tee rails, 80-lb. Lorain section, held together with tie

Fig. 1—Namayo Ave., Edmonton, Constructed in 1908 
(See Fig. 7)

^*l|cted, but there is every reason to believe that the maxi- 
um loading has been reached and that future designs will 
°v for lighter and speedier car traffic.

The important feature of track design is to distribute
can ueiKht of the car and its load over an area which is 

Pable of carrying that load without appreciable movement.
«sidération will first be given to some factors governing 

<V Office of rails, and methods of fastening and bonding 
111 together.

m type of rail having been determined, the means of
1 "’«ting the loads to the subsoil should then be con-

the
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Fig. 4—Kubness St., Edmonton, Constructed in 1913 
(See Fig. 10)

splice bar, supported by a centre tie and two end ties, will 
make a good joint in a paved street.

I1 ig. •> also gives a section through the continuous joint» 
which is very popular with track engineers where a mechani­
cal joint is to be used in a paved street!. The flange of 
the rail fits so tightly into the base of the joint that it is 
usually necessary to drive the joint to place with a sledge.

The Nichols composite joint is made by riveting two 
loosely fitting plates to the rail and filling the open spaces 
with molten zinc, which enters into and fills out all irregu­
larities of the rolled surfaces, thus giving a continuous bear-

cuts this rail block, giving it a rough appearance, and track 
maintenance is increased.

The pavement may be laid up to the lip of a girder 
grooved rail, which takes the wear of the traffic, retains its 
appearance and protects the adjoining pavement. From the 
pavement standpoint, there is little doubt but that the 
grooved section is much to be preferred.

Rail Joints
It has been said that an ideal joint should have the 

same strength, stiffness and elasticity as the rail which it 
joins. That is true of all joints used on rails laid in a pave­
ment, and as far as strength is concerned, equally true in 
open track work, but in this case, expansion and contraction 
of the rails have to be considered. In open track work the 
duty of the joint is a peculiar one. It must have the sup­
porting and stiffening power of the adjoining rail in order 
that the wave motion of the rail may be continued, and yet 
possess the capacity to move under contraction and 
sion. . . expen-

Provision is usually made for this movement by giving 
an elliptical shape to the bolt holes in the joint, making the 
long diameter % in. greater than the diameter of the bolt. 
It is not necessary to consider the joint as a relief for 
stresses induced by temperature in rails laid in a pavement 
where they are protected from extreme changes of tem­
perature.

Joints may be classified as mechanical or welded joints. 
The mechanical joint is made by bolting some form of plate 
on each side of the rail; welded joints are made by joining 
the ends of the two rails in a butt-joint.

Fig. 5 shows a number of common types of mechanical 
joints which are in use to-day. The fishplate is used in open 
track work, and with small rails such as are used in indus­
trial railways or the light temporary tracks used by 
tractors. con-

The angle splice bar is being used in large quantities 
for both steam and electric railways. It is made in a great 
variety of sizes, varying from the 16%-in. 4-hole bar weigh­
ing ).97 lbs. per ft., up to the 34-in. 6-hole bar, weighing 
18.12 lbs. per ft. As a general rule, this bar is used on open
track work, but the writer believes that a 34-in. 6-hole angle
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rods. This rail has carried the medium traffic imposed upon 
it, and if a harder steel were used in this section, it would 
undoubtedly handle all medium traffic. For light traffic, 6-in. 
60-lb. or 7-in. 70-lb. may be used in the Lorain tee section, 
or the 6-in. 74-lb. in the Lorain girder grooved section. Fig. 
6 shows three sections of rails in general use, and tables 
1, 2 and 3 quote the rail dimensions as given in the Lorain 
Steel Co.’s, catalogue.

There is no part of the Edmonton street railway system 
that can be classed as “heavy traffic.” The Electric Railway 
Journal, dealing with “Characteristics of Track Construction 
in Paved Streets in 36 North American Cities,” says that

Fig. 3—Syndicate Ave., Edmonton, Constructed in 1912 
(See Fig. 9)

“where traffic is dense and the weight of the rolling stock 
increased, the 7-in. 91-lb. or 95-lb. high tee rail has been 
used in many cases.” The weight of the 7-in. girder grooved 
section generally adopted varies from 100-lbs. to 116 lbs. per 
yard. A few cities use 9-in. girder grooved rails varying 
between 125 lbs. and 141 lbs. per yard. For heavy traffic 
the use of 7-in. 91-lb. to • 95-lb. tee sections, or the 100-lb. 
to 116-lb. girder grooved sections is considered good practice.

The section of a rail for street railway track work is 
often governed by city ordnance, in order to reduce the great 
variety of sections which result when the choice is left 
entirely with the street railway companies. The first four 
sections in Fig. 6 show types in use on the Edmonton street 
railway system.

In the earlier days of track construction in paved streets, 
it was found, that vehicular traffic usually preferred to use 
the railway allowance, because, by placing one wheel along 
the rail groove, less resistance was offered and vehicles 
were more easily guided. Not only did this cause consider­
able inconvenience by delaying car traffic, but it was found 
that the steel tires of the wagons soon wore the rail. To 
overcome this difficulty, the groove of the rail was pinched 
in, so that it was narrower than the narrowest wheel tire, 
and the top of the groove was brought up level with the 
pavement. With the advent of the automobile, some cities 
have found it necessary to regulate traffic, and by-laws have 
been passed requiring slow traffic to keep to the curb side 
of the roadway. As most of the fast traffic is rubber-tired, 
the old trouble from delays and rail wear is fast disappear­
ing.

In adopting a pavement to the tee rail section, on the 
gauge side of the rail some form of rail block must be used 
which will allow for flange clearance as well as rail vibration. 
The rail was made monolithic with the concrete base and 
pavement in some of the older types of track construction, 
thus giving a very rigid track, but this type is being re­
placed by some other method where brick, granite, sand­
stone or concrete rail blocks are used. The heavy wear 
from car and vehicular traffic at intersections, however, soon
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ing throughout the length and width of the flanges of the 
plates. “Sprsssss*

flexible body made up of thin, narrow ribbons of sheet con- 
Pel ‘ . tfr ,the bond hole has been reamed out, the terminal 

® hVe vdi m P ace’ either by hand or preferably by a 
S"«>w“mP~ Whkl’ ‘hatPthe hde is y

In a paved street where the rail is not exposed to any 
gieat change of temperature, it is a common practice to weld 
the joints. This class of joint has the advantage of being 
moie permanent, costs less to maintain and makes a better 
conductor for the return current. It is made by three meth- 
? s‘ À bne Thermit process, which depends upon the heat 

6 chem*cal reaction of aluminum and oxide of iron;
_ _ * e cast-iron joint, made by pouring molten cast iron
mound the joint; and (3) the electrically welded joint, made 
by welding two plates to the web of 
the rail.

com-

f* — St — h

mHHThe following tabulation of the 
different types of track joints in 
use in North American cities 
compiled several years ago and as 
the total number of joints used in 
each city is not given, the compari­
son is only approximate :—

■* /

/ li’ ■was
/

% z x.z /
■

aZZZfiZZZzg* ez3ZZZzZ2ZZZZ22k _! _Riveted welded, 
Bonzano continuous, 
Nichols composite, . 
Electric welded, ... 
Angle bars, ..'....
Cast weld, ............
Continuous, .............

— .5—T
s'-SO ib. A. S. CE.

4 h------ô —-*|
7-lOg Ib. Lorain 5ectlog,N?i9g. 

Special work

4;-60 Ib. A.S.C.E. 7- SO Ib Lorain Sect. 80tN?335.

11.7%
17.7%
47.0%

bid
Total, T100.0% /

r Fig. 6—Rail 
Sections

_ctBonding jc £ t£It is generally recognized that 
a good bond is important from the 
standpoint of operation, power 
conomy and electrolysis migration.

A poor bond lowers the voltage be- 
^?ad *'^e de^ec*’ thus making it more 

Uncult for the motorman to make his run on time. Con­
sidering the bond
economy, George H. Eveland, in a paper read before 
,, 6 American Electric Railway Association, states 

ut he has measured drops around joints as high as 6 volts, 
nd that one poor bond can waste $5 worth of energy in a 
ear for every dollar that it would cost to rebond the joint.

6 resistance of a joint is usually expressed in terms of 
th ra^’ and a bond provided equal to the resistance of 

e raB being used. For instance, when a bond becomes so

01

U------ bL-- b n
Grooved rail Section. Trilby rail Section. Tee rail Section

of cabÏÏn drC ST6tTS made by soldering a short piece 
t cable to the web or flange, across the joint. This practice

m not used extensively, because it is claimed to be a difficult 
matter to make this kind of joint “mechanically strong and 
electrically perfect.” There are, however, cases reported 
wheresatisfacyion has resulted from soldered bonding. E 
cjZJ'ralt:b, supenntendent of ways and structures, Puget 
Sound Traction, Light & Power Co., Seattle, Wash in 

twelve years’ experience with soldered bonds
i«tert.that °f the 40)794 bonds on the 203 miles of track 
ess than one-quarter of one per cent, have proved defective 

or have been stolen. On most tracks a resistance per bond 
equivalent to 12 ft. of rail is the maximum 
rebonding, but 
used.”

from the standpoint of power

, „ , allowed before
on tracks of heavy current flow, 10 ft. is

,, . addition to bonding joints, it is practically

«4 Xfr.Le ssTSKStfnfSr. ss
rail of the other Track T^steS.^îrï^ln^dSSito

«0 s

essential
Wolhavp.r Joint Continuous Rail Joint.Anqlt Splice BorFishplate Joutf

Track Drainage

it into the sewer system, should be placed at least 
bOO ft. on a long grade, and at the intersection 
mg grades.

Fig. 12 shows the older type of track box built in Ed 
monton previous to 1915, in which the grill casting was
ZZ Vr PT68’, With the yri,ls at right angles to the 
traffic. The water drops into a concrete box with an outlet 
pipe to the silt well, which is connected to the sewer

The silt wells may be built of concrete blocks brick or 
vitrified cull tile pipe. It has been found that excellent re­
sults may be obtained by using three pieces 
24-in. vitrified tile pipe standing on end in a

carry 
every 

of descend-

Web#i* Roil JointNicnol* Composite'Joint Deep Rail Joint

Fig. 5—Various Types of Rail Joints

then1- 'Ve it8 resistance is equivalent to 12 ftr of rail,
of should be rebonded. Many cities use a shorter length 

31 as the maximum allowed before rebonding.
Whip/ *,c most common form of rail bond has terminals 
of y 1 ar® inserted in holes drilled through the web or flange 
of *«11. and the best results are obtained when the points 
In '’J-act between the rails and terminal are perfectly clean. 

r< vr to insure that this will be the case, the rails are of 22-in. or 
concrete base.
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<o . S*. ff'-O* fie

-J V/t V '«V ,;>y:f*;.*• -V >. 1- -tftOi' '.«.'Conclut* Base "13:6 ! ! ‘

mortar

J/4 -/Z 16 Wood Hocks
sZ Surfacing

__WS 1 ‘- À

Mosî-cMastic V

HP*
Fig. 11—Another 
Design Prepared 

in 1916, FOR 
Future Construction

•)21 -3;
0Fig. 10—Design 

for 1916 
Construction

a
!Z'-o"iîl i I1 t4'•*/»"- 4-S/*'

ZO Vb A.5.C.E. roil painted
with mastic. 1
/1:4-9 Concrete fillejr

l x 'Wo" od'en tie 6% ft -o‘ f 2rO c. te> c, ''In case of put tin concrete base
*7 v X' I ; V 6 Concrete Basé I" rammed mortar plier under tie i

I
T
*- Filler strip and two rows creos^ed 
•J wood blocks laid IcJnglTudinallyî

This also represents 1913 
construction (see Fig. 4) ex­
cepting that in 1913 no wood 
block was laid outside the 
rails, a sand cushion was 
placed under each tie instead 
of mortar, and the slab be­
tween gauge lines was re­

inforced.

B4'^fob, 1:1-2 Concrete

Z/-Z*|-----------

20-6'

12-0*
Fig. 9—Design 

for 1912 
Construction 
(See Fig. 3)

Steel and wooden ties al­
ternately spaced at 5-ft. 

centres.

1:2 morror (sand or crushed r<^ Reinforced Conc^ete^ Rqii| Block.

dtI• jv ■ "-’ rv^ *f *w "‘Î ■ **
6o1b steel rail invertedx

5ection tbrougb rail Section lFirougb wooden tie

Ôecîion at tie Sect i on between ties

Various Designs for Street Railway Construction in Edmonton

Ig-S6"

IZ-o"y
A' Wood Block.7*T. Roll BifulitWcI I

^ri?|.iiii'iipii|i!iliii:ii[iiBli:i[i'|i:'li>iHiiriil::{iill»

\*——-----  6-0 -------
5ectiori at tie.

i : m,".un min i’.ilium i mum
WMÆo•__ >

* T'!?4
tMi

Bituminous bosek'i'H10 ft C. to C.
Section between ties

Fig. 7—Design 
for 1907 

Construction 
(See Fig. 1)

6'-H6"-
BitulitWic

This type of construction was adopted 
in 1907 for Jasper Ave. from 1st to 
9th streets, in 1908 for Jasper Ave. 
from 1st St. to Namayo Ave., in 1908 
for 1st St. from Jasper Ave. to C. 
N.R., and in 1908 for Namayo Ave. 
from Jasper to Isabella avenues.

H ffZZv^ilm'mm
To replace original design in 1910.

IZ-O 

10-0-

t r<3*'_________________Rich concrete! surface J ^ [*£ v

0x5.3-0 Tamarac. lié spaced Z 0 centers.

Fig. 8—Design 
for 1910 

Construction 
(See Fig. 2)
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■ The casting of the top is usually a standard manhole frame 
and cover made to fit on the tile by corbeling up with brick.

This type of track box has given satisfaction with the 
exception of the grill, of which a large number of the old 
type were found with one or more bars broken off by the 
raffic In making a new design it was decided to lay the 

grill lengthwise along the rail, thus greatly increasing the 
inlet capacity. Fig. 13 shows a section of the new type in 
use since 1915.

cross-tie is supported by a cross-girder 6 ins. deep. Sixty- 
foot 7-in. 80-lb Lorain section rails were used, and heavy 
Atlas joints, which were bolted to the web with sides well 
up under the head, and with the lower 
carried under the flange, where it acts 
porting the joint.

Concrete was poured to within 4 ins. of the top of the 
fin™ a"d,allowed to set. A wood block pavement was laid 
down between the gauge lines and in the devil strip, the 
locks next to the rail on the outside being kept vertical bv 

^f.,use.,of a treated wooden filler strip laid agfinst the web^
vh,? bl°cks ]aid on the gauge side of the rail 

notched to allow for the wheel flange clearance.
After two years of comparatively light traffic it 

apparent that the wood blocks between the 
would not stay down. The flange of the 
the blocks, and as dirt and water 
the blocks arched 
the car.

part of the joint 
as a girder in sup-

Track Base
There are a great variety of methods of transmitting 

the loading of the rail to the subgrade below, but generally 
speaking they may be divided into: (1) Girder type; (2) 
s ab construction; (3) ballast base construction ; and (4) 
monolithic concrete construction.

The girder type of track work carries its load 
continuous concrete girder underneath the rail, with 
girder under each tie. The pavement base is poured at 
the same time as the girders, but where the rails are 7 ins. 
or less, it. cannot be expected that this thin slab will

were

be­came
gauge lines 

wheels first split 
were forced into the cut, 

up until they caught on the fenders of

on a 
a cross

During 1910, all wood blocks were removed from be- 
the gauge lines and replaced by a reinforced concrete

carry a
Part of the loading. Steel ties are invariably used with the 
girder construction, and placed from 6 to 10 ft. apart, serv- 
>ng only as tie rods in holding the rails to gauge, but taking 
very little part in supporting the load.

The slab construction carries its load on a 6 or 8-in. 
concrete base, extending the entire width of the track, which 
j^ay be brought to grade by using a light sand cushion, or 
by shimming up the ties with wooden wedges and pouring a 
weak concrete filler or placing a 4 or 5-in. layer of rock 
ballast around and under the ties.

tween

Table 2—Dimensions and Weights, Trilby Rail Section 
(See Fig. 6) Tons

Wt. per
per Mile, 
Yd., Single 
Lbs. Track. 

87 136.71
90 141.43 

%6" 102 160.29 
%6" 106 166.00 
%e" HO 172.86 
%6" 104 163.43

9Ü2" tie" 109 171.29
%" 115 180.71

126 196.43
140 220.00

n b da e
6%" 6" 1S%2" 4%" 11%2"
1 ®" 2ti" 4%" 1 y16" l?i6"
‘ 8" 4U/16" (e+f=23iC")
i 6" 2(6" 514" 2" 5'tr , a, „
7" 6" 214" 614" 1374," 12761" 144" v„8" 514" 2i/s" 5?te" l%e" 1" â »
9" lYf" 214" 614" 1S%4" 12%4" \\„

sy4" 214" 514" 13%4" 12744" id"
51Û" 214" 6%" (e+f=2%") A
6%" 2%" 6" 27/ls" 134"

f k t
94s" 114"

114" 
114"

14"
14"

%"
%"'V

In the case of ballast base construction, the load is car- 
vicd on a 6 to 10-in. gravel or crushed rock base which ex­
tends well out at each end of the ties. Some railway com­
panies lay a ballast base but bring the concrete which sup­
ports the pavement down under the base of the rail, thus 
making a combination girder and ballast construction.

The monolithic concrete construction, as the name im­
plies, is poured in one operation. It carries its load, how- 
ever, in much the same way as the slab construction, the 
concrete under the slabs varying from 6 to 8 ins. in depth.

9"
9" 1 Vi" 

WlB" 1 %2" He" 
1%2" (He"9"

ail stretcher, with a 2-in. bituminous surface between the 
stretchers Fig. 7 shows a detail of this reconstruction. The 
surface of the existing concrete was carefully cleaned off 
with steel brooms and a rich concrete rail block, 6-ins wide 
and 4-ms. deep, was laid at the gauge side of each rail
snare * ™tial,set had taken place the intervening 
space was poured with concrete mixed in the proportion of 

part cement, 2 parts sand and 5 parts washed gravel or
rafiSlMn y°ck\ Strips of expanded metal were placed in the 
rail block, with one end embedded in the 
After sufficient time had elapsed for the 
2-in. bituminous surface was laid.

When the track on Jasper Avenue had been subjected 
to heavy traffic for 4 years, it became evident that the girder 
would not hold. The joints settled first, followed br other 
poitions, and in 1915 it. was found necessary to replace sev 
eral hundred feet of the worst parts by a later design In
ZlTZ. PaVement WaS removed and the joints

From the fact that this kind of construction carried
a/^irl5L heaJy *raffic f°r 4 or 5 years on a partially satur­
ated subgrade, it would seem reasonable to expect that, for 
moderate traffic on a well drained subsoil such as gravel or 
coarse sand this type would give satisfaction. In connection 
with the two rows of wood blocks, which insulated the 
bituminous pavement from the rail, it was a noticeable fea- 
ture to see the block next to the soil follow the rail down 
2 or 3 ins as the girder sank, while the other block remained 
other! ^ SUrface’-the two blocks sliding oTèact

Track Pavement
In Alberta, where local clay does not make a paving 

brick, and where there is no granite to.be obtained, the 
choice of a pavement is restricted to materials that may be 
dipped at a reasonable cost., or to local materials. The pavement base, 

concrete to set, the

Table 1—Dimensions and Weights, Grooved Rail Section
Tons 

Wt. per 
per Mile, 
Yd., Single 

t Lbs. Track. 
55 86.43
74 116.29
80 125.71
85 133.57

1%2" 90 141.43
%6"
l%2" 95 149.29

100 167.14
105 165.00

2%4" 110 172.86

(See Fig. 6)

kr<1 K %"
Vie"
%"
%"

2%a" 31^6" 1%2" %" %" »
127/jz" 3%" 1%2" Ys" 1" Vh"

6" 6‘A" 1=%4" 31%2" Hâz" 3%l" 1%2" ’4"
6U» 8" 2%" 3194s" 194s" %"
61/,, 6 94" i%" 894o " l14 <! " %"
6U" Vy s%" v%4" 8%«"
8H" V, IJWs" 3i)4s" 1%" %7,, 7" 2" 3H4s" l'/6" lie"
7" 2'^" 319io" lie"

1142" 94s" 
Ils" %" 95 149.29114s" 
l Vs"
114"
116"

i%2" 116" %"

16"
16" He" 
%" 94s"

2%" 331,62" 114"

election is limited to wood block, bituminous pavement, con- 
or some combination of two or more of these materials, 

description of each class of pavement will be included in 
,h.e, following resume of the different types of track work 
‘«id in Namayo Avenue Track Work

The Toading^was*carried gJeTL^e

rails were held together by tamarac ties spaced at 2 ft 
centres (see Fig. 8). The rails used were 5-in. 80-îb A s 
C.R. sections, held together by continuous joints. After the 
trenches had been excavated, the skeleton track was blocked 
up and the base poured. In this case the track 

a two-course concrete slab, and it 
the track base and paving base in one operation tu' , 
surface was added before the base had taken its inHial 2?

Edmonton :—
Jasper Avenue Track 44 ork

- The first permanent street railway tracks in the city 
m. Edmonton were laid on Jasper Avenue, between 101st 
street and 109th Street, in 1907. Fig. 7 is a cross-section 
harough this construction. The section is a girder type, 
aving a 13-in. bearing at the bottom of the girder, with a 

2!fih of 9 ins. under the base of the rail. The rails are 
'J together every 10 ft. with 40-lb. inverted steel ties, 

' atoned to the flange of the rail with bolts and clips. Each

pavement 
pour

was was possible to



Table 3—Dimensions and Weights, Tee Rail Section 

(See Fig. 6) Wt. Tons per 
per Mile, 
Yd.,

0 Lbs.
60 94.29
80 125.71
85 133.57

141.43 
157.14
172.29 

94.29
110.00 
125.71
149.29

Single
Track. System. 

A.S.C.E. 
A.S.C.E. 
A.S.C.E. 
A.S.C.E. 
A.S.C.E. 
A.S.C.E. 
Lorain 
Lorain 
Lorain 
Lorain

k d t o4^4" " 2%" 31&4" 4%4»

2%" 3%4" %"
2fie" %6" 5%4
2%" %8" 3%4

%6" 31à2
3%4" 1" 
n,<12" 0.62" 
%" 0.67"
%6" 0.70" 
1%2" 0.83"

1%2" 13--00
iy2" i3°-oo 
13%4" 13°-00 
11%2" 13°-00 90
1*%4" 13°-00 100 
12%2" 13°-00 110

9°-10 60
9°-10 70
9°-10 80

1.4" 11--20 95

6" 5"
5M6 " 5" 
6%" 5"
5%" 5"
6 i/à" 6" 
6" 5"
7" 5"
7"
7"

2%"
2%"
2%"
2Î4"214"
3"

1.2"
1.3"6"

6"
1.3"

struction, reinforced concrete rail blocks 
structed to form the flange clearance and 
for the bituminous surface.

were to be con- 
act as a shoulder

started late i„ ,h= fall, with tîe“éÏÏ £5^™* 
rail blocks were caught by the frost and had to be re 
moved. They were replaced by a concrete slab 4-ins. thick. 
Before this work had been down five years, the surface 
badly cracked and broken

was
concrete

was
. „ UP at a number of places

especially at the joints. A slight settlement in the girders 
was followed by a breaking up of the concrete pavement.

Track Work in 1913
In 1913 a radical change was made in the track design. 

^ œV?s bought that the track construction did not give 
sufficient bearing surface, and working towards that end, 
the old style of girder construction was abandoned and a 
6-in. slab built completely across the track area. In case 

YUt' a hurm 2 ft. 10 ins. wide was usually left between 
h® ,®se slab in the 12-ft. centres construction, but in fill 

the difficulty of forming this burn offset the saving of con- 
crete. After this base had set, the tracks were assembled 
and bonded. Fig 10 shows the general cross-section of the 
1913 construction, with the difference that a 1-in. sand 
cushion was placed under each tie instead of the mortar as 
shown, the wood blocks were not laid on the outside of the 
rails, and the slab between the gauge lines was reinforced.

Some of this construction showed signs of failure after 
four years’ usage, and the most noticeable failure occurred 
on Alberta Avenue where there had been constructed a 
double line of car-tracks, built at different times. On the 
south track the joints were made of ordinary 4-hole splice 
bars and with little or no attention paid to the spacing of 
the ties at the joints. On the north track, the joints were 
made with 4-hole continuous joints as shown in Fig. 5. Both 
tracks were subjected to the same traffic, yet the south 
track, gave- way at the joints, while the north track re- 
mained in good condition.

The track was constructed in 1910, but did not carry 
traffic until two years later. After eight years’ service, the 
track is in good alignment and grade, but has a tendency 
towards ravelling on the inside and outside of the rail, and 
in one or two places the slab between the gauge lines has 
raised. It is thought that a great deal of the success of 
this type of construction lies in the fact that as operation 
did not commence until two years after construction, the 
concrete had every opportunity to develop considerable 
strength.

Type Designed in 1912
In 1912 a large program of street railway track 

struction was planned, and a new design was prepared, 
shown in Fig. 9. The construction is somewhat similar to 
the Jasper Avenue type, but in order to decrease the unit 
pressure on the subsoil, cross-ties and cross-girders were 
placed at 5-ft. instead of 10-ft. centres. It was planned to 
use 60-lb. steel rails alternately with wooden ties, but as 
the steel rails were not. obtainable, wooden ties were used 
tlnoughout the construction. The specifications called for 
two b,ds, one for the completed 10 and 12-ft. centre tracks 
with a pavement wearing surface of 1:2 mortar, and a 
second bid for the completed tracks ready to receive a 2-in. 
bituminous surfacing between the gauge lines, in the devil 
strip and on the outside of the rails. In this latter con-

con-
as

On other streets the results were more satisfactory 
excepting that in some places the bituminous surfacing at 
the outside of the rail broke away, and in a number of 
places the concrete slab between the gauge lines raised, due 
to dirt and water finding their way under ,the slab, through 
a crack just inside the gauge lines, where the slab sheared.

The cause of failure of the slab was thought to have 
been partly due to the giving of the sand cushion under 
the tie. It would seem better practice to construct a good 
sound support for the ties and depend on wooden ties for 
resilience.

Standard for 1915-6
With the experience now obtained, the track design as 

shown in Fig. 10 was accepted as the standard construction 
for 1915 and^ 1916, when 2.8 miles were constructed. The 
6-in. concrete base of the 1913 construction was retained, 
but the sand cushion was replaced by 1-inch of rammed 
mortar under the ties, which were shimmed up with wooden 
shims placed near the end of the ties. Before the filler had 
time to set, the concrete slab between the gauge lines was 
poured, precaution being taken to paint the rail with 
asphaltic compound to prevent the bonding of the concrete 
to the rail. On the outside of the rail were placed two rows 
of treated wood blocks with a treated wood filler strip to 
fill the web. In forming a base for the two blocks, the 
rough filler was levelled with a mortar and painted with 
asphaltic paint.

In this type of construction, the ties are supported on 
a rigid bearing, but the wood blocks and mastic joints leave 
the rail free to move up and down, to give a certain 
resilience to the track but without affecting the adjoining 
pavement.

To review the condition of the various types of track 
work under operation: The girder type has not held up 
under our conditions, especially at the joints and at street 
intersections. In the later designs, where the bituminous 
surfaces were laid against the rail, it usually ravelled, but 
this has been overcome by the wooden rail blocks. The 
biggest trouble has been caused by the flanges of the wheel 
cracking the concrete slab just inside the gauge line. These 
cracks soon became large and water found its way down 
under the slab, with the result that hundreds of feet of 
this slab had to be removed.

The results from operation on o'ur various types of 
track construction have certainly demonstrated the fact 
that it is almost impossible to construct a permanent pave­
ment around the tee-section of rail.

Excavation
In preparing the subgrade for a'street railway track, 

ready to receive the concrete base, it may be possible under 
some conditions to take out most of the rough grade with 
drag scrapers but under most conditions this dirt must be 
hauled off the streets to some suitable dumping place in 
dump wagons. After the rough grade is taken out the sub­
grade is trimmed, leaving the loose dirt from % to 1(4 ins. 
above the final grade, to allow for settling under the roller. 
All soft spots should be made firm with new material. This 
work may be paid for on a cubic yard basis, which will 
include “rough grade,” “fine grading,” rolling and carting 
of all surplus materials.

an

an

Concreting
In preparing to lay concrete, consideration should be 

given to the selection of material, methods of mixing, 
methods of placing and the care or “curing” of the green , 
concrete.

The coarse aggregate may be obtained from well-graded 
gravel or a hard, tough material suitable for crushing and 
graded to pass a 2-in, ring. The fine aggregate may be any 
well-graded clean sand or crusher screenings from a durable 
material. Our experience has shown that “pit run” gravel 
—that is, a mixture of coarse and fine aggregate coming 
direct from the pit—has too great a variation between th® 
percentage of fine and coarse aggregate to make good con­
crete, and our specifications require that “only segregated 
materials shall be used.” The cement used should conforn1
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o the standard tests of the Engineering Institute of 
Canada, but may be released on passing the 7-day test.

1 he concrete should be mixed in some form of “batch” 
mixer where the materials are measured separately for each 

18 not necessary t.o actually measure all the 
materials in a measure, but good results may be obtained 
bLlSmg wheel-barrows. It is usually a good plan,

ta h,a7e a bottomless measure on hand to place 
tt 16 w ieel-barrow as an occasional guide to the laborer. 

Memo consideration should material be shovelled directly
•m ? >i °pper.; ^he mixing should continue long enough 
and with sufficient water to 
have been coated with 
be avoided 
stiff a condition

not paved. Traffic kept to the paved strip, with the result 
surLè°m the' dev.l traffic- the bituminous

way department should pay one third nf ti! th ?tr«et rai1"
teT;,"d1lhe ;treet

ried out vdthout ^nterruption^o^traffi8 U!Ually be car"
base gives way considerable diffi u®0’ but when the track
making repair . Thtmethod £ h^ t* 6Xperienced in 
Edmonton is as follows:- has been adopted in

Where a track has settled, the 
and piled in a i 
cut free from the

ensure that all the particles 
a cement film. Excess water should 

so that the concrete will leave the mixer in 
as it can be conveniently handled.

„ 11 p afln§- concrete on the subgrade; some engineers re-
USe °f “?pen chutes,” or the “boom and bucket” 

e o , ut our experience on street railway work has shown 
That good concrete can be laid with dump carts, provided 
the concrete is raked or shovelled into place after it has 
been dumped. In placing the filler concrete between the 
rac vs in the 1916 standard construction, a special gang­
way was built which enabled the carts to be backed out 
°'ei the first track to fill in both tracks in one operation.

in hot weather the surface of the green concrete should 
e vept moist by sprinkling with a hose, and, after a day or 

f0, covering with earth. The covering should be kept moist 
°i at least two weeks. To get. good concrete it must be 

protected from the drying out effect of the sun and wind,
• n-i. more esPeciaHy will this be true in countries of high 
d titude where the rate of evaporation is high.

convenient place, andTe^ails and
concrete base and lacked nn ^ 6jacKea up on runners

as are

-A
. __________ C. I.Griq

n Crete 1:3:6*8* Z tie laic 
longitudinally

------- 24L»

za'A—»)

r Wet
Q

PEE m
lA-SSElsl

1 3.6

Maintenance
th ^ fiuest'on of who should maintain the pavement on 

e street railway allowance has received a great deal of 
’ftion, and usually it is required that the street railway 

ompany should keep the pavement on the railway allowance 
n ®ood repair. In the city of Strathcona, prior to its 
malgamation with the city of Edmonton, the street railway 
epartment paved and maintained a strip 8 ft. wide over 
single track, the remainder of the cost being assessed 
e abutting property. In Edmonton the abutting property 
assessed for the pavement on the street railway allowance.

------ 3-0" -----

Section AB

Concrete l:Z'/2:5 ^............
Pig. 13—Track Box, 1915

having0'^ ckL'riTtt. Va,rj°;S Ien«tl“- Th« «"bgr.de,

to the pavement’liïe. 8 rem°Ved and concrete «"«d up

pavemeTi?" ectnt ytaTs “andE^ f bituminous 
xi • enL years> and it has been found that

hot ‘the rete °n a plate of sheet-iron and mixing whilst
surface material gives satisfaction

a on
is

Cilsf Iron (jficl
wmr"
Mmm.............I-»- as a new

ts. Special Work0:6 Cere re f,
.A''. : a ■*.vv -■ o .''-M1

SSI
Special work is the specially designed narts nf Q = *.

of tracks which will enable cars to turn corners or ™ 
over from one track to another. This is made possible °h 
various combinations of switches mates frnlP • by 
and curves arranged to make connection between’theliffer® 
ent tracks. In deciding a layout for anv W-iti™ d . r' 
to be considered are: (1) The kind'of car traffic i^'T 
make provision for regular and special car routine-! • Vo? 
amount of car traffic; (3) width of roadway aiffibl’ 
of curbs, poles, hydrants and man-holes wfth "

A'w'wy.vwWvS®

d’ecninq I.Z:4 wd mi*Tur« 
up <ifh#r as rln^» or at blocks-^? 
24* Yifrified pip* moi k* 5

s_PgTAiu or Grip

il------1 ; ü 1.....J... I:
g’çLn*r to 3 iw#r

22 1r.....r •
‘i WTom V b.Plan

a view to
In addition to .the regular curves at a corner „ ,

curve or cut-off taking the form of a Y ’ , nd
IS often installed, which, in addition to taking c“e"S ‘S! 
possible car routings, „a, be used in turning ,i„gl«S

6* Concrete hZh’5

Section
Fig. 12—Track Box Previous to 1915

The amount of car traffic over a snppiol in 
should be measured, and is used in deciding on th?°H C3Se! 
material that will be put into the special pieces. H 388 of 

In striking radii for ouble-track curve, it is -i
good practice to use radii ch will throw the tracks
op the curves, thus providing car clearance.

It is possible that the number of standard inWo^ 
m use in Edmonton could be reduced. By st mdflrH- - t,0"s 
sections throughout with standard switch pieces m-/?8 ^
.h7îcc™u7.1?;fr,.Wr« itr’"Æii;'"™1-“■*

Th ic lailway department usually constructs the completed 
p tnianent track and is reimbursed for the pavement at the^ 
joj^ V rate per square yard as the contract price of the ad- 
th Pavement. The most qommon practice is to require 
», V street railway company to construct and maintain a 
ofv^ent equal to that on the adjoining roadway, the limits 
coy. U sbrpet railway allowance being defined by the area 
tan led by the overhang of the cars or by some given dis- 

c,‘. such as 18 ins. or 24 ins., outside the outer rail.
1913, when a large program of permanent track 

con .1 action was carried out, several miles of track were 
’’acted on streets where the adjacent roadways were

very
apart
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Pieces of special work are made by building up standard 
sections with cast-iron fillers, or cast-steel bodies with special 
inserts such as manganese steel, or all cast manganese steel.

A very common form of special work is made from 
rolled steel body with some hard, tough material (like 
manganese steel) inserts placed at the point of maximum 
work. These inserts are usually keyed in place with some 
form of spelter which may be easily removed from the sur­
face without disturbing the pavement.

Special pieces of solid cast steel, or rail sections held in 
place with solid cast-steel joints, are often built. The solid 
cast pieces are made of open-hearth cast steel, and of 
manganese steel, and for important intersections it is good 
practice to use solid cast-manganese steel throughout. Pieces 
of the cast-in type may be considered only for light traffic.

In comparing the life of special work, car traffic is 
usually estimated in tons per hour when referring to density, 
and total car tons when speaking of the life of a special. 
As an example, cars crossing an intersection with headway 
of three minutes would mean 20 cars per hour. Supposing 
that a loaded car weighs 25 tons, the density of traffic is 
25x20 — 500 tons per hour. If cars operating 18 hours per 
day will pound out the points of a special in 10 years, we 
may say that this piece of work carried a load of 
500x18x365x10 = 32,850,000 car tons.

The width of intersecting roadways usually governs the 
distance the tracks are to be placed centre to centre. Two 
centres are used in Edmonton, viz., a 10-ft. centre on road­
ways up to and including 56 ft. or where side-pole construc­
tion is used to carry overhead work, and a 12-ft. centre on 
roadways of 56 ft. and over or where centre pole construc­
tion is used to carry overhead work.

The intersecting tracks are joined by the largest pos­
sible curve which will give sufficient clearance at the curb 
intersection, and at. all poles, hydrants and man-holes. The 
simplest form would be a curve with one radius, but with 
the development of faster operation, it has been found 
desirable to work up to the central curve with a gradually 
increasing curve. A similar result may be obtained by 
pounding the curve, starting with a longer radius and work­
ing up to the shorter radius at the central

In later special work it has become a common practice 
to pick up the wheel on its flange and ride it over the groove 
of the intersecting track, letting it down on the ball of the 
rail a few feet from the intersection. This is accomplished 
by gradually reducing the flange depth until the wheel rides 
clear at the intersection. The effect is to greatly reduce 
the pounding caused by the wheel bumping across the 
groove of the intersecting rail, adding to the comfort of the 
pas-engers and extending the life of the rolling stock and 
special worki

corn-

curve.

The* j.jnited States government has not yet accepted any
t th,1 °^er.S ™ade for the large factory erected for it at 
Leaside Ont., during the last few months of the war. Among 
offeis that are being seriously considered is one from the 
Willys-Overland Motor Car Co. J. G. Perrin, assistant 
eral manager of that company, states that should their 
be accepted, the building will be taken down and 
m West Toronto.

According to reports in the Montreal daily newspapers, 
the city of Montreal has agreed to pay a salary of $10 000 
per annum to each of three engineers who are to serve on a 
board to supervise the completion of the Montreal aqueduct 
the engineers appointed to this board are R. S. Lea, Walter 
J. Francis and A. E. Doucet. Mr. Doucet is city engineer 
of Montreal; Mr. Francis and Mr. Lea are prominent con­
sulting engineers of that city. The aqueduct is to be finished 
m accordance with a report, recently made by Mr. Lea to 
the Administrative Commission. It is,understood that 
three engineers will devote two-thirds of their time, 
days a year, to this work. The cost of building the 
duct is estimated at 1,
$860,000; and of e
$2,000,000.

gen- 
offer 

re-erected

these 
or 200 

aque-
<3,000; of the new pumping plant, 
addition to the filtration plant]

DEVELOPMENT OF WATER-POWER

By L. G. Denis
Hydro-Electric Engineer, Commission of Conservation, 

Ottawa

TTTILIZATION of water-power in Canada is advancing 
U even more rapidly than heretofore. During 1919, the 
installation of plants with a total of 64,400 h.p. was com­
pleted in various portions of the Dominion; the developments 
at present under construction or in process of installation 
aggregate over 470,000 h.p. Other projects definitely con­
templated for the near future will add 750,000 h.p.

Among the more notable developments are the 300,000-h.p. 
Chippawa plant of the Ontario Hydro-Electric Power Com­
mission, now under construction, to utilize the full head of 
Niagara power, and the impetus given by the Quebec govern­
ment to the conservation of water by storage. Much activity 
is also to be noted in the Maritime Provinces.

This rapid progress, which represents industrial growth 
of the most valuable character, should be encouraged, yet 
most carefully guided. In the United States, electrical in­
stallations have doubled every five years while, in Canada, 
the present hydro-electric installation is about ten times that 
of 1900. The present hydraulic installation in the Dominion 
is nearly 2,400,000 h.p. If we assume for this country only 
one-half the rate of increase recorded for the United States, 
a total of 4,800,000 h.p. will have been developed 10 years 
hence, and 9,600,000 h.p. 20 years hence, if available.

The resources actually available to meet future demands 
are indicated in the accompanying table of the estimated de-

Available Water-Powers in Canada
Estimated total Available in 

possible populated area, 
h.p.

403,000 
6,000,000f 
5,800,000 
3,379,000 
3,000,000 

150,000

Province 
or District.

Maritime Provinces ..
Quebec .......................
Ontario .......................
Prairie Provinces ... 
British Columbia ... 
Yukon and Territories

h.p.*
354,300

2,600,000
2,800,000

653,860
990,000

Î

Total 18,832,000 7,398,160
•Minimum nil year power, with possible regulated flow where investi­

gated. F igures for some of the rivers included may vary as additional 
information is secured from future detailed surveys, flow records and con­
servation storage investigations.

fNot including Ungava. 5,000.000 h.p. south of the 50th parallel.
^'Available possibilities not definitely known.

veloped and undeveloped water-power in Canada/ An at­
tempt. has been made to separate available sites within the 
populated areas from those farther north.

The 7,398,160 h.p. available for new development in the 
populated area is derived from an estimated total possible 
of 9,781,400 h.p., of which 2,383,240 h.p. has already been 
developed.

Under the rate of growth assumed, all the available 
water-powers within the populated portion would be de­
veloped in twenty years. It is self-evident, however, that1» 
as new development becomes dependent on less accessible 
sites, it will proceed much more slowly.

F. M. Dawson read an interesting paper on “Some In­
vestigations of Cement Under a Grant, from the Advisory 
Council,” at a recent meeting of the Engineering Institute’s 
Montreal Branch. Discussing the paper, A. C Tagge gen­
eral superintendent of the Canada Cement Co., Ltd., spoke 
<>f the interest that cement companies are taking in any 
development, such as super-cement, which might benefit their 
customers. A. D. Swan, consulting engineer, said that there 
is great need for improvement in cement for use in marine 
work. .1. A. Jamieson, consulting engineer, stated that, such 
researches such ns those undertaken by Mr. Dawson 
great value to the engineering profession.

arc of
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DRAINAGE OF EXHIBITION PARK, TORONTO the lake up, diverging and branching with smaller pipes to 
the stables and newly paved roads. At the west end of the 
grandstand an 18-in. pipe was also laid to the lake and found 
to be none too large on a day when 150,000 people are being 
cared for, to say nothing of storm water should there be 
ram. Immediately west of this, at the east end of the Manu­
facturers building, is a 9-in. pipe; under the building, a 12- 
m. and a 15-in. pipe; and a little to the west, and going up 
to the Horticultural building, is a 12-in. pipe.

The main parts of the grounds being paved, and the 
roofs of buildings shedding water so quickly, necessitated 
large pipes being installed. The old city sewer on Dufferin 
St., 3 ft. 6 ins. by 2 ft. 6 ins., and a similar one on Do-

By Reginald B. Evans 
Engineer, Parks Department, Toronto

"p'XHIBITION PARK, Toronto, comprises 235 acres of land
extending along the north shore of Lake Ontario for a 

distance of 1% miles, with an average width of 1,500 ft. 
The land rises abruptly from the water’s edge for 15 ft., 
and then extends northward practically level for 500 ft.

This flat piece of land is of stiff clay, and for years was 
wet and covered with long, coarse grass. Level land is not 
the easiest land to drain, and although there was no marsh 
there, yet the grass held the water and it 
was always wet. This level area includes 
the Midway, the half-mile ring, the Manu­
facturers’ building (the largest building on 
the grounds), and the Transportation 
building. ,

The writer well remembers staking 
out the Transportation building in water 
from 2 to 3 ins. deep, and grass at least 
3 ft. high. The magnifying glass used in 
turning off the angles on the transit was 
dropped, and it was some work to find it 
in the long grass.

The whole exhibition grew like Topsy, 
as the march of events demanded, the 
Manufacturers’ building being the first 
structure of any size on this badly drained 
,Qnd. The old plans show that a system of 
farm tile was laid over this site before
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Plan of Grounds and Buildings, Exhibition Park, Toronto, Showing 
Location and Size of Drains

Key to Numbers of Principal Structures: (3) Dufferin Gate m 
(6) Transportation Bldg., (7) Horticultural Bldg.. (9) Woman’s Bide nofS" 
facturers’ Bid».. U») Industrial BMg. (20, MacLiL^T,,! W)"

(36) Midway, (A and B) Lavatories.

minion St., amply take care of the greenhouses 
adjacent property not high enough to drain into 
city sewer on Springhurst Ave.

In designing a system of sewers, more care is needed 
to anticipate future growth than for most engineering under­
takings, even water works or lighting, as duplicate sewers 
aie very costly, and it is sometimes difficult to lay a second 
sewer on a narrow street already encumbered underground 
with many private drains and water pipes.

At a park like Exhibition Park, where a large number 
of people congregate for a short time, all supply pipes and 
drains should be built with large capacity. A few years 
ago the people living near this park found" their gas supply 
cut oft at noon, and nobody could account for it until it was 
discovered that the restaurants at the exhibition were using 
all that the mam could supply. Fountains and lavatories 
work to their utmost capacity, and hose run all night, for 
at least two weeks before the exhibition opens, to bring the 
grass and flowers to perfection. Care must be taken to have 
all commodities supplied to almost every corner of the 
grounds, and in convenient places. Plans "and profiles must 
be kept of all underground wires, and of gas, water and 
sewer pipes, as rush orders are often received to drain a 
sink in a new tent, or to supply its users with light heat 
and water.

commencing construction. The Transporta­
tion building was raised high and dry on 
an embankment, but shortly after this 
building was erected, roads were graded 
towards the lake and paved, catch basins 
and sewers were built, and no water was 
held on this flat.

Farther east, on the midway section, 
the same difficulty was encountered. A heavy rain 
simply flooded the area, and if this occurred during 
exhibition, tanbark had to be hauled to make paths,, 
and
People wading ankle-deep in water, tanbark and mud to 
the attractions in the various shows. The half-mile ring and 
hall field are practically level, and up to the present have not 
been sufficiently drained.

Until about ten years ago drains were put in for each 
new building as required, but no general system was planned

as well as 
the main

sight to seeeven then it was a common
see

+4. 4.

Plans for the establishment of a national research in­
stitute were placed before the Scientific Research Committee 
of the House of Commons last Monday, with the recom 
mendation that a site of at least 50 acres should be secured" 
near Ottawa, and that a four-storey laboratory costin.r 
$600,000, should be erected and equipped with scientific in 
struments costing at least $100,000. Salaries for staff would" 
require an appropriation of about $100,000 per annum Tkic 
institute would be similar to the Bureau of Standards in 
Washington or the Mellon Institute in Pittsburgh

Typical Scene, Exhibition Park, Toronto

to take care of the grounds as a whole. At that time a 15-ifi. 
P‘Pe was laid from the east end of the grandstand across the 
r,nK and connected up with all nearby drams. Only a tew 
-Vears passed before this drain was found to be quite made- 
luate, and a little farther east a 24-in. pipe was laid from
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CHEMISTRY AND ENGINEERING* ment of the task of removing water from the air used in 
blast furnaces. The little problem he tackled was the re­
moval of moisture from 40,000 cu. ft. of air per minute, and 
he did it. It took him 18 years, of which 5 years were spent 
in obtaining reliable data as to the moisture content of the 
air all day and every day for that time. He found that 40,000 
cu. ft. of air per minute contained all the way from 73 gals, 
of water per hour in February, to 237 gals, per hour in June. 
Fourteen years after starting he asked for $100,000 to make 
an installation, and found that 9% more ore and, flux could 
be handled with no more fuel, and in six months’ time a 
regular economy of 15% was obtained, and 20% had been 
found possible. The outcome of Gayley’s work was a saving 
of about $25,000,000 annually to the American iron and steel 
industry. /

By T. Linsey Crossley 
Consulting Chemist, Toronto

T N the industrial applications of chemistry to-day a 
A problem becomes a matter of engineering as soon as it
leaves the laboratory, and even before that its engineering 
features must be studied. On the other hand, many things 
that appear to be purely matters of engineering depend for 
their success on due attention to the chemical composition 
of the materials used.

The question resolves itself somewhat into a discussion 
of how much chemistry an engineer should know, or how 
much engineering a chemist should know. In music it is 
hardly expected that any man should be a virtuoso on more 
than one instrument, but nearly all find some ability on the 
piano essential, and it might not be going too far to say that 
chemistry, in its relations to other sciences, functions in some 
ways as the piano to the orchestra.

The technical chemist is expected to be cognizant of the 
inner workings of a great variety of industries. One day 
it may be steam laundry trouble; the next, a problem in 
embalming fluids. In the wide range of chemical problems, 
the effects of mechanical handling are often the determining 
factors.

A 3,000-H.P. Experiment

When Dr. Frasch, chemist of the Standard Oil Co. (whose 
process for taking sulphur out of petroleum oils made the 
Canadian oil industry and raised the Standard Oil dividends 
from 7% to 40% on a $100,000,000 capital, and the value of 
Ohio Oil from 14c. to $1 per barrel), wanted to do a little 
work on the side, he took in the underground sulphur deposits 
of Louisiana. First he bought the property. That was act 
of faith number one. Then he drilled a well to the rock, 
with a 10-in. pipe, and continued through the sulphur de­
posit about 200 ft. with a 9-in. drill, and sunk a 6-in. pipe 
from the surface to the bottom, and put a 3-in. pipe in­
side the 6-in. pipe. After taking some precautionary 
measures, the well was ready for the melting fluid, which 
was steam superheated to 335 degs. F. Putting down the well 

act of faith number two; and finally, to get the required 
volume of steam at 100 lbs.,he installed twenty 150-h.p. boilers ! 
Dr. Frasch notes that this was “experimentation on a ponder­
ous scale.” All this was done without any precedent, relying 
onlyon the fact that sulphur melts at about 250 degs. F. Dr. 
Frasch pumped sulphur so readily out of that well that he 
could have undersold Sicilian sulphur in Italy.

I have cited these two classic cases to illustrate the great 
posibilities of chemical engineering. Perhaps these men 
might be called engineering chemists instead of chemical 
engineers, but it only shows how little words mean. If we 
had union principles applied to engineering, it might have 
been contrary to regulations for those chemists to practice 
engineering.

Engineering and chemistry are so involved in all cosmic 
activities that there is scarcely any line of human endeavor 
that does not call for men who have given special attention 
to the particular case.

There are cases where plants have been erected by 
chemists with a smattering of engineering knowledge or by 
engineers with an inkling of chemistry. In either case there 
would have been far better results if there had been co­
operation.

wasNo Chemist,—Lost Client

In Canada, until quite recently, the engineer has not 
sought freely the co-operation of the chemist, and this is 
possibly a factor in the situation to-day in at least one of 
our great industries, whereby the financial backing for new 
mills of that industry has engaged engineering firms outside 
of Canada for their construction.

In an article entitled, “Lessons for Chemical Engineers 
in Other Industries,” read at the Savannah Meeting of the 
American Institute of Chemical Engineers, December, 1919, 
by A. E. Marshall, there is a suggestive statement referring 
to war-time quantity production, as follows:—

Some chemical plants built within the last five years 
will find it difficult to make extensions which permit" of a 
lowered cost of production, or even a cost equal to the original 
plant, for reasons such as lack of strength in the building 
structure preventing the employment of monorail cranes or 
similar mechanism to convey supplies of raw materials from 
the original storage bins or piles to the new extensions.

me can more profitably be spent in designing the present to 
suit the future than in trying to add in the future 
pleted unit which has no outlets for expansion.”

The handling of raw materials for the chemical industry 
to-day is essentially an engineering problem. One little in­
stance of this I noted recently was the handling of 4,000 000 
case of soy-bean oil in one lot from ship to cars at a 
Pacific port. Perhaps some engineers don’t know what soy­
bean oil is. If we followed that oil to its various destinations 
we would find still more problems in chemistry and engineer­
ing. It is used in foodstuffs, soap, paints and varnishes.

1 he Engineering Family Growing
The engineering family is growing. It used to be just 

civil and military. Now it is mechanical, electrical, hydraulic, 
sanitary, chemical and many other “ics” and “als.” 
there will be agricultural, and possibly burial, engineers. I 
once heard a mill manager dictate this letter to his tailor:

Please build another suit in navy serge, the same as the 
last one you constructed for me.” ' So it is possible that we 
shall have tailoring engineers.

to a com-
Soon

There is a need for co-operation between engineers and 
chemists in the inception of new plants, and throughout the 
consideration of layout. There is a pronounced tendency on 
the part of interests putting up new plant or extensions, to 
engage the contractor who erected their previous plant, who 
makes no corrections from experience of operation, and the 
frequent result is the perpetuation of unsatisfactory condi­
tions. In the interests of conservation of labor and material, 
it seems advisable that no plant should be erected without co­

even in cases where 
or essentially engi-

Special Quebec Bridge Paint
Paints are to the engineer like the. , poor, in that he

always has them to provide for. The life of great structures 
like the Quebec bridge depend on the protection of their 
members from the effects of weather. A special paint was 
made up for the Quebec bridge, and it would be interesting 
to nave some report of its service.

Two outstanding feats of chemical engineering bear on 
the remark as to the amount of engineering knowledge a 
chemist should have. One of these was Gayley’s accomplish-

operation of engineers and chemists, „ 
processes are either essentially chemical 
neering.

In large structural work such as bridges, where the life 
of the structure depends in large measure on its protection 
from wea her. careful field tests of paints should be made in
^vnBClUnJ ’0cn',7: nn< th<* "hop coats should be specified 
only after the field coat is decided

* Excerpts from paper read recently before the Toronto 
branch of the Engineering Institute of Canada.

upon.
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In the field of lubrication there may be interesting de- 

veiopments at any time as we study the relations between 
• GCU es anc j'heir physical effects. How great a part does 

co si y p ay. or the chemical composition of lubricants ? ZL /I! beet] accust°med to think that there should be no 
the nietaf m lut)ricants’ as they might tend to corrode 
fatty acids

treated byte TduTtries'l!^ ^ ** bethe director of co-operation will it ™ork“en excePt that 
each student at anv time m i -lla7® freedom of access to

"ith «-»> 2'SSSSjS:!
lating to the type oT work which tfd^8 °f ,questions re­
ef which will require him to oh 6 18 d?lng’ the answering 
technical processes which he htmsdf ilTJZ °nly the 
also the whole system of management of the^fact °Ut’ t 
such general technical details »= h" ,™e factory, and
to observe. The syllabu., „m also re”u‘L him ?'>P"t"ni,t-V

are now informed that small amounts of free 
a, _ ai,e much more effective than large amounts of-

w"j!uy t *an Wlth 40% mineral oil and 60% neutral 
g e oil. These figures are illustrative, not exact.

• , S lJIustration of the importance of comparatively
in )1P f llngs> there is the case of flotation in the mineral 
industry. A recent writer has pointed out that 60,000,000 tons 

oi e are treated annually by the application of the forces 
in soap bubbles.

h y attention has recently been called to a case where 
omp amt was made that a mill effluent caused foaming in 

inf a s4ream> and that this foam, becoming frozen,
stre^ 61*ke generation of power at a plant down-

hamilton controllers recommend

^^LTHOUGH E. R. Gray, city engineer of Hamilton Ont
teAB?'/, * w*» SJS «?*;
Inn ravine nt ® loront°-Hamilton highway across the Valiev 
the Board of ContmltA^r th<? cit7 Hamilton! 
mended to the city council thft th laS unan™ousIy recom- 
”.of * fi«. at a cost of $280,OIK)! compTr^wRhT^^

FILL

, ’ lequently owners choose architects and contractors 
ont' 6aVe ^le emPloyment of engineers or chemists at their 
In 10n W’*b no Provision made for the latter in the estimates, 

some cases an engineer is appointed, but I cannot recall 
y arge piece of structural work for which a consulting 

in ™ Was aPPumted at the outset. I believe many cases 
which the engineer’s advice has been overridden by the 
61 ^n*erests of the owner if the engineer had had a

leiiow-scientist to support him. =ElliiB5=p
head bridge, $9,000; rip-rap $5 000 • tilo °- h ff„°Ver'
right of way, $45,000; pavement $25 Sn- CUt’ $12’000:

s'll° t, 't' ,rom
thc hl<*

-e„tb™E3E^CH—r?-:=
Of the roadway on the fill is still appSximatel^SO^ ‘and 
the grade is improved something less than 2%. ' f ” d

In addition, subsidence, and settlement of an * years would prevent the construction of “ f°r
ment. It will be

Practical training for engineering students

ÇANADIAN engineers who
work will be much interested in the details of the new 

‘in for industrial training that will be adopted next June 
atL the Harvard 
the first 
Will be

are concerned with educational pave-
level bridge, $14,000;

Engineering School, in Cambridge, Mass, 
two years of any engineering course at Harvard 

substantially the same as at any other university 
m ctT’ting that there will be no differentiation between 

echanical, civil and electrical engineers, and the students 
: n°t be segregated—either in their classes or in their 

v Cla* relations—from the other undergraduates at Har- 
j .» thereby escaping the narrowing influence of

wii'Ve ass°ciation with other engineering students. They w,u be 
Pure

in a
an ex-

required to take certain courses in mathematics and 
as science but will have the opportunity of. obtaining 

u-oad an education as students of their class in any other 
rse. The work of the senior year will also be carried out 

°ng the usual lines.
Combined engineering study and work in industries 
start in June of the sophomore year and last until 

at the beginning of the senior year. During 
se f-6 16 months the class will be divided into two equal 

etions, which will alternate from study to industrial ex­
perience

necessary also to reconst nmi* Et, pave" 
over the Grand Trunk and C P R Hn,i 7 ,ct the bridge
existing subway below the Grand Trunk ^ theof which should be included in anV e-’ eStlmated cost
fo„p.rtso, ,

srsrsrtï? f ' «5best solution of this problem.” U tlmately w,n be the

wifi
October 
thos

at. two-month intervals, with one vacation period 
which the ambitious student may substitute industrial 

Those students who take the regular offering will get
for
Work.

months of. study (which is the actual study time at 
th(w<nt) and six months of experience in the industries; 
T}, Who 50 desire may have eight months in the industries. 
tr: "ill be a continuous supply of students to the indus-
Wit|S-and continuous instruction in the school. Courses given 

In *bis period will have to be duplicated. 
rp*lp scheme outlined above will be optional, but the pre- 

«tS mdications
art >nta in the school. It adapts itself well to graduates in 
the ii" Fc*cnces from Harvard or other colleges who enter 
ip ^ lrd year of the engineering school, even if they enter 

*u«t °r as late as October.
dire ! b° co-operation with the industries will be under a 
the who W'II arrange with the industries for placing 
tppj,- Ul"mts at such work as will give them the best oppor- 

<s for experience. The students will receive the same

water survey,. Urbana, 111 • treasurer I w t a , f state superintendent of the wate; board, AuburnNY BvTrTt’ 
actmn of some of the members of the association addition^ 
nom.nat.ons have been filed, as follows: PresMent S 
M. L. Worrell, Meridian, Miss.; vice-president W S Grf P 
chief engineer, Water Works Co., Lexington Kv • f Cramer-

Worrell „ now vIce-pre.Hent of the o„oei„t£„ y, 
is treasurer, Messrs. Little and Cramer are trusted u * 
terms expire this year, and Mr. Ackerman is a ^ ,Wh°S! 
the finance committee. ' a member of

that it will be elected by practically allarc
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Theory and Practice of Aeroplane Design.—By S. T. 
G. Andrews and S. F. Benson. Published by Chapman & 
Hall, Ltd., London, Eng.; 450 pages and cloth cover, 5y2 by 
8% ins.; price, 15/6.

Safe Transport.—Pamphlet describing boxes for trans­
portation of tubed media for the bacterial analysis of water 
and sewage ; issued by Wallace & Tiernan Co., Inc., 349 
Broadway, New York.

Manufacture of Ethyl Alcohol from Wood Waste.— 
Bulletin No. 7 of the Honorary Advisory Council for 
Scientific and Industrial Research, Ottawa; 10 pages and 
paper cover, 6% by 9% ins.

Annual Report, Department of Highways, Saskat­
chewan.—For the fiscal year ended April 30th, 1919; 92 
pages and paper cover, 6% by 10 ins. Samuel J. Latta, 
Minister of Highways, Regina, Sask.

Tests on the Holding Power of Railroad Spikes.— 
By A. H. Beyer and W. J. Krefeld. Bulletin No. 1, Depart­
ment of Civil Engineering, Columbia University, New York; 
54 pages and paper cover, 6 by 9 ins.

All’s Well.—Brochure, 16 pages, 314 by 614 ins., well 
illustrated, printed on coated paper in two colors. Des­
cribes Toncan metal roofing, shingles, sheets, etc.; issued 
by the Stark Rolling Mill Co., Canton, Ohio.

Effect of Vibration, Jigging and Pressure on Fresh 
Concrete.—By Duff A. Abrams, professor in charge of 
Structural Materials Research Laboratory, Lewis Institute, 
Chicago ; 24 pages and paper cover, 6 by 9 ins.

Wire Rope and Fittings.—Catalogue issued by the 
Canada Wire Iron Goods Co., Hamilton, Ont.; well illustrated; 
contains considerable information about wire rope of every 
description up to 2 ins. diameter.

Tide Tables.—For the eastern coasts of Canada for the 
year 1920; by Dr. W. Bell Dawson, superintendent, Tidal 
and Current Survey, Department of the Naval Service, Ot­
tawa; 68 pages and paper cover, 616 by 9% ins.

Effect of Fineness of Cement.—By Duff A. Abrams, 
professor in charge, Structural Materials Research Labora­
tory, Lewis Institute, Chicago. Bulletin No. 4, issued by 
the laboratory; 82 pages and paper cover, 6 by 9 ins.

Concrete Pipe.—Booklet, 8 pages and paper cover, two 
colors, 8% by 11 ins., descriptive of culvert pipe, drain tile, 
pressure pipe and sewer pipe ; issued by the American Con­
crete Pipe Association, 210 South Lasalle St., Chicago.

Annual Report, Ontario Department of Public 
Highways.—For the year 1918; published by the King’s 
Printer, Parliament Buildings, Toronto ; 80 pages and paper 
cover; 6% by 9% ins.; coated paper; illustrated with several 
half tones.

Hydra Tool Steels,—Catalogue, 46 pages and stiff 
cloth cover, 6 by 8 ins., printed on book paper in two colors 
and- illustrated with original photographic prints pasted in 
place; published by Hall & Pickles, Ltd., 64 Port St., Man­
chester, Eng.

Standard Pavement Asphalt Time Table.—Pamphlet 
issued by the Barber Asphalt Paving Co., Philadelphia, P#*» 
tabulating the kinds of asphalt in existence in Buffalo and 
New York from 1879 to 1919; also giving maintenance costs 
for Washington, D.C.

fl’HE Orifice as a Means for Measuring the Flow cf 
Water Through a Pipe.—By R. E. Davis and Harvey 
Jordan. Bulletin No. 109 Engineering Experiment Station’ 
University of Illinois, Urbana, 111. ; 56 pages and paPt_r 
cover, 6 by 9 ins.; price, 25c.

Jeffrey 34-B Entry Driver.—Catalogue No. 269 Pub' 
lished by the Jeffrey Manufacturing Co., Columbus, O.; * 
pages and cover, 7% by 10% ins., printed on coated pnPeI"’ 
well illustrated; describing the Jeffrey entry-driving machin1 

for mining and loading without the use of powder.
Liquid Chlorine.—Illustrated catalogue, 18 pages 

embossed cover, 5 by 8 ins., published by the Electro-Ble»1' . 
ing Gas Co., 18 East 41st St., New York. Describes lid111
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Concrete Highway Grade Crossings.—Pamphlet issued 
by the Portland Cement Association, Chicago ; 8 pages, 6 by 
9 ins.

Concrete Streets for Your Town.—Booklet, 24 pages, 
6 by 9 ins., published by the Portland Cement Association, 
Chicago.

Once in a Blue Moon.—Pamphlet issued by the Barber 
Asphalt Paving Co., Philadelphia, Pa., descriptive of Iroquois 
road rollers.

Concrete Chimneys.—Well illustrated booklet, 20 
6 by 9 ins., published by the Portland Cement Associa-pages 

tion, Chicago.
City of Saskatoon, Annual Report.—For the year 

1919; 72 pages and paper cover, 7 by 1014 ins. C. J. Yorath, 
city commissioner.

Insulation.—Catalogue, 78 pages and paper 
8 by 11 ins., published by the Franklin Manufactur-

Heat
cover,
ing Co., Franklin, Pa.

Testing of Timepieces at the Laboratory of
Land Surveys.—Report, 16 pages and paper

THE
Dominion 
cover, 6% by 9% ins.

Tiffin Motor Trucks.—Sixteen-page pamphlet, in two 
colors, published by the Tiffin Wagon Co., Tiffin, O., descrip­
tive of Tiffin motor trucks.

Practical Oil Geology.—By Dorsey Hager; published 
by the McGraw-Hill Book Co., Inc., New York; 252 pages 
and flexible cover, 4% by 714 ins.

Useful Data.—Catalogue issued by the Corrugated Bar 
Co., Inc., Mutual Life Bldg., Buffalo, N.Y.; 224 pages and 
limp leather cover, 514 by 7% ins.

Precautions for Concrete Pavement Construction in 
Cold Weather.—Pamphlet issued by the Portland Cement 
Association Chicago ; 8 pages, 6 by 9 ins.

Annual Report, Department of Public Highways, 
Ontario.—For the year 1918; published by the King’s 
Printer ; 80 pages and paper cover, 6% by 8% ins.

Paper Making and Its Machinery.—By T. W. Chal­
mers; 180 pages and cloth cover, 714 by 11 ins. ; published 
by Constable & Co., Ltd., London, Eng. ; price, 26s.

Practical Electric Welding.—'By H. Bevan Swift; 
104 pages and stiff cloth cover, 514 by 8% ins., published by 
E. & F. N. Spon, Ltd., London, Eng.; 66 illustrations.

Ric-Wil Sectional Vitrified Tile Conduit.—Bulletin 
No. 1 issued by the Ric-Wil Co., Cleveland, O. ; 8 pages, 8 
by 10% ins.; coated paper, well illustrated in two colors.

Sewage Disposal for the Country Home.—By L. J. 
Smith, professor of agricultural engineering, Manitoba 
Agricultural College, Winnipeg; 24 pages, 6 by 8% ins.

Coal Consumption of Power Plants.—By R. H. Par- 
Published by the Electrical Review, Ltd., London, 

Eng.; 24 pages ajid paper cover, 5% by 8%, ins.; price, Is.
sons.

Annual Report, Explosives Division, Department of 
Mines.—By Lt.-Col. G. Ogilvie ; 46 pages and paper cover, 
6% by 9% ins.; published by the King’s Printer, Ottawa.

Manual of Hydraulic Engineering Instruments.— 
Catalogue, 140 pages and cloth cover, 6 by 9 ins.; coated 
paper, well illustrated ; issued by W. & L. E. Gurley, Troy, 
N.Y.

Corona Discharge.—By E. H. Warner and Jakob Kunz. 
Bulletin No. 114 of the Engineering Experiment Station, 
University of Illinois; 134 pages and paper cover; 6 by 9 
ins.; price, 75c.

W-C-K City.—Pamphlet published by Westinghouse, 
Church, Kerr & Co., Inc., 37 Wall St., New York, showing 
a mass photograph of over one hundred structures recently 
built by that firm.
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chlorine, how it is shipped and its uses in water steriliza­
tion, textile bleaching, paper bleaching, etc.

Modulus of Elasticity of Concrete.—By Stanton 
Walker, associate engineer, Structural Materials Research 
Laboratory, Lewis Institute, Chicago ; 92 pages and paper 
cover, 6 by 9 ins. ; with an appendix on the flexure of re­
inforced concrete beams.

proven the correctness of the design of the overhead valve- 
operating mechanism.

For the Glory of America.—By G. B. Livinghood. 
Handsome book, 144 pages and cloth cover, 9 by 12 ins., 
published by the Traylor Engineering & Manufacturing Co., 
Allentown, Pa., describing that company’s work during the 
war. The book is printed throughout, on suede coated paper 
in three colors and is profusely illustrated. The typo­
graphical arrangement is admirable, and the illustrations 
are a triumph of art work, engraving and printing. Ap­
parently no expense has been spared in producing a book 
that, will be a lasting memorial of the strenuous efforts 
made by the company, beginning in 1915, to produce shells, 
marine boilers, engines and ships for the Allies. The book 
includes a review of the companies controlled by Traylor 
interests, including the Traylor Engineering & Manufactur­
ing Co., Traylor Shipbuilding Corporation, Cement-Gun Co., 
Inc., and the Traylor-Dewey Contracting Co. The company 
intends soon to issue another volume dealing more parti­
cularly with the work in which it was engaged before the 
war, and to which it is now returning with renewed vigor * 
and added efficiency as a result of its experience in war-time 
production.

Thomas’ Register.—The eleventh edition of Thomas’ 
Register of American Manufacturers, dated January, 1920, 
has just been published, comprising 4,500 pages in which 
there are listed 300,000 names of United States manufactur­
ers, classified under 70,000 headings. It weighs 17 lbs. The 
page size is 9 by 12 in's. The register is divided into three 
main sections, with an index totalling 176 pages. The 
classified section (3,340 pages) furnishes a very complete 
list of manufacturers classified according to products, eleven 
pages being devoted to the single item of acids. A capital 
rating is also given for each manufacturer, showing the 
amount of capital invested, hence the approximate size of the 
concern. About 800 pages are devoted to a list of the trade 
names or brands of manufactured products, and to a con­
tinuous list of the names of manufacturers in alphabetical 
order, giving the addresses of head offices and branches, 
names of officers, etc. An international trade section lists 
exporters and importers, and there is a directory of banks, 
commercial organizations and trade papers in the United 
States and Canada. The Thomas Publishing Co., New York 
City, are represented in Canada by the Canadian Buyers’ 
Register Co., 90 Constance St., Toronto, from whom speci­
men pages, etc., can be obtained. The price of the book in 
Canada is $17.50, all charges prepaid.

Power in Alberta.—Booklet, 32 pages and paper cover, 
6% by 9% ins., published by the Commission of Conserva­
tion, Ottawa, descriptive of water, coal and natural gas 
resources of Alberta ; by James White, assistant to the chair­
man, Commission of Conservation.

Boss Labor-Saving Construction Machinery.—Cata­
logue, 64 pages and paper cover, SVz by 11 ins., published by, 
the American Cement Machine Co., Inc., Keokuk, Iowa; 
printed on coated paper, profusely illustrated ; descriptive

rigs andof concrete mixers, hoists back fillers, pumps 
carts.

saw

Jeffrey Shredders.—Catalogue No. 259, published by 
the Jeffrey Mfg. Co., Columbus, O., and Montreal, Que., 36 
pages and paper cover, 6 by 9 ins., printed on coated paper, 
well illustrated. Describes Jeffrey type “E” swing hammer 
shredder for reducing wood chips, bark and other fibrous 
materials.

Culvert Reference Book.—Engineering tables and 
other information relating to Pedlar’s Toncan-Metal Cul­
verts are contained in the “Culvert Reference Book No. OC

andissued by the Pedlar People, Ltd., Oshawa; 24 pages 
cover, 6 by 9V2 ins. ; printed on coated paper; well 
illustrated.

Automatic Discharge Counter.—Pamphlet describing 
apparatus for recording the number of fillings of any an 
such as water tank, flush tank, syphon chambei, c emica 
solution tank; etc. ; also for recording application o 
from dosing chambers to sprinkling filters or contact beds 
Published by Wallace & Tiernan Co., Inc., 349 Broadway, 
New York.

High Efficiency Centrifugal Pumps.—Pamphlet 
Pages and paper cover, 8% by 10% ins., published by the ue 
Laval Steam Turbine Co., Trenton, N.J. Describes official 
tests made by the cities of Minneapolis and St. Paul up 
De Laval centrifugal pumps. The Minneapolis pump showed 

combined efficiency of motor and pump of about >2 / , 
a pump efficiency of 86%.
Pont-A-Mousson.—Published by the Société Anonyme 

ÿs Hauts Fourneaux et Finderies de I on -a- ’ ’
France. Published in French; 240 pages and leather covei^ 
3^4 by 6% ins. This booklet is in two Parts, the fi «
a catalogue of products, including flange P'PC, bell and sp g 
P'Pe, drain pipe, bends, pipe fittings, man usefulThe second part of the booklet is a collection of useful 
formulae dealing with gas, water, etc. The book
brief French and English vocabulary and tables for
conversion of the metric system to English measu .

a
and

NOVA SCOTIA POWER COMMISSION AWARDS

rpO consider tenders for general construction work and 
-I- hydraulic and electrical equipment for the St. Mar­
garet’s Bay power development, which was described in the 
April 8th issue of The Canadian Engineer, a meeting of the 
Nova Scotia Power Commission was held April 15th in 
Halifax.

Monel Metal.—Catalogue, 46 pages and Paper cover, 
• by 9 ins., coated paper, well illustrated m two colors,

Published bv the Bayonne Casting Co.,cubes Monel metal castings, sheets rodsffoig.ngs, wire w
cl°th, wire rope, tubes, screws, ball bearings, chain
f?ds, etc. List of uses is given for Monel metal in po^ 
Plants, marine installations, gas am <> equipment,
UUd chemical works, dye house eqUIP1”®nhouses, and a score 
utomobiles, dairy equipment, packi g manufactured 

p unscellaneous uses. Monel meta m Qanada, Ltd., 
Canada by the International Nickel Co.
foronto. ‘ , ,
„ Model GR Sterling Engine.—Pamphlet usue y
gening Engine Co., 1252 Ni»g»f« VscriLs 4

** Exhaustive tctlng h„

The contract for four generators was awarded to the 
Canadian General Electric Co., Toronto. The contract for 
wood-stave pipe, 6 and 10 ft. in diameter, was awarded to 
the Pacific Coast Pipe Co., Vancouver. About 200,000 lbs. 
of aluminum cable, for transmission line purposes, is to be 
supplied by the Northern Aluminum Co., Shawinigan Falls, 
Que.

The contract for general construction, involving dams, 
power-houess and intakes, grading of pipe lines and other 
miscellaneous work, was awarded to D. G. Loomis & Sons, 
general contractors, Montreal. A number of attractive pro­
posals for this work were received.

Due to the fact that certain essential data had not yet 
been received from hydraulic manufacturers, a final awafrd 
for the turbines could not be made.

The specifications for this development call for com­
pletion of one generating station by January 1st, 1921, and 
completion of the second generating station by June 1st, 
1921. The total development at present under way is de­
signed to deliver about 9,000 h.p. in Halifax.

in
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Perhaps the best example of obstruction to traffic by 
car tracks of which Ihe writer has any cognizance is in the 
Borough of Manhattan, New York City. Central Park West 
is that portion of Eighth Avenue lying directly west of 
Central Park. This avenu south of 58th Street is 100 ft. 
wide with a 60-ft. roadwa with car tracks in the centre. 
ÎT Z , ^st is also 100 «• wide but the roadway is 
only 48 ft. wide and the tracks ate laid on the easterly side, 
the nearest rail bein 3 ft from the curb, leaving a free 
roadway of 29.9 ft., ot taking into account the overhang 
of the car.

Central Park West is built, . up on the west side wit#
business houses on its southern end and the remainder with 
large apartment houses. The cross streets, too, arc well built 
up fo that the local traffic is heavy, Previous to the intro­
duction of the automobile the obstruction to travel was not 
so great. But it can easily be seen that, with it being neces­
sary for all pedestrians to cross two lines of vehicular traffic 
in order to take or leave a car, a great deal of trouble mu*t 
occur. So many accidents occured that in 1913 the Board

The writer has always felt that a car track should be 
so constructed in a pavement that vehicular traffic could 
pass over it diagonally, squarely or in any direction 
without any real ' inconvenience, and that it should be so 
maintained that it would always meet this requirement. 
1 he heavy truck traffic that is so constantly increasing 
emphasizes this idea. With the present standard rails and 
latest construction there is no difficulty in meeting what is 
desired. Practically all electric roads in streets or high­
ways are operated by overhead trolleys but in the Borough 
of Manhatten,;New \ork City, where the underground trol­
ley is used, it is necessary to have a slot half way between 
the rails of each track. This is also true of cable roads. 
Such construction makes it very difficult to properly main- 
tain or lay the pavement. The space between the slot and 
rail is so narrow, and so shallow over the conduit that 
ries the power, that ordinary pavement methods 
successful.

car-
are not.

With the same amount of care in construction 
and maintenance, such tracks are more of an obstruction t<? 
traffic than those used with the overhead trolleys. The writer 
once saw both in Brussells and also in Vienna an underground 
trolley system where the slot was built in connection with 
one of the rails, leaving the entire space between the rails 
unbroken. This seemed much better work from a pavement
standpoint, but the engineer in charge of the railways of 
Vienna said it was not good for operation. Why this was, 
he did not explain, but it was thought that possibly it would 
not permit so good an electrical connection with the car.

Some Unusual Locations
The Board of Estimate of the City of New York has 

made a rule that a double-track road shall not be laid in a 
street with a roadway of less than 40 ft. In Philadelphia, 
where the streets are narrow generally, but' one track is laid 
in a roadway, the cars necessarily having different routes 
to and from the centre of the city.

In some cases where tracks are laid in the centre, an 
area is curbed especially for the tracks, vehicular crossings 
taking place only at cross streets or other especially provided 
places.. This is true in a few other cities but, almost gen - 
erally so in New Orleans. Here the streets as a rule are 
wide, allowing plenty of room for this method as well as 
foi the general traffic of the city. In such cases, of course, 
traffic is not impeded at all except as to general crossing 
from one side of the street to the other.

Rochester, NY., has one or two streets where the tracks 
are located just inside the curb line. On one of the streets 
leading out of Paris the writer once Saw a similar location. 
In Rochester the instance noted was on a distinctly resi­
dential street but in France it was in a small retail section.

With such a location the general street traffic would 
not be affected but it has always seemed to the writer that 
it must be very inconvenient to the people along the line, 
especially if it were on a business street. Here, however, 
again comes in the question of how much traffic the 
lines carry and how often the

car
cars run. 

Example of Serious Obstruction

EFFECT OF CAR TRACKS UPON TRAFFIC CAPACITY 
OF ROADWAYS*

By George W. Tillson 
Consulting Engineer, La Grange, III.

ITHIERE is probably no one thing that is the source of so 
_ much trouble and annoyance to the official in charge of 

the maintenance of street pavements or road surfaces as 
the existence of street car tracks in those surfaces, 
is mainly true because he has no direct control 
repairs required to keep the tracks in good condition. As 
a general rule the street car companies must keep in good 
repair the tracks and pavements between same as well as 
foi a short distance outside. It is generally provided also 
that, if the corporation does not do this, it may be done by 
the municipal authorities. But the procedure is such, and 
so much red tape is involved in carrying out the legal re­
quirements, so that the cost of repairs may be collected from 
the company, that the provision is seldom resorted to and 
it is generally considered better policy to try and have the 
necessary work done by the corporation itself.

This
over the

Regard for Public Rights
While, as has been said, the existence of car tracks in 

streets and roads is annoying, the public authorities accept 
the fact that they are necessary. Transportation is 
important factor in a very

, any community, be it large or small,
whether a city or a state, and it does not seem proper that 
existing routes of travel should not be made use of wherever 
possible. It may be said, of course, that street car lines 
especially if suburban, should secure their own rights of 
way. This may be true, as an abstract proposition. But 
it should be remembered that this involves a considerable in- 
crease in capital cost and to such an extent reduces the 
dividend to be paid from a certain fixed fare, 
exceedingly important at the present time when so many 
street car companies both urban and interurban are finding 
it impossible to meet their financial requirements with their 
franchise rates of fare.
-, . T,he aecePtance of this fact, however, does not mean 
that tracks are to be laid at any place or in any way as
neti, T8"? SeeS.,fit w.'thout regard to the public rights or 
needs, far from it; quite the reverse indeed
sarilt b™ï°n-°Vhe SUbjeCt 0f this Paper must neces­
sarily be academic to a great extent; but it is honed that
the presentation of one or two concrete cases will be suffici­
ent to illustrate the general idea.

This is

Location of Tracks
The principal items to be considered in this

amount of traffic on the tracks, and the character and 
amount of traffic on the street or road. The question of loca­
tion is, perhaps, the one to be most considered, as upon the 
location depends the importance of the other items. Its 
aiscussion, too, involves the problem of what is the best 
location for car tracks when they must be laid within the 
mes of streets or roads. The common practise with streets 

is to place them in the centre, thus giving an opportunity 
for streams of traffic to move in either direction entirely 
independent of each other. With this arrangement, it can 
easily be seen that the width between the cars and the curb 
will have much to do with the effect 
Borough of Brooklyn, New York City, 
roadways only 34 ft. wide have two lines of

connection

on traffic. In the 
many streets with

_  ... . , —’ car tracks; and
some with a width of only 30 ft. In such cases the obstruc­
tion to traffic must be very great, as the distance from track 
to curb is only 9% and 7V6 ft. respectively and even these 
distances are reduced by the overhang of the car itself 
It is on streets like these that the items of construction 
maintenance, amount of traffic, etc., are particularly im-

* Presented at the annual convention 
Highway Traffic Association. January 
International Amphitheatre, Chicago, 111.

of the National 
29th, 1920, in the
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Effect Upon Repair Bills
In another, but perhaps indirect, way 

somewhat how traffic is diverted on street car streets, and 
hat is by its effect upon the pavements.

, In the Borough of Brooklyn careful records 
of the cost of repairs to all pavements for 

6 ypnrs, by individual streets.

be showncan

been
than

of Estimate and Apportionment passed a resolution direct­
ing the railway company to relocate the easterly track at 
its own expense, with the intention of widening the roadway 
after this was done. It seems, however, that the tracks 
were located in their present position in 1897 at the request 
of the park commissioner of the city, and the corporation 
council advised that a court seeking to do equity might well 
deny the application to compel the company to again re­
locate its tracks entirely at its own expense. The estimated 
cost of the work was $352,000. Many communications 
passed between the city and the railway company in regard 
to the matter but no physical work was ever done and the 
tracks and roadway still remain as herein described. The 
police reports show that on this street 286 accidents occurred 
during the years 1910 to 1913 inclusive. In addition to the 
accidents to persons, the police records show that in 1913 
there were 36 collisions between vehicles and eight collisions 
between vehicles and surface cars. It is also stated that 
probably only the most serious vehicle collisions are included 
in the police records. No doubt the number of accidents 
have increased in subsequent years. In any event, recently 
Central Park West has been made a one way street so as 
to reduce the number of accidents to a minimum. In order 
to understand just what this means it must be remembered 
that' Central Park extends in width from 5th Avenue to 
8th Avenue, a distance of half a mile, and that by making 
Central Park a street for south bound traffic only, this dis­
tance is increased by one long block so that all north bound 
traffic is cut off between 5th and Columbus (old 9th) 
Avenues. This, of course, increases the congestion on all 
north and south avenues. North bound automobile pleasure 
traffic, although permitted to go through Central Park, has 
but two outlets to the west, so that if not through traffic it 
must be seriously inconvenienced.

More Troublesome Locations
Compare for a moment the situation on Fifth Avenue 

south of 59th Street. This street is also 100 ft. wide and 
piror to 1908 had a roadway of 40 ft. with sidewalk spaces 
30 ft. wide, but areas and stoops were allowed to encroach 
15 ft. so that the free width of the street was only 70 ft. 
The Board of Estimate and Apportionment by resolution 
Widened the roadway by setting the curb back ft. on 
each side and ordered the encroachments back to within 2% 
ft. from the property line, thus giving a roadway 55 ft. in 
width with sidewalks 20 ft. wide free from obstruction.

old roadway permitted four lines of traffic while the ad- 
ditional 15 ft. in width furnished space for two more and 
even this is insufficient for the traffic requirements.

The largè cars of the Brooklyn Rapid Transit Co. when 
Passing occupy practically 19 ft. of space,—18.6 ft. to be 
exact. Supposing a double track line were laid in the centre 
°f 5th .Avenue; with the traffic it would certainly have, 
when two cars met there would be left on each side a dis­
tance of 18 ft. only, sufficient only for two lines of travel; 
>n other words, nearly all of the benefits of the widening 
Would be lost.

Prospect Park, Brooklyn, has five sides and on all of the 
adjacent streets there are street car tracks. With one 
exception the location is similar to that on Central Park 
West. But on only one street, Prospect Park West, has it 

necessary to establish one way traffic. I his is e- 
^ause both the local street car, passenger and also vehicular 
tl-affic are light. During the summer a large Part of pas­
sers carried by the car lines have the park itself as an 
abjective and they, of course, are benefitted by having the 
tracks adjacent to the curb. The situation as a whole, 
however, well illustrates the bearing of both kinds of traffic 
uP°n the subject under consideration.

been

... ^he cost of repairs to asphalt pavements on streets 
without car tracks for the years 1914 to 1918 inclusive has 
averaged 2c. per square yard; and with street car tracks 
the cost has been 3.4c. While these figures prove nothing 
directly they are at least indicative as they give results 
upon 31 645 000 and 3,884,000 square yards of pavement 
on streets without and with car tracks, respectively.

Location on Roads

expected vehicular traffic, so that any interference with 
existing pavement will be serious. Fortunately, however 
there are generally no very serious objections to a side loca­
tion, the tracks being sufficiently far apart to provide for 
ample width of the pavement between them. The new Na- 
tional Highway bill proposes where feasible, a 66-ft. width 

of way and a pavement width of not less than 20 
tt. 1 his would give ample room for car tracks on both sides 
of the pavement. Whenever a wider roadway is required 
or any special local conditions arise, each case must be con­
sidered on its individual merits.

If the tracks are located in the pavement, whether in a 
city street or country road, the shape of rail and method of 
construction become very important. As has been previously 
stated, the mere existence of tracks in a pavement should 
not interfere with traffic. As a matter of fact, they do. The 
writer some 25 years ago saw a track on 14th St., Borough of 
Manhattan, laid with two centre bearing rails instead of 
one laid on longitudinal wooden stringers, the rails and 
tracks being so near and of such construction that traffic 
in the centre of the street was almost entirely cut. off. 
i (’r "na e!^ such conditions do not now exist anywhere 
but they illustrate the importance of the principle.

No doubt the well known tee rail of the steam roads is 
the most economical type of rail for traffic. It does not 
owever, permit a smooth junction between the pavement 

and the rail, either between the tracks or outside. This type 
of rail also is liable to cause ruts alongside the rail if the 
tracks are much used by vehicles. With the present grooved 
rail in use in most cities, with a practically square edge on 
the outside and the flat lip on the inside, it is perfectly 
practicable to construct a track that per se will not interfere 
with traffic, especially if a 60-ft. rail be used. Specially 
burned brick or specially cut stone blocks are sometimes used 
in connection with the tee rail, the groove being really cut 
out of the blocks. This method often produces good results. 
On a country road where the tracks are laid outside of the 
pavement, the tee rail can, of course, be used to advantage.

Track Maintenance Good Policy

But whatever the style of construction, it should be 
designed with the idea of keeping both the track and pave­
ment in good condition. Unfortunately, the track area of 
pavements in American city streets are not generally in 
good condition. Much improvement, however, has taken 
place during the last 20 years and most street railway com­
panies realize that it is good policy ‘to keep their plant 
well maintained. Again, unfortunately, soon after this 
realization, the world war came on, bringing with it financial 
changes to all, but which seemed to injure street car com­
panies more than almost any corporations, bound as the 
most of them are by franchise obligations as to permissible 
fares, with costs of labor and materials mounting up with 
aeroplane-like rapidity.

If, then, car tracks are to exist in paved streets or road­
ways, they should be so constructed as to present as 
little interference as possible with the pavement.

Perhaps the most important item in construction is the 
type of rail to be used and this has previously been dis­
cussed.

The road bed and foundation, too, must be specially 
pared. The rail must not.give appreciably under .. 
as it is almost impossible to maintain any pavement 
a rail that moves vertically under the passage of

pre­
car traffic 

against 
cars.
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The joints too are a prolific source of trouble. Many 
times a hole in a pavement along the track has its origin 
at a defective joint. The use in the last few years of a 
60-ft. rail has helped this situation very much.

Admitting the force of the arguments used herein, it 
follows that street car tracks do obstruct traffic 
terially when in use in streets or roadways. Also that 
the extent of this obstruction depends upon the amount 
of existing traffic and location of tracks, being greatest 
where both tracks and roadway are used to their utmost 
capacity and the tracks laid in the pavement, and almost 
nil where traffic is light and the tracks located outside of 
the pavement proper. Probably no better illustration of the 
relative traffic capacity of street car and non-street car 
streets can be given than existing conditions on Jackson 
Boulevard and either Adams or Madison streets in the 
Chicago loop district in the rush hours.

In designing, then, a stret or road where provision must 
be made for street car lines, a study must be made of both 
street car and vehicular traffic, present and prospective, so 
that the relative importance of each may be determined. As 
a general proposition the centre of a paved street will be 
the correct location, but often special conditions may make 
a different one desirable. In the same way it might be said 
that on a country road the side location would be most 
logical, changing somewhat, possibly, when passing through 
small towns or villages.

Wherever the location the type of construction should 
be good, variations being permitted according to exact loca­
tion and character and amount of traffic.

As careful provision should be made for the maintenance 
of the tracks and pavement to be kept in repair by the street 
car company, if any, as for the roadway pavement itself. 
The writer knows that this is often difficult but thinks that 
unless the company is operating under a franchise giving it 
special privileges, good results can be obtained by some 
arrangement. If a new franchise is to be issued, the car 
company might be obligated to pay a specified amount with 
the understanding that the highway authorities would keep 
the pavement in repair. The maintenance of the tracks 
and load bed must be left to the operating company.

The writer feels, therefore, that if these precautions 
are taken, that while some traffic obstruction must exist, it 
will in this way be reduced to a minimum and the general 
travelling public will be benefitted as much as possible.

METHODS OF INSPECTING RAILWAY BRIDGES

T)RESENT bridge inspection methods of railway companies 
were outlined in a committee report presented at the 

last annual convention of the American Railway Bridge and 
Building Association. The report dealt only with inspection 
as involved in current maintenance from year to year. It 
was based largely on replies to a questionnaire received 
from 40 railroads having a mileage of 90,000. An abstract 
of the report follows:—

very ma-

Inspection of Metal Bridges
An annual inspection of metal structures is more gen­

erally in effect than that of any other periodicity, while the 
officer conducting it is more frequently chosen directly 
from the staff of the chief engineer than from any
other group of officers. The motor car seems to be the most 

means of locomotion for the inspection party, and 
the tools used for metal bridges consist generally of rivet 
hammers, calipers, rules and tape

Regular forms for taking and recording notes in the field 
are used by the greater number of railways. These forms 
are diversified in character, ranging from ordinary mineo- 
graph forms to bound notebooks. Some roads require notes 
to be taken in detail, others contemplate the record being 
made in narrative form. Many of the forms seem to cover 
the matter very comprehensively, while others are pain­
fully lacking in provision for adequately making the requisite 
notes.

common

measures.

By far the greater number of railways make inspection 
separately, for the various members of metal bridges, and it 
is probable that the general appearance of the structure 
and the judgment of the inspector are the criteria as to 
whether actual measurements are necessary. In most cases, 
recommendations as to repairs and renewals are made at 
the time of inspection and are recorded with the notes, but 
with metal bridges it is more than likely that such 
mendations are appended to the inspector’s report after 
ture consideration has been given to conditions reported at 
the office.

Generally the inspection notes are copied before being 
filed and the disposition of the notes is extremely diversi­
fied. In some cases careful calculations are reported as be­
ing the method of determining changes in the carrying 
capacity of the structure, but in other cases no such calcula­
tions or other investigations are customary, 
carriers report the practice of comparing records of previous 
inspections with conditions found, in an effort to determine 
the progress of deterioration.

r e com­
ma-

Almost allGRAND VALLEY BOARD REQUESTS COMMISSION 
FOR FLOOD PREVENTION PROJECTS

A 1 a meeting of the Grand River Valley Board of Trade 
helf last Thursday in Galt, Ont., with representatives 

present from Brantford, Kitchener, Woodstock, Galt, Water­
loo, Waterford, Preston, Hespeler and Paris, ’ W H 
Breithaupt, consulting engineer, of Kitchener, Ont., again 
presented his scheme for flood prevention on the Grand 
River.

Inspection of Wooden Bridges
Entirely different results are to be expected from the 

effects of climate on wooden bridges than with metal struc­
tures, but no definite statement can be formulated as to the 
general effect of climatic conditions in the periodic inspection 
of wooden bridges, for railroads in the same territory differ 
as to the frequency of inspection. A tabulation of returns 
shows the periodicity of inspection and the percentage of 
total mileage reporting under that periodicity as follows:—
Annually ................  41.55% ■ Four times annually 2.62%
Semi-annually .... 32.22% Six times annually 13.11% 
Three times annually 5.96% Monthly

Nearly 75% of the mileage represented in the replies to 
the committee’s letter of inquiry customarily use the motor 

of conveying the inspection party over 
line, while only about 21% use regular or special trains. The 
tools generally used for the inspection of wooden bridges 
consist of a special inspection bar and testing auger, although 
m some cases a chisel and brace and bit are added to the 
tool equipment.

Regular forms for recording inspection notes in the field 
<ne used by 85% of the mileage represented in the returns 
to the questionnaire. Actual measurements are reported as 
being taken by 52% of the reporting mileage, while general 
appearance and judgment are used by the remainder. By

Mr. Breithaupt declared that disastrous floods such as 
have often occurred can be avoided by the construction of 
storage works; also power could be developed. He estimates 
that a basin with a capacity of three billion cubic feet is 

Such a basin has been found in Pilkington 
township, below Elora. It is 5 sq. mi. in area and would 
require a dam 1,200 ft. long and 80 ft. high. The provincial 
government, when approached in reference to the scheme, 
referred it to the Hydro-Electric Power Commission. While 
a partial investigation had been made, all necessary data 
had not been obtained, although 8 years had past. Mr. 
Breithaupt claimed that a separate commission should be 
appointed to carry on this flood prevention work. The Board 
of Trade decided to send a delegation to interview members 
of the provincial government, with the object of requesting 
that an independent commission be appointed.

necessary.

4.55%

car as a means the

The Soldiers’ Settlement. Board is laying 
site at Prairie River, Saskatchewan, in the centre of a large 
district which is being opened for soldiers’ settlement.

out a town-
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far the larger portion of the lines record in the notes recom­
mendations as to repairs and renewals at the time the notes 
are taken. While 85% of the reporting mileage use regular 
forms for the reports, there is no uniformity in the manner 
of handling the notes when completed or the final disposi­
tion thereof.

General practice is about evenly divided as to giving 
authority to the inspector to order repairs or replacement in 
distinction from simply making recommendations as to these 
matters. The officer most often made responsible for bridge 
inspection is either the supervisor or the superintendent of 
bridges and buildings.

PLAIN AND REINFORCED CONCRETE PIPE*

By H. P. Heywood
Assistant Engineer, Toronto Harbor Commission

/"\NE of the very few reinforced concrete pipes now made 
which can successfully withstand the higher pressures, 

and which is consequently becoming increasingly popular in 
England, is the Bonna pipe, invented by Aimee Bonna, of 
Paris, and at present controlled by Hughes & Lancaster of 
London, Eng. Its chief features consists of a mild steel tube 
1 m.m. thick, built up from sheets of steel. These are rolled 
to the required diameter in lengths from 9 to 12 ft The 
longitudinal joint is butt-welded by oxy-acetylene or electric 
processes. The ends of the steel tube thus formed are turned 
up and welded to the adjoining edge of the next tube, thus 
forming a flexible expansion joint. A collar of the same 
material is then welded on and this forms a receptacle for 
the bitumen covering of the joint. The reinforcing steel is 
wound around a mandril in helical form to the required 
diameter. Â heavy section is passed over the steel tube 
to resist the internal pressure, and a lighter section inside 
the tube to hold the inner coating of cement in place.

The pipe is moulded vertically, using steel forms, and 
remains in this position four or five days, and is used after 
a month’s duration. In laying the pipe the circumferential 
joints are welded, ànd bitumen is run over them and a collar 
of reinforced concrete placed over all, and the space between

Conclusions of the Committee
A well organized plan of thorough and periodical bridge 

inspection should be in effect on all railroads. Inspection 
should preferably be made semi-annually and in any event 
not more infrequently than annually.

The inspector should be particularly fitted by training 
and experience for the work, technical training being requisite 
for metal bridges and both judgment and experience for 
wooden structures.

Motor cars afford the best means of conveying the in­
spection party over the line.

Such tools, either special or standard, as he may consider 
useful for his purpose should be furnished the inspector.

Special inspection forms for taking and recording notes 
are essential. Adequate provision should be made for report­
ing the conditions of bridge members individually or by 
groups and classes, dependent upon the facts disclosed by the 
examinations.

Sufficient assistance to insure thorough and compre­
hensive examination of a structure should be supplied.

Where necessary to determine the extent of deteriora­
tion, actual measurements of members should be made.

Recommendations of the inspector as to corrective 
measures which should be applied to observed conditions are 
not only desirable, but practically necessary, 
mendations should be recorded in the notes at the time of 
inspection and
through proper channels for necessary action thereon.

The inspector should be vested with authority to order 
through proper channels the correction of any imminently 
unsafe condition discovered.

Prescribed limitations in stress should, if possible, be 
established, especially for metal bridges.

The general program of inspection can best be formulated 
hy the individual railroad and must needs be developed by a 
consideration of the operating organization in vogue, methods 
of effecting repairs and renewals and the number, magmtui e 
and character of bridges maintained.

At least one complete counterpart of all notes, lecom 
mendations, records and papers pertaining to the inspection 
and corrective measures applied as a result thereof s ou t 
he kept in
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Bonna Pipe Joint at Swansea, Eng.

Tube.
CThese recom-

its completion should be followed upupon

this and the pipe is run with cement mortar. This joint 
necessitates jointing holes in the trench. In the case of high 
pressures the bends should be buttressed by concrete to resist 
the outward thrust of the water pressure.

This system was employed in Swansea, Eng., 15 years 
ago. The water main was 1,200 yds. long and 19.7 ins. 
diameter, and working head 185 ft. On completion it was 
tested to 382 ft. and proved satisfactory. The longitudinal 
butt welded joints were also tested, with the following re­
sults: Strength of steel in tube, 21.35 tons per sq. in.; 
strength of butt-welded joint, 21.5 tons per sq. in., the joint 
being slightly stronger than the sheet steel. Bends and 
specials are made by hand moulding instead of pouring. 
There has not been a single burét on this main since com­
pletion.

file of ready access.one
In 1909 Norwich City built 4,500 yds. of 36-in. sewage 

pumping main. The lowest tenders for delivering, laying, 
jointing and specials (excluding excavation) were: Bonna 
pipe, $3.50 per ft.; steel pipe, $4.50; cast-iron pipe, $6.50. 
The working head was 120 ft., and the city engineer, E. 
Collins, considers the main is quite safe now at 300 ft. head.

»..«“! Zw"»e°tf profits for

Plus or undivided profits amount to $820,090, and t 
liabilities to shareholders in regard to capital stock,
$4,300,000.

The Proprietors’ League of Montreal has secured 
P»* from independent engineers on the proposed completion 
,of the Montreal aqueduct. As a result o ie P ’... 
le°KUe has written to the Administrative Commission calling 
«Mention to the fact that there is little assurance that the 
c°iupletion of the aqueduct will not seriously endanger the 
w«ter supply conduit which in many places borders the 
«flueduct execavation. Attention is also calléd to » «umber 
of other objections which the league has in regard to the 
Present scheme for completing the aqueduct, and it is stated 
th»t no solution is offered to the difficulty of getting sufficient 
"later pressure in certain parts of the city.

Several other types of joint are used and include a gas­
ket-filled lead pipe driven into a corrugated steel ring. I 
will not go into any further details about this pipe as it is 
not yet manufactured in this country.

A plain concrete sewer pipe is manufactured at Wood- 
stock by the Independent Pipe Co., Ltd., and is called the 
McCracken pipe. This pipe is different from most plain 
Crete pipes in that the outer surface is corrugated, giving 
it an extra crushing strength. It is cast vertically in a 
patent machine. A belt-driven vertical shaft revolves a 
number of packer wings slightly larger in diameter than the

a re-

con-

♦Excerpts from paper read April 15th, 1920, before the 
Toronto branch of the Engineering Institute of Canada.

L.
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required inside diameter of the pipe. Immediately below the 
packer wings is a kind of piston called a packer head, which, 
on revolving, produces the smooth inner surface of the pipe. 
The strong centrifugal force exerted by the packer wings* 
packs the concrete hard against the corrugated outer mould 
or jacket. Below the packer head is the bell packer, which 
forms the bell of the pipe. All the packers revolve at the 
rate of 350 r.p.m.

The concrete is fed into the jacket of the pipe by passing 
through a chute from an endless chain of buckets. When 

concrete is added, the packer head and wings are grad­
ually raised until the top or spigot end of the pipe is

Lock joint pipe was designed by Coleman Meriwether. 
The original design for sewer pipes was in 4-ft. lengths to 
overcome various obstacles and objections to the plain monoli­
thic concrete sewer. This was at Wilmington, Del., in 1908. It 
was found that the work proceeded more rapidly and that the 
excavation cost was considerably reduced owing to the fact 
that the pipe could be layed right up to the excavation. This 
meant that quite a proportion of the lower and more ex­
pensively handled dirt could be thrown back on the pipe 
without damaging the joints. The sheet piling could be 
pulled and the trench back-filled at the end of the day’s work, 
thereby considerably reducing that well known, and often 
abused item, “engineering contingencies.”

Lock joint pipes are made in sizes from 15 to 90 ins., 
with variations of 3 ins. up to the 72-in. size, 
vary in 6-in. steps. They are moulded vertically in well- 
oiled steel forms, spigot end up. The reinforcement, usually 
triangular wire mesh, protrudes about 2 ins. from each end 
of the pipe, and when the pipes are laid in position, this re­
inforcement overlaps in a recess formed in the interior of the 
joint, which is V-shaped, and formed by the spigot and bell 
ends of the pipe. A sealing form is then placed inside the 
pipe over this recess and a 1:1 grout is poured through a 
hole broken in the crown of the bell. The steel and the 
grout form the “lock.” Sewer pipes are usually made in 
4-ft. lengths, and branch connections moulded where specified. 
The reinforcement is concentric, with a double ring for the 
larger diameters.

more
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Table 1—Crushing Test on McCracken Pipe, by 
Canadian Inspection & Testing Co., Ltd. Above 72 ins.

Capacity A.S.T.M. 
in Lbs. per Require- 

Lin. Ft. ments, Lbs. 
(Average). per Lin. Ft

2,477 
2,570 
2,440

30 lVs to 1% 2,235
2,338

Number
of Samples Diameter, Length, 
Tested. Ins. Ins.

Thickness,

6 25 % 1,430
1,430
1,570
1,710
1,960

6 30 %
10 30 1
12
15 30 iy2

pleted. No inner form is used, as the concrete is so densely 
packed, and of a semi-dry mix, that it perfectly retains its 
true shape.

When the pipe is made it is removed to a curing shed 
or kiln and the jacket removed. A system of sprinklers is 
operated in this kiln, and a mixture of water and steam, at 
70 deg's. F., in the form of a very fine spray or mist, is 
allowed to fill the kiln for 30 hours, thereby procuring per- 
ect hydration of the cement. After two weeks, the pipes 

are ready for shipment.
The McCracken pipe is made in sizes from 6 ins. to 

24 ins., and has been used extensively in many local works, 
including storm sewers for Toronto Harbor Commission and 
the cities of Guelph, Gault, Woodstock, Walkerville, London, 
etc. Also many English contracts have been supplied with 
this kind of pipe through McCracken machines installed there 

Table 1, giving some data of very recent tests made 
these types by the Canadian Testing & Inspection 
Co., Ltd., show that the requirements of the American 
Society for Testing Materials are more than complied

Lock-Joint Pressure Pipe
Two kinds of lock-joint pressure pipe are manufactured. 

For the smaller sizes, up to 54 ins. and 12-ft. lengths, cast- 
iron machined bell and spigot rings are cast in the ends. A 
slightly flattened lead pipe, filled with lampwick, and having 
its end soldered together to forpi a ring, is placed inside a 
groove and pressed against a shoulder of the casting, form­
ing a reversed wedge inside the bell. When the tapered end 
of the spigot comes into contact with this lead gasket, it 
forces it radially against the shoulder of the bell and into the 
reverse wedge, with a pressure which increases as the tap­
ered end increases. The pipe is forced home when the taper 
of the spigot has passed this gasket. This joint allows the 
spigot to move backwards and forwards on the lead gasket, 
through the extremes of expansion and contraction, without 
causing any leakage. The use of this joint was greatly ap­
preciated by the American Reclamation Bureau. About 10% 
of the lead of the usual cast-iron pipe joint is required, and 
if necessary the pipes can be taken apart and the gasket 
used over again. The thickness of the walls vary from 3 ins. 
to 5% ins. for the 54-in. diameter pipe.

For the larger pressure pipes, ordinarily 8 ft. long, a 
copper expansion joint, with a bead rolled into it, is used, 
the joint is similar to the. sewer pipe joint except that the 
triangular mesh reinforcement projects from the bell 
only, while the

on

Table 2—Absorption Test on McCracken Pipe, by 
Canadian Inspection & Testing Co., Ltd.

Absorption.
Diameter,

Ins. A.S.T.M.

end
, copper strip and its rolled bead project from

the spigot end, half the width of the strip being previously 
mou ded into the pipe. The mesh and copper, therefore, 
overlap in the recess of the joint. The grout is poured as in 
the sewer pipe, and adheres to the copper and mesh, but is
thcither pipePamt fr0m adhering to the concrete spigot of

temPerature movement of the pipe occurs, the 
tog in the jototPer °PenS °r Cl°SeS With0ut causin& an open-

with. To obtain the crushing strength, divide the 
capacity in pounds per lineal foot by the barrel 
length, and multiply the result by ten-sevenths if a knife- 
edge test; if a sand test, multiply by

In the absorption test, a square piece of the broken pipe 
is used, about 12 to 20 ins. square, and thoroughly dried in 

oven at 230 degs. F., then weighed and soaked in water 
for 2 hours. The excess globules of water are wiped off and 
the piece again weighed. The difference in weight is ex- 
pressed as a percentage. The tentative specification of 1918, 
of the American Society for Testing Materials, is practically 
the same as the specifications used for vitrified pipe for manv 
years in the United States. (See Table 2.)

All the pipe manufactured by the Independent Pipe Co. 
Ltd-, is carefully inspected, both during and after manu-’

by tbe Canadian TestinK & Inspection Co., and each 
ength must bear their official stamp before shipment. This 

is a long stride towards overcoming the prejudice that enei- 
neers have against the use of concrete products in general, 

is prejudice, in the past, I am bound to admit, has been
turn «nnT *xt«nt justified, due to carelessness in manufac­
ture and lack of adequate inspection.

one.
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Leakage from Winnipeg Aqueduct 

ET Pi'*'l t" “I- Wtolipeg Water' oLtricl" The
EKw? «Ms

g.p.d Incidentally, for the remainder of the 96 miles of
r;d,rubxsPr.«pcti'n’ * «* >— *•

success. used at the joints with goodwas
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Sir —Each year brings its usual crop of additional re­
inforced concrete structures. Many of these are built ac­
cording to the most approved methods of design and con­
struction, and others stand the strain of the loads which 
they are called upon to resist owing to a fair share of good 
luck, while occasionally failures occur which temporarily ' 
disturb the public confidence in this type of construction.

The spectacular development of reinforced concrete dur­
ing the past 15 or 20 years has created a very large number 
of so-called specialists; a mass of information, both practical 
and theoretical, has been produced, and certain standards 
have been, evolved which have been more or less generally 
adopted. Building laws and specifications have been en­
larged to include highly technical information pertaining 
to the design and inspection of reinforced concrete materials 
But failures still occur!

A careful analysis of all the conditions surrounding con­
crete construction might result in the following conclu­
sions as regards present-day failures:—

Probably the most dangerous element in concrete con­
struction is the field “expert.” I refer particularly to the 
type of man who claims to “know all about concrete.” I be­
lieve that the over-confidence of this type of individual is 
probably responsible, partially at least, for many of the
failures. The mistakes he makes are as follows :__

1.—Removal of forms before the concrete is sufficiently

$3.00
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2.—The use of form supports or “uprights” without409 wedges.412 3. —Insufficient lateral braces for “uprights.”
4. —Insufficient mixing of concrete.
5. —Mixing of concrete too wet, thereby destroying the 

mix proportions before the concrete has reached the forms, 
and also causing the leakage and “flooding” of cement.

6. —The use of sand or gravel with loam or clay.
7-—The use of insufficient cement in the mix.
8. —Improper heating of concrete materials in cold 

weather, and not sufficiently protecting the poured 
against frost.

9. —Lack of proper tamping.
10-—A general spirit of over-confidence and careless-

■ ness on the part of field foremen, which is dangerous.
On account of the factors of safety used in design, it is 

difficult to ascertain exactly to what extent design plays a 
part in the failure of reinforced concrete ; but, undoubtedly, 
if the design is weak, it is a factor in failure, in conjunction 
with faulty or careless construction.

ENGINEERING INSTITUTE COUNCIL DISCUSSES 
SALARIES AND UNIONIZATION

J\ T the invitation of the council of the Engineering In- 
7*- stitute of Canada, delegates appointed by the executive 
committee of the Ontario provincial division met some of 

hjembers of the council in Montreal last week and dis­
cussed salaries of engineers in Ontario and elsewhere in 
La»ada, and also legislation and other matters effecting their 
economic status and prestige.

After twelve hours’ discussion the meeting reached no 
occision, but passed a resolution requesting the council to 
aPPoint a committee to investigate and recommend what 
Action the institute should take to improve the financial posi- 
«on of many of its members, it being generally recognized 
, at the institute owes an obligation to its individual mem-

trade union. Al-

concrete

Generally speaking, current designing practice may be 
criticised as follows:—

ci's even though it is not in any sense a 
enough it was admitted that, every possible means should 
)e utilized in effecting an improvement An the material in- 
1 lests of the institute’s members throughout Canada, it. 
Breed that no such steps should be taken without matuie 

Sidération.
tb , During the meeting attention wps drawn to the fact 
"at the International Federation of Engineers , Architects 

jv, draughtsmen’s Unions had established branches in 
Streal and Toronto, and initial steps had been taken 
fouard tJle formation of a branch in Hamilton. After very 
e»t ,d!SCUssi°n, the meeting came to the conclusion that the 

’ ublishment of these branches was unnecessary and un- 
sirable, and that the institute is doing everything pos- 

in ix.'n way of furthering the interests of the profession
" Dominion.

jv, j ne result of the conference will probably be the
udation of a schedule of increased salaries and fees for

•"•laeering

(A) The use of flat slab design. The flat slab, if 
economically designed, is an unusual arrangement which 
tends to produce very high stress in both steel and concrete. 
This type of construction is nothing more or less than an 
optical illusion, and is probably the greatest piece of 
gineering camouflage which has ever been “put over” the 
innocent public.

(B) The general tendency of concrete design toward 
the use of too much steel and insufficient cement. The 
eral uniformity in the quality of steel bars would

was
en-

gen- 
seem to

indicate that somewhat higher stress in the steel might be 
used with richer mixtures of cement.

With regard to the use of increased cement proportions 
the following conclusions might be noted :—

(a) Practically all concrete failures indicate that the 
concrete and not the steel bars failed.

(b) The increased use of cementrecom- ilL very materially in­
creases the compressive strength and bonding power of 
Crete. con-

services.
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(c) The rich mix of cement permits the use of “anti­
freeze” ingredients for winter concrete, and also creates an 
additional factor of safety against any possibility of the 
concrete being weakened by the addition of such mixtures.

(d) An additional general factor of safety is obtained 
against losses in strength of concrete due to any of the de­
ficiencies of construction previously mentioned.

However, if reinforced concrete be used with the 
sonable care which should characterize any type of engineer­
ing construction, it undoubtedly constitutes one of the most 
permanent, economical, safe and fireproof methods of build­
ing that the world has yet produced.

rea-

R. E. W. HAGERTY, 
Consulting Engineer.Toronto, Ont., April 19th, 1920.

PERSONALS PLAIN AND REINFORCED CONCRETE PIPE

P. M. Sauder, of Calgary, Alta., has been appointed 
divisional engineer of the Lethbridge Northern Irrigation 
District, with headquarters in Lethbridge, Alta.

Walter A. S. Melanson, of Moncton, N.B., has been 
appointed to succeed Joseph Theriault as district road en­
gineer for the North Shore counties, New Brunswick.

E. J. Buegler, formerly consulting engineer of Westing- 
house, Church, Kerr & Co., Inc., has been elected vice-presi­
dent of the Foundation Co., in charge of engineering.

, V. G. Younghusband, who superintended the work on 
the new Parliament Buildings at Ottawa, has left the Peter 
Lyall Construction Co. to enter the employ of the Founda­
tion Co., Ltd., Montreal.

D. A. Molitor, consulting engineer, Detriot, Mich., 
formerly of Toronto, Ont., addressed the Windsor Branch 
of the Engineering Instr'tute of Canada last Thursday 
ing, on “The Metric System.”

Onisphore H. Cote, engineer, Montreal, has been ap­
pointed trade commissioner of Quebec City by the Board of 
Trade. Mr. Cote was previously connected with the 
Shawinigan Water & Power Co.

N. B. Wilson, civil engineer, of Guelph, Ont., has been 
appointed town foreman of Hespeler, Ont. Since his return 
from overseas, Mr. Wilson has been engaged as instructor 
in the Department of Soldiers’ Civil Re-Establishment, at 
Guelph.

(Continued from page &10)
the rigid pipe is very suitable for high-class caisson work, 
and is made with a cast-iron cutting edge at the bottom of 
the caisson. Sections 20 ft. long, and joined together with 
cast-iron flanges bolted on the inside of the caisson, are used. 
These flanges are embedded in the concrete and held securely 
in position by bolts the length of the pipe, which also act as 
longitudinal reinforcement. If a watertight caisson is need­
ed, a gasket is placed between the cast-iron flanges. A type 
similar to this, 30 ins. in diameter, is used very successfully 
by one of the largest contracting firms in New York City for 
underpinning work.

In most of the above-mentioned lock-joint pipes, the 
pouring is done with conical-shaped buckets fitted with a ball 
valve at the bottom. The pipes are then placed under 
vas and steamed for about four hours under ordinary weather 
conditions, and allowed to set for twelve hours, then stripped 
and turned on their sides after three days, and shipped after 
two weeks of final setting.

Leakage tests made at Baltimore, Md., in 1913 on 5 miles 
of 84-in. and 11 miles of 108-in., gave an actual leakage of 
13,000 g.p.d., against an allowable leakage of 38,000 g.p.d. 
The head was 80 ft. Another test in Dallas, Tex., in 1915 
14,400 ft. of 36-in., gave 17,000 g.p.d. leakage, against 
allowed leakage of 22,000 g.p.d. The heads were 30 and 80 
ft. Another test in Fort Worth, Tex., the same year, with 
the same length of pipe, 48 ins. diameter gave 15,000 g.p.d. 
leakage against 36,000 g.p.d. allowed. The head was from 
20 to 60 ft.

can-even-
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F. P. Moffat, who for several years was senior divi­
sional engineer on the Hudson Bay Railway, has been ap­
pointed valuation engineer for the Department of Railways 
and Canals. Mr. Moffat will direct the valuation of the 
Grand Trunk system, which is being taken, over by the 
Dominion government. His headquarters will be in Mont­
real.

A test of the strength of the joint was made by placing 
' -4,000 lbs. directly on the joint between two pipes supported 

on two bearings at 6 ft. centres. The deflection measured 
at the joint was only i/j0 in.

In conclusion I may say that concrete has been used as 
a material for the construction of sewers for many years. 
Practically all cities have adopted it for the construction of 
the larger diameter sewers. Its use for smaller diameter 
sewers has not been adopted so extensively, undoubtedly 
owing to the fact that there has been more or less question 
connected with all concrete products which have been placed 

market. This is due to the fact that until recent years 
there has never been a recognized standard specification for 

e manufacture of cement concrete sewer pipe, and also to 
the tendency of cement product manufacturers to overlook 
the fundamental principles recognized in all concrete work.

Within the past few years the engineers have appreciated 
the value of concrete as a material for sewer pipe and have 
put forth every effort for the standardization of specifica­
tions and methods of manufacture. There are a number of 
instances on record where concrete sewer pipe has been in 
use for over 20 years. The city of Brooklyn, N.Y. laid its 
first concrete pipe about 1850, and since that time has laid 
over four hundred miles of this kind of sewer. Over 75% 
of all sewers laid in the city of Milwaukee during the past 
seven years have been concrete pipe. The specifications of 
many of the larger cities, including Chicago. Kansas City, 
Santiago and Oklohoma City, also permit its

David Mackay, who has been one of the construction 
superintendents of the Toronto Works Department for the 
past 14 years, has resigned in order to enter business on 
his own account as a general contractor. His office will be 
at 287 Ashdale Ave., Toronto, and he will specialize in re­
inforced concrete construction and tunnelled sewers. Mr. 
Mackay was brought to Canada from Glasgow, Scotland, by
-vr0r°ivrt0,iS former city engineer, C. H. Rust. In Glasgow 
Mr. Mackay had 10 years’ experience in compressed air work 
!n f*e construction of sewers and bridge piers, as foreman 
m e employ of the Glasgow Works Department. During 

e pas, 14 years he has directed construction on many of 
oron o s prominent paving and sewer jobs, and on several 

special undertakings, such as the attempted cleaning of the 
tunnel under Toronto Bay

OBITUARY

MacDonald railroad contractor, Vancouver, 
B.C., died April 11th at his home in Vancouver, following
bornTn ma6tta' /ulf n fdl“8“- Mr ^Donald was

nn Z ïïlSÆSfï ÏSaJLTS 
“Rnl.rpr.k,rÆer”ti,n °' • w‘”h»“ use.

The Maisonneuve Park Commission, Montreal, have ac­
cepted the tender of the Maisonneuve Quarry, Ltd., for 
quarrying stone from Maisonneuve Park for a term of five

*115 Pcr ton- The contractor undertakes to quarry 
100,000 tons per annum.

. , RePresentatives of the highways departments of Mani­
toba, Alberta and Saskatchewan met last Thursday it

"lhs r“d p"™ «'


